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(57) Abstract: A control device for a vehicle includes: an engine (14) and an electric motor (M/G) as driving force sources. The
electric motor is provided in a power transmission path between the engine and a drive wheel and is coupled to the engine via a
clutch. The control device carries out creep running with the use of the electric motor in a state where the clutch is released, and
keeps a rotation speed of the electric motor at a predetermined rotation speed during creep running with the use of the electric motor.
The control device sets the rotation speed (Nmi) of the electric motor (M/G) to a rotation speed lower than a target idle rotation
speed (Nmimx) of the engine during creep running with the use of the electric motor.
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CONTROL DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a control device for a vehicle including an engine
and an electric motor as driving force sources and, more particularly, to a technique for

creep running with the use of the electric motor.

2. Description of Related Art

[0002] Japanese Patent Application Publication No. 2001-163071 (JP'
2001-163071 A) and Japanese Patent Application Publication No. 2010-111194 (JP
2010-111194 A) describe a vehicle including an engine and an electric motor as driving
force sources. JP 2001-163071 A describes a technique for stopping both the engine and
the electric motor during the stop of the vehicle, causing the véhicle to run by using only
the power (which is synonymous with torque and force unless otherwise distinguished) of
the electric motor at the start of the vehicle, and shifting into running by using at least the
power of the engine by igniting the engihe in a relatively low vehicle speed state

immediately after the start of the vehicle.

SUMMARY OF THE INVENTION ‘
[0003] Incidentally, there is also described that, if brake off operaﬁon is carried
out while an accelerator off state is kept in a vehicle stop state where the engine is stopped,
the vehiclé is caused to carry oﬁt creep ranning with the use of the electric motor by
operating the electric motor at a predetermined rotation speed (for example, a rotation
speed corresponding to an engine idle rotation speed). On the other hand, there is also
described that, for example, while the engine is cold, the engine idle rotation speed is set to

be higher than that in a steady state after completion of engine warm-up. Thus, when an
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electric motor rotation speed during creep running with the use of the electric motor is set
to the rotation speed corresponding to the engine idle rotation speed, if the engine idle
rotation speed higher than that in a steady state is set, the corresponding electric motor
rotation speed is also increased to a value higher than that in a steady state, so electric
power consumed by the electric motor is increased. There’fore, electric power that may be
utilized for running with the use of the electric motor reduces with an increase in electric
power consumed, a travel distance is reduced, and it may be disadvantageous in terms of
fuel economy. The above-described challenge is not publicly known, and there has not
been suggested yet that creep running with the use of the electric motor is appropriately
carried out on the assumption of a situation that the engine idle rotatidn speed in an engine
cold state, or the like, is set to be high. |

[0004]  The invention provides a control device for a vehicle, which is able to
improve fuel economy during creep running with the use of an electric motor.

[0005] An aspect of the inventioh provides a con‘grol device for a vehicle
including: an engine and an electric motor as driving force sources, the electric motor
being provided in a power transmission path between the engine and a drive wheel and
coupled(to the engine v‘ia a clutch, the vehicle being configured to carry out creep running
with the use of the electric motor in a state where the clutch is released and to keep a
rotation speed of the electric motor at a predetermined rotation speed during creep running
with the use of the electric motor. The control device sets the rotation speed of the
electric motor to a rotation speed lower than a target idie rotation speed of the engine
during creep running with the use of the electric motor. .

[0006]  With this configuration, it is possible to decrease the rotation speed of the
electric motor during creep running as compared to the case where the electric motor
rotation speed during creep running with the use of the electric motor is set to the target
idle rotation speed of the engine, so the amount of électric power consumed by the electric
motor reduces (that is, the amount of electric power taken out reduces). Thus, it is
possible to improve fuel economy during creep running With the use of the electric motor.

[0007] In the above aspect, the control device may set the rotation speed of the
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electric motor during creep running to a rotation speed lower than a target idle rotation
speed of the engine by setting the rotation speed of the electric motor during creep running
to a predetermined upper limit rotation speed of the electric motor during creep running
when the target idle rotation speed of the engine is higher than or equal to the upper limit
rotation speed. With this configuration, when the target idle rotation speed of the engine
is set to a rotation speed higher than or equal to the‘upper limit rotation speed of the.
electric motor during creep running with the use of the electric motor, it is possible to
suppress an increase in electric power consumed by the electric motor during creep
running with the US\é of the electric motor. That is, the advantageous effect of the aspect
is appropriately obtained.

[0008] In the above aspect, the centrol device may be able to carry out creep
running with the use of the engine in a state where the clutch is engaged, and, when the
engine is started during creep running with the use of the electric motor, the control device
may set a rotation speed of the engine to a rotation speed of the electric motor during creep
running at timing at which engagement of the clutch completes and, after that, may shift
into creep running with the use of the engine by gradually increasing the rotation speed of
the engine to the target idle rotation speed of the éngine. With this configuration, at the
time of shifting from creep running with the use of the electric motor to creep running with
the use of the engine, for the possibility of occurrence of a step in driving force with an
increase in the engine rotation speed to the target idle rotation speed, driving force is.
smoothly varied by gradually increasing the engine rotation speed, it is possible to imf)rove
drivability by suppressing a shock (in .other words, by reducing a feeling of strangeness
experienced by a driver).

[0009]  In the above configuration, the control device may carry out regeneration
of the electric motor from power of the engine‘when the rotation speed of the engine is
lower than a predetermined lower limit rotation speed at or above which the engine is
autonomously operable. With this configuration, for the fact that it is difficult to bn'ng the
engine rotation speed into coincidence with a rotation speed lower than the ldwer limit

rotation speed when the engine is controlled so as to generate power of the engine for
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keeping the engine rotation speed in autonomous operation (that is, the fact that the engine
rotation speed attempts to be 'higher than a rotation speed lower than the lower limit
rotation speed), it is possible to suppress an increase in the engine rotation speed by adding
a load to the engine through regenerative control of the electric motor (that is, by
coh\'erting the redundant amount of the power of ‘t~he engine. for increasing the engine
rotation speed to electric energy through power generation of the electric motor). Thus,
even when the eﬂgine rotation speed becomes lower than the lower limit rotation speed at
or above which the engine is autonomously opérable, the advantageous effect of the
configuration is appropriately obtainedT N

