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(57) Abstract: In a control system for a hybrid vehicle including an engine, a motor-generator (MG1), a power distribution/integra-
tion mechanism having three rotary elements connected to a crankshatt, a rotary shaft of the motor-generator (MG1), and a ring gear
shaft, a motor-generator (MG2), and a battery, a battery ECU sets a required charging power (Pchg) to a required charging power

o (Pch_a) that is lower than a normally set required charging power (Pchg_), under a condition that the vehicle speed (V) is lower

W

than a given speed (V1), so that torque fluctuation of the engine is absorbed by hysteresis
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CONTROL SYSTEM FOR HYBRID VEHICLE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a vehicular control system used in a so-called
hybrid vehicle on which an internal combustion engine and an electric motor(s) are

installed as drive sources.

2. Description of Related Art

[0002] A known example of this type of hybrid vehicle includes a planetary gear
mechanism having three rotary elements connected to a drive shaft coupled to an axle, an
output shaft of an engine, and a rotary shaft of a motor-generator MGI1, and a
motor-generator MG2 capable of generating power to the drive shaft (see, for example,
Japanese Patent Application Publication No. 2009-248913 (JP 2009-248913 A)). In the
hybrid vehicle, a damper that absorbs torque fluctuation is provided between the engine
and the planetary gear mechanism.

[0003]  In the hybrid vehicle as described above, if the remaining capacity of the
battery is reduced, the engine may be operated so as to charge the battery, in a low-speed
high-torque region in which vibrations and abnormal noise are likely to be generated. At
this time, if the vehicle speed is low, the vibrations and abnormal noise caused by the
operation of the engine in the low-speed high-torque region are not masked by vibrations
and abnormal noise caused by running of the vehicle; therefore, the electric power for
charging the battery is limited to a low level, so that the engine is prevented from being

operated in the low-speed high-torque region.

SUMMARY OF THE INVENTION
[0004]  In the hybrid vehicle as described in JP 2009-248913 A, vibrations are

suppressed by absorbing torque fluctuation of the engine through application of hysteresis
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torque of the damper. However, it is not considered at all to set the required charging
power in view of its relationship with the hysteresis torque of the damper.

[0005]  Therefore, if the required charging power with which hysteresis torque
cannot be applied is generated, torque fluctuation of the engine is directly transmitted to
the planetary gear mechanism, and the performance in suppression of vibrations and
abnormal noise may déteriorate.

[0006] In particular, if the required charging power is set to a high level when the
hybrid vehicle switches from the EV running mode to the engine running mode, for
example, the amount of change of the required charging power becomes large, and the
range of fluctuation of engine torque becomes large, whereby the driver is more likely to
feel the vibrations and abnormal noise.

[0007] The invention provides a control system for a hybrid vehicle, which
provides improved performance in suppression of vibrations and abnormal noise caused by
operation of an internal combustion engine, in vehicle running conditions in which the
driver is likely to feel the vibrations and abnormal noise.

[0008] A control system for a hybrid vehicle according to the invention includes
an internal combustion engine, a generator, a planetary gear mechanism, an electric motor,
a power storage device, a damper device, a detector, and an electronic control unit. The
generator receives power or generates power. The planetary gear mechanism has three
rotary elements connected to an output shaft of the internal combustion engine, a rotary
shaft of the generator, and a drive shaft coupled to drive wheels, respectively. The
electric motor receives power from the drive shaft or generates power to the drive shaft.
The power storage device supplies and receives electric power to and from the generator
and the electric motor. The damper device is placed in a power transmission path
between the internal combustion engine and the planetary gear mechanism. The damper
device has a hysteresis mechanism that generates hysteresis torque with frictional force
generated by a friction material. The detector detects a vehicle speed of the hybrid
vehicle. The electronic control unit is configured to set required electric power that is

required to charge the power storage device, based on a state of charge of the power
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storage device. The electronic control unit is configured to reduce the required electric
power as the vehicle speed detected by the detector is lower, so that rotation fluctuation of
the output shaft of the internal combustion engine is absorbed by the hysteresis torque
generated by the hysteresis mechanism.

[0009]  With the above arrangement, the control system according to the invention
reduces the required charging power as the vehicle speed is lower, so that rotation
fluctuation of the output shaft of the internal combustion engine is absorbed by hysteresis
torque generated by the hysteresis mechanism. It is thus possible to reduce torque
generated by the internal combustion engine, in a low-vehicle-speed region in which the
rotétion fluctuation is likely to be transmitted to the planetary gear mechanism. Therefore,
the control system according to the invention makes it possible to apply hysteresis torque
against the rotation fluctuation in the low-vehicle-speed region. Accordingly, the control
system acéording to the invention provides improved performance in suppression of
vibrations and abnormal noise caused by operation of the internal combustion engine, in
running conditions in which the driver is likely to feel the vibrations and abnormal noise,
as compared‘\;vith the known system.

[0010]  In the control system as described above, the hysteresis mechanism may
include a first hysteresis generating portion that generates first hysteresis torque depending
on a torsion angle of the damper device, and a second hysteresis portion that generates
second hysteresis torque that is larger than the first hysteresis torque, depending on the
torsion angle, and the electronic control unit may be configured to reduce the required
electric power as the vehicle speed detected by the detector is lower, so that the rotation
fluctuation is absorbed by the first hysteresis torque generated by the first hysteresis
generating portion.

