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(57) Abstract: A control device (24) judges whether electric power generation of an electric generator (13) is to be performed on the
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power generation amount equivalent to an output required for cruising, depending on a traveling state, and also sets an additional
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control device (29) controls an internal combustion engine (12) and the electric generator (13) on the basis of the electric power gen -
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DESCRIPTION
Title of Invention
ELECTRIC POWER GENERATION CONTROL SYSTEM FOR HYBRID
AUTOMOBILE
Technical Field

The present invention relates to an electric power generation control system
for a hybrid automobile, comprising: an electric generator driven by an internal
combustion engine; a storage battery storing electric power generated by the electric
generator; and a control device controlling the internal combustion engine and the
electric generator.

Background Art

The following technique is publicly known from Patent Literature 1 listed below
for a series hybrid automobile having an EV traveling mode in which the automo}bile
travels by driving an electric motor only by using electric power stored in a storage
battery and a series traveling mode in which the automobile travels by driving the
electric motor by using electric power generated in an electric generator driven by an
internal combustion engine. In the technique, start of the internal combustion engine
driving the electric generator is judged and an electric power generation amount of
the electric generator is determined based on a state of charge of the storage battery
and a requested drive force of the electric motor which is derived from a vehicle
speed, an accelerator pedal opening degree, and the like.

Moreover, the following technique is publicly known from Patent Literature 2
listed below for a parallel hybrid automobile having two drive source systems of an
internal combustion engine and an electric motor. This automobile is capable of
traveling by only the internal combustion engine, by only the electric motor, and by
both of the internal combustion engine and the electric motor. The internal
combustion engine is basically operated at a constant rotational speed at the most

fuel efficient point at which the fuel efficiency is best. When there is surplus in an
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output of the internal combustion engine, the storage battery is charged by
performing electric power generation with the surplus output.
Citation List
Patent Literatures

PTL1: WO2011/078189

PTL2: Japanese Patent Application Laid-open No. 09-224304
Summary of Invention
Technical Problem

Meanwhile, a plug-in hybrid automobile basically performs EV traveling in
which the automobile travels by using electric power stored in a storage battery. An
electric generator is driven by the internal combustion engine to charge the storage
battery only when the state of charge of the storage battery becomes low. Hence,
the frequency of the electric generator operating is naturally lower than hybrid
automobiles other than the plug-in hybrid automobile. Accordingly, in the plug-in
hybrid automobile, it is desirable to use an internal combustion engine small in size
and displacement as the internal combustion engine driving the electric generator.

In the technique described in Patent Literature 1 above, a so-called "requested
output following type power generation control” is performed. In this control, the
necessity of driving the internal combustion engine and the electric power generation
amount of the electric generator are determined from the requested drive force of the
electric motor and the state of charge of the storage battery. In this respect, a recent
series hybrid automobile equipped with a relatively small internal combustion engine
has the following problems compared to the conventional series hybrid automobile
equipped with a relatively large internal combustion engine. The rotational speed of
the internal combustion engine is high when the requested drive force of the electric
motor is large. Accordingly, the rotational speed deviates largely from the most fuel

efficient point and the fuel efficiency drastically deteriorates during series traveling.
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Moreover, there is a possibility that vibrations and noise may increase due to
increase in rotational speed of the internal combustion engine.

Moreover, in the technique described in Patent Literature 2, a so-called "fixed-
point operation type electric power generation control" is performed. In this control,
the internal combustion engine is operated at the most fuel efficient point during
series traveling. However, in the recent series hybrid automobile including the
relatively small internal combustion engine, the electric power generation amount of
the électric generator driven by the internal combustion engine cannot satisfy the
requested drive force of the electric motor. Accordingly, there is a possibility that the
storage battery tends to be over discharged and maintaining of an energy level is
made difficult.