[0010]  In the above configuration, at the time of shifting into creep running with
the use of the electric motor by stopping the er.gine, the control device may set the rotation
speed of the electric motor during creep running to the target idle rotation speed of the
engine until the clutch is released, and may gradually decrease the rotation speed of the
engine toward an upper limit rotation speed of the electric motor during creep running
when the rotation speed of the engine has deéreased to a rotation speed lower than the
rotation speed of the electric motor during creep running. With this configuration, at the
time of shifting from creep running with the use of the engine to creep running with the use
of the electric mdtor, for the possibility of occurrence of a step in driving force with a
decrease in the rotation spéed of the electric motor during creep running from the target
idle rotation speed of the engine to the upper limit rotation speed of the electric motor
during creep running, driving force is smoothly varied by gradually decreasing the rotation
speed of the electric motor during creep running. Thus, it is possible .to improve

drivability by suppressing a shock.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011) Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a view that illustrates the schematic configuration of a drive line provided in
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a vehicle to which the invention is applied and is a view that illusfrates a relevant portion
of a control system in the vehicle;

FIG, 2 is a functional block diagram that illustrates a relevant portion of control |
functions of an electronic control unit;

FIG. 3 is a view that shows an example of the correlation between a target idle
rotation speed of an engine and an MG idle rotation speed during EV creep running;

FIG. 4 is a flowchart that illustrates a relevant portion of control operations of the
electronié control unit, that is, control operations for improving fuel economy during EV
creep running;

FIG. 5 is a flowchart that illustrates a relevant portion of control operations of the
electronic control unit, that is, control operations for improving fuel economy during EV
creep running, and is anothef émbodiment corresponding to FIG. 4, |

FIG. 6 is an example of a time chart in the case where the control operations shown in

the flowchart of FIG. 5 are executed;

FIG. 7 is a flowchart that illustrates a relevant portion of control operations of the
electronic control unit, that is, control operations for improving fuel economy during EV
creep running, and is another embodiment corresponding to FIG. 5;

FIG. 8 is an example of a time chart in the case where the control operations shown in
the flowchart of FIG. 7 ére executed;

FIG. 9 is a flowchart that illustrates a relevant portion of control operations of the
electronic control unit, that is control operations for improving fuel économy during EV
creep running, and is another embodiment corresponding to FIG. 4; and

FIG. 10 is an example of a time chart in the case where the control operations shown

in the flowchart of FIG. 9 are executed.

DETAILED DESCRIPTION OF EMBODIMENTS
[0012]  In the invention, suitably, the vehicle includes a transmission in a power
transmission path between the engine (of the electric motor) and the drive wheel. The

transmission is a manual transmission, such as a known synchromesh parallel-two-shaft
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transmission including a plurality of pairs of constant-mesh transmission gears between the

two shafts, various automatic transmissions (a planetary gear automatic transmission, a

“ synchromesh parallel-two-shaft automatic transmission, a DCT, a CVT, and the like), or

the like. Each of the automatic transmissions is' formed of an automatic transmission
alone, an automatic transmission including a fluid transmission device, an automatic
transmission including an auxiliary transmission, or the like. During a stop of the vehicle,
when the engine is operated at an idle, a configuration including the fluid transfniséion
device is desirable. When the fluid transmission device includes a lockup clutch, the
lockup clutch is desirably released or slipped during the idle operation.

[0013]  Suitably, the engine is, for example, an internal combustion ehgine, such
as a gasoline engine and a diesel engine, that generates power through combustion of fuel.
The clutch provided in a power trénsmission path between the engine and thé electric
motor is a wet-type or dry-type engagement device.

[0014]  Hereinafter, an embodiment of the invention will be described in detail
with reference to the accompanying drawings.

[0015]  FIG 1 is a view that illustrates the schematic bonﬁguration of a drive line
12 provided in a vehicle 10 to which the invention is applied and is a view that illﬁstrates a
relevant portion of a control system for various controls in the vehicle 10. In FIG. 1, the
vehicle 10 is a hybrid vehicle that includes an engine 14 and an electric motor MG as
driving force sources. The drive line 12 includes an engine separating clutch KO
(hereinafter, referred to as separating clutch KO0), a torque converter 16, an automatic
transmission 18, and the like, in order from the engine 14 side inside a transmission case
20. The torque converter 16.serves as a fluid transmission device. The transm‘issivon
case 20 serves as a non-rotating member. The drive line 12 includes a propeller shaft 26,
a differential gear 28, a pair of axles 30, and the like. The propeller shaft 26 is coupled to
a transmission output shaft 24 that is an output rotating member of the automatic
transmission 18. The differential gear 28 is coupled to the propeller shaft 26. The pair
of axles 30 are coupled to the differential gear 28. A pump impeller 16a of the torque

converter 16 is coupled to an engine coupling shaft 32 via the separating clutch K0, and is
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directly coupled to the electric motor MG. A turbine impeller.16b of the torque converter
16 is directly coupled to a transmission input shaft 34 that is an input rotating member of
the automatic transmission 18. A mechanical oil pump 22 is coupled to the pump
impeller 16a. The mechanical oil pump 22 generateé operating hydraulic pressure for.
carrying out shift control over the automatic transmission 18, engagement/release control
over the separating clutch KO, and the like, by being rotationally driven by the engine 14
(and/or the electric motor MG). The thus configured drive line 12 is, for example,

suitably used in the FR vehicle 10. In the drive line 12, the power (which is synonymous

‘with torque and force unless otherwise distinguished) of the engine 14 is transmitted from

the engine coupling shaft 32 to a pair of drive whéels 36 sequentially via the separating
clutch KO, the torque converter 16, the automatic transmission 18, the propeller shaft 26,
the differential gear 28, the pair of axles 30, and the like, when the separating clutch K0 is
engaged. The engine coupling shaft 32 couples the engine 14 to the separating clutch KO.
In this way, the drive line 12 constitutes a power transmission path from the engine 14 to
the drive wheels 36.

[0016]  The automatic transmission 18 is a transmission that constitutes part of the
power transmission path between both the engine 14 and the electric motor MG and the
drive wheels 36 and that transmits power from the driving force sources (the engine 14 and
the electric motor MG) to the drive wheels 36 side. The automatic transmission 18 is, for
example, a known planetary gear-type multi-speed transmission in which a plurality of
speed positions having different speed ratios y (= Transmission input rotation speed
Nin/Transmission output rotation speed Nout) are selectively established, a known
continuously variable transmission in which the speed ratio y is continuously variable in a
stepless manner, or the like. In the automatic transmission 18, for example, a
predetermined speed position (speed ratio) is established on the basis of driver's accelerator
operation, a vehicle speed V, and the like, by controlling a hydraulic actuator with the use
of a hydraulic control circuit 50.