[0011] With the above arrangement, the control system according to the invention
reduces the required charging power as the vehicle speed is lower, so that rotation
fluctuation of the output shaft of the internal combustion engine is absorbed by the first
hysteresis torque that is smaller than the second hysteresis torque; therefore, the first

hysteresis torque can be applied against the rotation fluctuation in the low-vehicle-speed
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region. Accordingly, even in the case where the damper device is in the form of a
so-called two-stage hysteresis damper that generates first hysteresis torque and second
hysteresis torque depending on the torsion angle, the control system according to the
invention provides improved performance in suppression of vibrations and abnormal noise
caused by operation of the internal combustion engine, in running conditions in which the
driver is likely to feel the vibrations and abnormal noise.

[0012) In the control system as described above, the electronic control unit may
be configured to calculate required driving force that is required of the hybrid vehicle, and
the electronic control unit may be configured to reduce the required electric power as the
calculated required driving force is lower, so that the rotation fluctuation is absorbed by the
first hysteresis torque generated by the first hysteresis generating portion.

[0013] With the above arrangement, the control system according to the invention
reduces the required charging power as the required driving force is smaller, so that
rotation fluctuation of the output shaft of the internal combustion engine is absorbed by the
first hysteresis torque that is smaller than the second hysteresis torque; therefore, the torque
generated by the internal combustion engine can be reduced in a region in which the
required driving force is small and the rotation fluctuation is likely to be transmitted to the
planetary gear mechanism. Thus, in the control system according to the invention, the
first hysteresis torque can be applied against the rotation fluctuation, in the region in which
the required driving force is small. Accordingly, the control system according to the
invention provides improved performance in suppression of vibrations and abnormal noise
caused by operation of the internal combustion engine, in running conditions in which the
driver is likely to feel the vibrations and abnormal noise, as compared with the known
system.

[0014]  According to the invention, the control system for the hybrid vehicle
provides improved performance in suppression of vibrations and abnormal noise caused by
operation of the internal combustion engine, in running conditions in which the driver is

likely to feel the vibrations and abnormal noise.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view showing the construction of a hybrid vehicle in which a
vehicular control system according to a first embodiment of the invention is used;

FIG. 2 is a view showing a model of a two-stage hysteresis damper according to the
first embodiment of the invention;

FIG. 3 is a cross-sectional view of the two-stage hysteresis damper according to the
first embodiment of the invention;

FIG. 4 is a graph indicating the relationship between engine torque and the required
charging power;

FIG. 5 is a graph indicating the relationship between the torsion angle of a known

" two-stage hysteresis damper and engine torque;

FIG. 6 is a view showing a rattle audible region defined using the vehicle speed and
the required driving force as parameters;

FIG. 7 is a flowchart illustrating required charging power reduction control executed
by an ECU according to the first embodiment of the invention;

FIG. 8 is a graph indicating the relationship between the torsion angle of the
two-stage hysteresis damper according to the first embodiment of the invention and the
engine torque;

FIG. 9 is a flowchart illustrating required charging power reduction control executed
by an ECU according to a second embodiment of the invention; and

" FIG. 10 is a flowchart illustrating required charging power reduction control executed

by an ECU according to a third embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0016] Some embodiments of the invention will be described with reference to

the drawings.
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[0017]  Referring to FIG 1 through FIG 8, a control system for a vehicle
according to a first embodiment of the invention will be described. The vehicular control
system according to this embodiment is used in a so-called hybrid vehicle on which an
internal combustion engine and an electric motor(s) (or generator(s)) are installed as power
sources for generating driving force of the vehicle.

[0018]  As shown in FIG. 1, the hybrid vehicle 1 includes an engine 2, a power
distribution/integration mechanism 3, motor-generators MG1, MG2, a reduction gear 4, a
battery 80, and a vehicular control system 10.

[0019])  The vehicular control system (electronic control unit) 10 includes an
electronic control unit for hybrid vehicle (which will be simply called “HVECU”) 100, an
electronic control unit for engine (which will be simply called “engine ECU”) 200, an
electronic control unit for motors (which will be simply called “motor ECU”) 300, and an
electronic control unit for battery (which will be simply called “battery ECU”) 400. In this
embodiment, the vehicular control system 10 provides the electronic control unit device
according to the invention.

[0020]  The engine 2 is constructed as an internal combustion engine capable of
generating power with a hydrocarbon-containing fuel, such as gasoline or light oil. In the
engine 2, gasoline is injected from a fuel injection valve (not shown) and mixed with
intake air, so that a mixture of the fuel and air is drawn into a combustion chamber of each
cylinder. Then, the air-fuel mixture is exploded and burned in the combustion chamber,
so that a piston (not shown) received in each cylinder of the engine 2 is pushed down with
the combustion energy, and the reciprocating motion of the piston is converted into rotary
motion of a crankshaft 27 of the engine 2.

[0021]  The engine 2 is controlled by the engine ECU 200. Various sensors, such
as a crank angle sensor and a water temperature sensor, are connected to the engine ECU
200. The engine ECU 200 calculates the engine speed, based on a signal received from
the crank angle sensor, for example. The engine ECU 200 outputs various control signals
for driving the engine 2, including a drive signal to the fuel injection valve, a drive signal

to a throttle motor that adjusts the throttle opening, and a drive signal to an ignition coil,
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via an output port.

[0022]  The engine ECU 200 communicates with the HVECU 100, and controls
operation of the engine 2 according to a control signal from the HVECU 100. The engine
ECU 200 also outputs data concerning operating conditions of the engine 2 to the HVECU
100 as needed.

