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Description

TECHNICAL FIELD

[0001] The present invention relates to a control device
of a hybrid vehicle and particularly to an MG creep mode
generating a creep torque by a motor generator, a charg-
ing creep mode generating a creep torque by a direct
injection engine while charging a battery, and switching
control of these creep modes.

BACKGROUND ART

[0002] A hybrid vehicle is known that has (a) a motor
generator disposed in a power transmission path and
usable as an electric motor and an electric generator, (b)
a direct injection engine capable of ignition start in which
fuel is injected into any cylinder and ignited for the start,
(c) a friction engagement type engine connecting/discon-
necting clutch directly connecting and interrupting the di-
rect injection engine to/from the motor generator. A hy-
brid vehicle described in Patent Document 1 is an exam-
ple thereof and, when switching is performed from a mo-
tor running mode using only an electric drive portion (cor-
responding to a motor generator) as a drive force source
for running while the engine connecting/disconnecting
clutch is interrupted with the direct injection engine
stopped to an engine running mode using the direct in-
jection engine as the drive source for running, the direct
injection engine is started by the ignition start and, when
an engine rotation speed increases and becomes sub-
stantially the same as (synchronizes with) a rotation
speed of the electric drive portion, the engine connect-
ing/disconnecting clutch is connected to replace a motor
torque with an engine torque.
[0003] Although the engine can start by itself only
through the ignition start in some cases such as when
friction of the direct injection engine is small, the engine
connecting/disconnecting clutch can be connected at an
engine start to give assistance (torque compensation)
from the motor generator as needed, and an assist torque
can significantly be reduced by the ignition start. As a
result, a maximum torque of the motor generator can be
reduced to achieve smaller size and lower fuel consump-
tion.

PRIOR ART DOCUMENT

Patent Document

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication (Translation of PCT Ap-
plication) No. 2009-527411
[0005] Document DE 10 2007 062 237 A1 discloses a
vehicle drive apparatus including a motor generator, an
engine which is connected to an input shaft, and an en-
gine connecting/ disconnecting clutch, which is provided
as a starting clutch.

[0006] Document US 2009/105038 A1 discloses meth-
od for operating a hybrid drive of a vehicle, having an
internal combustion engine and having at least one elec-
tric drive, to which at least one traction battery is as-
signed, as well as to a hybrid drive, especially a parallel
hybrid drive. The internal combustion engine is able to
be started from the operating mode "purely electrical driv-
ing" of the hybrid drive using a direct start without a start-
er.
[0007] Document US 2007/246275 A1 discloses meth-
od for operating a parallel hybrid powertrain of a motor
vehicle with multiple drive units and with a single output
side.

SUMMARY OF THE INVENTION

Problem to Be Solved by the Invention

[0008] It is contemplated that a hybrid vehicle having
such a direct injection engine has (a) an MG creep mode
in which the motor generator is used as an electric motor
and rotationally driven at a predetermined rotation speed
to generate a creep torque while the engine connect-
ing/disconnecting clutch is interrupted and the direct in-
jection engine is stopped, and (b) a charging creep mode
in which the direct injection engine is operated to gener-
ate a creep torque with the motor generator used as an
electric generator to charge a battery while the engine
connecting/disconnecting clutch is connected. Switching
to the charging creep mode is performed from the MG
creep mode when an electric storage remaining amount
SOC of the battery is reduced and, if it is attempted to
simply connect the engine connecting/disconnecting
clutch for cranking and starting the direct injection engine,
a motor torque must be made higher so as to prevent the
creep torque from changing, resulting in further deterio-
ration of the electric storage remaining amount SOC and
degradation of the battery. When a rotation speed of the
motor generator during the MG creep mode may be set
to relatively low rotation (e.g., about 300 rpm), if the en-
gine connecting/disconnecting clutch is simply connect-
ed and the direct injection engine is
operated, this may deteriorate NV (noise/vibration) per-
formance and charge efficiency and may cause an en-
gine stall. If the rotation speed of the motor generator
during the MG creep mode is made higher (e.g., to about
1000 rpm) in consideration of the NV performance and
the charge efficiency, the efficiency during the creep
mode deteriorates and fuel efficiency is impaired. Al-
though the ignition start of the direct ignition engine be-
fore connecting the engine connecting/disconnecting
clutch suppresses the deterioration of the electric storage
remaining amount SOC and the degradation of the bat-
tery, if the rotation speed of the motor generator during
the MG creep mode is different from a rotation speed of
the direct injection engine during the charging creep
mode, a connection timing of the engine connecting/dis-
connecting clutch is a problem.
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[0009] The present invention was conceived in view of
the situations and it is therefore an object of the present
invention to ensure proper execution of an MG creep
mode and a charging creep mode depending on respec-
tive conditions and enable proper transition from the MG
creep mode to the charging creep mode.

Means for solving the Problem

[0010] To achieve the object, the first aspect of the
invention provides a control device of a hybrid vehicle,
the hybrid vehicle having (a) a motor generator disposed
in a power transmission path and performing as an elec-
tric motor and an electric generator, (b) a direct injection
engine configured to execute an ignition start in which
fuel is injected into any cylinder with a piston stopped in
an expansion stroke and ignited for the start, and (c) an
engine connecting/disconnecting clutch of friction en-
gagement type directly connecting and interrupting the
direct injection engine to/from the motor generator, the
control device having (d) an MG creep mode in which
the motor generator is used as an electric motor and ro-
tationally driven at a predetermined first rotation speed
to generate a creep torque while the engine connect-
ing/disconnecting clutch is interrupted and the direct in-
jection engine is stopped, and (e) a charging creep mode
in which the direct injection engine is operated at a pre-
determined second rotation speed higher than the first
rotation speed to generate the creep torque with the mo-
tor generator used as an electric generator to charge a
battery while the engine connecting/disconnecting clutch
is connected, (f) the control device performing the ignition
start of the direct injection engine during the MG creep
mode and providing connection control of the engine con-
necting/disconnecting clutch after a rotation speed of the
direct injection engine exceeds a rotation speed of the
motor generator to raise the rotation speed of the motor
generator and directly connect the direct injection engine
to the motor generator when a transition is made from
the MG creep mode to the charging creep mode.

Effects of the Invention

[0011] The second aspect of the invention provides the
control device of a hybrid vehicle recited in the first aspect
of the invention, wherein (a) a fluid transmission device
is disposed between the motor generator and drive
wheels and a connecting/disconnecting device of friction-
al engagement type is disposed between the fluid trans-
mission device and the drive wheels to transmit a creep
torque via the fluid transmission device and the connect-
ing/disconnecting device, and wherein (b) an engage-
ment torque of the connecting/disconnecting device is
reduced depending on a predefined target creep torque
before the engine connecting/disconnecting clutch is
subjected to the connection control when the transition
is made from the MG creep mode to the charging creep
mode.