The present invention has been made in view of the circumstances described
above and an object thereof is to provide an electric power generation control system
for a hybrid automobile which is capable of compensating weak points of the
"requested output following type electric power generation control" and the "fixed-
point operation type electric power generation control" and satisfying a requested
drive force of an electric motor while maintaining a state of charge of a storage
battery by generating electric power with a small internal combustion engine.
Solution to Problem

In order to achieve the object, according to a first feature of the present
invention, there is provided an electric power generation control system for a hybrid
automobile, comprising: an electric generator driven by an internal combustion
engine; a storage battery storing electric power generated by the electric generator;
and a control device controlling the internal combustion engine and the electric
generator, wherein the control device judges whether electric power generation of the
electric generator is to be performed depending on a state of the storage battery,
when permitting the electric power generation, the control device sets an electric

power generation amount equivalent to an output required for cruising, depending on
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a traveling state, and also sets an additional electric power generation amount
according to an electric power amount required depending on a vehicle state and the
traveling state, and the control device controls the internal combustion engine and
the electric generator on the basis of the electric power generation amouht and the
additional electric power generation amount.

Further, according to a second feature of the present invention, in addition to
the configuration of the first feature, there is provided the electric power generation
control system for a hybrid automobile, wherein the control device judges whether
the electric power generation is to be performed on the basis of a depth of discharge
of the storage battery.

Further, according to a third feature of the present invention, in addition to the
configuration of the first or second feature, there is provided the electric power
generation control system for a hybrid automobile, wherein the control device judges
whether the electric power generation is to be performed on the basis of a state of
charge of the storage battery.

Further, according to a fourth feature of the present invention, in addition to
the configuration of any one of the first fto third features, there is provided the electric
power generation control system for a hybrid automobile, wherein the control device
sets the electric power generation amount on the basis of a vehicle speed.

Further, according to a fifth feature of the present invention, in addition to the
configuration of the fourth feature, there is provided the electric power generation
control system for a hybrid automobile, wherein the control device derives a rolling
resistance and an air resistance during traveling on the basis of the vehicle speed
and sets the electric power generation amount on the basis of the derived rolling
resistance and the derived air resistance.

Further, according to a sixth feature of the present invention, in addition to the -
configuration of any one of the firsf to fifth features, there is provided the electric

power generation control system for a hybrid automobile, wherein the control device
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5
sets the additional electric power generation amount on the basis of an estimated
value of a gradient of a road surface.

Further, according to a seventh feature of the present invention, in addition to
the configuration of any one of the first to sixth features, there is provided the electric
power generation control system for a hybrid automobile, wherein the control device
sets the additional electric power generation amount on the basis of a depth of
discharge of the storage battery.

Further, according to an eighth feature of the present invention, in addition to
the configuration of any one of the first to seventh features, there is provided the
electric power generation control system fdr a hybrid automobile, wherein the control
device sets the additional electric bower generation amount on the basis of a state of
charge of the storage battery.

Further, according to a ninth feature of the present invention, in addition to the
configuration of any one of the first to eighth features, there is provided the electric
power generation control system for a hybrid automgbile, wherein the control device
sets the additional electric power generation amount on the basis of a vehicle speed.

Further, according to a tenth feature of the present invention, in addition to the
configuration of any one of the first to ninth features, there is provided the electric
power generation control system for a hybrid automobile, further comprising an air
conditioner performing air conditioning in a vehicle compartment, wherein the control
device judges whether the air conditioner is operating, and when the air conditioner is
operating, the control device sets the additional electric power generation amount
depending on a requested temperature of the air conditioner.

Further, according to an eleventh feature of the present invention, in addition
to the configuration of any one of the first to tenth features, there is provided the
electric power generation control system for a hybrid automobile, wherein the control
device corrects the additional electric power generation amount depending on a

vehicle speed.
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Further, according to a twelfth feature of the present invention, in addition to
the configuration of any one of the first to eleventh features, there is provided the
electric power generation control system for a hybrid automobile, wherein the control
device sets a rotational speed of the internal combustion engine on the basis of the
electric power generation amount and the additional electric power generation
amount.

Further, according to a thirteenth feature of the present invention, there is
provided an electric power generation control system for a hybrid automobile,
compriéing: an electric generator driven by an internal combustion engine; a storage
battery storing electric power generated by the electric generator; an air conditioner
performing air conditioning in a vehicle compartment; and a control device controlling
the air conditioner, the internal combustion engine, and the electric generator,
wherein the control device judges whether electric power generation is to be
performed on the basis of at least any one of parameters including a depth of
discharge and a state of charge of the storage battery, when permitting the electric
power generation, the control device derives at least ahy one of resistances including
an air resistance and a rolling resistance during traveling on the basis of a vehicle
speed and sets an electric power generation amount equivalent to an output required
for cruising on the basis of the derived resistance, and the control device sets an
additional electric power generation amount on the basis of at least any one of
parameters including an estimated value of a gradient of a road surface, the depth of
discharge of the storage battery, the state of charge of the storage battery, the
vehicle speed, and a requested temperature of the air conditioner, and sets a
rotational speed of the internal combustion engine on the basis of the set electric
power generation amount and the set additional electric power generation amount.