[0023]  The power distribution/integration mechanism 3 is a three-shaft-type
power distribution/integration mechanism connected to the crankshaft 27 via a damper
device 70. The power distribution/integration mechanism 3 includes a sun gear 31 as an
externally-toothed gear, a ring gear 32 as an internally-toothed gear disposed
concentrically with the sun gear 31, two or more pinion gears 33 that mesh with the sun
gear 31 and the ring gear 32, and a carrier 34 that holds the two or more pinion gears 33
such that the pinion gears 33 can rotate about themselves and also rotate about the axis of
the mechanism 3. Namely, the power distribution/integration mechanism 3 is in the form
of a planetary gear mechanism that performs a differential operation using the sun gear 31,
ring gear 32, and the carrier 34 as rotary elements. These three rotary elements are
respectively connected to three shafts, i.e., a rotary shaft 36 of a motor-generator MGl
(which will be described later) with which the sun gear 31 can rotate as a unit, a ring gear
shaft 32a as a drive shaft coupled to drive wheels 63a, 63b via a counter drive gear 35 and
a gear mechanism 60, and the crankshaft 27 as an output shaft of the engine 2.

[0024]  The carrier 34 is coupled to the crankshaft 27, and the sun gear 31 is
coupled to the motor-generator MG1. Also, the ring gear 32 is coupled to the reduction
gear 4 via the ring gear Shé.lft 32a. The counter drive gear 35 is coupled to the ring gear
shaft 32a. The counter drive gear 35 meshes with the gear mechanism 60.

[0025]  When the motor-generator MG1 functions as a generator, the power
distribution/integration mechanism 3 distributes power received from the engine 2 via the
carrier 34, to the sun gear 31 side aﬁd the ring gear 32 side, according to the gear ratio
thereof. When the motor-generator MG1 functions as an electric motor, on the other hand,
the power distribution/integration mechanism 3 integrates or combines power received

from the engine 2 via the carrier 34 and power received from the motor-generator MG1 via
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the sun gear 31, and generates the resulting power to the ring gear 32 side. The power
transmitted to the ring gear 32 is finally delivered to the drive wheels 63a, 63b of the
vehicle, via the counter drive gear 35, gear mechanism 60, and a differential gear 62.

[0026] The reduction gear 4 includes a sun gear 41 coupled to the
motor-generator MG2, a ring gear 42 ‘disposed concentrically with the sun gear 41, two or
more pinion gears 43 that mesh with the sun gear 41 and the ring gear 42, and a carrier 44
having support shafts that support the pinion gears 43 at the other ends thereof such that
the pinion gears 43 can rotate about themselves. The reduction gear 4 provides a
planetary gear mechanism that has the sun gear 41, ring gear 42, and pinion gears 43 as
rotary elements, and is operable to amplify drive torque by reducing the speed of rotation
transmitted from the motor-generator MG?2.

[0027] When the motor-generator MG2 functions as an electric motor, the
reduction gear 4 reduces the speed of rotation transmitted from the motor-generator MG2
so as to amplify the drive torque, and delivers the torque from the ring gear 42. On the
other hand, the reduction gear 4 increases the speed of rotation caused by power received
from the ring gear 42 so as to attenuate or reduce drive torque, and delivers the torque from
the sun gear 41 so that the motor-generator MG2 functions as a generator.

[0028]  Each of the motor-generators MG1, MG2 is constructed as a known
synchronous generator-motor, which functions as an electric motor that converts electric
power supplied thereto, into mechanical power, and also functions as a generator that
converts mechanical power received, into electric power. Namely, each of the
motor-generators MG1, MG2 is constructed as a generator and an electric motor, which are
able to generate and receive power. The motor-generator MG1 is mainly used as a
generator, and the motor-generator MG2 is mainly used as an electric motor. The
motor-generator MG1 of this embodiment provides the generator according to the
invention, and the motor-generator MG2 provides thé electric motor according to the
invention.

[0029]  The motor-generators MG1, MG2 supply and receive electric power to

and from the battery 80 via inverters 81, 82, respectively. A power line 83 that connects
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the inverters 81, 82 with the battery 80 consists of a positive bus and a negative bus, which
are commonly used by the inverters 81, 82. With this arrangement, electric power
generated by one of the motor-generators MG1, MG2 can be consumed by the other
motor-generator.  Accordingly, the battery 80 may be charged with electric power
generated by either of the motor-generators MG1, MG2, and may discharge or supply
electric power to either of the motor-generators MG1, MG2. If the amounts of electric
power supplied to and received from the motor-generator MG1 are balanced with those of
the motor-generator MG2, the battery 80 will not be put on charge or discharge.

[0030] The motor-generators MG1, MG2 are both controlled by the motor ECU
300. The motor ECU- 300 receives signals needed to control driving of the
motor-generators MG1, MG2, including, for example, signals from rotational position
detection sensors 85, 86 that detect the rotational positions of rotors of the
motor-generators MG1, MG2, and phase currents applied to the motor-generators MG1,
MG2 and detected by‘ current sensors (not shown). The motor ECU 300 outputs
switching control signals to the inverters 81, 82.

[0031]  The motor ECU 300 communicates with the HVECU 100, and controls
driving of the motor-generators MG1, MG2 according to a control signal from the HVECU
100. The motor ECU 300 also outputs data concerning operating conditions of the
motor-generators MG1, MG2 to the HVECU 100 as needed. The motor ECU 300
calculates the rotational speeds Nm1, Nm2 of the motor-generators MG1, MG2, based on
signals from the rotational position detection sensors 85, 86.

