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(57)  [Task] To inhibit clutch engagement during en-
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having a P2 module onboard.

[Solution] A control system for a hybrid vehicle in-
cludes an engine 4, a motor 5, a KO clutch 6, drive shafts
17, a hydraulic friction brake system 3, and a controller
20 capable of performing cooperative regenerative brak-
ing control. When start of the engine 4 is requested during
the cooperative regenerative braking control, the control-
ler 20 performs: a first process of transitioning to braking
only by the frictional brake system 3, a second process
ofraising an output revolution speed of the engine 4 while
engagement of a KO clutch 6 is initiated after completion
of transitioning to the braking, and a third process of con-

trolling the engine 4 to resume operating at timing after
an engine revolution speed rises to match a motor rev-
olution speed after the engagement of the KO clutch 6 is
initiated.
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Description
[Technical Field]

[0001] The present invention relates to a control sys-
tem for a hybrid vehicle.

[Background Art]

[0002] For example, Patent Document 1 discloses a
control system for a hybrid vehicle. This hybrid vehicle
is a vehicle having a so-called P2 module onboard.
[0003] Specifically, the hybrid vehicle disclosed in Pat-
ent Document 1 includes an engine, a first friction clutch
element, a motor generator engaged with the engine via
the first friction clutch element, a second friction clutch
element that lies between the motor generator and driv-
ing wheels, and a cooperative regenerative braking con-
trol execution unit.

[0004] The cooperative regenerative braking control
execution unit disclosed in Patent Document 1 prohibits
a regenerative torque from increasing until predeter-
mined time passes since engaging the friction clutch el-
ementwhen a mechanical brake is operated and the fric-
tion clutch elementis in a state of slipping (e.g., at a time
of start of the engine). According to Patent Document 1,
the prohibition of the increase of the regenerative torque
enables the prevention of occurrence of a shock caused
by an unintended slippage.

[Prior Art Documents]
[Patent documents]

[0005] [Patent document 1] JP-A-2012-091551

[Summary of the Invention]
[Problem to be solved by the invention]

[0006] Meanwhile, for the hybrid vehicle having the P2
module onboard as disclosed in Patent Document 1, the
cooperative regenerative braking control is normally per-
formed in a state of releasing a clutch that lies between
the engine and the motor during the operation of the
brake pedal. This cooperative regenerative braking con-
trolis to brake the driving wheels by cooperation between
application of a braking force from a brake system and
a regenerative operation by the motor.

[0007] Subsequently, when the vehicle enters a curve,
it is often requested to restart the engine despite operat-
ing the brake pedal (that is, during the cooperative re-
generative braking control), such as when an air condi-
tioner is actuated during deceleration.

[0008] In this case, itis considered to switch from brak-
ing by the cooperative regenerative braking control to
braking using only the brake system and couple the en-
gine to the motor by engaging the clutch for increasing
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an output revolution speed of the engine.

[0009] However, when a hydraulic brake system is
used, the switching of the braking cannot be performed
momentarily. Furthermore, it takes some time to couple
the engine to the motor since the engagement of the
clutch until the output revolution speed of the engine
matches that of the motor.

[0010] Therefore, if the switching of the braking and
the clutch engagement are initiated nearly simultaneous-
ly, two processes proceed nearly simultaneously. In this
case, a situation of adjusting the output revolution
speeds, such as a change in the regenerative operation
of the motor when the output revolution speed of the en-
gine does not have a smooth transition, may affect the
cooperative regenerative braking control and the switch-
ing of the braking from the cooperative regenerative brak-
ing control.

[0011] For example, when the rise of the output revo-
lution speed of the engine delays, it is required to cause
the motor in the regenerative operation to perform a pow-
ering operation and to weaken a regenerative force (re-
generative braking torque) by the motor. These types of
processinginconveniently complicate the cooperative re-
generative braking control.

[0012] The present invention has been made in light
of these problems and an object of the present invention
is to inhibit clutch engagement at the time of restart of an
engine from affecting cooperative regenerative braking
control and switching of braking in a hybrid vehicle having
a P2 module onboard.

[Means for solving the Problem]

[0013] The present invention relates to a control sys-
tem for a hybrid vehicle including: an engine that gener-
ates a vehicle running driving force of the hybrid vehicle;
a motor capable of performing a powering operation and
a regenerative operation; a first clutch that lies between
the engine and the motor and that is switched between
a connection state of mutual engagement between the
engine and the motor and a separation state of releasing
the engagement; and an axle that lies between the motor
and driving wheels of the vehicle. This control system
includes: a hydraulic frictional brake system that distrib-
utes a braking force to the driving wheels in response to
driver’'s operating a brake pedal; and a control unit ca-
pable of performing cooperative regenerative braking
control for braking the hybrid vehicle by cooperation be-
tween distribution of the braking force by the frictional
brake system and application of a regenerative braking
torque to the driving wheels by controlling the motor to
perform the regenerative operation in a state of disen-
gaging the first clutch during deceleration of the vehicle
when operating the brake pedal.

[0014] Furthermore, according to one aspect of the
present invention, when start of the engine is requested
during the cooperative regenerative braking control, the
control unit performs: a first process of transitioning brak-
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ing by the cooperative regenerative braking control to
braking only by the frictional brake system; a second
process of raising an output revolution speed of the en-
gine by controlling the motor to perform either the pow-
ering operation or the regenerative operation while initi-
ating engagement of the first clutch after completion of
transitioning to the braking only by the frictional brake
system; and a third process of controlling the engine to
resume operating at timing after the output revolution
speed of the engine rises to match an output revolution
speed of the motor after the engagement of the first clutch
is initiated.

[0015] According to these configurations, the hybrid
vehicle is a hybrid vehicle having a so-called P2 module
onboard in which the engine, the first clutch, the motor,
a second clutch, the axle, and the driving wheels are
coupled to transmit the running driving force thereto in
this order.

[0016] Furthermore, during deceleration of the hybrid
vehicle in which the frictional brake system is distributing
the braking force to the driving wheels, the motor per-
forms the regenerative operation. This control is the co-
operative regenerative braking control between the fric-
tional brake system and the motor. The cooperative re-
generative braking control increases regenerative ener-
gy accumulated in a battery or the like. The regenerative
braking torque by the motor is applied to the driving
wheels. The frictional brake system distributes the brak-
ing force to the driving wheels in consideration of the
regenerative braking torque applied to the driving wheels.
As a result, the braking acting on the hybrid vehicle is
braking responsive to driver’s operating the brake pedal.
[0017] Here, the control unit raises the output revolu-
tion speed of the engine after completion of transitioning
from the braking by the cooperative regenerative braking
control to the braking only by the frictional brake system
when the start of the engine is requested during the co-
operative regenerative braking control.

[0018] Therefore, when adjustment of the output rev-
olution speed of the engine is initiated, switching of the
braking is already completed. As a result, it is possible
to inhibit the situation of adjusting the output revolution
speeds from affecting the cooperative regenerative brak-
ing control and the switching of the braking from the co-
operative regenerative braking control.

[0019] Moreover, according to one aspect of the
present invention, the control system for the hybrid ve-
hicle may include a second clutch that lies between the
motor and the axle and that is switched between a con-
nection state of mutual engagement between the motor
and the axle and a separation state of releasing the en-
gagement, the second clutch may be engaged when the
cooperative regenerative braking control is performed,
and the control unit may control the second clutch to slip
when the output revolution speed of the motor falls below
a predetermined revolution speed after the engagement
of the first clutch is initiated in the second process.
[0020] According to these configurations, the second
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clutch is made to slip when a predetermined condition is
satisfied. Making the second clutch to slip can reduce a
rotational resistance of the motor. This, in turn, can inhibit
a reduction in the output revolution speed of the motor.
[0021] Here, when the timing of slipping the second
clutch is not associated with the timing of switching to
the braking only by the frictional brake system as in con-
ventionally known configurations (e.g., when two proc-
esses are initiated simultaneously), the second clutch
may be made to slip while the switching of the braking is
not completed yet.

[0022] In this case, the regenerative operation is per-
formed in a state of suppressing power transmission be-
tween the motor and the driving wheels. As a result, the
regenerative braking torque applied from the motor is
insufficiently transmitted to the driving wheels, possibly
causing a G drop.

[0023] On the other hand, with the configurations de-
scribed above, the second clutch is made to slip after
finishing the switching of the braking. As a result, slipping
of the second clutch is initiated in a state in which the
regenerative braking torque has been applied to the driv-
ing wheels (e.g., in a state of reducing the regenerative
braking torque to nearly zero). This can inhibit the occur-
rence of the G drop.