Here, an electric compressor 22 and an electric heater 23 of an embodiment
correspond to the air conditioner of the present invention; an electric power

generation amount PGENRL equivalent to an output required for cruising at each
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vehicle speed of the embodiment corresponds to the electric power amount of the
present invention; and an additional electric power generation amount PGENBASE in
electric power generation at each vehicle speed of the embodiment corresponds to
the additional electric power generation amount of the present invention.
Advantageous Effects of Invention

~According to the first feature of the present invention, the electric power
generation control system for a hybrid automobile includes the electric generator
driven by the internal combustion engine, the storage battery storing electric power
generated by the electric generator, and the control device controlling the internal
combustion engine and the electric generator. The control device judges whether the
electric power generation of the electric generator is to be performed depending on
the state of the storage battery. When permitting the electric power generation, the
control device sets the electric power generation amount capable of satisfying the
output required for cruising, depending on a traveling state, and also sets the
additional electric power generation amount depending on an electric power amount
required currently or in the future due to the vehicle state and the traveling state. The
control device controls the internal combustion engine and the electric generator on
the basis of the electric power generation amount and the additional electric power
generation amount. With this configuration, the electric power capable of satisfying
the output required for the vehicle to cruise is satisfied by electric power amount
generated by the electric generator and is further supplemented with the additional
electric power generation amount for a predetermined extra amount, while electric
power required when the vehicle is temporarily accelerating or performing EV
traveling is satisfied by electric power of the storage battery. The internal combustion
engine can be thus reduced in size and be operated near the most fuel efficient point.
Accordingly, reduction in fuel consumption, reduction in exhaust amount of CO,, and
reduction in noise of the internal combustion engine are achieved and the required

state of charge is secured by preventing the tendency of the storage battery to over
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discharge. Moreover, the electric power generation amount capable of satisfying the
output required for cruising is set depending on the traveling state. Thus, the storage
battery can be charged by a surplus output of the electric generator in downhill or
deceleration. Accordingly, the frequency of electric power generation by the electric
generator is increased and the state of charge of the storage battery is thereby
secured with no electric power generation of large output, which reduces the
efficiency of the internal combustion engine, being performed.

According to the second feature of the present invention, whether the electric
power generation is to be performed is judged based on the depth of discharge of the
storage battery. Accordingly, it is possible to inhibit EV traveling when the state of
charge of the storage battery is insufficient and thereby prevent over discharge.

According to the third feature of the present invention, whether the electric
power generation is to be performed is judged based on the state of charge of the
storage battery. Accordingly, it is possible to inhibit EV traveling when the state of
charge of the storage battery is insufficient and thereby prevent over discharge.

According to the fourth feature of the present invention, the electric power
generation amount is set based on the vehicle speed. Accordingly, the electric
power generation amount capable of satisfying the output required for cruising which
increases as the vehicle speed increases can be secured by the electric power
generation amount of the electric generator. |

According to the fifth feature of the present invention, the rolling resistance
and the air resistance during traveling are derived based on the vehicle speed and
the electric power generation amount is set based on the derived rolling resistance
and the derived air resistance. Accordingly, the electric power generation amount
capable of satisfying the output required for cruising can be accurately set.

According to the sixth feature of the present invention, the additional electric
power generation amount is set based on the estimated value of the gradient of the

road surface. Accordingly, the electric power generation amount capable of
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satisfying the output required for cruising which changes depending on the estimated
value of the gradient of the road surface can be obtained from the electric generator.

According to the seventh feature of the present invention, the additional
electric power generation amount is set based on the depth of discharge of the
storage battery. Accordingly, it is possible to suppress the additional electric power
generation amount to a minimum required amount and thereby further reduce the
fuel consumption of the internal combustion engine.