[0032]  The battery 80 is constructed as a secondary battery, such as a nickel
hydride battery or a lithium-ion battery, which is capable of charging and discharging.
The battery 80 is arranged to supply and receive electric power to and from the
motor-generators MG1, MG2. In this embodiment, the battery 80 provides the power
storage device according to the invention.

[0033]  The battery 80 is managed by the battery ECU 400. The battery ECU
400 receives signals needed to manage the battery 80, including a voltage between the

terminals of the battery 80 from a voltage sensor (not shown) installed between the
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terminals, a charge/discharge current from a current sensor (not shown) mounted in the
power line 83 connected to the output terminal of the battery 80, and a battery temperature
Tb from a battery temperature sensor 88 mounted in the battery 80.

[0034]  The battery ECU 400 outputs data concerning conditions of the battery 80
to the HVECU 100 as needed, via communications. Also, the battery ECU 400 calculates
the remaining capacity (SOC) based on the integrated value of the charge/discharge current
detected by the current sensor, so as to manage the battery 80, and calculates input and
output limits Win, Wout as the maximum permissible electric power with which the battery
80 can be charged and the maximum permissible electric power that can be discharged
from the battery 80, based on the calculated remaining capacity (SOC) and the battery
temperature Tb. For example, the input and output limits Win, Wout can be set by
multiplying each of their temperature-dependent values based on the battery temperature
Tb, by a correction coefficient for the input limit or a correction coefficient for the output
limit, which is based on the remaining capacity (SOC) of the battery 80. The input and
output limits Win, Wout may also be obtained by referring to an input/output limit map in
which the input/output limit Win, Wout is associated with the remaining capacity (SOC)
and the battery temperature Tb.

[0035]  The battery ECU 400 calculates required charging power Pchg required to
charge the battery 80, based on the state of charge (SOC), or remaining capacity, of the
battery 80, and sets the calculated required charging power Pchg. Namely, the battery
ECU 400 sets the require charging power Pchg so as to keep the remaining capacity (SOC)
of the battery 80 at a given control target (e.g., control center). ‘

[0036]  The required charging power Pchg is set to a positive value (Pchg>0)
when the battery 80 is to be charged, and is set to a negative value (Pchg<0) when the
battery 80 is to be discharged. In this embodiment, when the battery 80 should be
chargéd, namely, when a request for charging is issued, the above-described required
charging power Pchg is changed according to the vehicle speed V, as will be described
later.

[0037)  The HVECU 100 is configured as a microprocessor having CPU 100a as a
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main component, and further includes ROM 100b that stores processing programs, RAM
100c that temporarily stores data, and input and output ports and communication port (not
shown).

[0038]  An ignition switch 101, accelerator pedal position sensor 102, vehicle
speed sensor 103, and a shift position sensor 104 are connected to the HVECU 100. The
ignition switch 101 outputs an ignition signal to the 'HVECU 100, according to the user’s
operation. The accelerator pedal position sensor 102 detects the accelerator pedal
position Acc based on the operation amount of the accelerator pedal 8, and outputs a signal
indicative of the accelerator pedal position Acc to the HVECU 100. The vehicle speed
sensor 103 detects the vehicle speed V of the hybrid vehicle, and outputs a signal
indicative of the vehicle speed V to the HVECU 100. In this embodiment, the vehicle
speed sensor 103 provides the detector according to the invention.

(0039] The shift position sensor 104 detects the operation position (shift position
SP) of the shift lever 9, and outputs a signal indicative of the shift position SP to the
HVECU 100. The sﬁift position SP may be selected from, for example, a parking
position (P position) for parking, a running position (D position) for forward running, a
reverse position (R position) for reverse running, and so forth.

[0040] The HVECU 100 is connected to the engine ECU 200, motor ECU 300,
and the battery ECU 400, via the communication port, as described above, and supplies
and receives various control signals and data to and from the engine ECU 200, motor ECU
300, and the battery ECU 400.

[0041] In the hybrid vehicle 1 constructed as described above, the required
driving force F of the vehicle as a whole is calculated based on the accelerator operation
amount Acc and the vehicle speed V, and the engine 2 and the motor-generators MG,
MG?2 are controlled so that required power corresponding to the required driving force F is
delivered to the counter drive gear 35. For example, the HVECU 100 sets engine power
Pe required to be generated from the engine 2, by adding the above-mentioned required
charging power Pchg and a loss Loss, to a value obtained by multiplying the calculated

required driving force F by the rotational speed Nr of the ring gear shaft 32a. Also, the
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HVECU 100 calculates the engine speed and the engine torque, from the thus set engine
power Pe, using an optimum fuel efficiency line.

[0042] In this connection, a map (not shown) that defines the relationship
between the accelerator operation amount Acc and the vehicle speed V, and the required
driving force F, is empirically obtained‘ in advance, and stored in the ROM 100b of the
HVECU 100. The HVECU 100 can calculate the required driving force F required of the
hybrid vehicle 1, referring to the map, based on the accelerator operation amount Acc and
the vehicle speed V.

[0043]  The running mode of the hybrid vehicle 1 may be selected from, for
example, a hybrid running mode, a motor running mode, a regeneration running mode, and
so forth.

[0044] In the hybrid running mode, the hybrid vehicle 1 runs using both the
engine 2 and the motor-generator MG2 as sources of driving force, while causing the
motor-generator MG1 to generate electric power utilizing the output of the engine 2. In
the motor running mode, the hybrid vehicle 1 runs using the motor-generator MG2 as a
source of driving force, in a condition where the engine is stopped. In the regeneration
running mode, when a certain condition, such as a deceleration request, is satisfied, the
motor-generator MG2 generates electric power using energy received via the gear
mechanism 60.