[0024] Furthermore, according to one aspect of the
presentinvention, the control unit may control the second
clutch to be released or slip and control the engine to
raise the output revolution speed of the engine to be equal
to or higher than a predetermined idle revolution speed
when the output revolution speeds of the engine and the
motor fall below the idle revolution speed after the output
revolution speed of the engine is made to match the out-
put revolution speed of the motor in the third process.
[0025] According to the configurations, the output rev-
olution speeds of the engine and the motor can be kept
equal to or higher than the idle revolution speed after the
engine restarts. This enables smooth acceleration of the
hybrid vehicle when the hybrid vehicle is requested to
accelerate such as when depression of the brake pedal
is transitioned to depression of an accelerator pedal.
[0026] Moreover, according to one aspect of the
presentinvention, the control unit may determine that the
start of the engine is requested when a steering angle
exceeds a predetermined value during the cooperative
regenerative braking control.

[0027] According to the configurations, the control unit
performs the first process, the second process, and the
third process when a steering wheel is operated during
deceleration when the brake pedal is depressed (that is,
while the cooperative regenerative braking control is be-
ing performed). This enables smooth restart of the engine
without causing a problem such as the G drop when, for
example, the hybrid vehicle enters a corner with the brake
pedal depressed. That can realize so-called slow-in fast-
out more smoothly than conventional hybrid vehicles.
Operability of the hybrid vehicle can be thereby en-
hanced.
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[0028] Furthermore, according to one aspect of the
presentinvention, the control unit may determine that the
start of the engine is requested when an air conditioner
switch accepts an ON-operation during the cooperative
regenerative braking control.

[0029] According to the configurations, the control unit
performs the first process, the second process, and the
third process when the air conditioner switch is operated
during deceleration when the brake pedal is depressed
(that is, while the cooperative regenerative braking con-
trol is being performed). This enables smooth restart of
the engine without causing a problem such as the G drop
when, for example, an air conditioner is desired to be
driven during the depression of the brake pedal. Thatcan
inhibit the occurrence of a shock when the engine re-
starts. Ride quality of the hybrid vehicle can be thereby
enhanced.

[Advantage of the invention]

[0030] As described so far, according to the present
invention, it is possible to inhibit the clutch engagement
during the engine restart from affecting the cooperative
regenerative braking control and the switching of the
braking in the hybrid vehicle with the P2 module onboard.

[Brief Description of the Drawings]
[0031]

[Fig. 1] Fig. 1 illustrates a hybrid vehicle.

[Fig. 2] Fig. 2 illustrates an automatic transmission
engagement table.

[Fig. 3A] Fig. 3A is a block diagram of a control sys-
tem for the hybrid vehicle.

[Fig. 3B] Fig. 3B is a block diagram of a friction brake
system.

[Fig. 4] Fig. 4 is a flowchart illustrating processes
related to an engine.

[Fig. 5] Fig. 5 is a flowchart illustrating processes
related to a motor and brakes.

[Fig. 6] Fig. 6 is a flowchart illustrating processes
related to restart control.

[Fig. 7] Fig. 7 is a time chart of a first process, a
second process, and a third process.

[Modes for Carrying Out the Invention]

[0032] Embodiments of a control system for a hybrid
vehicle will be described hereinafter. The following de-
scriptions are given by way of example.

(Hybrid Vehicle)

[0033] Fig. 1 illustrates a motor vehicle 1 (an example
of a vehicle and a hybrid vehicle) to which the present
invention is applied. This motor vehicle 1 is a hybrid ve-
hicle capable of running using electricity. The motor ve-
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hicle 1 has front wheels 2F and rear wheels 2R, i.e., four
wheels in total. A friction brake 31 is attached to each of
the front wheels 2F and the rear wheels 2R for braking
a rotation thereof.

[0034] Asdrive sources, an engine 4 generating a run-
ning driving force of the motor vehicle 1 and a motor 5
are onboard the motor vehicle 1. These work together to
drive the rear wheels 2R. The motor vehicle 1 thereby
runs. The motor vehicle 1 is a rear-wheel drive vehicle.
The motor 5 is used not only as the drive source but also
as an electric generator during regeneration. That is, the
motor 5 according to the present embodiment can per-
form a powering operation for generating the running
driving force of the motor vehicle 1 and a regenerative
operation for supplying regenerative energy to a battery
(high-voltage battery 9 to be described later) when de-
celerating the motor vehicle 1.

[0035] This motor vehicle 1 has the high-voltage bat-
tery 9 at a rated voltage equal to or lower than 50V on-
board, as described later. The electricity is supplied to
the motor from the high-voltage battery 9, and the motor
5 functions to allow the motor vehicle 5 to run mainly in
the way of assisting the engine 4. The motor vehicle 1 is
a so-called mild hybrid vehicle. It is noted that the motor
vehicle 1 may be a so-called plug-in hybrid vehicle to
which the electricity can be supplied from an external
power supply.

[0036] Furthermore, the motor vehicle 1 is a hybrid ve-
hicle having a so-called P2 module onboard so that the
engine 4, afirst clutch (KO clutch 6), the motor 5, a second
clutch (K1 clutch 8d), an axle (drive shafts 17), and driving
wheels (rear wheels 2R) are coupled to transmit the run-
ning driving force thereto in this order.

[0037] In the case of this motor vehicle 1, the engine
4 is disposed on a front side of a vehicle body, and the
driving wheels are disposed on a rear side of the vehicle
body. That is, this motor vehicle 1 is a so-called FR ve-
hicle.

[0038] As devices in a driving system, the KO clutch 6,
an inverter 7, and an automatic transmission 8, as well
as the engine 4 and the motor 5, are onboard the motor
vehicle 1. In addition, a controller 20 as a device in a
control system is onboard the motor vehicle 1. Further-
more, a hydraulic friction brake system 3 including the
friction brakes 31 is onboard the motor vehicle 1 as a
device in a braking system.

(Devices in Driving System)

[0039] The engine 4 is, for example, an internal com-
bustion engine that burns a fossil fuel. The engine 4 is
also a so-called four-cycle engine in which rotational
power is generated by repeating cycles of intake, com-
pression, expansion, and exhaust. While being config-
ured as a diesel engine classified into a compression-
ignition engine, the engine 4 may be of various types in
various forms, such as a spark-ignition engine and other
compression-ignition engines. The engine 4 operates by
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injecting a fuel such as fossil fuel and burning the fuel in
cylinders.

[0040] In this motor vehicle 1, a crankshaft 4a that out-
puts rotational power is disposed in a nearly central por-
tion in a vehicle width direction of the engine 4 in a state
of being oriented to a front-rear direction of the vehicle
body. Various devices and mechanisms associated with
the engine 4, such as an intake system, an exhaust sys-
tem, and a fuel supply system, are installed in the motor
vehicle 1.

[0041] The motor 5 is a permanent magnet-type syn-
chronous motor driven by a three-phase alternating-cur-
rent. The motor 5 is disposed in the rear of the engine 4
in series via the KO clutch 6. The motor 5 is also disposed
in front of the automatic transmission 8 in series.
[0042] The KO clutch 6 lies between the engine 4 and
the motor 5. More specifically, the KO clutch 6 is installed
to lie between a front end portion of a shaft 5a of the
motor 5 and the crankshaft 4a of the engine 4. The KO
clutch 6 is switched between a state (connection state)
in which the crankshaft 4a is coupled to the shaft 5a and
a state (separation state) in which the crankshaft 4a is
separate from the shaft 5a.

[0043] The connection state of the KO clutch 6 is a state
in which the engine 4 is engaged with the motor 5 are
engaged. The separation state of the KO clutch 6 is a
state in which the engagement between the engine 4 and
the motor 5 is released (disengagement state). The KO
clutch 6 functions as a "first clutch" in the present em-
bodiment. The switching of the KO clutch 6, which serves
as the first clutch, between the connection state and the
separation state is performed under hydraulic control of
a first hydraulic circuit 13 (illustrated only in Fig. 3A).
[0044] A rear end portion of the shaft 5a of the motor
5 is coupled to an input shaft 8a of the automatic trans-
mission 8. Therefore, the engine 4 is coupled to the au-
tomatic transmission 8 via the KO clutch 6 and the shaft
5a. Setting the KO clutch 6 into the separation state caus-
es the engine 4 to be disengaged from the automatic
transmission 8.

[0045] While the motor vehicle 1 is on the run, the KO
clutch 6 is switched between the connection state and
the separation state. For example, when the motor vehi-
cle 1 decelerates, the KO clutch 6 is switched to the sep-
aration state to often perform regeneration in a state of
disengaging the engine 4. For example, in cooperative
regenerative braking control to be described later, the
motor 5 can perform a regenerative operation in a state
of disengaging the KO clutch 6 serving as the first clutch.
In addition, the K1 clutch 8d serving as a second clutch
is designed to be engaged when the cooperative regen-
erative braking control is performed.