According to the eighth feature of the present invention, the control device
sets the additional electric power generation amount on the basis of the state of
charge of the storage battery. Accordingly, it is possible to suppress the additional
electric power generation amount to the minimum required amount and thereby
further reduce the fuel consumption of the internal combustion engine.

According to the ninth feature of the present invention, the control device sets
the additional electric power generation amount on the basis of the vehicle speed.
Accordingly, it is possible to suppress the additional electric power generation
amount to the minimum required amount and thereby further reduce the fuel
consumption of the internal combustion engine. Moreover, whether surplus electric
power generation is possible can be judged from the vehicle speed, i.e. the surplus
electric power generation can be performed in an optimal vehicle speed region.
Accordingly, it is possible to suppress vibrations at low speed and excessive electric
power generation due to driving at high speed and thereby improve a product quality.

According to the tenth feature of the present invention, whether the air
conditioner is operating is judged. When the air conditioner is operating, the
additional electric power generation amount is set depending on the requested
temperature of the air conditioner. Accordingly, the additional electric power
generation amount can satisfy electric power consumed by the air conditioner.

According to the eleventh feature of the present invention, the additional

electric power generation amount is corrected depending on the vehicle speed.
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Accordingly, the electric power generation amount capable of satisfying the output
required for cruising which changes depending on the vehicle speed can. be secured
by the electric generator.

According to the twelfth feature of the present invention, the rotational speed
of the internal combustion engine is set based on the electric power generation
amount and the additional electric power generation amount. Accordingly, electric
power according to the electric power generation amount and the additional electric
power generation amount can be generated by the electric generator.

According to the thirteenth feature of the present invention, the control device
determines whether electric power generation of the electric generator is to be
performed depending on the state of the storage battery. When permitting the
electric power generation, the control device sets the electric power generation
amount required for cruising output, depending on the vehicle speed, and also sets
the additional electric power generation amount depending on the electric power
amount required due to the vehicle state and the traveling state. The control device
controls the internal combustion engine and the electric generator on the basis of the
electric power generation amount and the additional electric power generation
amount. With this configuration, the electric power capable of satisfying the output
required for the vehicle to cruise is satisfied by the electric power amount generated
by the electric power generator and is further supplemented with the additional
electric power generation amount for a predetermined extra amount, while electric
power required when the vehicle is temporarily accelerating or performing the EV
traveling is obtained from the electric power of the storage battery. The internal
combustion engine can be thus reduced in size and bé operated near the most fuel
efficient point. Accordingly, reduction in fuel consumption, reduction in exhaust
amount of CO,, and reduction in noise of the internal combustion engine are
achieved while the required state of charge is secured by preventing the tendency of

the storage battery to over discharge. Moreover, the electric power generation
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amount required for the cruising output is set depending on the traveling state. Thus,
the storage battery can be charged by using the surplus output of the electric
generator in downhill or deceleration. Accordingly, the frequency of electric power
generation by the electric generator is increased and the state of charge of the
storage battery is thereby secured with no electric power generation of large output,
which reduces the efficiency of the internal combustion engine, being performed.
Brief Description of Drawings
[FIG. 1] FIG. 1 is a block diagram showing an overall configuration of a power unit of
a hybrid automobile. (execution example 1)
[FIG. 2] FIG. 2 is a flowchart of an operation determining routine. (execution
example 1)
[FIG. 3] FIG. 3 is a flowchart of a depth-of-discharge calculation routine. (execution
example 1)
[FIG. 4] FIG. 4 is a flowchart of an electric power generation judgment routine.
(execution example 1)
[FIG. 6] FIG. 5 is a flowchart of an electric power generation amount calculation
routine. (execution example 1)
[FIG. 6] FIG. 6 is a diagram for explaining a method of calculating a depth of
discharge. (execution example 1)
Description of Embodiment

An embodiment or example of the present invention is described below based
on FIGS. 1to 6.
Example 1

A hybrid vehicle including a storage battery 11 such as a lithium ion (Li-ion)
battery is a series hybrid vehicle in which an electric generator 13 is connected to a
crankshaft of an internal combustion engine 12 and an electric motor 14 for traveling
is connected to a drive wheel. The storage battery 11 includes an external charging

plug 15 connectable to an external charging apparatus (omitted in the drawings) for
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example and can be charged by an external charging device 16 via the external
charging plug 15.