[0045]  Referring next to FIG. 2 and FIG. 3, the damper device 70 according to this
embodiment will be described.

[0046] As shown in FIG 2, the damper device 70 is placed in a power
transmission path between the engine 2 and the planetary gear mechanism 3. As shown
in FIG. 3, the damper device 70 includes a hub 71, a pair of side plates 72A, 72B, and a
hysteresis mechanism 73 located between the hub 71 and the side plates 724, 72B. The
hysteresis mechanism 73 serves to absorb torque fluctuation (rotation fluctuation) of the
engine 2.

[0047]  The hysteresis mechanism 73 is arranged to generate hysteresis torque

with frictional force generated by a friction material (to which no reference numeral is
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assigned), so as to absorb torque fluctuation (rotation fluctuation) of the engine 2. The
friction material is provided between the hub 71 and the pair of side plates 72A, 72B, and
generates given hysteresis torque when the hub 71 and the pair of side plates 72A, 72B
rotate relative to each other.

[0048] As shown in FIG 2, the hysteresis mechanism 73 includes a first
hysteresis generating portion 73a that generates first hysteresis torque depending on the
torsion angle, and a second hysteresis generating portion 73b that generates second
hysteresis torque that is larger than the first hysteresis torque, dependipg on the torsion
angle. |

[0049] The first hysteresis generating portion 73a uses a low friction material as
the ‘above_:-mentioned friction material. On the other hand, the second hysteresis
generating portion 73b uses a high friction material as the friction material.

[0050]  Namely, the damper device 70 according to this embodiment is a so-called
two-stage hysteresis damper, which has two hysteresis generating poftions that generate
different hysteresis torques depending on the torsion angle. With this arrangement, the
damper device 70 attenuates low-torque vibrations and also avoids excessively large torque
generated at the time of start and stop of the engine 2, by means of the two hysteresis
generating portions 73a, 73b.

[0051] The damper device 70 also includes a coil spring 75 that functions as a
damper. Accordingly, the hub 71 and the pair of side plates 72A, 72B rotate relative to
each other via the coil spring 75.

[0052] In a known hybrid vehicle having the two-stage hysteresis damper as
described above, when the SOC of the battery is reduced, the required charging power is
set to a large value in the hybrid running mode, for example, so as to charge the battery.
In this case, the engine may be operated in a low-rotational-speed high-torque region so
that the required charging power can be ensured.

[0053]  FIG. 4 shows changes in the required charging power and engine torque
when the hybrid vehicle switches from the motor running mode to the hybrid running

mode.
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[0054]  For example, if the required charging power (=f) at the time of switching
from the motor running mode to the hybrid running mode is large, as shown in FIG. 4, the
amount of change of the required charging power is increased, and the range of fluctuation
of the engine torque (indicated by a solid line in FIG. 4) is increased accordingly.

[0055]  Therefore, in the known two-stage hysteresis démper, the torsion angle is
increased, and the second hysteresis torque that is larger than the first hysteresis torque is
applied, as shown in FIG. 5. As a result, further torsion is restricted in the hysteresis
meéhanism, and no further hysteresis torque can be applied. Consequently, torque
fluctuation of the engine is directly transmitted to the planetary gear mechanism, resulting
in deterioration of the performance in suppression of vibrations and abnormal noise.

[0056] At this time, if the vehicle speed is relatively high, vibrations and
abnormal noise caused by running of the vehicle can mask the vibrations and abnormal
noise caused by operation of the engine in the low-speed high-torque region. If the
vehicle speed is low, however, these vibrations and abnormal noise cannot be masked.

[0057]  According to the related art, in order to suppress the vibrations and
abnormal noise, the engine speed is increased and the engine torque is reduced, so that the
engine is prevented from being operated in the low-speed high-torque region in which such
vibrations and abnormal noise are likely to occur. However, if this method is employed,
new problems, such as noise caused by racing of the engine and deterioration of the fuel
economy, may arise.

[0058]  Thus, in this embodiment, required charging power reduction control for
reducing the required charging power Pchg is executed when the vehicle speed V is in a
low-vehicle-speed region in which the driver is likely to feel vibrations and abnormal noise,
in order to improve the performance in suppression of vibrations and abnormal noise.
The required charging power reduction control is executed by the battery ECU 400.

[0059]  More specifically, when the vehicle speed V detected by the vehicle speed
sensor 103 (see FIG. 1) is smaller than a predetermined or given vehicle speed V1 (V<V1),
the battery ECU 400 executes the required charging power reduction control to reduce the

required charging power Pchg, so that torque fluctuation of the engine 2 is absorbed by the



10

15

20

25

WO 2014/102576 PCT/1IB2013/002708
15

first hysteresis torque generated by the first hysteresis generating portion 73a.

[0060]  Namely, when the vehicle speed V is smaller than the given vehicle speed
V1 (V<V1), the battery ECU 400 sets the required charging power Pchg to a required
charging power Pchg_o (see FIG. 4) that is lower than a required charging power Pchg f3
to which the required charging power Pchg is normally set, under the required charging
powér reduction control.

[0061)  The given vehicle speed V1 is a vehicle speed based on which it is
determined whether the vehicle (i.e., vehicle running conditions) is within a region (which
will be called “rattle audible region”) in which the driver can hear vibrations and abnormal
noise, in particular, rattle. The vehicle speed V1 is empirically obtained in advance and
stored in the ROM of the battery ECU 400.