[0046] The motor 5 is connected to the high-voltage
battery 9 onboard as a driving power supply via the in-
verter 7 and a high-voltage cable 40. In the case of this
motor vehicle 1, the high-voltage battery 9 is a direct-
current battery at a rated voltage equal to or lower than
50V, specifically, 48V.
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[0047] The high-voltage battery 9 supplies a high-volt-
agedirectcurrenttotheinverter7. Theinverter 7 converts
the direct-current electric power into a three-phase alter-
nating current to energize the motor 5. The motor 5 is
thereby driven to rotate. Furthermore, the motor 5 sup-
plies regenerative energy to the high-voltage battery 9.
[0048] The high-voltage battery 9 is also connected to
a DCDC converter 10 via the high-voltage cable 40. The
DCDC converter 10 converts high-voltage direct-current
electric power of 48V into low-voltage direct-current elec-
tric power of 12V and outputs the low-voltage direct-cur-
rent electric power of 12V. (An output side) of the DCDC
converter 10 is connected to a low-voltage battery 11
(so-called lead storage battery) via a low-voltage cable
41.

[0049] The low-voltage battery 11 is connected to var-
ious electric components via the low-voltage cable 41.
The DCDC converter 10 is also connected to a CAN
(Controller Area Network) 12 via the low-voltage cable
41.The DCDC converter 10 thereby supplies low-voltage
direct-current electric power to the CAN 12.

[0050] The automatic transmission 8 is a hydraulically
controlled, multi-stage automatic transmission (so-called
AT). This automatic transmission 8 has the input shaft
8a connected to the engine 4 and an output shaft 8b
connected to the driving wheels (rear wheels 2R) of the
motor vehicle 1. This automatic transmission 8 can shift
a rotation input to the input shaft 8a at a gear ratio cor-
responding to a gear position selected by a passenger
and output the rotation.

[0051] Specifically, the input shaft 8a is disposed in a
front end portion of the automatic transmission 8. As de-
scribed above, this input shaft 8ais coupled with the shaft
5a of the motor 5. The output shaft 8b is disposed in a
rear end portion of the automatic transmission 8. This
output shaft 8b rotates in a state of being independent
of the input shaft 8a.

[0052] A transmission mechanism including a torque
converter 8c, a plurality of planetary gear mechanisms,
a plurality of friction clutch elements, and the like is in-
corporated between the input shaft 8a and the output
shaft 8b. Each friction clutch element is hydraulically
switched between an engagement state and a disen-
gagement state.

[0053] Fig. 2illustrates a engagement table of this au-
tomatic transmission 8. In the table, circles indicate en-
gagement. As the friction clutch elements, three clutches
including a first clutch CL1, a second clutch CL2, and a
third clutch CL3 and two brakes including a first brake
BR1 and a second brake BR2 are incorporated into this
automatic transmission 8. The automatic transmission 8
also has a second hydraulic circuit 8e (illustrated only in
Fig. 3A) for switching these friction clutch elements be-
tween the engaged state (connection state) and the dis-
engaged state (separation state).

[0054] The automatic transmission 8 selects and en-
gages three elements from among the three clutches and
the two brakes under the hydraulic control of the second
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hydraulic circuit 8e. The gear position of the automatic
transmission 8 is thereby switched to any of gear posi-
tions from a first gear to an eighth gear for forward driving
and a gear position (reverse gear) for backward driving.
[0055] Specifically, the first clutch CL1, the first brake
BR1, and the second brake BR2 are engaged to form
the first gear. The second clutch CL2, the first brake BR1,
and the second brake BR2 are engaged to form the sec-
ond gear. The first clutch CL1, the second clutch CL2,
and the second brake BR2 are engaged to form the third
gear. The second clutch CL2, the third clutch CL3, and
the second brake BR2 are engaged to form the fourth
gear. The first clutch CL1, the third clutch CL3, and the
second brake BR2 are engaged to form the fifth gear.
The first clutch CL1, the second clutch CL2, and the third
clutch CL3 are engaged to form the sixth gear. The first
clutch CL1, the third clutch CL3, and the first brake BR1
are engaged to form the seventh gear. The second clutch
CL2, the third clutch CL3, and the first brake BR1 are
engaged to form the eighth gear. The third clutch CL3,
the first brake BR1, and the second brake BR2 are en-
gaged to form the reverse gear.

[0056] Then, when up-shifting from, for example, the
first gear, the second clutch CL2 is engaged as an alter-
native to the first clutch CL1 to switch the gear position
from the first gear to the second gear. The first clutch
CL1 is engaged as an alternative to the first brake BR1
to switch the gear position from the second gear to the
third gear. The third clutch CL3 is engaged as an alter-
native to the first clutch CL1 to switch the gear position
from the third gear to the fourth gear.

[0057] Up-shifting to the fifth and higher gears is per-
formed similarly to the above. Down-shifting is performed
in opposite procedures to those in the switching for up-
shifting.

[0058] When the elements to be engaged are not en-
gaged in each gear position, the input shaft 8a and the
output shaft 8b are in a separated state (so-called neu-
tral). Even when the rotational power is input to the au-
tomatic transmission 8 from the drive source, the rota-
tional power is not output from the automatic transmis-
sion 8.

[0059] In the present embodiment, the automatic
transmission 8 may be put into neutral by releasing the
second clutch CL2 or the third clutch CL3 during the de-
celeration of the motor vehicle 1. Specifically, when the
automatic transmission 8 is in a state of the second gear,
third gear, or fourth gear, the automatic transmission 8
is put into neutral by releasing the second clutch CL2. In
addition, when the automatic transmission 8 is in a state
of the fifth gear, sixth gear, seventh gear, or eighth gear,
the automatic transmission 8 is put into neutral by releas-
ing the third clutch CL3.

[0060] In the following descriptions, the second clutch
CL2 and the third clutch CL3 are often referred to as "K1
clutch 8d" collectively (refer to Fig. 3A). Releasing the
K1 clutch 8d during the deceleration of the motor vehicle
1 means that power transmission between the input shaft
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8a and the output shaft 8b of the automatic transmission
8 is interrupted to put the automatic transmission 8 into
neutral.

[0061] Asiillustrated in Fig. 1, the output shaft 8b of the
automatic transmission 8 is coupled to a differential gear
16 via a propeller shaft extending in the front-rear direc-
tion of the vehicle body. A pair of drive shafts 17, 17
extending in the vehicle width direction and coupled to
the left and right rear wheels 2R, 2R are coupled to the
differential gear 16. The rotational power output through
the propeller shaft 15 is sorted out by the differential gear
16 and transmitted to the rear wheels 2R through the pair
of drive shafts 17, 17. The pair of drive shafts 17, 17
function as an "axle" that lies between the motor 5 and
the driving wheels (left and right rear wheels 2R, 2R).
[0062] While the motor vehicle 1 is on the run, the K1
clutch 8d is switched between the connection state and
the separation state. Here, the connection state of the
K1 clutch 8d is a state in which the motor 5 is engaged
with the pair of drive shafts 17, 17 serving as the axle
coupled to the driving wheels. The separation state of
the K1 clutch 8d is a state in which the engagement be-
tween the motor 5 and the pair of drive shafts 17, 17 is
released (disengagement state).

[0063] The K1 clutch 8d functions as the "second
clutch" in the present embodiment. The switching be-
tween the connection state and the separation state of
the K1 clutch 8d serving as the second clutch is per-
formed under the hydraulic control of the second hydrau-
lic circuit 8e, as described above.

(Control System for Hybrid Vehicle)

[0064] Fig. 3A is a block diagram of a control system
forthe hybrid vehicle. In the motor vehicle 1, the controller
20 described above is installed for controlling the engine
4,the motor 5, the KO clutch 6, the automatic transmission
8, the friction brake system 3, and the like in response
to a driver’s operation and controlling the motor vehicle
1 to run.

[0065] The controller 20 is configured with hardware
such as a processor, a memory, and an interface and
software such as a database and a control program. It is
noted that while one controller 20 is illustrated in the con-
trol system of Fig. 3A, the controller of the control system
may be divided into a unit (PCM) mainly controlling ac-
tuation of the drive sources (the engine 4 and the motor
5) and a unit (TCM) mainly controlling actuation of the
KO clutch 6 and the automatic transmission 8. The PCM
and the TCM are connected by the CAN 12 and config-
ured to be capable of electrically communicating with
each other. The PCM also functions as a brake ECU for
controlling the friction brake system 3. It is noted that the
brake ECU may be separated from the PCM. The con-
troller 20 functions as a "control unit" in the present em-
bodiment.

[0066] The control system for the hybrid vehicle in-
cludes sensors that measure various parameters related
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to the running of the vehicle and a switch detecting a
driver’s operation. Specifically, the control system, i.e.,
transmission control system includes a vehicle velocity
sensor 51, a steering angle sensor 52, a brake pedal
sensor 53, an accelerator opening degree sensor 54, an
engine revolution sensor 55, a motor revolution sensor
56, and an A/C switch 71.