[0012] The third aspect of the invention provides the
control device of a hybrid vehicle recited in the first aspect
of the invention, wherein when the engine connect-
ing/disconnecting clutch is subjected to the connection
control for making the transition from the MG creep mode
to the charging creep mode, an engagement torque of
the engine connecting/disconnecting clutch is increased
while a torque of the motor generator is reduced so as
to maintain the predefined target creep torque.

Effects of the Invention

[0013] In the control device of a hybrid vehicle as de-
scribed above, the rotation speed (second rotation
speed) of the direct injection engine during the charging
creep mode is higher than the rotation speed (first rotation
speed) of the motor generator during the MG creep mode
and, therefore, by operating the motor generator at a rel-
atively low rotation (for example, about 300 rpm) during
the MG creep mode, the predetermined creep torque can
efficiently be generated to improve fuel efficiency. During
the charging creep mode, by operating the direct injection
engine at a relatively high rotation (for example, about
1000 rpm), the predetermined creep torque can be gen-
erated and the battery can be charged while suppressing
deterioration of the NV performance and the charge ef-
ficiency as well as an engine stall.
[0014] On the other hand, when a transition is made
from the MG creep mode to the charging creep mode,
since the ignition start of the direct injection engine is
performed during the MG creep mode and the engine
connecting/disconnecting clutch is subjected to the con-
nection control after the rotation speed of the direct in-
jection engine exceeds the rotation speed of the motor
generator to raise the rotation speed of the motor gen-
erator and directly connect the direct injection engine to
the motor generator, deterioration of the electric storage
remaining amount SOC and the degradation of the bat-
tery are suppressed as compared to the cranking start
and the creep mode can be switched while the variation
in the creep torque is suppressed. In particular, although
a surge tank pressure equivalent to an atmospheric pres-
sure results in a larger torque at the beginning of the
ignition start of the direct injection engine, the engine
connecting/disconnecting clutch is connected after ex-
ceeding the rotation speed of the motor generator, and
the creep torque is restrained from varying due to the
larger torque at the beginning of the ignition start.
[0015] The second aspect of the invention is the case
that a creep torque is transmitted via the fluid transmis-
sion device and the connecting/disconnecting device,
and since an engagement torque of the connecting/dis-
connecting device is reduced depending on a target
creep torque before the engine connecting/disconnect-
ing clutch is subjected to the connection control when
the transition is made from the MG creep mode to the
charging creep mode, the creep torque is limited because
the connecting/disconnecting device is slipped depend-
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ing on the engagement torque, and the variation in the
creep torque is suppressed when the creep mode is
switched. Particularly, because the creep torque is limit-
ed by a slip of the connecting/disconnecting device, a
degree of freedom becomes higher in the torque replace-
ment control of increasing the engagement torque of the
engine connecting/disconnecting clutch and reducing the
torque of the motor generator, and each of the change
rates etc. can independently be defined or the replace-
ment can be completed in a relatively short time.
[0016] In the third aspect of the invention, when the
engine connecting/disconnecting clutch is subjected to
the connection control for making the transition from the
MG creep mode to the charging creep mode, the torque
replacement control is provided to increase an engage-
ment torque of the engine connecting/disconnecting
clutch while a torque of the motor generator is reduced
so as to maintain the predefined target creep torque and,
therefore, the variation in the creep torque is suppressed
when the creep mode is switched. In this case, since the
variation in the creep torque is suppressed by a slip of
the connecting/disconnecting device in the second as-
pect of the invention, the vehicle may slide down, for ex-
ample, due to a delay in response when the connect-
ing/disconnecting device is engaged in the case of start-
ing the vehicle on an climbing road; however, since the
variation in the creep torque can be suppressed without
a slip of the connecting/disconnecting device in the third
aspect of the invention, the slide-down of the vehicle on
a climbing road as described above is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a diagram of a general configuration indi-
cating a schematic of a hybrid vehicle to which the
present invention is preferably applied along with a
main portion of the control system.
Fig. 2 is a cross-sectional view for explaining the
direct injection engine of the hybrid vehicle in Fig. 1.
Fig. 3 is a diagram for explaining two types of the
creep modes provided on the hybrid vehicle in Fig. 1.
Fig. 4 is a diagram for explaining a function of the
creep control included in the electronic control device
of Fig. 1 and a flowchart for determining whether the
direct injection engine executes an ignition start to
make a transition to the charging creep mode during
the MG creep control.
Fig. 5 is a flowchart for explaining an operation when
the direct injection engine executes an ignition start
to perform a switching from the MG creep mode to
the charging creep mode if an ignition start control
provision flag is turned on at step S4 of Fig. 4.
Fig. 6 depicts an example of time charts for explain-
ing changes in operation states of the portions when
a switching from the MG creep mode to the charging
creep mode is performed in accordance with the

flowchart of Fig. 5 and represents the case of stop-
ping a vehicle on a flat road.
Fig. 7 depicts another example of time charts for ex-
plaining changes in operation states of the portions
when a switching from the MG creep mode to the
charging creep mode is performed in accordance
with the flowchart of Fig. 5 and represents the case
of stopping a vehicle on a climbing road.

MODE FOR CARRYING OUT THE INVENTION

[0018] The present invention is applied to a hybrid ve-
hicle of a parallel type, a series type, etc., having a direct
injection engine directly connected and interrupted by an
engine connecting/disconnecting clutch to/from a motor
generator disposed in a power transmission path. The
direct injection engine is an engine capable of directly
injecting fuel into a cylinder, is preferably a four-cycle
gasoline engine, and can be direct injection engines hav-
ing various numbers of cylinders including a multiple cyl-
inder engine having four or more cylinders. The direct
injection engine can be other reciprocating internal com-
bustion engines capable of injecting fuel into a cylinder
in an expansion stroke for the ignition start, such as a
two-cycle gasoline engine. The engine connecting/dis-
connecting clutch is preferably a hydraulic friction en-
gagement clutch of a single-plate type, a multi-plate type,
etc.
[0019] The ignition start of the direct injection engine
is performed, when at least any cylinder is in the expan-
sion stroke, by injecting and igniting fuel in the cylinder
in the expansion stroke, and the direct injection engine
may be started by only the ignition start or the engine
connecting/disconnecting clutch may be put into slip en-
gagement such that rotation of the direct injection engine
is assisted (cranked) by the motor generator. When the
rotation is assisted by the motor generator, a torque of
the motor generator is desirably increased by the assist
torque so as to prevent the creep torque of the MG creep
mode from varying.
[0020] The MG creep mode and the charging creep
mode are performed during stop of a vehicle or during
low vehicle speed equal to or lower than a predetermined
vehicle speed and a target creep torque may be defined
as a constant torque at a level enabling a vehicle to start
on a flat road or may be set by using a road surface
gradient, a vehicle weight, etc., as parameters. For ex-
ample, on a climbing road, the target creep torque may
be set to generate a creep torque substantially balancing
with or smaller than a slide-down torque of a vehicle, i.e.,
a creep torque at a level capable of preventing the vehicle
from sliding down, or allowing the vehicle to slightly slide
down, regardless of an upward slope. The target creep
torques during the MG creep mode and the charging
creep mode are desirably equal to each other.
[0021] In the MG creep mode, the motor generator is
used as an electric motor and rotationally driven at a pre-
determined rotation speed to generate the creep torque