[0017] | The electric motor MG is a so-called motor generator having the function

of a motor that generates mechanical power from electric energy and the function of a
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generator that generates electric energy from mechanical energy. The electric motor MG

functions as the driving force source that generates running power instead of the engine 14

that is a power source or in addition to the engine 14. The electric motor MG is provided

in the power transmission path between the engine 14 and the drive wheels 36, and carries -

out the following operations. That is, the electric motor MG, for example, generates

electric energy through regeneration from power generated by the engine 14 or driven

force that is input from the drive wheels 36 side, and stores the electric energy in an

electrical storage device 54 via an inverter 52. The electric motor MG is coupled to the

power transmission path between the separazing clutch KO and the torque converter 16.

Power is transmitted to each other between the electric motor MG and the pump impeller

16a.  Thus, the electric motor MG is coupled to the engine 14 via the separating clutch KO,

and is coupléd to the transmission input shaft 34 of the automatic transmission 18 such that

[0018]

_power is transmittable without passing througa the separating clutch KO.

The separating clutch KO is, for example, a wet-type multi-disc friction

engagemént device in which a plurality of mutually stacked friction plates are pressed by

the hydraulic actuator. The separating clutch KO undergoes engagement/release control

from the hydraulic control circuit 50 by'using hydraulic pressure that is generated by the

oil pump 22 as a source pressure. In the engagement/release control, a torque capacity

(hereinafter, referred to as KO torque) of the separating clutch KO is changed by regulating

a linear solenoid valve, or the like, in the hydraulic control circuit 50. In the engaged

state of the separating clutch KO, the pump impeller 16a and the engine 14 are integrally

rotated via the engine coupling shaft 32. On the other ‘hand, in a released state of the

separating clutch KO, transmission of power between the engine 14 and the pump impeller

16a is interrupted. That is, the engine 14 and the drive wheels 36 are disconnected from

each other by releasing the separating clutch KO. Because the electric motor MG is

coupled to the pump impeller 16a, the separzting clutch K0 also functions as a clutch that

is provided in the power transmission path between the engine 14 and the electric motor

MG and that connects or interrupts the power transmission path.

[0019]

The vehicle 10, for example, includes an electronic control unit 80 that
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includes a control device for the vehicle 10, which is associated with creep running with
the use of the electric motor MG, or the like. The electronic control unit 80 is, for
example, configured to include a so-called microcomputer including a CPU, a RAM, a
ROM, an input/output interface, and thé like. The CPU executes various controls over
the vehicle 10 by'carrying out signal processiag in accordance with a program prestored in
the ROM while utilizing the temporary storage function of the RAM. For example, the
electronic control unit 80 is configured to execute output contrbl over the engine 14, drive
control over the electric motor MG, including regenerative control over fhe electric motor
MG, shift control over the automatic transmission 18, torque capacity control over the
separating clutch KO, and the like. The electronic control unit 80 is formed separately in
a unit for engine'control, a unit for electric motor control, a unit for ‘hydraulic pressure
control, and the like, as needed. Various signals based on detected values of various
sensors are supplied to the electronic control unit 80. The various sensors, for examplé,
include an engine rotation speed sensor 56, a turbine rotation speed sensor 58, an output
shaft rotation speed sensor 60, an electric motor rotation speed sensor 62, an accelerator
operation amount sensor 64, a coolant temperature sensor 66, a battery sensor 68, and the
like. The various signals, for example, include an engine rotation speed Ne that i.s the
fotation speed of the engine 14, a crank angle Acr, a turbine rotation speed Nt, that is, a
transmission input rotation speed Nin that is the rotation speed of the transmission input
shaft 34, a transmission ~output rotation speed Nout that is the rotation speed of the
transmission output shaft 24 and corresponds.to a vehicle speed V, an electric motor

rotation speed (motor rotation speed, MG rotation speed) Nm that is the rotation speed of

the electric motor MG, an accelerator operation amount Bacc corresponding to a driver's

drive request amount to the vehicle 10, a coolant temperature THeng that is the
temperature of coolant of the engine 14 and corresponds to the temperature of the engine
14, a temperature THb, charging/discharging current Ib and voltage Vb of the electrical

storage device 54, and the like. For example, an engine output control command signal

Se for output control over the engine 14, an electric motor control command sighal Sm for

controlling the operation of the electric motcr MG, hydraulic pressure command signals Sp
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for operating electromagnetic valves (solénoid valves), and the like, included in the
hydraulic control circuit 50 for controlling the hydraulic actuators of the separating clutch
KO0 and automatic transmission 18, and the like, are respectively output from the electronic
control unit 80 to an engine control device, such as a throttle actuator and a fuel injection
device, the inverter 52, the hydrgulic control circuit 50, and the like. A charged amount
(state of charge) SOC, chargeable power‘ Win and dischargeable power Wout of the
electrical storége device 54 lare calculated by the electronic control unit 80 on the basis of,
for example, the temperature THb, charging/dis;:harging current Ib and voltage Vb of the
electrical storagé device 54, and each of those calculated values is used in yarious controls
as one of the above-described various signals.

[0020) FIG. 2 is a functional block diagram that illustrates a relevant portion of
control functions of the electronic control unit 80. In FIG. 2, shift control means, that is, a
shift control unit 82, determines whether to shift the automatic transmission 18 on the basis
of, for example, a vehicle state (for example, an actual vehicle speed V, an actual
accelerator operation amount Oacc, and the like) by consulting a known correlation (shift
line map, shift map (not shown)) obtained through an experiment or design and stored in
advance (that is, predetermined) by using a vehicle speed V and a drive request amount
(for example, accelerator opération amount Oacc, or the like) as variables, outputs a shift
command value for obtaining the determined speed position (speed ratio) to the hydraulic
control circuit 50,.and executes automatic shift control over the autdmatic transmission 18.
The shift command value is one of the hydraulic pressure command signals Sp.