[0067] The vehicle velocity sensor 51 outputs a signal
corresponding to a vehicle velocity of the motor vehicle
1. The steering angle sensor 52 outputs a signal corre-
sponding to a rotational angle, that is, a steering angle
of a steering wheel 110 (refer to Fig. 1) operated by a
driver.

[0068] The brake pedal sensor 53 outputs a signal cor-
responding to depression of a brake pedal 19 (refer to
Fig. 1) operated by the driver. The accelerator opening
degree sensor 54 outputs a signal corresponding to de-
pression of an accelerator pedal 18 (refer to Fig. 1) op-
erated by the driver.

[0069] The engine revolution sensor 55 outputs a sig-
nal corresponding to the output revolution speed of the
engine 4 (engine revolution speed), that is, correspond-
ing to a revolving speed of the crankshaft 4a. The motor
revolution sensor 56 outputs a signal corresponding to
the output revolution speed of the motor 5 (motor revo-
lution speed), i.e., corresponding to a revolution speed
of the shaft 5a of the motor 5 and a revolution speed of
the input shaft 8a of the automatic transmission 8.
[0070] The A/C switch 71 is a switch for switching an
air conditioner 72 illustrated only in Fig. 3A between an
ON-state and an OFF-state. When being operated to be
turned on to set the air conditioner 72 into the ON-state
by the driver, the A/C switch 71 outputs a signal corre-
sponding to the on operation.

[0071] The controller 20 receives the signals output
from the sensors and the switch via the CAN 12. The
controller 20 outputs control signals to the engine 4, the
inverter 7, the first hydraulic circuit 13, the second hy-
draulic circuit 8e, the air conditioner 72, and the friction
brake system 3 through the CAN 12. The controller 20
thereby controls the engine 4, the motor 5, the KO clutch
6, the automatic transmission 8, the air conditioner 72,
and the friction brake system 3.

[0072] Forexample, when the driver performs the ON-
operation on the A/C switch 71 to turn on the air condi-
tioner 72, the controller 20 actuates a compressor of the
air conditioner 72 using a driving force of the engine 4.
[0073] Furthermore, the controller 20 controls the fric-
tion brake system 3 for controlling the motor vehicle 1.
Fig. 3B is a block diagram of the friction brake system 3.
The friction brake system 3 illustrated in Fig. 3B distrib-
utes the braking force to the front wheels 2F and the rear
wheels 2R of the motor vehicle 1 in response to the op-
eration of the brake pedal 19 so that braking can be re-
alized when the driver operates the brake pedal 19. This
friction brake system 3is a hydraulically controlled friction
brake system.

[0074] As illustrated in Fig. 3B, the friction brake sys-
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tem 3 includes the four friction brakes 31 described above
(only one of which is illustrated in Fig. 3B), a master cyl-
inder 32, and a brake mechanism 33.

[0075] The master cylinder 32 transmits a pedal force
acting on the brake pedal 19 to a brake fluid and converts
the pedal force into a hydraulic pressure of the brake
fluid. The brake mechanism 33 switches a hydraulic cir-
cuit in response to an electric signal from the controller
20 to be described later.

[0076] Then,the brake mechanism 33 switches the hy-
draulic circuits, controlling a hydraulic pressure acting on
the front and rear friction brakes 31. The high and low of
the hydraulic pressure correspond to that of the braking
force distributed by each friction brake 31. That is, when
the hydraulic pressure is low, the braking force is low,
compared with when the hydraulic pressure is high.
[0077] To determine whether the hydraulic pressure is
high or low in the friction brake system 3, a brake fluid
pressure sensor 57 (illustrated only in Fig. 3A) is electri-
cally connected to the controller 20 according to the
present embodiment. This brake fluid pressure sensor
57 detects a fluid pressure in the friction brake system 3
and inputs signals indicating a detection results to the
controller 20.

[0078] Then, the controller 20 according to the present
embodiment performs cooperative regenerative braking
control (first regenerative braking control) that the regen-
erative braking torque of the motor 5 makes up for part
of a driver’s requested braking force during the vehicle
deceleration when the brake pedal 19 is operated. In this
case, the fluid pressure of each friction brake 31 is re-
duced by an amount of the regenerative braking torque
of the motor 5.

[0079] This cooperative regenerative braking control
is configured to brake the hybrid vehicle 1 by a cooper-
ation between the distribution of the braking force by the
friction brake system 3 and the regenerative operation
by the motor 5 (more specifically, the application of the
regenerative braking torque to the rear wheels 2R by
causing the motor 5 to perform the regenerative opera-
tion).

[0080] The cooperative regenerative braking control
can be performed in a state of disengaging the KO clutch
6. Performing the cooperative regenerative braking con-
trol in the state of disengaging the KO clutch 6 enables
the motor 5 to perform the regenerative operation without
disturbance of engine braking. This can ensure more
electricity generated by the motor 5.

[0081] Furthermore, the controller 20 according to the
present embodiment can perform restart control config-
ured from a plurality of processes when the engine 4 is
requested to restart during the cooperative regenerative
braking control. General processes, including the proc-
esses associated with this restart control, performed by
the controller 20 will be described hereinafter.
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(General Processes)

[0082] Fig. 4 is a flowchart illustrating processes relat-
ed to the engine 4. In addition, Fig. 5 is a flowchart illus-
trating processes related to the motor 5 and the brakes
(friction brake system 3). The control process of Fig. 4
and the control process of Fig. 5 are not performed one
at a time in sequential order but so that proceed nearly
simultaneously.

[0083] First, in Step S11 of Fig. 4, the controller 20
reads inputs from the various sensors and the switch. In
subsequent Step S12, the controller 20 determines
whether the driver is depressing the accelerator pedal
18. This determination is performed on the basis of the
signal of the accelerator opening degree sensor 54.
[0084] When adetermination resultof Step S12is Yes,
thatis, when the driver is depressing the accelerator ped-
al 18, the controller 20 causes the control process to go
to Step S13. When the determination result of Step S12
is No, that is, when the driver is not depressing the ac-
celerator pedal 18, the controller 20 causes the control
process to go to Step S16.

[0085] Itis noted that a content of Step S11 is identical
to that of Step S31 of Fig. 5. A content of Step S12 is
identical to that of Step S32 of Fig. 5. For the sake of
convenience of description, Step S11 and Step S31, and
Step S12 and Step S32 are illustrated in independent
flowcharts. However, the steps are performed not as in-
dependent steps butas common processes to the engine
4, the motor 5, and the friction brake system 3.

[0086] For example, when a determination result of
Step S32 is Yes, that is, when the driver is depressing
the accelerator pedal 18, the controller 20 causes the
control process to go to Step S33. When the determina-
tion result of Step S32 is No, that is, when the driver is
not depressing the accelerator pedal 18, the controller
20 causes the control process to go to Step S36.

(Processes During Acceleration Request)

[0087] Steps S13 to S15 of Fig. 4 and Steps S31 to
S33 of Fig. 5 are processes mainly performed during an
acceleration request to the motor vehicle 1. Thatis, when
moving to Step S13 and Step S33, the controller 20 de-
termines to accelerate the motor vehicle 1 and performs
control corresponding to the determination.

[0088] Specifically, in Step S13 of Fig. 4, the controller
20 engages both the KO clutch 6 and the K1 clutch 8d.
The controller 20 performs this engagement by control-
ling the first hydraulic circuit 13 and the second hydraulic
circuit 8e. It is noted that when both the KO clutch 6 and
the K1 clutch 8d are already engaged, the controller 20
maintains the engagement.

[0089] In Step S14,the controller 20 determines a driv-
ing force exerted on the engine 4 and the motor 5 entirely
on the basis of a depression amount of the accelerator
pedal 18, the vehicle velocity at a current moment, and
the like. This determination is performed on the basis of
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the signal of the accelerator opening degree sensor 54,
the signal of the vehicle velocity sensor 51, and the like.
The controller 20 further determines a driving force to be
exerted on the engine 4 on the basis of the driving force
determined as described above.

[0090] Subsequently,in Step S15, the controller 20 de-
termines a fuel injection amount and the like for realizing
the driving force determined in Step S14 and controls the
engine 4 on the basis of various parameters determined
in that way.

[0091] Onthe other hand, a content of Step S33in Fig.
5 is identical to that of Step S13 described above. For
the sake of convenience of description, Step S33 and
Step S13 are illustrated in the independent flowcharts.
However, the steps are performed not as independent
steps but as common processes to the engine 4, the mo-
tor 5, and the friction brake system 3.