5 6 



EP 2 772 397 B1

5

5

10

15

20

25

30

35

40

45

50

55

while the engine connecting/disconnecting clutch is in-
terrupted and the direct injection engine is stopped and,
on the other hand, in the charging creep mode, the direct
injection engine is operated to generate the creep torque
with the motor generator used as an electric generator
to charge a battery while the engine connecting/discon-
necting clutch is connected and, in either case, a trans-
mission device is disposed that absorbs rotation while
transmitting the creep torque, by disposing a fluid trans-
mission device such as a torque converter in a power
transmission path to drive wheels or slipping a friction
engagement connecting/disconnecting device etc.
[0022] The rotation speed (second rotation speed) of
the direct injection engine during the charging creep
mode is appropriately defined in consideration of efficien-
cy characteristics of the engine, electric generation effi-
ciency of the motor generator, charge efficiency of the
battery, a gear ratio of the power transmission path,
torque characteristics of the torque converter, etc., such
that a predetermined target creep torque can efficiently
be generated while the NV performance and the charge
efficiency are not impaired, and is desirably within a range
of about 600 rpm to 1500 rpm, for example. The rotation
speed (first rotation speed) of the motor generator during
the MG creep mode is also appropriately defined in con-
sideration of the efficiency characteristics of the motor
generator, the gear ratio of the power transmission path,
the torque characteristics of the torque converter, etc.,
such that a predetermined target creep torque can effi-
ciently be generated, and is desirably within a range of
about 200 rpm to 600 rpm, for example.
[0023] If a mechanical oil pump is connected to the
motor generator, while the target creep torque is gener-
ated, the mechanical oil pump can rotationally be driven
to generate a predetermined oil pressure. In this case,
the rotation speed of the motor generator during MG
creep mode and the rotation speed of the direct injection
engine during the charging creep mode are desirably de-
fined such that a necessary oil pressure and a discharge
amount can be acquired. The mechanical oil pump is not
necessarily essential and the present invention is appli-
cable to a hybrid vehicle having an electric oil pump ca-
pable of generating an oil pressure regardless of opera-
tions of the motor generator and the direct injection en-
gine.
[0024] Although connection control of the engine con-
necting/disconnecting clutch during transition from the
MG creep mode to the charging creep mode is defined
such that an engagement torque of the engine connect-
ing/disconnecting clutch is increased at, for example, a
predefined constant change rate, the engagement torque
can be increased at a predetermined change pattern,
and various forms are also available. Although the con-
nection control may be started immediately after the ro-
tation speed of the direct injection engine exceeds the
rotation speed of the motor generator, the connection
control may be started after the rotation speed of the
direct injection engine reaches a predetermined rotation

speed higher than the rotation speed of the motor gen-
erator. For example, a rotation speed for starting the con-
nection control of the engine connecting/disconnecting
clutch can be defined based on the rotation speed of the
direct injection engine during the charging creep mode
and the rotation speed of the motor generator during the
MG creep mode, and various forms are also available.
[0025] If the target creep torque is maintained as in the
third aspect of the invention, the torque of the motor gen-
erator may be decreased in accordance with an increase
in the engagement torque of the engine connecting/dis-
connecting clutch (a decrease in a power running torque
and an increase in a regenerative torque). If the engage-
ment torque of the connecting/disconnecting device is
reduced as in the second invention, since the creep
torque is limited by a slip of the connecting/disconnecting
device, a degree of freedom becomes higher in the con-
nection control of the engine connecting/disconnecting
clutch and a torque reduction control of the motor gen-
erator and change rates thereof can be defined inde-
pendently of each other. A change pattern of the engage-
ment torque can be made different between the second
and third aspects of the invention when the connection
control of the engine connecting/disconnecting clutch is
provided. The connecting/disconnecting device of the
second aspect of the invention may be any device capa-
ble of connecting and interrupting power transmission
and is preferably a single-plate type or multi-plate type
hydraulic friction engagement clutch or brake. For exam-
ple, a clutch or a brake of an automatic transmission can
be used as the connecting/disconnecting device.
[0026] Since the creep mode switching control of the
second aspect of the invention is desirably provided on
a flat road etc. without a risk of slide-down of the vehicle
while the creep mode switching control of the third aspect
of the invention is particularly effective on a climbing road
etc. with a risk of slide-down of the vehicle, the creep
mode switching controls of the second and third aspects
of the invention are desirably separately used depending
on a road surface gradient. The controls may separately
be used depending on a condition other than the road
surface gradient. Alternatively, regardless of the condi-
tion such as the road surface gradient, the creep mode
switching control of the second aspect of the invention
may always be provided or the creep mode switching
control of the third aspect of the invention may be pro-
vided.