The electric generator 13 and the electric motor 14 are a three-phase DC
brushless generator and a three-phase DC brushless motor for example. The
electric generator 13 is connected to a first power drive unit 17 while the electric
motor 14 is connected to a second power drive unit 18. The first and second power
drive units 17, 18 each include a PWM inverter performing pulse width modulation
(PWM) and including a bridge circuit in which multiple switching elements such as
transistors are bridge connected. The first and second power drive units 17, 18 are
connected to the storage battery 11 via a first converter 19.

For example, when the electric generator 13 generates electric power by using
power of the internal combustion engine 12, the generated AC electric power
outputted from the electric generator 13 is converted to DC electric power by the first
power drive unit 17; thereafter, the DC electric power is subjected to voltage
transformation in the first converter 19 and then charges the storage battery 11, and,
the DC electric power is converted to AC electric power again by the second power
drive unit 18 and is then supplied to the electric motor 14. Further, for example,.
when the electric motor 14 is driven, DC electric power outputted from the storage
battery 11 or DC electric power obtained by converting electric power outputted from
the electric generator 13 with the first power drive unit 17 is converted to AC electric
power by the second power drive unit 18 and the AC electric power is supplied to the
electric motor 14.

Meanwhile, for example, when a drive force is transmitted from the drive wheel
side to the electric motor 14 side in deceleration and the like of the hybrid vehicle, the
electric motor 14 functions as an electric generator to generate a so-called
regeneration brake force and recovers kinetic energy of a vehicle body as electric

energy. When the electric motor 14 is generating electric power, the second power

~drive unit 18 converts the generated (regenerated) AC electric power outputted from
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the electric motor 14 to DC electric power. Further, the DC electric power is
subjected to voltage transformation in the first converter 19 and charges the storage
battery 11.

Moreover, a low-voltage 12V storage battery 20 for driving electric loads
including various accessories is connected to the storage battery 11 via a second
converter 21. The second converter 21 can step down a voltage between terminals
of the storage battery 11 and a voltage between terminals of the first converter 19 to
a predetermined voltage value to enable charging of the 12V storage battery 20.

Here, for example, in the case where the state of charge (SOC) of the storage
battery 11 is low or in a similar case, a voltage between terminals of the 12V storage
battery 20 can be stepped up by the second converter 21 to enable charging of the
storage battery 11.

Furthermore, an electric compressor 22 and an electric heater 23 performing
air conditioning of a vehicle compartment are connected to the storage battery 11.

A control device 24 controlling a power system of the hybrid vehicle includes,
as various ECUs (Electronic Control Unit) including electric circuits such as CPU
(Central Processing Unit), a storage battery ECU 25, an internal combustion engine
ECU 26, a converter ECU 27, an electric motor ECU 28, an electric generator ECU
29, and an air conditioner ECU 30 which are connected for control.

The electric generator ECU 29 controls an electric power conversion operation
of the first power drive unit 17 to control the electric power generation of the electric
generator 13 which is performed by using the power of internal combustion engine
12.

The electric motor ECU 28 controls an electric power conversion operation of
the second power drive unit 18 to control the drive and the electric power generation
of the electric motor 14.

The electric power conversion operations of the first and second power drive

units 17, 18 are controlled in accordance with a pulse for driving the transistors of the
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first and second power drive units 17, 18 to turn on and off in the pulse width
modulation (PWM) or the like for example. The operation amounts of the electric
generator 13 and the electric motor 14 are controlled in accordance with the duty of
the pulse, i.e. the ratio between the on state and the off state.

The storage battery ECU 25 performs controls such as monitoring and
protecting of a high-voltage system including the storage battery 11 for example and
performs a control of electric power conversion operation of the second converter 21.
For example, the storage battery ECU 25 calculates various state quantities such as
the state of charge (SOC) of the storage battery 11 on the basis of detection signals
respectively of the voltage between the terminals, the current, and the temperature of
the storage battery 11. The storage battery ECU 25 is connected to a voltage sensor
which detects the voltage of the storage battery 11, a current sensor which detects
the current of the storage battery 11, and a temperature sensor which detects the
temperature of the storage battery 11 and the detection signals outputted from these
sensors are inputted to the storage battery ECU 25.