[0092] Subsequently, in Step S14 following Step S33,
the controller 20 determines the driving force exerted on
the engine 4 and the motor 5 entirely on the basis of the
depression amount of the accelerator pedal 18, the ve-
hicle velocity at the current moment, and the like. This
process is performed commonly to the process of Step
S14 described above. The controller 20 further deter-
mines a driving force to be exerted on the motor 5 on the
basis of the driving force determined as described above.
[0093] Subsequently,in Step S35, the controller 20 de-
termines control parameters of the motor 5 for realizing
the driving force determined in Step S34 and controls the
motor 5 to perform the powering operation on the basis
of the various parameters determined in that way.

(Processes During Non-Acceleration Request and Dur-
ing Non-Operation of Brake Pedal)

[0094] Steps S16 to S24 of Fig. 4 and Steps S36 to
S45 of Fig. 5 are processes mainly performed during a
non-acceleration request to the motor vehicle 1 (partic-
ularly during vehicle deceleration). When going to Step
S16 and Step S36, the controller 20 performs a process
in response to a situation of operating the brake pedal
19 and the like. Processes performed during the non-
acceleration request when the brake pedal 19 is not de-
pressed (when the brake pedal 19 is not operated) will
be mainly described.

[0095] First, in the control processes associated with
the engine 4 goes to Step S16 of Fig. 4 during the non-
acceleration request when the accelerator pedal 18 is
not depressed. In this Step S16, the controller 20 deter-
mines whether the air conditioner 72 is turned off. This
determination is performed on the basis of the signal of
the A/C switch 71.

[0096] When adeterminationresult of Step S16is Yes,
that is, when the air conditioner 72 is turned off (when
the air conditioner 72is notdriven), the controller 20 caus-
es the control process to go to Step S17. When the de-
termination result of Step S16 is No, that is, when the air
conditioner 72 is turned on, the controller 20 goes to the
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control process in Step S18.

[0097] In Step S17 following Step S16, the controller
20 determines whether the drives is depressing the brake
pedal 19. This determination is performed on the basis
of the signal of the brake pedal sensor 53. When a de-
termination result of Step S17 is Yes, that is, when the
driver is depressing the brake pedal 19, the controller 20
causes the control process to go to Step S22. When the
determination result of Step S17 is No, that is, when the
driver is not depressing the brake pedal 19, the controller
20 causes the control process to go to Step S18.
[0098] When the controller 20 goes to Step S22, then
fuel injection is stopped in the engine 4, and the cooper-
ative regenerative braking control is performed in the mo-
tor 5 and the friction brake system 3 depending on the
vehicle velocity. This control is performed in a state of
releasing the KO clutch 6, depending on a situation of
operating the A/C switch 71.

[0099] On the other hand, when the controller 20 goes
not to Step S22 but to Step S18, the motor vehicle 1
decelerates more slowly than when the brake pedal 19
is operated. In this case, the controller 20 performs a
process considering inhibition of engine stalling or the
like.

[0100] Specifically, in Step S18, the controller 20 de-
termines whether the engine revolution speed (Ne) is
higher than a predetermined first threshold (N1) (Ne >
N17?). This determination is performed on the basis of the
signal of the engine revolution sensor 55.

[0101] When adetermination resultof Step S18is Yes,
that is, when the engine revolution speed is higher than
the first threshold, the controller 20 goes to the control
process in Step S19. When going to Step S19, the con-
troller 20 stops the fuel injection of the engine 4 and then
causes the control process to go to Step S20.

[0102] On the other hand, when the determination re-
sult of Step S18 is No, thatis, when the engine revolution
speed is equal to or lower than the first threshold, the
controller 20 causes the control process to skip Step S19
and to go to the control process in Step S20. In this case,
the controller 20 controls the fuel injection of the engine
4 to continue. This can inhibit the engine stalling accom-
panying the deceleration.

[0103] In Step S20, the controller 20 determines
whether the motor revolution speed (Nm) is lower than
apredetermined second threshold (N2) (Nm <N27?). This
determination is performed on the basis of the signal of
the motor revolution sensor 56.

[0104] When adetermination resultof Step S20is Yes,
that is, when the motor revolution speed is lower than
the second threshold, the controller 20 causes the control
process to go to Step S21. When the controller 20 goes
to Step S21 and the fuel injection is stopped in Step S19
described above, the controller 20 also resumes the fuel
injection. As also illustrated in Step S40 of Fig. 5, the
controller 20 controls the K1 clutch 8d to slip along with
the resume of the fuel injection. By controlling in this way,
the engine stalling can be inhibited.
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[0105] On the other hand, when the determination re-
sult of Step S20 is No, that is, when the motor revolution
speed is equal to or higher than the second threshold,
the controller 20 causes the control process to skip Step
S21 and to return to the control processes.

[0106] On the other hand, the control processes asso-
ciated with the motor 5 and the friction brake system 3
goes to Step S36 of Fig. 5 during the non-acceleration
request. In this Step S36, the controller 20 determines
whether the vehicle velocity (Vv) of the motor vehicle 1
is higher than a predetermined first velocity (V1) (Vv <
V17?). This determination is performed on the basis of the
signal of the vehicle velocity sensor 51.

[0107] When a determination result of Step S36 is No,
that is, when the vehicle velocity is equal to or lower than
thefirst velocity, the controller 20 causes the control proc-
ess to go to a point after Step S35. In this case, the con-
troller 20 causes the control process to return without
performing special processes.

[0108] On the other hand, when the determination re-
sult of Step S36 is Yes, the controller 20 causes the con-
trol process to go to Step S37. In this Step S37, the con-
troller 20 determines whether the driver is depressing the
brake pedal 19. This determination is performed on the
basis of the signal of the brake pedal sensor 53.

[0109] When adetermination result of Step S37 is Yes,
that is, when the driver is depressing the brake pedal 19,
the controller 20 causes the control process to go to Step
S41. When the determination result of Step S37 is No,
that is, when the driver is not depressing the brake pedal
19, the controller 20 causes the control process to go to
Step S38.

[0110] When the controller 20 goes to Step S41, then
the cooperative regenerative braking control is per-
formed in the motor 5 and the friction brake system 3,
and fuel injection is stopped in the engine 4 depending
on the situation of operating the A/C switch 71. These
pieces of control can be performed in the state of releas-
ing the KO clutch 6.

[0111] On the other hand, when the controller 20 goes
not to Step S42 but to Step S38, the motor vehicle 1
decelerates more slowly than when the brake pedal 19
is operated. In this case, the controller 20 performs a
process considering inhibition of engine stalling or the
like.

[0112] Specifically, in Step S38 to which the controller
20 goes whenthe driveris not depressing the brake pedal
19, the controller 20 initiates second regenerative braking
control for performing regenerative braking correspond-
ing to the engine braking.

[0113] This second regenerative braking control is the
regenerative braking control performed during the decel-
eration of the motor vehicle 1 when the friction brake
system 3 does not apply the braking force to the front
wheels 2F and the rear wheels 2R, and is so-called "mo-
tor regeneration" for applying a regenerative braking
torque to the rear wheels 2R by causing the motor 5 to
perform the regenerative operation.
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[0114] Atfterinitiating the second regenerative braking
control in Step S38, the controller 20 monitors the motor
revolution speed. In Step S39 following Step S38, the
controller 20 determines whether the motor revolution
speed (Nm) is lower than the predetermined second
threshold (N2) (Nm < N27?). This determination is per-
formed on the basis of the signal of the motor revolution
sensor 56.

[0115] When adetermination result of Step S39is Yes,
that is, when the motor revolution speed is lower than
the second threshold, the controller 20 causes the control
process to go to Step S40. When going to Step S40, the
controller 20 controls the K1 clutch 8d to slip (K1 slip). In
addition, the controller 20 ends the second regenerative
braking control (motor regeneration) initiated in Step S38
described above. By controlling in this way, the engine
stalling can be avoided.

[0116] On the other hand, when the determination re-
sult of Step S39 is No, that is, when the motor revolution
speed is equal to or higher than the second threshold,
the controller 20 causes the control process to skip Step
S40 and to return.

(Processes During Non-Acceleration Request and Dur-
ing Operation of Brake Pedal)

[0117] During the non-acceleration request when the
driver is depressing the brake pedal 19 (when the brake
pedal 19 is operated), the controller 20 causes the control
process to go to Step S22 of Fig. 4 and that in Step S41
of Fig. 5. Processes inthese cases willbe described here-
inafter.

[0118] First, in Step S22 corresponding to the control
process associated with the engine 4, the controller 20
stops the fuel injection of the engine 4. The engine rev-
olution speed thereby reaches zero. In parallel to stop-
ping the fuel injection, the controller 20 performs the co-
operative regenerative braking control described above
via the motor 5 and the friction brake system 3 in the
state of releasing the KO clutch 6 as needed.