Example

[0027] An example of the present invention will now be
described in detail with reference to drawings.
[0028] Fig. 1 is a diagram of a general configuration
including a schematic of a drive system of a hybrid vehicle
10 to which the present invention is preferably applied.
The hybrid vehicle 10 includes a direct injection engine
12 directly injecting fuel into a cylinder and a motor gen-
erator MG acting as an electric motor and an electric
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generator, as a drive power source for running. An output
of the direct injection engine 12 and the motor generator
MG is transmitted from a torque converter 14 that is a
fluid transmission device via a turbine shaft 16 and a C1
clutch 18 to an automatic transmission 20 and further
transmitted via an output shaft 22 and a differential gear
device 24 to left and right drive wheels 26. The torque
converter 14 includes a lockup clutch (L/U clutch) 30 di-
rectly coupling a pump impeller and a turbine impeller
with the pump impeller integrally connected to an oil
pump 32 and the oil pump 32 is mechanically rotationally
driven by the direct injection engine 12 and the motor
generator MG.
[0029] For the direct injection engine 12, an eight-cyl-
inder four-cycle gasoline engine is used in this example
and, as specifically depicted in Fig. 2, gasoline (high-
pressure particulate) is directly injected by a fuel injection
device 46 into a cylinder 100. The direct injection engine
12 allows air to flow from an intake passage 102 via an
intake valve 104 into the cylinder 100 and allows exhaust
gas to be discharged via an exhaust valve 108 from an
exhaust passage 106 and, when ignition is caused by an
ignition device 47 at a predetermined timing, air-fuel mix-
ture in the cylinder 100 is exploded and combusted to
push down a piston 110 to the lower side. The intake
passage 102 is connected via a surge tank 103 to an
electronic throttle valve 45 acting as an intake air amount
adjustment device so as to control an amount of intake
air flowing from the intake passage 102 into the cylinder
100, i.e., engine output, in accordance with an opening
degree of the electronic throttle valve 45 (throttle valve
opening degree). The piston 110 is axially slidably fitted
into the cylinder 100 and is relatively rotatably coupled
via a connecting rod 112 to a crank pin 116 of a crankshaft
114, and the crankshaft 114 is rotationally driven as in-
dicated by an arrow R in accordance with linear recipro-
cating movement of the piston 110. The crankshaft 114
is rotatably supported by a bearing in a journal portion
118 and integrally includes a crank arm 120 connecting
the journal portion 118 and the crank pin 116.
[0030] The direct injection engine 12 as described
above performs four strokes, i.e., an intake stroke, a com-
pression stroke, an expansion (explosion) stroke, and an
exhaust stroke, per two rotations (720 degrees) of the
crankshaft 114 and this is repeated to allow the crank-
shaft 114 to continuously rotate. The pistons 110 of the
eight cylinders 100 are configured to have respective
crank angles shifted by 90 degrees from each other and,
each time the crankshaft 114 rotates by 90 degrees, the
eight cylinders 100 are exploded and combusted in order,
thereby continuously generating a rotation torque. When
the crankshaft 114 rotates by a predetermined angle from
a compression TDC at which the piston 110 of any of the
cylinders 100 reaches a TDC (top dead center) after the
compression stroke, and is stopped within a predeter-
mined angle range θ in the expansion stroke with both
the intake valve 104 and the exhaust valve 108 closed,
gasoline can be injected by the fuel injection device 46

into the cylinder 100 and ignited by the ignition device 47
to perform an ignition start in which the air-fuel mixture
in the cylinder 100 is exploded and combusted for a start.
If friction of the portions of the direct injection engine 12
is small, the direct injection engine 12 can be started by
the ignition start only and, even if the friction is large, the
ignition start can reduce a start assist torque at the time
of start with cranking of the crankshaft 114 and, therefore,
a maximum torque of the motor generator MG generating
the assist torque can be reduced to achieve smaller size
and lower fuel consumption. When the angle range θ is
within an appropriate range of, for example, about 30 to
60 degrees from the compression TDC, relatively large
rotation energy can be acquired from the ignition start to
reduce the assist torque. In the case of an eight-cylinder
engine, the ignition start can be performed even within
about 80 to 100 degrees from the compression TDC and
the angle range θ differs depending on the number of
cylinders of the direct injection engine 12.
[0031] Returning to Fig. 1, a KO clutch 34 is disposed
between, and directly couples, the direct injection engine
12 and the motor generator MG via a damper 38. The
KO clutch 34 is a single-plate or multi-plate hydraulic fric-
tion engagement clutch frictionally engaged by a hydrau-
lic cylinder and is subjected to engagement/release con-
trol by a hydraulic control device 28 and disposed in an
oil bath condition within an oil chamber 40 of the torque
converter 14 in this example. The KO clutch 34 is a hy-
draulic friction engagement device and acts as an engine
connecting/disconnecting clutch connecting and discon-
necting the direct injection engine 12 to/from a power
transmission path. The motor generator MG is connected
via an inverter 42 to a battery 44. The automatic trans-
mission 20 is a stepped automatic transmission of plan-
etary gear type etc., having a plurality of gear stages with
different gear ratios established depending on en-
gaged/released states of a plurality of hydraulic friction
engagement devices (clutches and brakes) and is sub-
jected to shift control by electromagnetic hydraulic control
valves, switching valves, etc., disposed in the hydraulic
control device 28. The C1 clutch 18 acts as an input clutch
of the automatic transmission 20, is a frictional engage-
ment type connecting/disconnecting device connecting
and interrupting power transmission, and is also subject-
ed to engagement/release control by the hydraulic con-
trol device 28.
[0032] The hybrid vehicle 10 as described above is
controlled by an electronic control device 70. The elec-
tronic control device 70 includes a so-called microcom-
puter having a CPU, a ROM, a RAM, an I/O interface,
etc., to execute signal processes in accordance with a
program stored in advance in the ROM, while utilizing a
temporary storage function of the RAM. The electronic
control device 70 is supplied with a signal indicative of
an operation amount (accelerator operation amount) Acc
of an accelerator pedal from an accelerator operation
amount sensor 48. The electronic control device 70 is
also supplied with signals related to a rotation speed (en-
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gine rotation speed) NE of the direct injection engine 12,
a rotation speed (MG rotation speed) NMG of the motor
generator MG, a rotation speed (turbine rotation speed)
NT of the turbine shaft 16, a rotation speed (output shaft
rotation speed corresponding to vehicle speed V) NOUT
of the output shaft 22, a rotation angle (crank angle) ϕ
from the TDC (top dead center) of each of the eight cyl-
inders 100, an electric storage remaining amount SOC
of the battery 44, and a road surface gradient hc, from
an engine rotation speed sensor 50, an MG rotation
speed sensor 52, a turbine rotation speed sensor 54, a
vehicle speed sensor 56, a crank angle sensor 58, an
SOC sensor 60, and a road surface gradient sensor 62,
respectively. Various pieces of information necessary for
various controls are also supplied. The SOC sensor 60
is configured to sequentially integrate a charge amount
and a discharge amount of the battery 44 so as to obtain
the electric storage remaining amount SOC, for example.
The accelerator operation amount Acc corresponds to
an output request amount by the driver.
[0033] The electronic control device 70 functionally in-
cludes a hybrid control means 72, a shift control means
74, an engine stop control means 76, and a creep control
means 80. The hybrid control means 72 controls actua-
tion of the direct injection engine 12 and the motor gen-
erator MG to switch a plurality of predefined running
modes, such as an engine running mode using only the
direct injection engine 12 as the drive power source for
running, a motor running mode using only the motor gen-
erator MG as the drive power source for running, and an
engine + motor running mode using both for running, de-
pending on an operation state such as the accelerator
operation amount Acc and the vehicle speed V for run-
ning, for example. The shift control means 74 controls
the electromagnetic hydraulic control valves, switching
valves, etc., disposed in the hydraulic control device 28
to switch the engaged/released state of the plurality of
the hydraulic friction engagement devices, thereby
switching a plurality of the gear stages of the automatic
transmission 20 in accordance with a shift map defined
in advance by using operation states such as the accel-
erator operation amount Acc and the vehicle speed V as
parameters.
[0034] The engine stop control means 76 provides con-
trol for stopping the direct injection engine 12 at the time
of switching from the engine + motor running mode to
the motor running mode, at the time of inertia running
during the engine + motor running mode or the engine
running mode, at the time of deceleration, at the time of
vehicle stop, etc., and adjusts a stop position of the crank-
shaft 114 such that the ignition start can be performed
when the direct injection engine 12 is restarted. For ex-
ample, when the KO clutch 34 is interrupted to stop a
rotation of the direct injection engine 12, the KO clutch
34 is temporarily put into slip engagement immediately
before the stop or immediately after the stop to rotate the
crankshaft 114 so as to make an adjustment such that
the crank angle ϕ of any of the cylinders 100 falls within