[0021]  Hybrid control means, that is, a hybrid control unit 84, has the function of
an engine drive control unit that executes drive control over the engine 14 and the function
of an electric motor operation control unit that controls the operation of the electric motor
MG as a driving force source or a generator via the inverter 52, and executes hybrid drive
control, or the like, with the use of the engine 14 and the electric motor MG through those
control functions. For example, the hybrid control unit 84 calculates a required driving
torque Tdtgt as the drive request amount that is required for the vehicle 10 by a driver .on

the basis of the accelerator operation amount Oacc and the vehicle speed V. In
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consideration of a transmission loss, an auxiliary load, the speed ratio y of the automatic
transmission 18, the chargeable and dischargeable powers Win, Wout of the electrical
storage device 54, the command signals (the engine output control command signal Se and

the electric motor control command signal Sm) are output for controlling the driving force

sources so as to obtain the output torques of the driving force sources (the engine 14 and

the electric motor MG), which achieve the required driving torque Tdtgt. Other than the

required driving torque Tdtgt [Nm] of the drive wheels 36, the drive request amount may

bea required driving force [N] of the drive wheels 36, a required driving power [W] of the

drive wheels 36, a required transmission output torque Touttgt of the transmission output‘
shaft 24, a required transmission input torque Tintgt of the transmission input shaft 34, or
the like. The drive request amount may also be merely the accelerator operation amount
Oacc [%], a throttle valve opening degree [%], an intake air amount [g/sec], or the like.
[0022]  For example, when the required driving torque Tdtgt falls within the range
in which the required driving torque Tdtgt can be provided by only the output torque Tm of
the electric motor MG, the hybrid control unit 84 sets a traveling mode to a motor running
mode (hereinafter, EV mode), and carries out motor running (EV traveling) iﬂ which the
vehicle travels while transmitting running torque to the drive wheels 36 with the use of
only the electric motor MG in a state where the separating clutch KO is released. On one
hand, for example, when the required driving torque Tdtgt falls within the range in which
the required driving torque Tdtgt cannot be proVided unless at least the output torque Te of
the engine 14 is used, the hybrid control unit 84 sets the t;éveling mode to an engine
running mode, that is, a hybrid traveling mode (hereinafter, EHV mode), and carries out

engine running, that is, hybrid traveling (EHV traveling) in which the vehicle travels with

-the use of at least the engine 14 as the driving force source in a state where the separating

clutch KO is engaged. On the other hand, for example, even when the required driving
torque Tdtgt falls within the range in which the required driving torque Tdtgt can be
provided by only the MG torque Tm, but when charging of the electrical storage device 54
is required or warm-up of the engine 14 or device associated with the engine 14 is required,

the hybrid control unit 84 carries out EHV traveling. In the case of EHV traveling (EHV
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mode) at the time of issuance of a warm-up request, or the like, the engine torque Te is not
required as the running torque, so the separating clutch KO does not always need to be
engaged.

[0023]  The hybrid control unit 84 starts the engine 14 when the hybrid control
unit 84 changes the traveling ‘mode from the EV ﬁode to the EHV mode. In a method of
starting the engine 14 by the hybrid control unit 84, for example, the engine rotation speed
Ne is increased by setting the released separating clutch KO in the slipped or engaged state

(in other words, by rotationally driving the engine 14 with the use of the electric motor

- MG), and the engine 14 is started by stai‘ting engine ignition, fuel supply, and the like.

On the other hand, the hybrid control unit 84 stops the engine 14 when the hybfid control

‘unit 84 changes the traveling mode from the EHV mode to the EV mode. In a method of

stopping the engine 14 by the hybrid control unit 84, for example, the engine 14 is stopped
by stopping supply of fuel to the engine 14, and the like, and the separating clutch KO is
released when the separating clutch KO is engaged. Thus, the engine 14 is caused to stop
its rotation in the result, and the engine rotation speed Ne is decreased.

[0024]  Here, the vehicie 10 is able to carry out known creep running with the use
of the engine 14 (engine creep running) and is also able to carry out creep running with the
use of the electﬁé motor MG (motor creep running, EV creep running). For example, in

the EV mode, the hybrid control unit 84 carries out EV creep running in a state where the

-separating clutch KO is released, and keeps tke MG rotation speed Nm at a predetermined

rotation speed during the EV creep ruhning. On the other hand, for example, in the EHV
mode, the hybrid control unit 84 carries out er;gine creep running in a state where the
separating clutch KO is engaged, and keeps the engine rotation speed Ne at a
predetermined rotation speed during the engine creep running. In the present
embodiment, for the sake of convenience, the predetermined rotation speed that is the MG
rotation speed Nm during EV creep running is termed an idle rotation speed Nmi of the
electric motor MG, and the predetermined rotation speed that is the engine rotation speed
Ne during engine creep running is termed an idle rotation speed Nei of the engine 14. -

[0025]  Incidentally, during engine creep running,r the engine idle rotation speed
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Nei is, for example, controlled to the set target value of the engine idle rotation speed Nei
(a target idle rotation speed Neii ef the engine 14). The target idle rotation speed Neii is,
for example, set on the basis of the eoolant temperature THeng of the eﬁgi‘ne 14, the
magnitude of an auxiliary load, and the like. For example, during a cold state where
warm-up of the engine 14 is not completed, dﬁring air-conditioner operation, or the like,
the target idle rotation speed Neii is increased as compared to that during. steady operation,
such as after completion of ‘warm-up, during a stop of the air-conditioner, or the like. On
the other hand, during EV creep running, it is conceivable that the MG idle rotation speed
Nmi is adjusted to the target idle rotation speed Neii. Thus, when the farget idle rotation
speed Neii is increased, the MG idle rotation speed Nmi is also increased, so the amount of
electric power consumed by 'the electric motor M@ is relatively large.

[0026]  During EV creep running, the hybrid control unit 84 sets the MG idle
rotation speed Nmi to a rotation speed lower than the target idle rotation speed Neii of the
engine 14. However, when a change between the EV mode and the EHV mode in creep
running is considered, it is desirable that a step in driving force between EV creep running
and engine creep running does not become large (in other words, a difference between the
MG idle rotation speed Nmi and the target idle rotation speed Neii does not become large). |
That is, it is desired to set the MG idle rotation speed Nmi in consideration of suppressing
the amount of electric power consumed and generation of a step in driving force as a result
of decreasing the MG idle rotation speed Nmi.