The internal combustion engine ECU 26 controls fuel supply to the internal
combustion engine 12, ignition timing of the internal combustion engine 12, and the
like. For example, the internal combustion engine ECU 26 causes a control electric
current to flow through an electromagnetic actuator driving a throttle valve and
electronically controls the throttle valve in such a way that a valve opening degree is
set to one according to an instruction from the storage battery ECU 25. Moreover,
when a control following an output requested by a driver is performed, the internal
combustion engine ECU 26 performs an electronic control by causing the control
current to flow through the electromagnetic actuator driving the throttle valve,
depending on an accelerator pedal opening degree. Moreover, the internal
combustion engine ECU 26 manages and controls all of the other ECUs. In this

respect, the detection signals outputted from various sensors which detect state
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quantities of the hybrid vehicle are inputted to the internal combustion engine ECU
26.

For example, the various sensors include a vehicle speed sensor which
detects a vehicle speed, a cooling water temperature sensor which detects a cooling
water temperature of the internal combustion engine 12, an accelerator pedal
opening degree sensor which detects the accelerator pedal opening degree, and the
like.

The ECUs are connected to a CAN (Controller Area Network) communication
first line 31 of the vehicle together with the sensors which detect various states of the
hybrid vehicle.

Moreover, the electric compressor 22 and the electric heater 23 are connected
to a CAN (Controller Area Network) communication second line 32, which has a
slower communication speed than that of the CAN (Controller Area Network)
communication first line 31, together with a meter including instruments displaying -
various states of the hybrid vehicle.

The internal combustion engine 12, the electric generator 13, and the first
power drive unit 17 form an auxiliary power part 33 which generates electric power by
using the drive force of the internal combustion engine 12.

Next, description is given of an electric power generation control of the hybrid
automobile having the configuration described above.

The flowchart‘ of FIG. 2 shows an operation determining routine. In this
routine, an operation mode is determined from six types of operation modes for the
hybrid automobile.

First, when a range selected by a driver is a "P" range (parking range) or an
"N" range (neutral range) in step S1, an electric generator electric power generation
output PREQGEN which is an electric power generation amount of the electric
generator 13 is set to an electric generator output PREQGENIDL in idling in step S2.

Then, in step S3, an electric generator internal combustion engine rotational speed
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NGEN which is the rotational speed of the internal combustion engine 12 is set to an
electric generator internal combustion engine rotational speed NGENIDL in idling.
When the state of charge SOC of the storage battery 11 is equal to or lower than an
upper limit SOCIDLE of state-of-charge for performing idle electric power generation
in subsequent step S4, the operation mode is set to a first mode (REV idling mode) in
step S5 and the operation determining routine is terminated. When the state of
charge SOC of the storage battery 11 is higher than the upper limit SOCIDLE of
state-of-charge for performing idle electric power generation in step S4, the operation
mode is set to a second mode (idling stop mode) in step S6 and the operation
determining routine is terminated.

The state of charge SOC of the storage battery 11 can be calculated as
follows. An integrated charge amount and an integrated discharge amount are
calculated by integrating charge and discharge currents detected by the current
sensor. Then, the integrated charge amount and the integrated discharge amount
are added to or subtracted from an initial state or the state of charge SOC
immediately before the start of charging and discharging. Moreover, since an open
circuit voltage OCV of the storage battery 11 is in correlation with the state of charge
SOC, the state of charge SOC can be also calculated from the open circuit voltage
OCV.

The first mode (REV idling mode) is the following mode. In order to increase
the state of charge SOC of the storage battery 11, the internal combustion engine 12
is operated to idle and the electric generator 13 is made to generate electric power,
in the state where the "P" range (parking range) or the "N" range (neutral range) is
selected and the electric motor 14 is stopped. The storage battery 11 is thus
charged by the electric power generated by the electric generator 13.

The second mode (idling stop mode) is the following mode. Since the state of

charge SOC of the storage battery 11 is sufficient, the internal combustion engine 12
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is controlled to stop idling and the electric generator 13 is stopped, in the state where
the "P" range or the "N" range is selected and the electric motor 14 is stopped.