[0119] Subsequently, the controller 20 stops the fuel
injection of the engine 4 while controlling the motor 5 and
the friction brake system 3 to continue the cooperative
regenerative braking control.

[0120] Subsequently, in Step S23 following Step S22,
the controller 20 determines whether the start of the en-
gine 4 is requested during the cooperative regenerative
braking control.

[0121] Specifically, the controller 20 according to the
present embodiment determines that the start of the en-
gine 4 is requested when the steering angle exceeds a
predetermined value (a) during the cooperative regen-
erative braking control or when the A/C switch (air con-
ditioner switch) 71 is turned on during the cooperative
regenerative braking control. The former determination
is performed on the basis of the signal of the steering
angle sensor 52.

[0122] Here, when a determination result of Step S23
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is Yes, the controller 20 causes the control process to go
to Step S24. In this case, the controller 20 causes the
control process associated with the motor 5 and the fric-
tion brake system 3 to go to Step S45 of Fig. 5 corre-
sponding to Step S24.

[0123] In Step S24, the controller 20 performs restart
control under which the engine 4, the motor 5, and the
friction brake system 3 work together. The controller 20
returns to the control processes upon completion of this
restart control.

[0124] On the other hand, when the determination re-
sult of Step S23 is No, the controller 20 causes the control
process to skip Step S24 and to return. In this case, the
controller 20 does not perform the restart control.
[0125] On the other hand, in Step S41 corresponding
to the control process associated with the motor 5 and
the friction brake system 3, the controller 20 determines
whether the air conditioner 72 is turned off. This deter-
mination is performed on the basis of whether the A/C
switch 71 accepts the ON-operation and eventually on
the basis of the signal of the A/C switch 71.

[0126] When adetermination result of Step S41is Yes,
that is, when the air conditioner 72 is turned off (when
the air conditioner 72is notdriven), the controller 20 caus-
es the control process to go to Step S42. In this Step
S42, the controller 20 releases the KO clutch 6. The power
transmission between the engine 4 and the motor 5 is
thereby interrupted. Upon completion of the process re-
lated to Step S42, the controller causes the control proc-
ess to go to Step S43 to initiate the cooperative regen-
erative braking control.

[0127] On the other hand, when the determination re-
sult of Step S41 is No, that is, when the air conditioner
72 is turned on (when the A/C switch 71 accepts the ON-
operation), the controller 20 skips Step S42 and goes to
the control process in Step S43. That is, when the brake
pedal 19 is depressed and the A/C switch 71 accepts the
ON-operation, the controller 20 initiates the cooperative
regenerative braking control without releasing the KO
clutch 6.

[0128] In Step S43, the controller 20 performs the co-
operative regenerative braking control that the regener-
ative braking torque of the motor 5 makes up for part of
the driver’s requested braking force. It is noted that the
fluid pressure of each friction brake 31 is reduced by as
the amount of the regenerative braking torque of the mo-
tor 5. The braking force resulting from the friction brake
system 3 is reduced by as much as the reduction in the
fluid pressure of the friction brakes 31.

[0129] Subsequently, in Step S44 following Step S43,
the controller 20 determines whether the start of the en-
gine 4 is requested during the cooperative regenerative
braking control.

[0130] Itis noted that a content of Step S44 is identical
to that of Step S23 of Fig. 4. For the sake of convenience
of description, Step S44 and Step S23 are illustrated in
the independent flowcharts. However, the steps are per-
formed not as independent steps but as common proc-
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esses to the engine 4, the motor 5, and the friction brake
system 3.

[0131] Here, when a determination result of Step S44
is Yes, the controller 20 causes the control process to go
to Step S45 to perform the restart control. The controller
20 causes the control process to return upon completion
of this restart control.

[0132] On the other hand, when the determination re-
sultof Step S44 is No, the controller 20 causes the control
process to skip Step S45 and to return. In this case, the
controller 20 does not perform the restart control.

(Restart Control)

[0133] Fig. 6 is a flowchartillustrating processes asso-
ciated with the restart control. First, in Step S51 of Fig.
6, the controller 20 performs a first process of transition-
ing from braking by the cooperative regenerative braking
control to braking only by the friction brake system 3. The
controller 20 switches from the braking by the coopera-
tive regenerative braking control to the braking only by
the friction brake 31. When this switching is performed,
the requested braking force, including the braking force
the regenerative braking torque of the motor 5 makes up
for so far, is made up for entirely by the friction brake
system 3.

[0134] Specifically, in Step S51, the controller 20 in-
creases the braking force by the friction brakes 31 to
make up for the braking force the regenerative braking
torque of the motor 5 makes up for so far. The controller
20 increases the fluid pressure of each friction brake 31
by as the amount of the regenerative braking torque of
the motor 5. The braking force resulting from the friction
brake system 3 is increased by as much as the increase
in the fluid pressure of the friction brakes 31.

[0135] However, the fluid pressure of each friction
brake 31 is not adjusted momentarily. Therefore, in Step
S52 following Step S51, the controller 20 determines
whether the transition to the braking only by the friction
brake system 3 is completed. This determination is per-
formed on the basis of the signal of the brake fluid pres-
sure sensor 57.

[0136] In subsequent Steps S53 to 55, the controller
20 performs, after the completion of the transition to the
braking only by the friction brake system 3, a second
process of increasing the engine revolution speed by
controlling the motor 5 to perform the powering operation
or the regenerative operation while initiating the engage-
ment of the KO clutch 6.

[0137] Specifically, in Step S53, the controller 20 de-
termines whether the KO clutch 6 is released. When a
determination result of Step S53 is Yes, the controller 20
causes the control process to go to Step S55 by way of
Step S54. On the other hand, when the determination
result of Step S53 is No, the controller 20 causes the
control process to skip Step S54 and to go to Step S55.
[0138] In Step S54, the controller 20 initiates the en-
gagement of the KO clutch 6 by hydraulically controlling

10

15

20

25

30

35

40

45

50

55

12

the first hydraulic circuit 13. The KO clutch 6 is engaged
while slipping.

[0139] The KO clutch 6 is gradually engaged via Step
S54, or the KO clutch 6 is already engaged as in the case
of skipping Step S54, whereby the motor 5 drives the
crankshaft4atorotate. At that time, the engine revolution
speed may be increased by transmitting the regenerative
operation of the motor 5 to the crankshaft 4a or by trans-
mitting the powering operation of the motor 5 to the crank-
shaft 4a.

[0140] Itis noted that the engagement with the engine
4 is a rotational resistance for the motor 5. This is why,
when the KO clutch 6 is engaged to initiate the rise of the
engine revolution speed, the motor revolution speed and
eventually the vehicle velocity are gradually reduced. To
address this, an output torque of the motor 5 may be
gradually increased by causing the motor 5 to perform
the powering operation as the engine revolution speed
increases.

[0141] As aresult, as illustrated in Step S55 following
Step S54, start of the engine 4 (an increase in the engine
revolution speed) is initiated by transmitting the rotation
of the motor 5 to the engine 4. It is noted that in Step
S55, the motor 5 is used not for control over the driving
force for outputting the running driving force of the motor
vehicle 1 but for the start control of the increase of the
engine revolution speed.

[0142] Subsequently, the controller 20 performs a third
process of controlling the engine 4 to resume operating
at the timing after the engine revolution speed rises to
match the motor revolution speed after the engagement
of the KO clutch 6 is initiated.

[0143] Specifically, in Step S56 following Step S55, the
controller 20 determines whether the engine revolution
speed has matched the motor revolution speed (Ne =
Nm?). This determination is performed on the basis of
the signals of the engine revolution sensor 55 and the
motor revolution sensor 56.

[0144] When adetermination result of Step S56is Yes,
the controller 20 causes the control process to go to Step
S59. In Step S59, the controller 20 determines that the
start of the engine 4 is completed.

[0145] On the other hand, when the determination re-
sult of Step S56 is No, the controller 20 causes the control
process to go to Step S57. In Step S57, the controller 20
determines whether the motor revolution speed is below
the predetermined second threshold (N2) (Nm < N27?).
This determination is performed on the basis of the signal
of the motor revolution sensor 56.

[0146] When a determination result of Step S57 is No,
the controller 20 causes the control process to skip sub-
sequent Step S58 and to go back to Step S56. That is,
the determination of Step S57 is repeatedly performed
until the engine revolution speed matches the motor rev-
olution speed.

[0147] On the other hand, when the determination re-
sult of Step S57 is Yes, the controller 20 causes the con-
trol process to go to Step S58. In Step S58, the controller
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20 controls the K1 clutch 8d to slip (K1 slip) for interrupting
or relaxing the power transmission between the axle and
the motor 5.

[0148] In this way, the controller 20 is configured to
control the K1 clutch 8d to slip when the output revolution
speed of the motor 5 falls to be lower than the second
threshold thatis the predetermined revolution speed after
the engagement of the KO clutch 6 is initiated in the sec-
ond process.