[0027]  Asshown in FIG. 3, when the target idle rotation speed Neii of the engine
14 is higher than or equal to a predetermined value Nmimx, the hybrid control unit 84 sets
the MG idle rotation speed Nmi during EV creep running to the predetermined value
Nmimx, thus setting the MG idle rotation speed Nmi to a rotation speed lower than the
target idle rotation sp_eed Neii. Qn the other hand, as shown in FIG. 3, the hybrid control
unit 84 sets the MG idle rotation speed Nmi during EV creep running to the targef idle
rotation speed Neii when the target idle rotation speed Neii of the engine 14 is lower than
the predetermined value Nmimx. The predetermined value Nmimx is a predetermined

upper limit rotation speed of the MG idlz rotation speed'Nmi during EV creep running
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(MG idle upper limit rotation speed Nmimx) in consideration of, for example, a balance

between the amount of electric power consumed by the electric motor MG during EV
creep running and a step in driving force at the time of shifting from EV creep running to
engine creep running (that is, on the basis of the amount of electric power consumed by the
electric motor MG and é step in driving force). | |

‘ “[0028] Specifically, referring back to FIG. 2, the hybrid control unit 84 determines
the target idle rotation speed Neii on the basis of the coolant temperature THeng of the
engine 14 and the magnitude of the auxiliary load by consulting a predetermined
correlation (target idle rotation speed map (not ‘shown)) for determining the target idle
rotation sbeed Neii. The target idle rotation speed map fs, for exaniple, set such that the
target idle rotation speed Neii increases as the coolant temperature THeng decreasés or as
the magnitude of the auxiliary load increases.

[0029]  Traveling state determination means, that is, a traveling state
determination unit 86, determines whether the térget idle rotation speed Neii of the engine
14 is lower than the MG idle upper limit rotation speed Nmimx when the separating clutch
KO is released at the time when creep running is carried out by the hybrid control unit 84,

[0030] FIG. 4 is a flowchart that illustrates a relevant portion of control operations
of the electronic control unit 80, that is, control operations for‘ improving fuel economy
during EV creep running, and is, for example, repeatedly executed at an extremely short
cycle time of about several milliseconds to éeveral tens of milliseconds. The flowchart of -
FIG. 4 is, for example,' predicated on a vehicle state where creep running is carried out.

[0031] In FIG 4, initially, in step (hzreinafter, step is omitted) S10 corresponding
to the traveling state determination unit 86, for example, it is determined whether the
separating clutch KO is released. When nezative determination is made in S10 (that is,
when the separating clutch KO is completely engaged, that is, when the engine 14 is
operating), for example, the enginé idle rotation speed Nei is set to the target idle rotation
speed Neii in S20 corresponding to the hybrid control unit 84. Subsequently, in S30
corresponding to the hybrid control unit 84, for example, in accordance with the engine

idle rotation speed Nei set in S20, the engine 14 is driven through idle rotation speed
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control (that is, during engine creep running). When affirmative determination is made in
S10 (that is, when the separating clutéh KO is released, that is, when the engine 14 is
stopped), for example, it is determined in S40 corresponding to the traveling state
determination unit 86 whether the target idle rotation speed Neii of the engine 14 is lower
than the MG idle upper limit rotatiori speed Nmimx. When affirmative determination is
made in S40, for exanﬁpie, the MG idle rotation speed Nmi is set to the target idle rotation
speed Neii in S50 corresponding to the hybrid control unit 84. On the other hand, when
negative determination is made in S40, for example, the MG idle rotation speed Nmi is set
to the MG idle upper limit rotation speed Nmimx in S60 corresponding to the hybrid
control unit 84. Subsequent to S50 or S60, in S70 corresponding to the hybrid control
unit 84, for example, in accordance with the MG idle rotation speed Nmi set in S50 or S60,
the electric motor MG is driven through rotation speed control (that is, during EV creep
running). | .

[0032]  As described above, according to the present embodiment, it is possible fo
decrease the MG idle rotation speed Nmi during EV ‘creep running as compared to the case
where the MG idle rotation speed Nmi is set to the target idle rotation 'speed Neii of the
engine 14, so the amount of electric power consumed by the electric motor MG reduces
(that is, the amount of electric power taken out from the electrical storage device 54
reduces). Thus, it is possible to improve fuel economy during EV creep running. |

[0033]  According to the present embodiment, when the target idle rotation speed
Neii of the engine 14 is higher than or equal to the MG idle upper limif rotation speed
Nmimx, the MG idle rotation speed Nmi during EV creep running is set to the MG idle
upper limit rotation speed Nmimx, so, when the target idle rotation speed Neii is set to a
value higher than or equal to the MG idle upper limit rotation speed Nmimx, it is possible
to suppress an increase in the amount of electric power consumed by the electric motor
MG during EV creep running. When the target idle rofation speed Neii of the engine 14
is lower than the MG idle upper limit rotaticn speed Nmimx, the MG idle rotation speed
Nmi during EV creep running is set to the target idle rotation speed Neii, so a step in

driving force between during EV creep running and during engine creép running is
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suppressed as much as possible.

[0034] Next, another embodiment of the invention will be described. In the
following description, like reference numerals denote portions common to the mutual
embodiments, and the description is omitted.

[0035] In the above-described first embodiment, when the target idle rotation
speed Neii of the engine 14 is higher than or equal to the MG idle upper limit rotation
speed Nmimx, the MG idle rotation speed Nrai during EV creep running is set to the MG
idle upper limit rotation speed Nmimx. Therefore, when the engine 14 is started during
EV creep running (that is, when the traveling mode shifts from EV creep running to engine
creep running), there is a possibility of occurrence of a sfep in driving force as the engine
idle rotation speed Nei is increased to the target idle rotation speed Neii. The MG‘ idle
upper limit rotation speed Nmimx is a value that takes a step in driving force into
consideration. In this embodiment, a method of further reducing a feeling of strangeness
due to the step in driving force is suggested at the time of starting the engine 14.