an angle range θ in which the ignition start can be per-
formed. As a result, the engine can be started by the
ignition start at a subsequent engine start and the assist
torque from the motor generator MG can be reduced to
achieve smaller size and lower fuel consumption of the
motor generator MG.
[0035] The creep control means 80 generates a pre-
determined target creep torque during low speed running
equal to or less than a predetermined vehicle speed or
during vehicle stop and performs a MG creep mode gen-
erating the target creep torque by using the motor gen-
erator MG if the electric storage remaining amount SOC
is greater than a predetermined lower limit value SOC-
min. If the electric storage remaining amount SOC is
equal to or less than the lower limit value SOCmin, the
creep control means 80 performs a charging creep mode
generating the target creep torque by operating the direct
injection engine 12 while charging the battery 44 by the
motor generator MG. As depicted in Fig. 3, In the MG
creep mode, while the KO clutch 34 is interrupted (re-
leased) and the direct injection engine 12 is stopped, the
motor generator MG is subjected to power running con-
trol to be used as an electric motor and is rotationally
driven at a predetermined rotation speed, thereby rota-
tionally driving the oil pump 32 to generate a predeter-
mined oil pressure and generating a predetermined tar-
get creep torque via the torque converter 14 and the C1
clutch 18. In the charging creep mode, the direct injection
engine 12 is operated with the KO clutch 34 connected,
thereby rotationally driving the oil pump 32 to generate
a predetermined oil pressure and generating a predeter-
mined target creep torque via the torque converter 14
and the C1 clutch 18, while the motor generator MG is
subjected to regenerative control (also referred to as
electric generation control) and used as an electric gen-
erator to charge the battery 44 with generated electricity.
In the charging creep mode, the C1 clutch 18 is engaged
at an engagement torque corresponding to the target
creep torque and a creep torque is limited to the target
creep torque by a slip. The lower limit value SOCmin is
provided with predetermined hysteresis to prevent busy
shifts near a boundary.
[0036] The target creep torque may be defined as a
constant torque enabling the vehicle to start on a flat road,
for example, and to run at low speed equal to or less than
about 10 km/hour, for example, or may be set by using
the road surface gradient hc, a vehicle weight, etc., as
parameters. For example, on a climbing road, the target
creep torque may be set to generate a creep torque sub-
stantially balancing with, or smaller than, a slide-down
torque of the vehicle, i.e., a creep torque at a level capable
of preventing the vehicle from sliding down, or allowing
the vehicle to slightly slide down, regardless of an upward
slope. A common target creep torque is set in this exam-
ple regardless of whether the MG creep mode or the
charging creep mode.
[0037] Since the oil pump 32 is rotationally driven
through a creep control, an oil pressure output from the
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oil pump 32 can retain the C1 clutch 18 in a connected
state or a predetermined engagement state and can
maintain the automatic transmission 20 at a predeter-
mined gear stage even during vehicle stop so that a pre-
determined creep torque can be generated. The rotation
speed (MG rotation speed) NMG of the motor generator
MG during the MG creep mode and the rotation speed
(engine rotation speed) NE of the direct injection engine
12 during the charging creep mode are set to, for exam-
ple, a rotation speed equal to or greater than about 300
rpm so that the oil pump 32 can generate a predetermined
oil pressure. The MG rotation speed NMG during the MG
creep mode is further appropriately defined within, for
example, a range of about 200 rpm to 600 rpm, and is
set to about 300 rpm in this example, in consideration of
efficiency characteristics of the motor generator, torque
characteristics of the torque converter 14, a gear ratio of
the power transmission path including the gear stage of
the automatic transmission 20, etc., such that a prede-
termined creep torque can efficiently be generated. The
engine rotation speed NE during the charging creep
mode is also appropriately defined within, for example,
a range of about 600 rpm to 1500 rpm, and is set to about
1000 rpm in this example, in consideration of efficiency
characteristics of the direct injection engine 12, an elec-
tric generation efficiency of the motor generator MG, the
torque characteristics of the torque converter 14, the gear
ratio of the power transmission path including the gear
stage of the automatic transmission 20, etc., such that a
predetermined creep torque can efficiently be generated
while an NV performance and a charge efficiency are not
impaired. The engine rotation speed NE can be control-
led by using an intake air amount adjustment device such
as the electronic throttle valve 45 and an ISC (idle rotation
speed control) valve not depicted, for example. The MG
rotation speed NMG during the MG creep mode is the
first rotation speed and the engine rotation speed NE
during the charging creep mode is the second rotation
speed.
[0038] The creep control means 80 also includes an
ignition start determining means 82, an engine ignition
starting means 84, a C1 torque control means 86, and a
torque replacing means 88 in relation to transition control
when the electric storage remaining amount SOC of the
battery 44 decreases to be equal to or less than the lower
limit value SOCmin during the MG creep mode and the
mode is switched to the charging creep mode. Fig. 4 is
a flowchart for specifically explaining a signal process by
the ignition start determining means 82 and Fig. 5 is a
flowchart for specifically explaining a creep mode switch-
ing control by the engine ignition starting means 84, the
C1 torque control means 86, and the torque replacing
means 88. Steps R2 and R3 of Fig. 5 correspond to the
engine ignition starting means 84 and the C1 torque con-
trol means 86, respectively, and steps R4 to R8 corre-
spond to the torque replacing means 88.
[0039] At step S1 of Fig. 4, it is determined whether
the MG creep mode is being performed and, if the MG