[0149] In Step S59 following the case where the deter-
mination result of Step S56 is Yes, the controller 20 de-
termines that the start of the engine 4 is completed as
described above. Therefore, in subsequent Step S60,
the controller 20 resumes the fuel injection of the engine
4. The engine 4 thereby resumes operating.

[0150] In Step S60, the engine 4 and the motor 5 work
together to output the running driving force of the motor
vehicle 1. At that time, the controller 20 controls the en-
gine 4 and the motor 5 so that the deceleration corre-
sponding to the depression amount of the brake pedal
19 can be realized. Nevertheless, the transient or long-
term deceleration possibly causes the engine stalling.
[0151] To prevent the engine stalling, the controller 20
performs idle control over the motor vehicle 1in Step S61
following Step S60. Specifically, in this Step S61, the
controller 20 determines whether the engine revolution
speed and the motor revolution speed are lower than a
predetermined idle revolution speed (e.g., the second
threshold) (Ne < N2? orNm<N2?). When a determination
result of Step S61 is Yes, the controller 20 controls the
K1 clutch 8d to be released or slip.

[0152] Furthermore, the controller 20 adjusts output
torques of the engine 4 and the motor 5 in addition to
controlling the K1 clutch 8d to be released or slip, main-
taining the engine revolution speed or the motor revolu-
tion speedto be equal to or higherthan the predetermined
revolution speed. At the time, the controller 20 may in-
crease a fuel injection amount of the engine 4. Further-
more, in addition to increasing the fuel injection amount,
the controller 20 may assist the idle control by strength-
ening the powering operation of the motor 5 or weakening
the regenerative operation of the motor 5.

[0153] Inthisway, inthe third process, when the output
revolution speed of the engine 4 matches the output rev-
olution speed of the motor 5 (for example, after the engine
4 resumes operating) and then the output revolution
speeds of the engine 4 and the motor 5 fall below the
predetermined idle revolution speed, the controller 20
performs the idle control over the engine 4 so that the
output revolution speeds of the engine 4 and the motor
5 rise to be equal to or higher than the idle revolution
speed along with the release or the slip of the K1 clutch
8d.

(Control Example)

[0154] Next, the first process, the second process, and
the third process will be described with reference to the
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time chartof Fig. 7. This time chart contains a cooperative
regeneration flag, a steering angle flag, a restart flag, a
situation of operating the accelerator pedal 18, a situation
of operating the brake pedal 19, a change in the vehicle
velocity, a change in the motor revolution speed, and a
change in the engine revolution speed.

[0155] Here, the cooperative regeneration flag is set
to 1 when it is determined to perform the cooperative
regenerative braking control. The steering angle flag is
set to 1 when the signal of the steering angle sensor 52
is detected (when the steering wheel 110 is operated).
Therestartflagis setto 1 whenitis determined to perform
the restart control. The situation of operating the accel-
erator pedal 18 is set to ON when the accelerator pedal
18 is operated and to OFF when the accelerator pedal
18 is not operated. The situation of operating the brake
pedal 19 is setto ON when the brake pedal 19 is operated
and to OFF when the brake pedal 19 is not operated.
[0156] First, when the accelerator pedal 18 is not op-
erated (that is, when the motor vehicle 1 decelerates), it
is assumed that the brake pedal 19 is depressed at a
time t0. Inthis case, attimes before the time t0, the engine
4 is stopped (the fuel injection is stopped) and the engine
revolution speed is, therefore, zero.

[0157] Furthermore, the vehicle velocity falls relatively
abruptly since the engine 4 is stopped and the brake ped-
al 19 is depressed. In this case, the cooperative regen-
eration flag is set to 1 to initiate the cooperative regen-
erative braking control. The entire requested braking
force is realized by cooperation between the motor 5 and
the friction brake system 3. At the same time, the motor
5 generates electric power.

[0158] Subsequently, itis assumed that the driver op-
erates the steeringwheel 110 atatime t1. It is determined
from this operation that the restart of the engine 4 was
requested. The steering angle flag is set to 1 on the basis
of this determination, and the braking by the cooperation
between the motor 5 and the friction brake system 3 is
switched to the braking only by the friction brake system
3 (first process).

[0159] Itis assumed that subsequently, the switching
of the braking is completed at a time t2. The restart flag
is setto 1in response to the switching completion. When
the restart flag is set to 1 to initiate the engagement of
the KO clutch 6, the rise of the engine revolution speed
is initiated by receiving the power from the motor 5 (sec-
ond process). As the engine revolution speed rises, the
motor revolution speed continues to fall.

[0160] Subsequently, whenthe motorrevolution speed
falls below the second threshold ata time t3, the K1 clutch
8d is made to slip. Slipping of the K1 clutch 8d causes
the motor revolution speed to startrising to be kept equal
to or higher than the second threshold.

[0161] Here, as evident from a temporal relationship
between the times t2 and t3, the slipping of the K1 clutch
8d is performed after the completion of the switching to
the braking only by the friction brake system 3 in the
present embodiment.
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[0162] When the timing of slipping the K1 clutch 8d is
not associated with the timing of switching of braking as
in the conventionally known configurations, the K1 clutch
8d may be caused to slip while the switching of the brak-
ing is not completed yet. In this case, the regenerative
operation is performed in a state of inhibiting the power
transmission between the motor 5 and the rear wheels
2R. As a result, the output torque (regenerative braking
torque) of the motor 5 may be transmitted to the rear
wheels 2R insufficiently, and the G drop possibly occurs.
[0163] Onthe otherhand, according to the presentem-
bodiment, the K1 clutch 8d is made to slip after the com-
pletion of the switching of braking. The slipping of the K1
clutch 8d is thereby initiated in a state of finishing applying
the regenerative braking torque (e.g., in a state of reduc-
ing the regenerative braking torque to nearly zero). This
can inhibit the occurrence of the G drop.

[0164] Subsequently, when the engine revolution
speed matches the motor revolution speed at a time 4,
the controller 20 completes the restart of the engine 4.
The controller 20 then resumes the fuel injection of the
engine 4, allowing the engine 4 to resume operating (third
process).

(Cooperative Relationship Between Switching of Braking
and Engine Restart)

[0165] As described so far, according to the present
embodiment, the motor 5 performs the regenerative op-
eration during the deceleration of the motor vehicle 1
when the friction brake system 3 distributes the braking
force to the rear wheels 2R. This control is the coopera-
tive regenerative braking control by the friction brake sys-
tem 3 and the motor 5. The cooperative regenerative
braking control increases the regenerative energy accu-
mulated in the high-voltage battery 9. The regenerative
braking torque by the motor 5 is applied to the rear wheels
2R serving as the driving wheels. The friction brake sys-
tem 3 distributes the braking force to the rear wheels 2R
in consideration of the regenerative braking torque ap-
plied to the rear wheels 2R. As a result, the braking acting
on the motor vehicle 1 is in response to the driver's op-
erating the brake pedal 19. The controller 20 controls the
distribution of the braking force so that desired braking
(braking in response to the operation of the brake pedal
19) can be realized by the regenerative braking torque
and the braking force.

[0166] Here, as illustrated in a temporal relationship
between Steps S52 and S55 of Fig. 6, when the start of
the engine 4 is requested during the cooperative regen-
erative braking control, the controller 20 raises the output
revolution speed of the engine 4 after the completion of
the transition from the braking by the cooperative regen-
erative braking control to the braking only by the friction
brake system 3.

[0167] Therefore, as illustrated in the time t2 of Fig. 7,
when the adjustment of the engine revolution speed is
initiated, the switching of the braking is already complet-
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ed. As a result, it is possible to inhibit the situation of
adjusting the output revolution speeds from affecting the
cooperative regenerative braking control and the switch-
ing of the braking from the cooperative regenerative brak-
ing control.

[0168] Furthermore, as illustrated in Step S61 of Fig.
6, the engine revolution speed is, possibly, continuously
controlled by the idle control or the like even after being
adjusted. Therefore, controlling the start of the engine 4
to be initiated after switching the braking can separate
the processes associated with the output revolution
speeds such as the idle control from the processes as-
sociated with the switching of the braking. The processes
such as the idle control can be thereby inhibited from
affecting the switching of the braking.

[0169] Moreover, as illustrated in Steps S57 and S58
of Fig. 6, the controller 20 controls the K1 clutch 8d to
slip when the predetermined condition is satisfied. Mak-
ing the K1 clutch 8d to slip can reduce the rotational re-
sistance of the motor 5. This can inhibit the reduction in
the output revolution speed of the motor 5.

[0170] Here, when the timing of slipping the K1 clutch
8d is not associated with the timing of switching to the
braking only by the frictional brake system 3 as in con-
ventionally known configurations (e.g., when two proc-
esses are initiated simultaneously), the K1 clutch 8d may
be slipped while the switching of the braking is not com-
pleted yet.