[0036]  Specifically, when the ehgine 14 is started during EV creep running, the
hybrid control unit 84 gradually increases the MG idle rotation‘ speed Nmi toward the
target idle rotation speed Néii at a predetermined slope in a period from initiation of the
start of the engine 14 to completion of the start of the engine 14 (that is, until engaggmenf
of the separating clutch KO completes). The gradual increase in the MG idle rotation
speed Nmi may be, for example, carried out immediately after the initiation of the start of
the engine 14 or may be carried out when a gradual increase start condition is satisfied
after a lapse of a predetermined period of timz. Alternatively, when the MG idle rotation

speed Nmi has reached the target idle rotztion speed Neii before engagement of the

- separating clutch KO completes, the gradual ircrease is ended at that timing.

[0037]  The hybrid control unit 84 sets the engine idle rotation speed Nei after
completion of the start of the engine 14 (after complétion of engagement of the separating
clutch KO0) to the MG idle rotation speed Nmi at the engine start completion timing, and,
after that, sets the engine idle rotation speed Nei to a value that gradually increases at a

predetermined slope from the MG idle rotation speed Nmi at the engine start completion
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timing toward the target idle rotation speed Neii. The gradual increase in the engine idle

. rotation speed Nei is carried out until the engine idle rotation speed Nei reaches the target

idle rotation speed Neii, and, after that, engine creep running is carried out at the target idle
rotation speed Neii.

[0038]  FIG. 5 is a flowchart that illustrates a relevant portion of control operations
of the electronic control unit 80, that is, control operations for improving fuel ecdnomy
during EV creep funning, and is, for example, repeatedly executed at an extremely short
cycle time of about several milliseconds to several tens of milliseconds. FIG. 6 is a time
chart in the case where the control operat.ons shown in the flowchart of FIG. 5 are

executed, and is an example at the time of shifting from EV creep running to engine creep

running.  FIG 5 shows another embodiment corresponding to FIG. 4 in the

above-described first embodiment. In FIG. 5, S10 in FIG. 4 is changed to S10', S60 in
FIG. 4 is changed to $60', and $20 in FIG. 4 is changed to $20'. The difference from FIG.
4 will be specifically described below.

[0039] In FIG 5, in S10' corresponding to the traveling state determination unit
86, for example, it is determined whether the separating clutch KO is being engaged (that is,
start control over the engine 14 is being executed) or the separating clutch KO is released.
When affirmative determination is made in S10' (for example, when start control over the
engine 14 is being executed), the process proceeds to S40. When negative determination
is made in S40, the MG idle rotation speed Nmi is set in S60' corresponding to the hybrid
control unit 84. In S60', for example, it is determined in S601 whether the gradual
increase start condition is satisfied (for example, whether a predetermined period of time
has elapsed from the initiation of the start of -he engine). When negative determination is
made in S601, the MG'idle rotation speed Nmi is, for example, set to MG idle upper limit
rotation speed Nmimx in S602 (t1 timing to t2 timing in FIG. 6) until affirmative
determination is made in S601. lWhen affirmative determination is made in S601, the MG
idle rotation speed Nmi is, for example, set 0 a value that gradually increases toward the
target idle rotation speed Neii of the engine 14 in S603 (t2 timing to t3 timing in FIG. 6).

Subsequently, in S604, for example, it is determined whether engagement of the separating
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clutch KO (start of the engine 14) has completed or whether the MG idle rotation speed
Nmi is higher than or equal to the target idle rotation speed Neii. Until affirmative
determination is made in 5604, S603 is repeatedly executed. On the other hand, when
negative determination is made in S10' (that is, when the start of the engine 14 has
completed and the engine is operéting), the engine idle rotation speed Nei is set in S20'
corresponding to the hybrid control unit 84. In S20', for example, the engine idle rotation
speed Nei is set to the MG idle rotation speed Nmi in S201 (t3 timing in FIG. 6).
Subsequently, for example, the engine idle rotation speed Nei is set to a value that |
gradually increases toward thé target idle rotation speed Neii in S202 (t3 timing to t4
timing in FIG. 6). Subsequently, in S203, it is determined whether the engine idle rotation
speed Nei is higher than or equal to the target idle rotation speed Neii. Until affirmative
determination is made in 8203, S202 is repeatedly executed. Through the control shown
in FIG. 5, as shown in FIG. 6, the idle rotation speed is continuously controlled at the time
of s.hifting from EV creep running to engine creep running, so the continuity of driving
forcé is maintained. o

[0040]  As described above, according to the present embodiment, in addition to

the advantageous effect of the above-described first embodiment, when the engine 14 is

- started during EV creep running, the engine idle rotation speed Nei after completion of the

start of the engine is set to the MG idle rotation speed Nmi at the timing of completion of
engagement of the separating clutch KO, and, after that, is gradually increased to the target
idle rotation speed Neii, thus shifting into engine creep running, so driving force is
smoothly varied. Thus, it is possible to improve drivability by suppressing a shock (in
other words, by reducing a feeling of strangeness experienced by the driver).

[0041] In the above-described second emBodiment, the engine idle rotation speed
Nei is not immediately increased to the target idle rotation speed Neii after the start of the
engine, and is increased such that the engine idle rotation speed Nei is gradually iﬁcreased
from the MG idle rotation speed Nmi. On the other hand, the engine 14, for example, has
a predetermined lower limit rotation speed (engine lower limit rotation speed Nemn) at or

above which the engine 14 is autonomously operable to keep the engine idle rotation speed
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Nei in autonomous operation. In this case, when the engine idle rotation speed Nei that is
set after completion of the start of the engine is lower than the engine lower limit rotation
speed Nemn, if the engine 14 is controlled so as to generate the power of the engine 14 for
keeping the engine idle rotation speed Nei in autonomous operation, it may be difﬁcult to
bring the engine idle rotation speed Nei into coincidence with a rotation speed lower than
the engine lower limit rotation spéed Nemn (that is, the engine idle rotation speed Nei may
attempt to become higher than a rotation speed lower than the engine lower limit rotation
speed Nemn). | |
[0042]  The hybrid control unit 84 carries out regeneration of the electric motor

MG from the power of the engine 14 when the engine idle rotation speed Nei that is set

_after completion of the start of the engine is lower than the engine lower limit rotation

speed Nemn. That is, the hybrid control unit 84 controls the throttle valve opening degree,
and the like, so as to keep the engine lower limit rotation speed Nemn, and, in addition to
that, carries out regeneration of the electric motor MG (the amount of electric power
(negative torque) generated by the electric motér MG is generated) such that the set engme
idle rotation speed Nei is attained.