creep mode is not being performed, the process is directly
terminated and, if the MG creep mode is being performed,
step S2 is executed. At step S2, it is determined whether
an engine start request is made due to a charge request,
based on whether the electric storage remaining amount
SOC of the battery 44 decreases to be equal to or less
than the lower limit value SOCmin, for example. In the
case of SOC>SOCmin, the process is directly terminated
and, if SOC≤SOCmin is satisfied, step S3 is executed.
At step S3, it is determined whether the ignition start can
be performed. Specifically, for example, it is determined
whether an engine water temperature is equal to or great-
er than a predetermined value and a crank angle ϕ of
any of the cylinders 100 is within an angle range θ in
which the ignition start can be performed. If it is deter-
mined that the ignition start can be performed, an ignition
start control provision flag is turned on at step S4.
[0040] If it is determined that the ignition start cannot
be performed, for example, while the rotation speed NMG
of the motor generator MG is raised to a rotation speed
at which the engine can be started (e.g., 600 rpm or high-
er), the KO clutch 34 may be subjected to the engage-
ment control for cranking etc. and starting the direct in-
jection engine 12 to make a transition to the charging
creep mode. In this case, for example, if an engagement
torque of the C1 clutch 18 is reduced to cause a slip, a
variation in the creep torque can be suppressed when
the creep mode is switched.
[0041] At step R1 of Fig. 5, it is determined whether
the ignition start control provision flag is turned on and,
if the flag is turned on, the creep mode switching control
from step R2 is provided. At step R2, the direct injection
engine 12 is started by the ignition start and the ignition
start is performed while the KO clutch 34 is put into slip
engagement to assist the rotation of the direct injection
engine 12. Figs. 6 and 7 depict examples of time charts
for explaining changes in operation states of the portions
when the creep mode switching control is provided in
accordance with the flowchart of Fig. 5 and, in either time
chart, at time t1 that is an ignition start initiation time, the
ignition start is performed by injecting fuel into the cylinder
100 in the expansion stroke and igniting the fuel, and the
KO clutch 34 is put into the slip engagement at a prede-
termined engagement torque (KO torque) to assist the
rotation of the engine 12. A magnitude of the engagement
torque is defined as the lowest torque within a range in
which the direct injection engine 12 can certainly be start-
ed by the ignition start. A torque of the motor generator
MG (MG torque) is increased by the same level as the
engagement torque (assist torque) to prevent variation
in the creep torque. When the engine rotation speed NE
rises to a predetermined rotation speed such that self-
sustaining rotation can certainly be performed, the KO
clutch 34 is released (KO torque=0) and the MG torque
is restored to the original. However, a slight oil pressure
may be left in consideration of a delay in response at the
time of subsequent connection control of the KO clutch
34.
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[0042] The time chart of Fig. 6 represents the case that
the creep mode switching control is provided on a flat
road and the time chart of Fig, 7 represents the case that
the creep mode switching control is provided on a climb-
ing road having the road surface gradient hc equal to or
greater than a predetermined value with a risk of slide-
down of the vehicle at the time of start etc.. A broken line
and a solid line in a "KO torque" field in the time charts
indicate a command value and an actual torque value,
respectively,
[0043] Returning to Fig. 5, at next step R3, the engage-
ment torque (C1 torque) of the C1 clutch 18 is controlled
depending on the road surface gradient hc. In particular,
although the C1 clutch 18 is maintained in a completely
engaged state as depicted in Fig. 7 on a climbing road
having the road surface gradient hc equal to or greater
than the predetermined value with a risk of slide-down
of the vehicle at the time of start etc., the C1 torque is
reduced to a torque corresponding to the target creep
torque as depicted in Fig. 6 on a flat road etc. having the
road surface gradient hc smaller than the predetermined
value. If the C1 torque is reduced in this way, the creep
torque is limited by a slip of the C1 clutch 18 and, there-
fore, the variation in the creep torque is suppressed re-
gardless of changes in the MG torque and the engine
torque during switching of the creep mode. On the other
hand, if the C1 torque is reduced on the climbing road
with a risk of slide-down of the vehicle, when the vehicle
is started by stepping on an accelerator pedal instead of
a brake pedal, the C1 clutch 18 may slip due to a delay
in response of increase in an oil pressure (C1 torque) of
the C1 clutch 18 and the vehicle may slide down; how-
ever, since the C1 clutch 18 is maintained in the com-
pletely engaged state in this example, a drive force is
promptly increased in accordance with an output in-
crease of the motor generator MG and the direct injection
engine 12 and the slide-down of the vehicle is sup-
pressed.
[0044] At step R4, it is determined whether the engine
rotation speed NE exceeds the MG rotation speed NMG
and if NE>NMG is satisfied, step R5 is executed. Since
the MG rotation speed NMG is maintained at a setup
rotation speed during the MG creep mode (about 300
rpm in this example) while the engine rotation speed NE
is raised to a setup rotation speed during the charging
creep mode (about 1000 rpm in this example), the engine
rotation speed NE can exceed the MG rotation speed
NMG At step R5, the engagement torque (KO torque) of
the KO clutch 34 is increased at a predefined constant
change rate while the MG torque is reduced, thereby re-
placing the MG torque with the KO torque (engine
torque).
[0045] Time t2 of Figs. 6 and 7 is a time when NE>NMG
is satisfied and a torque replacement control of step 5 is
started. In this case, since the creep torque is controlled
by the C1 torque in the time chart of a flat road depicted
in Fig. 6, a change rate of the MG torque can independ-
ently be defined separately from a change rate of the KO