Assume the case where, in aforementioned step S1, the range selected by the
driver in step S1 is not the "P" range or the "N" range, but is a "D" range (forward
traveling range) or an "R" range (reverse traveling range) for example. In this case,
when the driver is stepping on the brake pedal in step S7 and the vehicle speed VP
detected by the vehicle speed sensor is zero, i.e. the vehicle is not moving, in step
S8, the routine proceeds to aforementioned step S2 to step S4 and the first mode of
step S5 or the second mode of step S6 is selected.

Assume the case where the driver is not stepping on the brake pedal in step
S7 or the case where the vehicle speed VP is not zero in step S8 even though the
driver is stepping on the brake pedal, for example, the case where the vehicle is
decelerating while traveling forward or backward. In such cases, a requested drive
power FREQF which is power requested by the driver to be outputted from the
electric motor 14 is retrieved from a map in step S9 by using the vehicle speed VP
and the accelerator pedal opening degree AP detected by the accelerator pedal
opening degree sensor as parameters.

In subsequent step S10, an estimated value 0 of gradient of a road surface on
which the vehicle is currently traveling is calculated from the vehicle speed VP,
acceleration a calculated by performing time differentiation on the vehicle speed VP,
and a previous value FREQFB of the requested drive power FREQF. The estimated
value 6 of gradient is calculated from Formula (1).

6 = [FREQFB-(Ra+Rr+Rc)l/(W * g) (1)

Here, in Formula (1), Ra represents air resistance, Rr represents rolling
resistance, Rc represents acceleration resistance, W repreéents a vehicle weight,
and g represents gravitational acceleration. Ra, Rr, and Rc are calculated
respectively from Formulae (2), (3), and (4).

Ra=A%xS%xVP? . .(2)
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Rr=Ws%p .(3)

Rc =a*xW ..(4)

Here, in Formulae (2) to (4), A represents a coefficient of air resistance, S
represents a frontal 'projected area, VP represents a vehicle speed, y represents a
coefficient of rolling resistance, and a represents acceleration.

In subsequent step S11, the depth of discharge DOD of the storage battery 11
is calculated. Details of the calculation are described later based on the flowchart of
FIG. 3. In subsequent step S12, it is judged whether the internal combustion engine
12 is to be driven to perform electric power generation by the electric generator 13,
i.e. whether the electric power generation by the auxiliary power part 33 is to be
performed. Details of the determination are described later based on the flowchart of
FIG. 4. In the subsequent S14, the electric generator electric power generation
output PREQGEN which is the electric power generation amount of the electric
generator 13 is calculated. Details of the calculation are described later based on the
flowchart of FIG. 5.

In subsequent step S15, the electric generator internal combustion engine
rotational speed NGEN which is the rotational speed of the internal combustion
engine 12 driving the electric generator 13 is retrieved from a table by using the
electric generator electric power generation output PREQGEN calculated in
aforementioned step S14 as a parameter. Since the electric generator 13 is
connected to and driven by the internal combustion engine 12, the electric generator
internal combustion engine rotational speed NGEN increases along with the increase
in the electric generator electric power generation output PREQGEN.

When the requested drive power FREQF calculated in aforementioned step
S9 is lower than zero, i.e. the electric motor 14 is performing regeneration, in
subsequent step S16 and an electric power generation flag F_GEN = "0" (no electric
power generation is performed) is set in step S17, the operation mode is set to a third

mode (EV regeneration mode) in step S18 and the operation determining routine is
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terminated. When the electric power generation flag F_GEN = "1" (electric power
generation is performed) is set in step S17, the operation mode is set to a fourth
mode (REV regeneration mode) in step S19 and the operation determining routine is
terminated.

The third mode (EV regeneration mode) is the following mode. The storage
battefy 11 is charged by causing the electric motor 14 to function as an electric
generator by using a drive force reversely transmitted from the drive wheels during
deceleration of the vehicle. Meanwhile, the internal combustion engine 12 and the
electric generator 13 are stopped.

The fourth mode (REV regeneration mode) is the following mode. The
storage battery 11 is charged by causing the electric motor 14 to function as an
electric generator by using a drive force reversely transmitted from a drive wheel
during deceleration of the vehicle. In addition, the electric generator 13 is driven by
the internal combustion engine 12 and the storage battery 11 is charged by using the
electric power generated by the electric generator 13. As described above, the
charging of the storage battery 11 by the drive of the auxiliary power part 33 is
performed in parallel with the charging of the storage battery 11 by the regenerative
electric power generation of the electric motor 14 during deceleration of the vehicle.
This allows the storage battery 11 to be effectively charged even when the charging
by the regenerative electric power generation is insufficient.