[0043]  FIG. 7 is a flowchart that illustrates a relevant portion of control operations
of the electronic control unit 80, that is, control operations for improving fuel econorriy
during EV creep running, and is, for example, repeatedly executed at an extremely short
cycle time of about several milliseconds to several tens of milliseconds. "FIG. 8 is a time
chart in the case where the control operations shown in the flowchart of FIG. 7 are
executed, 'and is an example at the time of shifting from EV creep running to engine creep
running.  FIG. 7 shows another embodiment corresponding to FIG. 5 in -the
above-described second embodiment, and FIG. 7 mainly differs from FIG. 5 in the steps of
$25 and S28 are further added. The difference from FIG. 5 will be specifically described
below.

- [0044]  In FIG. 7, subsequent to S20', in S25 corresponding to the traveling state
determination unit 86, for example, it is determined whether the engine idle rotatibn speed

Nei set in S20' is lower than the engine lower limit rotation speed Nemn. When
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affirmative determination is made in S25, in S28 corresponding to the hybrid control unit
84, for éxample, engine rotation speed decreasing control is executed such that the engine
rotation speed Ne becomes the engine idle rotation speed Nei through regeneration of the
electric motor MG while the throttle valve opening degree, and the like, are controlled so
as to keep the engine lower limit rotation speed Nemn (t3'timing to t4 timing in FIG. 8).
On the other hand, when negative determination is made in S25, S30 is executed (shifting
to t4 timing in FIG 8). Through the contfol shown in FIG. 7, while the combﬁstion
stability and engine stalling prevention performance of the engine 14 are ensured, as shown
in FIG. 8, the engine rotation speed Ne after the start of the engine is decreased and the idle
rotation speéd is continubusly controlled, so thé continuity of driving force before and after
the start of the engine is maintained.

[0045] As described above, according to the. present embodiment, when the
engine idle rotation speed Nei after completion of the start of the engine is lower than the
engine lower limit rotation speed Nemn, regeneration of the e\lgctric motor MG from the
power of the engine 14 is carried out, so it is possible to suppress an increase in the engine
idle rotation speed Nei by adding a load to the engine 14 through regeneration control over
the electric motor MG (that is, by converting the redundant amount of the power of the
engine 14 for increasing the engine idle rotation speed Nei to electric energy through
power generation of the electric motor MG). Thus, even when the engine idle rotation
speed Nei that is sef after completion of the start of the engine is lower than the engine

lower limit rotation speed Nemn, the advantageous effect of the above-described third

embodiment is appropriately obtained.

[0046] In the above-described first embodiment, when the target idle rotation
speed Neii of the engine 14 is higher than or equal to the MG idle ﬁpper limit rotation
speed Nmimx, the MG idle rotation speed Nmi during EV creep running is set to the MG
idle upper limit rotation speed Nmimx. Therefore, when the traveling mode shifts from
engine creep running to EV creep running, there is a possibility of occurrence of a step in
driving force with a decrease in the MG idle rotation speed Nmi from the target idle

rotation speed Neii of the engine 14 to the MG idle upper limit rotation speed Nmimx.
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The MG idle upber limit rotation speed Nmimx is a value that takes a step in driVing force
into consideration; however, in this embodiment, a method of further reducing a feeling of
strangeness due to the step in driving force at the time of stoppiﬁg the engine 14 is
suggested.

[0047)  Specifically, at the time of shifting into EV creep running by stopping the
engine 14, the hybrid control unit 84 sets the MG idle rotation speed Nmi to the target idle

rotation speed Neii in a period from initiation of the stop of the engine 14 to at least when

. the separating clutch KO is released. The hybrid control unit 84 gradually decreases the

- MG idle rotation speed Nmi from the target idle rotation speed Neii toward the MG idle

upper limit rotation speed Nmimx at a predetermined slope. The gradual decrease in fhe
MG idle rotation speed Nmi may be, for example, carried out immediately after the
separating clutch KO is released and may be carried out after a gradual decrease start
condition is satisfied. The gradual decrease start condition is, for example, the fact that a
predetermined period of time has elapsed after the separating clutch KO is released.
Alternatively, the gradual decrease start condition is, for example, the fact that the engine
rotation speed Ne has decreased by a value (= Nm - Predetermined margin) obtained by
subtracting a predetermined niargin from the MG rotation speed Nm. In shoxjt, the
gradual decrease start condition just needs to be a condition by which it is possible to
confirm that the separating clutch KO is completely released and the engine rotation speed
Ne has reliably decreased to a value below the MG idle rotation speed Nmi.

- [0048]  FIG. 9 is a flowchart that illustrates a relevant portion of control operations
of the electronic control unit 80, that is, control operations for improving fuel economy
during EV creep running, and is, .for example, repeatedly executed at an extremely short
cycle time of about several milliseconds to several tens of milliseconds. FIG. 10 is a time
chart in the case where the control operations shown in the flowchart of FIG. 9 are
executed, and is an example at the time of shifting from engine creep running to EV creep
running.  FIG. 9 shows another embodirient corresponding to FIG. 4 in the
above-described first embodiment. In FIG. 9, SiO in FIG. 4 is changed to S10" and S60 in
FIG. 4 is changed to S60". The difference from FIG. 4 ‘will be specifically described
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below.

[0049] In FIG 9, in S10" corresponding to the traveling state determination unit
86, for example, it is determined whether the separating clutch KO is being released (that is,
stop control over the engine 14 is being executed) or the separating clutéh KO is released.
When affirmative determination is made in S10" (for example, when stop control pvér the
engine 14 is being executed), the process proceeds to S40. When negative determination
is made in S40, the MG idle rotation speed Nmi is set in S60" corresponding to the hybrid
control unit 84. In S60", for example, the MG idle rotation speed Nmi ié set to the engine
idle rotation speed Nei (or the target idle rotation speed Neii) in S605 (t1 timing to t3
timing in FIG. 10). Subsequently, in S606, for example, it is determined whether the
gradual decrease start condition is satisfied. When negative deterfnination is made in .