torque and is defined such that the MG torque becomes
substantially zero at substantially the same time as a
timing when the MG rotation speed NMG is raised by an
increase of the KO torque and synchronized with the en-
gine rotation speed NE, for example. The MG torque can
be reduced in proportion to a speed difference (NE-NMG)
between the engine rotation speed NE and the MG rota-
tion speed NMG. In the time chart of Fig. 6, an input
torque and an output torque of the torque converter 14
increase in the course of the torque replacement, and
the C1 clutch 18 starts slipping to limit the creep torque
while the turbine rotation speed NT increases.
[0046] On the other hand, in the time chart of a climbing
road depicted in Fig. 7, the C1 clutch 18 remains com-
pletely engaged and, therefore, the MG torque is reduced
at the change rate same as the change rate of the KO
torque so that the target creep torque is maintained. In
other words, the MG torque is reduced while the KO
torque is increased so as to maintain the KO torque +
the MG torque = the target creep torque and, the MG
torque is changed from a power running side to a regen-
eration side during replacement in the time chart of Fig. 7.
[0047] At next step R6, synchronization determination
is made on whether the MG rotation speed NMG is sub-
stantially identical to the engine rotation speed NE and,
if NMG≈NE is achieved, the KO clutch 34 is subjected to
the engagement control at step R7. Time t3 of Figs. 6
and 7 is the time when the synchronization determination
of NMG≈NE is made and the engagement control of the
KO clutch 34 of step R7 is started and, in this case, a
command value of the KO clutch 34 is immediately in-
creased to the maximum value to promptly put the KO
clutch 34 into the complete engagement. At step R8, the
torque of the motor generator MG is increased to a pre-
determined value at a relatively large change rate toward
the regeneration side to charge the battery 44, and the
electronic throttle valve 45 etc. are controlled for the direct
injection engine 12 so as to maintain a predetermined
engine rotation speed NE. In the creep mode switching
control on a climbing road in which the ignition start of
the direct infection engine 12 is performed while the C1
clutch 18 is left completely engaged, the creep torque is
limited by engaging the clutch C1 at an engagement
torque corresponding to the target creep torque after the
engine start. As a result, the switching from the MG creep
mode to the charging creep mode is completed.
[0048] In the hybrid vehicle 10 of this example, the ro-
tation speed NE of the direct injection engine 12 during
the charging creep mode is higher than the rotation speed
NMG of the motor generator MG during the MG creep
mode and, therefore, by operating the motor generator
MG at a relatively low rotation (about 300 rpm in the ex-
ample) during the MG creep mode, the predetermined
target creep torque can efficiently be generated to im-
prove fuel efficiency. During the charging creep mode,
by operating the direct injection engine 12 at a relatively
high rotation (about 1000 rpm in the example), the pre-
determined target creep torque can be generated and
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the battery 44 can be charged while suppressing deteri-
oration of the NV performance and the charge efficiency
as well as an engine stall.
[0049] On the other hand, when a transition is made
from the MG creep mode to the charging creep mode,
since the ignition start of the direct injection engine 12 is
performed during the MG creep mode and the KO clutch
34 is subjected to the connection control after the engine
rotation speed NE of the direct injection engine 12 ex-
ceeds the rotation speed NMG of the motor generator
MG to raise the rotation speed NMG of the motor gener-
ator MG and directly connect the direct injection engine
12 to the motor generator MG, deterioration of the electric
storage remaining amount SOC and the degradation of
the battery 44 are suppressed as compared to the crank-
ing start and the creep mode can be switched while the
variation in the creep torque is suppressed. In particular,
although a surge tank pressure equivalent to an atmos-
pheric pressure results in a larger torque at the beginning
of the ignition start of the direct injection engine 12, the
KO clutch 34 is connected after exceeding the rotation
speed NMG of the motor generator MG, and the creep
torque is restrained from varying due to the larger torque
at the beginning of the ignition start.
[0050] Since the creep torque is transmitted via the
torque converter 14 and the C1 clutch 18 and the C1
torque thereof is reduced depending on the target creep
torque before the KO clutch 34 is subjected to the con-
nection control when a transition is made from the MG
creep mode to the charging creep mode on a flat road
etc. having the road surface gradient hc equal to or less
than the predetermined value, the creep torque is limited
because the C1 clutch 18 is slipped depending on the
C1 torque, and the variation in the creep torque is sup-
pressed when the creep mode is switched. Particularly,
because the creep torque is limited by a slip of the C1
clutch 18, a degree of freedom becomes higher in the
torque replacement control of increasing the KO torque
and reducing the MG torque, and each of the change
rates etc. can independently be defined or the replace-
ment can be completed in a relatively short time.
[0051] When the KO clutch 34 is subjected to the con-
nection control for making a transition from the MG creep
mode to the charging creep mode on a climbing road
having the road surface gradient hc equal to or greater
than the predetermined value, the torque replacement
control is provided to increase the KO torque and reduce
the MG torque such that the predefined target creep
torque is maintained while the C1 clutch 18 is maintained
in the completely engaged state and, therefore, the var-
iation in the creep torque is suppressed when the creep
mode is switched. In this case, since the torque replace-
ment control is provided while the C1 clutch 18 is main-
tained in the connected state, when the vehicle is started
by stepping on the accelerator pedal instead of the brake
pedal, the drive force is promptly increased in accord-
ance with an output increase of the motor generator MG
and the direct injection engine 12 and the slide-down of

the vehicle is suppressed.

NOMENCLATURE OF ELEMENTS

[0052] 10: hybrid vehicle 12: direct injection engine 14:
torque converter (fluid transmission device) 18: C1 clutch
(connecting/disconnecting device) 34: KO clutch (engine
connecting/disconnecting clutch) 44: battery 70: elec-
tronic control device 80: creep control means 88: torque
replacing means MG: motor generator NE: engine rota-
tion speed NMG: MG rotation speed

Claims

1. A control device of a hybrid vehicle (10), the hybrid
vehicle having
a motor generator (MG) disposed in a power trans-
mission path and performing as an electric motor
and an electric generator,
a direct injection engine (12) configured to execute
an ignition start in which fuel is injected into any cyl-
inder (100) with a piston (110) stopped in an expan-
sion stroke and ignited for the start, and
an engine connecting/disconnecting clutch (34) of
friction engagement type directly connecting and in-
terrupting the direct injection engine (12) to/from the
motor generator (MG),
the control device having
an MG creep mode in which the motor generator
(MG) is used as an electric motor and rotationally
driven at a predetermined first rotation speed to gen-
erate a creep torque while the engine connecting/dis-
connecting clutch (34) is interrupted and the direct
injection engine (12) is stopped, and
a charging creep mode in which the direct injection
engine (12) is operated at a predetermined second
rotation speed higher than the first rotation speed to
generate the creep torque with the motor generator
(MG) used as an electric generator to charge a bat-
tery (44) while the engine connecting/disconnecting
clutch (34) is connected,
the control device being configured, upon transition
from the MG creep mode to the charging creep
mode, to perform the ignition start of the direct injec-
tion engine during the MG creep mode and to provide
connection control of the engine connecting/discon-
necting clutch (34) after a rotation speed (NE) of the
direct injection engine (12) exceeds a rotation speed
(NMG) of the motor generator (MG), so as to raise
the rotation speed of the motor generator (MG) and
directly connect the direct injection engine (12) to
the motor generator (MG).

2. The control device of claim 1, wherein
a fluid transmission device (14) is disposed between
the motor generator (MG) and drive wheels (26) and
a connecting/disconnecting device (18) of frictional
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engagement type is disposed between the fluid
transmission device (14) and the drive wheels to
transmit a creep torque via the fluid transmission de-
vice (14) and the connecting/disconnecting device
(18), and wherein
an engagement torque of the connecting/discon-
necting device (18) is reduced depending on a pre-
defined target creep torque before the engine con-
necting/disconnecting clutch (34) is subjected to the
connection control when the transition is made from
the MG creep mode to the charging creep mode.

3. The control device of claim 1, wherein
when the engine connecting/disconnecting clutch
(34) is subjected to the connection control for making
the transition from the MG creep mode to the charg-
ing creep mode, an engagement torque of the engine
connecting/disconnecting clutch (34) is increased
while a torque of the motor generator (MG) is re-
duced so as to maintain the predefined target creep
torque.