[0062]  FIG. 6 is a view showing the rattle audible region using the vehicle V and
the required driving force F as parameters. As shown in FIG. 6, a region in which the
vehicle speed V is lower than the vehicle speed V1 and the required driving force F is
smaller than the required driving force F1 is designated as the rattle audible region. In a
region in which the vehicle speed V is equal to or higher than the vehicle speed V1, rattle
is masked by background noise. In a region in which the required driving force F is equal
to or larger than the required driving force F1l, motor torque Tm is produced by the
motor-generator MG2, so that gear rattle, or the like, which could cause the
above-mentioned rattle, is less likely or unlikely to arise in the planetary gear mechanism 3
or the reduction gear 4.

[0063] In this embodiment, when the vehicle speed V is lower than the given
vehicle speed V1 (V<V1), the required charging power Pchg is uniformly set to the
required charging power Pchg o. However, the required charging power Pchg is not
necessarily set in this manner, but may be reduced as the vehicle speed V is lower, for
example.

[0064] Referring next to FIG. 7, the required charging power reduction control
executed by the battery ECU 400 according to this embodiment will be described. The

required charging power reduction control is executed by the battery ECU 400 at given
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time intervals.:

[0065]  As shown in FIG. 7, the battery ECU 400 determines whether the battery

- 80 is required to be charged (step S11).  The battery ECU 400 can determine whether the

battery 80 is required to be charged, by determining whether the SOC of the battery 80 is
reduced, namely, whether the SOC is equal to or smaller than a given value.

[0066]  If the battery ECU 400 determines that the battery 80 is not required to be
charged, this cycle of the routine of FIG. 7 ends. On the other hand, if the battery ECU
400 determines that the battery 80 is required to be charged, it determines whether the
vehicle speed V is lower than the given vehicle speed V1 (step S12). The vehicle speed V
is detected by the vehicle speed sensor 103, for example, and is sent to the battery ECU
400 via the HVECU 100.

[0067] When the battery ECU 400 determines that the vehicle speed V is not
lower than the given vehicle speed V1, namely, the vehicle speed V is equal to or higher
than the givén vehicle speed V1, the battery ECU 400 sets the required charging power
Pchg to a required charging power Pchg_p (see FIG. 4) to which the required charging

power Pchg is normally set (step S13), and this cycle of the routine ends. Here, the

“normally set required charging power Pchg_f is the required charging power set based on

the SOC of the battery 80 as described above.

[0068]  On the other hand, if the battery ECU 400 determines that the vehicle
speed V is lower than the given vehicle speed V1, it sets the required charging power Pchg
to a required charging power Pchg o (see FIG. 4) that is lower than the normally set
required charging power Pchg_p, and this cycle of the routine ends.

[0069]  In this manner, it is possible to reduce the engine power Pe that is set by
the HVECU 100 in view of the required charging power Pchg, resulting in reduction of
engine torque with which the engine power Pe is generated. Here, the required charging
power Pchg_a is set, irrespective of the SOC of the battery 80, so as to provide engine
torque that permits the first hysteresis torque to be applied in the damper device 70.

[0070]  With the required charging power reduction control thus executed, the

engine torque can be reduced in the rattle audible region as shown in FIG. 8, as compared
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with the example shown in FIG. 5. As a result, the torsion angle in the damper device 70
can be held within the range of first hysteresis torque application angle, and the first
hysteresis torque can be applied against torque fluctuation. Thus, the torque fluctuation
of the engine 2 is attenuated.

[0071]  As described above, as the vehicle speed V is lower, for example, when
the vehicle speed V is lower than the given vehicle speed V1, the vehicular control system
10 according to this embodiment reduces the required charging power Pchg down to the
required charging power Pchg_ct that is lower than the normally set required charging
power Pchg f, so that torque fluctuation of the engine 2 is absorbed by the first hysteresis
torque that is smaller than the second hysteresis torque. Thus, in the low-vehicle-speed
region (e.g., in the rattle audible region), the first hysteresis torque can be applied against
the torque fluctuation.

[0072])  Accordingly, even in the case where the damper device 70 is in the form of
the two-stage hysteresis damper, which produces first hysteresis torque and second
hysteresis torque depending on the torsion angle, the vehicular control system 10 according
to this embodiment is able to improve the performance in suppression of vibrations and
abnormal noise caused by operation of the engine 2, in running conditions (e.g., in a
lo‘w-vehicle-speed region) in which the driver is likely to feel the vibrations and abnormal
noise.

[0073]  In the vehicular control system 10 according to this embodiment, there is
no need to raise the engine speed so as to suppress vibrations and abnormal noise in the
low-vehicle-speed region (e.g., in the rattle audible region) as in the known system;
therefore, the above-mentioned problems, such as noise caused by racing of the engine 2
and deterioration of the fuel economy, can be prevented.

[0074]  Next, a second embodiment of the invention will be described with
reference to FIG. 9.

[0075]  This embodiment is different from the above-described first embodiment
in a part of the routine of the required charging power reduction control, but is

substantially identical with the first embodiment in the other respects. Accordingly, the
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same reference numerals are assigned to the same or corresponding components or
portions as those of the first embodiment, and these components or portions will not be
further described; rather, only a portion of the second embodiment which is different from
that of the first embodiment will be described.