[0171] In this case, the regenerative operation is per-
formed in the state of inhibiting the power transmission
between the motor 5 and the rear wheels 2R. As aresult,
the regenerative braking torque applied by the motor 5
may be transmitted to the rear wheels 2R insufficiently,
and the G drop possibly occurs.

[0172] On the other hand, in the present embodiment,
the K1 clutch 8d is made to slip after the switching of the
braking ends, as illustrated in the temporal relationship
between Steps S52 and S58 of Fig. 6 and the temporal
relationship between the times t2 and t3 of Fig. 7. The
slipping of the K1 clutch 8d is thereby initiated in a state
of finishing applying the regenerative braking torque
(e.g., in a state of reducing the regenerative braking
torque to nearly zero). This can inhibit the occurrence of
the G drop.

[0173] Furthermore, by performing the idle control il-
lustrated in Step S61 of Fig. 6, the output revolution
speeds of the engine 4 and the motor 5 can be kept equal
to or higherthan the idle revolution speed after the engine
4 restarts. This enables smooth acceleration of the motor
vehicle 1 when the motor vehicle 1 is requested to ac-
celerate such as when the depression of the brake pedal
19 is transitioned to the depression of the accelerator
pedal 18.

[0174] Moreover, as illustrated in Step S23 of Fig. 4
and Step S44 of Fig. 5, the controller 20 performs the
first process, the second process, and the third process
described above when the steering wheel 110 is operat-
ed during the deceleration when the brake pedal 19 is
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depressed (that is, while the cooperative regenerative
braking control is being performed). This enables smooth
restart of the engine 4 without causing a problem such
as the G drop when, for example, the motor vehicle 1
enters a corner with the brake pedal 19 depressed. That
can realize so-called slow-in fast-out more smoothly than
conventional hybrid vehicles. Operability of the hybrid
vehicle can be thereby enhanced.

[0175] Moreover, as illustrated in Step S23 of Fig. 4
and Step S44 of Fig. 5, the controller 20 performs the
first process, the second process, and the third process
described above when the A/C switch 71 is operated dur-
ing the deceleration when the brake pedal 19 is de-
pressed (thatis, while the cooperative regenerative brak-
ing control is being performed). This enables the smooth
restart of the engine 4 without causing a problem such
as the G drop when, for example, the air conditioner 72
is desired to be driven during the depression of the brake
pedal 19. Thatcan inhibit the occurrence of a shock when
the engine restarts. Ride quality of the hybrid vehicle can
be thereby enhanced.

[Description of Reference Signs and Numerals]
[0176]

1 Motor vehicle (vehicle, hybrid vehicle)
17 Drive shaft (axle)

19 Brake pedal

20 Controller (control unit)

Rear wheel (driving wheel)

3 Friction brake system

4 Engine

5 Motor

6 KO clutch (first clutch)

8 Automatic transmission
8d K1 clutch (second clutch)
8e Second hydraulic circuit
13 First hydraulic circuit

52 Steering angle sensor

55 Engine revolution sensor
56 Motor revolution sensor
71 A/C switch (air conditioner switch)

72 Air conditioner
110  Steering wheel

Claims
1. A control system for a hybrid vehicle [1], comprising:

an engine [4] that generates a running driving
force of the hybrid vehicle;

a motor [5] capable of performing a powering
operation and a regenerative operation;

afirst clutch [6] that lies between the engine and
the motor [5] and that is switched between a
connection state of mutual engagement be-
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tween the engine and the motor [5] and a sep-
aration state of releasing the engagement; and
an axle that lies between the motor [5] and driv-
ing wheels [2R] of the hybrid vehicle, wherein
the control system comprises:

a hydraulic friction brake system [3] that dis-
tributes a braking force to the driving wheels
[2R] in response to driver's operating a
brake pedal [19]; and

a control unit [20] capable of performing co-
operative regenerative braking control for
braking the hybrid vehicle by cooperation
between distribution of the braking force by
the friction brake system [3] and application
of a regenerative braking torque to the driv-
ing wheels [2R] by controlling the motor [5]
to perform the regenerative operation in a
state of releasing the first clutch [6] during
deceleration of the vehicle when operating
the brake pedal [19], and wherein

when start of the engine [4] is requested dur-
ing the cooperative regenerative braking
control, the control unit performs:

afirst process of transitioning braking by the
cooperative regenerative braking control to
braking only by the friction brake system [3];
a second process of raising an output rev-
olution speed of the engine [4] by controlling
the motor [5] to perform either the powering
operation or the regenerative operation
while initiating engagement of the first
clutch [6] after completion of transitioning to
the braking only by the friction brake system
[3]; and

a third process of controlling the engine [4]
to resume operating at timing after the out-
put revolution speed of the engine [4] rises
to match an output revolution speed of the
motor [5] after the engagement of the first
clutch [6] is initiated.

2. The control system for the hybrid vehicle [1] accord-
ing to claim 1, comprising

a second clutch [8d] that lies between the motor
[5] and the axle and that is switched between a
connection state of mutual engagement be-
tween the motor [5] and the axle and a separa-
tion state of releasing the engagement, wherein
the second clutch [8d] is engaged when the co-
operative regenerative braking control is per-
formed, and

the control unit [20] controls the second clutch
[8d] to slip when the output revolution speed of
the motor [5] falls to be lower than a predeter-
mined revolution speed after the engagement
of the first clutch [6] is initiated in the second
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process.

The control system for the hybrid vehicle [1] accord-
ing to claim 2, wherein

the control unit [20] controls the second clutch [8d]
to be released or slip and controls the engine [4] to
raise the output revolution speed of the engine [4] to
be equal to or higher than a predetermined idle rev-
olution speed when the output revolution speeds of
the engine [4] and the motor [5] fall below the idle
revolution speed after the output revolution speed of
the engine [4] is made to match the output revolution
speed of the motor [5] in the third process.

The control system for the hybrid vehicle [1] accord-
ing to claim 2, wherein

the control unit [20] determines that the start of the
engine [4] is requested when a steering angle ex-
ceeds a predetermined value during the cooperative
regenerative braking control.

The control system for the hybrid vehicle [1] accord-
ing to claim 2, wherein

the control unit [20] determines that the start of the
engine [4] is requested when an air conditioner [72]
accepts an ON-operation during the cooperative re-
generative braking control.

The control system for the hybrid vehicle [1] accord-
ing to anyone of the preceeding claims, wherein
the control unit [20] is configured to raise the output
revolution speed of the engine [4] after completion
of transitioning from the braking by the cooperative
regenerative braking control to the braking only by
the frictional brake system when the start of the en-
gine [4] is requested during the cooperative regen-
erative braking control.

The control system for the hybrid vehicle [1] accord-
ing to anyone of the preceedings claims, wherein
the control unit [20] is configured, that when adjust-
ment of the output revolution speed of the engine [4]
is initiated, switching of the braking is already com-
pleted, in order to inhibit the situation of adjusting
the output revolution speeds from affecting the co-
operative regenerative braking control and the
switching of the braking from the cooperative regen-
erative braking control.

The control system for the hybrid vehicle [1] accord-
ing to anyone of claims 2 to 7, wherein

the control unit [20] is configured that the second
clutch [8d] is made to slip when a predetermined
condition is satisfied.

The control system for the hybrid vehicle [1] accord-
ing to anyone of claims 2 to 8, wherein
the control unit [20] is configured that the second
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10.

1.

12.

13.

14.

28

clutch [8d] is made to slip while the switching of the
braking is not completed yet.

A hybrid vehicle [1] comprising a control system ac-
cording to any one of claims 1 to 9.

A hybrid vehicle [1] according to claim 10, wherein
the vehicle is configured in that slipping of the second
clutch [8d] is initiated in a state in which the regen-
erative braking torque has been applied to the driving
wheels [2R].

A hybrid vehicle [1] according to claim 10 or 11,
wherein

the hybrid vehicle is a hybrid vehicle having a so-
called P2 module onboard in which the engine, the
first clutch [6], the motor [5], a second clutch [8d],
the axle, and the driving wheels [2R] are coupled to
transmit the running driving force thereto in this or-
der.

A hybrid vehicle [1] according to any one of claims
10 to 12, wherein

the vehicle is configurerd that during deceleration of
the hybrid vehicle in which the frictional brake system
is distributing the braking force to the driving wheels
[2R], the motor [5] performs the regenerative oper-
ation.

The hybrid vehicle [1] according to any one of claims
10 to 13, wherein

the vehicle is configured so that the frictional brake
system distributes the braking force to the driving
wheels [2R] in consideration of the regenerative
braking torque applied to the driving wheels [2R].
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FIG. 3B
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FIG. 7
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