Patentansprüche

1. Steuerungseinrichtung eines Hybridfahrzeugs (10),
wobei das Hybridfahrzeug aufweist
einen Motorgenerator (MG), der in einem Leistungs-
übertragungspfad angeordnet ist und als ein elektri-
scher Motor und ein elektrischer Generator arbeitet,
eine Direkteinspritzungsmaschine (12), die dazu
konfiguriert ist, einen Zündungsstart auszuführen, in
dem Kraftstoff in einen Zylinder (100), in dem ein
Kolben (110) in einem Arbeitshub gestoppt ist, ein-
gespritzt wird und für den Start gezündet wird, und
eine Maschinenverbindungs-/-trennungskupplung
(34) der Reibschlussart, die die Direkteinspritzungs-
maschine (12) mit dem Motorgenerator (MG) verbin-
det oder von diesem trennt,
wobei die Steuerungseinrichtung aufweist
einen MG-Kriechgang, in dem der Motorgenerator
(M) als ein elektrischer Motor verwendet wird und
mit einer vorbestimmten ersten Drehzahl drehend
angetrieben wird, um ein Kriechdrehmoment zu er-
zeugen, während die Maschinenverbindungs-/-tren-
nungskupplung (34) unterbrochen ist und die Direk-
teinspritzungsmaschine (12) gestoppt ist, und
einen Ladungskriechgang, in dem die Direkteinsprit-
zungsmaschine (12) bei einer vorbestimmten zwei-
ten Drehzahl betrieben wird, die höher ist als die ers-
te Drehzahl, um das Kriechdrehmoment mit dem Mo-
torgenerator (MG) zu erzeugen, der als ein elektri-
scher Generator verwendet wird, um eine Batterie
(44) zu laden, während die Maschinenverbin-
dungs-/-trennungskupplung (34) verbunden ist,
wobei die Steuerungseinrichtung dazu konfiguriert
ist, nach einem Übergang von dem MG-Kriechgang
zu dem Ladungskriechgang den Zündungsstart der

Direkteinspritzungsmaschine während des MG-
Kriechgangs durchzuführen und eine Verbindungs-
steuerung der Maschinenverbindungs-/ -trennungs-
kupplung (34) bereitzustellen, nachdem eine Dreh-
zahl (NE) der Direkteinspritzungsmaschine (12) eine
Drehzahl (NMG) des Motorgenerators (MG) über-
schreitet, um die Drehzahl des Motorgenerators
(MG) zu erhöhen und die Direkteinspritzungsma-
schine (12) direkt mit dem Motorgenerator (MG) zu
verbinden.

2. Steuerungseinrichtung gemäß Anspruch 1, wobei
eine Fluidübertragungseinrichtung (14) zwischen
dem Motorgenerator (MG) und Antriebsrädern (26)
angeordnet ist und eine Verbindungs-/ Trennungs-
einrichtung (18) der Reibschlussart zwischen der
Fluidübertragungseinrichtung (14) und den An-
triebsrädern angeordnet ist, um ein Kriechdrehmo-
ment über die Fluidübertragungseinrichtung (14)
und die Verbindungs-/Trennungseinrichtung (18) zu
übertragen, und wobei
ein Eingriffsdrehmoment der Verbindungs-/Tren-
nungseinrichtung (18) in Abhängigkeit eines vorbe-
stimmten Sollkriechdrehmoments reduziert wird, be-
vor die Maschinenverbindungs-/-trennungskupp-
lung (34) der Verbindungssteuerung unterzogen
wird, wenn der Übergang von dem MG-Kriechgang
zu dem Ladungskriechgang durchgeführt wird.

3. Steuerungseinrichtung gemäß Anspruch 1, wobei
wenn die Maschinenverbindungs-/-trennungskupp-
lung (34) der Verbindungssteuerung unterzogen
wird, um den Übergang von dem MG-Kriechgang zu
dem Ladungskriechgang durchzuführen, ein Ein-
griffsdrehmoment der Maschinenverbindungs-/-
trennungskupplung (34) erhöht wird, während ein
Drehmoment des Motorgenerators (MG) reduziert
wird, um das vordefinierte Sollkriechdrehmoment
beizubehalten.

Revendications

1. Dispositif de commande d’un véhicule hybride (10),
le véhicule hybride ayant
un groupe électrogène (MG) agencé dans un chemin
de transmission de puissance et fonctionnant en tant
que moteur électrique et générateur électrique,
un moteur à injection directe (12) configuré pour exé-
cuter un démarrage par allumage dans lequel un car-
burant est injecté dans n’importe quel cylindre (100)
avec un piston (110) arrêté dans une course d’ex-
pansion et allumé pour le démarrage, et
un embrayage de connexion/déconnexion de mo-
teur (34) du type à engagement par friction connec-
tant et interrompant directement le moteur à injection
directe (12) au/du groupe électrogène (MG),
le dispositif de commande ayant
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un mode d’avancement MG dans lequel le groupe
électrogène (MG) est utilisé comme moteur électri-
que et entraîné en rotation à une première vitesse
de rotation prédéterminée pour générer un couple
d’avancement tandis que l’embrayage de con-
nexion/déconnexion de moteur (34) est interrompu
et le moteur à injection directe (12) est à l’arrêt, et
un mode d’avancement avec chargement dans le-
quel le moteur à injection directe (12) est en opéra-
tion à une seconde vitesse de rotation prédétermi-
née, supérieure à la première vitesse de rotation,
pour générer le couple d’avancement avec le groupe
électrogène (MG) utilisé comme générateur électri-
que pour charger une batterie (44) tandis que l’em-
brayage de connexion/déconnexion de moteur (34)
est connecté,
le dispositif de commande étant configuré, à la tran-
sition du mode d’avancement MG au mode d’avan-
cement avec chargement, pour exécuter le démar-
rage par allumage du moteur à injection directe pen-
dant le mode d’avancement MG et pour fournir une
commande de connexion de l’embrayage de con-
nexion/déconnexion de moteur (34) après qu’une vi-
tesse de rotation (NE) du moteur à injection directe
(12) dépasse une vitesse de rotation (NMG) du grou-
pe électrogène (MG), de façon à augmenter la vites-
se de rotation du groupe électrogène (MG) et con-
necter directement le moteur à injection directe (12)
au groupe électrogène (MG).

2. Dispositif de commande selon la revendication 1,
dans lequel
un dispositif de transmission de liquide (14) est agen-
cé entre le groupe électrogène (MG) et les roues
motrices (26) et un dispositif de connexion/décon-
nexion (18) du type à engagement par friction est
agencé entre le dispositif de transmission de liquide
(14) et les roues motrices pour transmettre un couple
d’avancement par l’intermédiaire du dispositif de
transmission de liquide (14) et du dispositif de con-
nexion/déconnexion (18), et dans lequel
un couple d’engagement du dispositif de con-
nexion/déconnexion (18) est réduit en fonction d’un
couple d’avancement cible prédéterminé avant que
l’embrayage de connexion/déconnexion du moteur
(34) soit soumis à la commande de connexion quand
la transition du mode d’avancement MG au mode
d’avancement avec chargement est effectuée.

3. Dispositif de commande selon la revendication 1,
dans lequel
quand l’embrayage de connexion/déconnexion de
moteur (34) est soumis à la commande de connexion
pour effectuer la transition du mode d’avancement
MG au mode d’avancement avec chargement, un
couple d’engagement de l’embrayage de con-
nexion/déconnexion de moteur (34) est augmenté
tandis qu’un couple du groupe électrogène (MG) est

réduit de façon à maintenir le couple d’avancement
cible prédéfini.
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