[0076]  As described above with respect to the first embodiment, the vehicle (i.e.,
vehicle running conditions) is within the rattle audible region when the required driving
force F is smaller than the given required driving force F1. Namely, when the required
driving force F is smaller than the given required‘ driving force F1, the motor torque Tm of
the motor-generator MG2 becomes substantially equal to zero, resulting in a condition
where no torque is applied to a gear (e.g., the sun gear 41) coupled to the motor-generator
MG?2. Therefore, gear rattle may arise in the reduction gear 4 or the planetary gear
mechanism 3, ahd may cause rattling noise in the vehicle.

[0077)  Accordingly, under the required charging power reduction control of this
embodiment, it is determined from the required driving force F, in place of the vehicle
speed V, whether the vehicle is within the rattle audible region, and the required charging
power Pchg is changed as needed.

[{6078] In the following, the required charging power reduction control according
to this embodiment will be described. In the required charging power reduction control
according to this embodiment, the step of determining whether the battery 80 is required to
be charged (step S11 in the first embodiment) is the same as that of the first embodiment,
and therefore will not be described.

[0079]  Asshownin FIG. 9, the battery ECU 400 determines whether the required
driving force F is smaller than a predetermined or given required driving force F1 (step
S21). The HVECU 100 calculates the required driving force F based on the accelerator
operation amount Acc and the vehicle speed V, and the battery ECU 400 receives the
required driving force F thus calculated, from the HVECU 100. The given required
driving force F1, which provides a basis for determination as to whether the vehicle is
within the rattle audible region (see FIG. 6), is empirically obtained in advance and stored

in the ROM of the battery ECU 400.
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[0080]  When the battery ECU 400 determines that the required driving force F is
not smaller than the given required driving force F1, namely, the required driving force F is
equal to or larger than the given required driving force F1, the battery ECU 400 sets the
required charging power Pchg to the normally set required charging power Pchg_p (see
FIG. 4) (step S22), and this cycle of the routine of FIG. 9 ends. Here, the normally set
required charging power Pchg_f is the required charging power set based on the SOC of
the battery 80 as described above.

{0081} On the other hand, when the battery ECU 400 determines that the required
driving force F is smaller than the given required driving force F1, it sets the required
charging power Pchg to the required charging power Pchg_a (see FIG. 4) that is lower than
the normally set required charging power Pchg B (step S23), and this cycle of the routine
ends.

[0082]  As described above, as the required driving force F is lower, for example,
when the required driving force F is smaller than the given required driving force F1, the
vehicular control system 10 according to this embodiment reduces the required charging
power Pchg down to the required charging power Pchg o that is lower than the normally
set required charging power Pchg_f, so that torque fluctuation of the engine 2 is absorbed
by the first hysteresis torque that is smaller than the second hysteresis torque. Thus, in
the low-vehicle-speed region (e.g., in the rattle audible region), the first hysteresis torque
can be applied against the torque fluctuation.

[0083]  Accordingly, even in the case where the damper device 70 is in the form of
the two-stage hysteresis damper, which produces first hysteresis torque and second
hysteresis torque depending on the torsion angle, the vehicular control system 10 according
to this embodiment is able to improve the performance in suppression of vibrations and
abnormal noise caused by operation of the engine 2, in running conditions (e.g., In a
low-vehicle-speed region) in which the driver is likely to feel the vibrations and abnormal
noise.

[0084] With the vehicular control system 10 according to this embodiment, the

above-mentioned problems, such as noise caused by racing of the engine 2 and
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deterioration of the fuel economy, can be prevented, as in the first embodiment.

[0085]  In this embodiment, when the required driving force F is smaller than the
given required driving force F1 (F<F1), the required charging power Pchg is uniformly set
to the required charging power Pchg o. However, the required charging power Pchg is
not necessarily set in this manner, but may be reduced as the required driving force F is
lower, for example.

[0086] In this embodiment, under the required charging power reduction control,
it is determined from the required driving force F, in place of the vehicle speed V, whether
the vehicle (i.e., vehicle ruhning conditions) is within the rattle audible region, and the
required charging power Pchg is changed as needed. However, this invention is not
limited to this arrangement, but it may be determined from the vehicle speed V and the
required driving force F whether the vehicle is within the rattle audible region, and the
required charging power Pchg may be changed as needed. In this case, the rattle audible
region can be more appropriately or precisely specified, and the required charging power
reduction control is prevented from being unnecessarily executed.

[0087]  Next, a third embodiment of the invention will be described with reference
to FIG. 10.

| [0088]  This embodiment is different from the above-described first and second
embodiments in a part of the routine of the required charging power reduction control, but
is substantially identical with the first and second embodiments in the other respects.
Accordingly, the same reference numerals are assigned to the same or corresponding
components or portions as those of the first and second embodiments, and these
components or portions will not be further described; rather only a portion of the third
embodiment which is different from those of the first and second embodiments will be
described.

[0089] In the second embodiment as described above, under the required charging
power reduction control, it is determined from the required driving force F whether the
vehicle is within the rattle audible region, and the required charging power Pchg is

changed as needed. In this embodiment, it is determined whether the vehicle (i.e., vehicle
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running conditions) is within a region in which the motor torque Tm of the
motor-generator MG?2 is substantially equal to zero, and the required charging power Pchg
is changed as needed.

(0090}  In the following, the required charging power reduction control according
to this embodiment will be described. In the required charging power reduction control
according to this embodiment, the step of determining whether the battery 80 is required to
be charged (step S11 in the first embodiment) is the same as that of the first embodiment,
and therefore will not be described.