S606, the process is returned to S605; whereas, when affirmative determination is made in

- S606, for example, the MG idle rotation speed Nmi is set to a value that gradually

decreases toward the MG idle upper limit rotation speed Nmimx in S607 (t3 timing to t4
timing in FIG.'10). Subsequently, in S608, for example, it is determined whether the MG
idle rotation speed Nmi is lower than or equal to the MG idle upper limit rotation speed
Nmimx. Until affirmative determination is made in S608, S607 is repeatedly executed.
Through the céntrol shown in FIG. 9, as shown ih FIG. 10, the idle rotation speed is
continuously controlled at the time of shifting from engine creep running to EV creep
running, so the continuity of driving force is maintained. " |

[0050]  As described above, according to the present embodiment, in addition to
the advantageous effect of the above-described first embodiment, when the engine 14 is
stopped and the tra{/eling mode shifts into EV creep running, the MG idle rotation speed
Nmi is set to the target idle rotatioﬁ' speed Neii until the separating clutch KO is released,
and, when the engine rotation speed Ne has decreased to a value lower than the MG id1¢

rotation speed Nmi, gradually decreases toward the MG idle upper limit rotation speed

| Nmimx, so driving force is smoothly varied. Thus, it is possible to improve drivability by

suppressing a shock.

[0051]  The embodiment of the invention is described in detail with reference to
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the drawings; however, the invention may be implemented by a combination of the
embodiments with each other and may also be implemented in other embodiments.

[0052] For example, the above-described fourth embodiment may be
implemented in combination with not only the above-described first embodiment but also
any one of the above-described second and third embodiments.

[0053] In the above-described second embodiment (particularly, S601 in the

flowchart of FIG. 5), after the initiation of the start of the ehgine, the MG idle rotation

speed Nmi is gradually increased after the gradual increase start condition is satisfied;
however, the invention is not limited to this embodiment. For example, the MG idle
rotation speed Nmi may be gradually increased immediately after the initiation of the start
of the engine 14. Thus, for example, S601 and S602 in the flowchart of FIG. 5 in the
above-described embodiment may be omitted, the steps, the execution order, and the like,
in each of the flowcharts shown in FIG. 4, FIG. 5, FIG. 7, and FIG. 9 may be changed as
needed‘within the range of no difficulty.

[0054] In each of the above-described embodiments, when the separating clutch
KO is engaged, the electric motor MG and the engine 14 are substantially directly coupled -
to each other. Therefore, a comparison between the MG idle rotation speed Nmi and the
target idle rotat‘ion speed Neii of the engine 14 directly uses those numeric values; however,
the invention is not limited to this embodiment. For example, when the electric motor
MG is coupled to the engine coupling shaft 32 via a reduction gear, a transmission, or the
like, an electric motor rotation speed converted value, obtained by converting the MG idle
rotation speed Nmi to a rotation speed on the engine shaft (for exémplve, the crankshaft, the
engine coupling shaft 32) on the basis of its speed ratio, or the like, is compared with the
target idle rotation speed Neii. Alternatively, an engine rotation speed convefted value,
obtained by éonverting the engine rotation speed Ne to a rotation speed on the electric
motor shaft, may be compared with the MG rotation speed Nm. In short, in the invention,
in an embodiment in which the rotation speeds are compared with each other, such as the
MG idle rotation speed Nmi is compared with the target idle rotation speed Neii, the word

of each rotation speed not only includes each rotation speed itself but also includes each
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rotation speed converted value.

[0055] In each of the above-described embodiments, the vehicle 10 in which the
engine 14 and the electric motor MG are indirectly coupled to each other via the separaﬁng
clutch KO is illustrated as the vehicle to which the invention is applied. However, the
invention is not limited to this embodiment. For example, the invention may also be
applied to a vehicle in which no separating clutch KO0 is provided and the engine 14 and the
electric motor MG are diréctly coupled to each other. For e);ample, in the case where no
separating clutch KO is provided, the time when the separating clutch KO is released in
each of the above-described ‘embodiments is read as the time when the engine 14 is
stopped, and the time when the separating clutch KO is engaged in each of the
above-described embodiments is read as the time when the engine 14 is operated.

[0056] In each of the above-described embodiments, the torqué converter 16 is

'used as the fluid transmission device; instead, another fluid transmission device, such as a

fluid coupling having no torque amplification function, may be used.

| [0057] In each of the above-described embodiments, the vehicle 10 includes the
automatic transmission 18; however, the automatic trahsmission 18 does not always need
to be provided.

[0058]  The above-described embodiments are only illustrative, and the invention
may be implemented in modeé including various modifications and improvements on the

basis of the knowledge of persons skilled in the art.
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CLAIMS:

1. A control device for a vehicle including: an engine and an eleétric motor as
driving force sources, the electric motor being provided in a power transmission path
between the engine and a drive whcél and coupled to the engine via a clutch, the vehicle
being configured to carry out creep running with the use of the electric motor in a state
where the clutch is released and to keep a rotation speed of the electric motor at a
predetcﬁnined rotation speed during creep running with the use of the electric motor, the
control device charactérized in that

the control device sets the rotation speed of the electric motor tb a rotation speed
lower than a target idle rotation speed of the engine during creep running with the use of

the electric motor.

2. The control device according to claim 1, wherein

the control device sets the rotation speed of the electric motor during creep running to
a rotation speed lower than a target idle rotation speed of the engine by setting‘the‘ rotation
speed of the electric mbtor during creep running to a predetermined upper limit rotation
speed of the electric motor during creep running when the target idle rotation speed of the

engine is higher than or equal to the upper limit rotation speed.

3. The control device according to claim 1 or 2, wherein

the control device is able to carry out creep running with the use of the engine in a
state where the clutch is engaged, and
| when the engine is started during creep running with the use of the electric motor, the |
control device sets a rotation speed of the engine to a rotation speed of the electric motor
during creep running at timing at which engagement of the clutch completes and, after that,
shifts into creep running with the use of the engine by gradually increasing the rotation

speed of the engine to the target idle rotation speed of the engine.
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4. The control device according to claim '3, wherein
the control device carries out regeneration of the electric motor from power of the
engine when the rotation speed of the engine is lower than a predetermined lower limit

rotation speed at or above which the engine is autonomously operable.

5. The control device according to any one of claims 2 to 4, wherein

at the time of shifting into creep running with the use of the electric motor by
stopping the engine, the control device sets the rotation speed of the électric motor during
creép running to the target idle rotation speed of the engine until the clutch is released, and
gradually decreases the rotation speed of the electric motor toward an upper limit rotation
speed of the electric motor during creep running when the rotation speed of the engine has
decreased to a rotation speed lower than the rotation speed of the electric motor during

creep running.
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