[0091] As shown in FIG. 10, the battery ECU 400 determines whether the
absolute value iTmI of the motor torque Tm is smaller than a predetermined or given
motor torque Tml (step S31). Namely, the battery ECU 400 determines whether the
motor torque Tm of the motor-generator MG2 is larger than a given motor torque —Tml,
and is smaller than a given motor torque Tmi. Namely, the battery ECU 400 determines
whether the motor torque Tm is within a predetermined torque range including zero torque
(Tm=0). The motor torque Tm is sent from the motor ECU 300 to the battery ECU 400
via the HVECU 100.

[0092] In this connection, the given motor torque Tml is set to an amount of
torque (e.g., INm) based on which it can be determined that no torque is applied from the
motlor-gene'rator MG?2 to the sun gear 41. The given motor torque Tml is. stored in
advance in the ROM of the battery ECU 400 or the ROM 100b of the H‘VECU 100.

[0093]  The motor torque Tm can be derived from the following equation (1), for
example. In the following equation (1), F is the required diving force [N] of the hybrid
vehicle 1, Tm is the motor torque [N-m] of the motor-generator MG2, Gr is the reduction
ratio of the reduction gear 4, Te is the engine torque [N-m]}, p 1s the planetary gear ratio,
Pder is the differential ratio of the differential gear, and Rt is the diameter of tire [m]..

F={(TmxGr)+Tex(1/1+p)} xpges/Rt H

[0094]  If the battery ECU 400 determines that the motor torque Tm is not smaller
than the given motor torque Tm1, namely, the motor torque Tm is equal to or larger than

the given motor torque Tm1, the battery ECU 400 sets the required charging power Pchg to
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the normally set required charging power Pchg_f (see FIG. 4) (step S32), and this cycle of
the routine of FIG. 10 ends. Here, the normally set required charging power Pchg f is the
required charging power set based on the SOC of the battery 80 as described above.

[0095]  If the battery ECU 400 determines that the motor torque Tm is smaller
than the given motor torque Tml, on the other hand, it sets the required charging power
Pchg to the required charging power Pchg_ o (see FIG. 4) that is lower than the normally
set required charging power Pchg_f (step S33), and this cycle of the routine ends.

[0096] As described above, when the motor torque Tm is smaller than the given
motor torque Tm1, the vehicular control system 10 according to this embodiment reduces
the required charging power Pchg down to the required charging power Pchg_o that is
lower than the normally set required charging power Pchg (3, so that torque fluctuation of
the »engine 2 is absorbed by the first hysteresis torque that is smaller than the second
hysteresis torque. Thus, in the low-vehicle-speed region (e.g., in the rattle audible region),
the first hysteresis torque can be applied against the torque fluctuation.

[0097]  Accordingly, even in the case where the damper device 70 is in the form of
the two-stage hysteresis damper, the vehicular control system 10 according to this
embodiment is able to improve the performance in suppression of vibrations and abnormal
noise caused by operation of the engine 2, in running conditions (e.g., in a
low-vehicle-speed region) in which the driver is likely to feel the vibrations and abnormal
noise.

[0098] In each of the above-described embodiments, the vehicular control system
according to the invention is installed on the hybrid vehicle 1 in which the engine 2 and the
motor-generators MG1, MG2 are connected via the power distribution/integration
mechanism 3 and the reduction gear 4. However, the invention may be applied to other
types of hybrid vehicles provided that the hybrid vehicle has two motors, like the
motor-generators MG1, MG2, and includes the damper device 70. In particular, a
mechanism that connects these power output and input devices (engine and
motor-generators MG1, MG2) may be constructed otherwise.

[0099]  As described above, the vehicular control system according to the
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invention is able to improve the performance in suppression of vibrations and abnormal
noise caused by operation of the internal combustion engine, in running conditions in
which the driver is likely to feel the vibrations and abnormal noise, as compared with the
known system. Thus, the vehicular control system of the invention is useful as a control

system used in a hybrid vehicle.
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CLAIMS:

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

an internal combustion engine;

a generator that receives power or generates power;

a planetary gear mechanism having three rotary elements connected to an 6utput shaft
of the internal combustion engine, a rotary shaft of the generator, and a drive shaft coupled
to drive wheels, respectively;

an electric motor that receives power from the drive shaft or generates power to the
drive shaft;

a power storage device that supplies and receives electric power to and from the
generator and the electric motor;

a damper device placed in a power transmission path between the internal
combustion engine and the planetary gear mechanism, the damper device having a
hysteresis mechanism that generates hysteresis torque with frictional force generated by a
friction material;

a detector that detects a vehicle speed of the hybrid vehicle; and

an electronic control unit configured to set required electric power that is required to
charge the power storage device, based on a state of charge of the power storage device,
the electronic control unit being configured to reduce the required electric power as the
vehicle speed detected by the detector is lower, so that rotation fluctuation of the output
shaft of the internal combustion engine is absorbed by the hysteresis torque generated by

the hysteresis mechanism.

2. The control system according to claim 1, wherein:

the hysteresis mechanism includes a first hysteresis generating portion that generates
first hysteresis torque depending on a torsion angle of the damper device, and a second
hysteresis portion that generates second hysteresis torque that is larger than the first

hysteresis torque, depending on the torsion angle; and
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the electronic control unit is configured to reduce the required electric power as the
vehicle Speed detected by the detector is lower, so that the rotation fluctuation is absorbed

by the first hysteresis torque generated by the first hysteresis generating portion.

3. The control system according to claim 2, wherein

the electronic control unit is configured to calculate required driving force that is
required of the hybrid vehicle; and

the electronic control unit is configured to reduce the required electric power as the
calculated required driving force is lower, so that the rotation fluctuation is absorbed by the

first hysteresis torque generated by the first hysteresis generating portion.
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