When the requested drive power FREQF is zero or higher, i.e. the electric
motor 14 is driven, in step S16 and the electric power generation flag F_GEN = "1"
(electric power generation is performed) is set in step S20, the operation mode is set
to a fifth mode (REV traveling mode) in step S21 and the operation determining
routine is terminated. When the electric power generation flag F_GEN = "0" (no
electric power generation is performed) is set in step S20, the operation mode is set
to a sixth mode (EV traveling mode) in step S22 and the operation determining

routine is terminated.
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The fifth mode (REV traveling mode) is a mode in which the vehicle travels
with the electric motor 14 driven by the electric power generated by the auxiliary
power part 33 and/or the electric power stored in the storage battery 11. The internal
combustion engine 12, the electric generator 13, and the electric motor 14 are all
driven.

The sixth mode (EV traveling mode) is a mode in which the vehicle travels with
the auxiliary power part 33 stopped and the electric motor 14 is driven by the electric
power stored in the storage battery 11. The internal combustion engine 12 and the
electric generator 13 are stopped while the electric motor 14 is driven.

Next, a depth-of-discharge calculation routine which is a subroutine of
aforementioned step S11 is described based on the flowchart of FIG. 3 and the
explanatory diagram of FIG. 6.

First, when a starter switch is turned on in step S101, in step S102, the state
of charge SOC at this time is set as a reference state-of-charge SOCINT for depth-
of-discharge calculation. In the subsequent step S103, it is judged whether the
reference state-of-charge SOCINT for depth-of-discharge calculation is lower than a
lower limit value SOCINTL of reference state-of-charge for depth-of-discharge
calculation. When it is determined that the reference state-of-charge SOCINT for
depth-of-discharge calculation is lower than the lower limit value SOCINTL of
reference state-of-charge for depth-of-discharge calculation, the reference state-of-
charge SOCINT for depth-of-discharge calculation is set to the lower limit value
SOCINTL of reference state-of-charge for depth-of-discharge calculation in step
S104. When it is determined that the reference state-of-charge SOCINT for depth-of-
discharge calculation is equal to or higher than the lower limit value SOCINTL of
reference state-of-charge for depth-of-discharge calculation, the reference state-of-
charge SOCINT for depth-of-discharge calculation is maintained at the value set in

step S102.
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In subsequent step S105, a lower threshold SOCLMTL for performing depth-
of-discharge calculation is set to a value obtained by subtracting a discharge amount
DODLMT for judgment of performing depth-of-discharge calculation from the
reference state-of-charge SOCINT for depth-of-discharge calculation. In subsequent
step S106, an upper threshold SOCLMTH for performing depth-of-discharge
calculation is set to a value obtained by adding a charge amount SOCUP for
judgment of performing depth-of-discharge calculation to the reference state-of-
charge SOCINT for depth-of-discharge calculation. Then, in step $S107, a depth-of-
discharge calculation flag F_DODLMT is set to "0" (no calculation is performed).
Moreover, in step S108, the depth of discharge DOD is set to "0" which is an initial
value and the depth-of-discharge calculation routine is terminated.

When the starter switch is turned off or is not set to on in aforementioned step
S101, it is judged in step S109 whether the state of charge SOC is higher than an
upper limit state-of-charge SOCUPH for performing depth-of-discharge calculation.
When it is determined that the state of charge SOC is higher than the upper limit
state-of-charge SOCUPH for performing depth-of-discharge calculation, the routine
proceeds to aforementioned step S107 and aforementioned step S108 and the
depth-of-discharge calculation is not executed. When it is determined that the state
of charge SOC is equal to or lower than the upper limit state-of-charge SOCUPH for
performing depth-of-discharge calculation in step S109, the routine proceeds to step
S110.

In the subsequent step S110, it is judged whether the state of charge SOC is
equal to or lower than the lower threshold SOCLMTL for performing depth-of-
discharge calculation. When the state of charge SOC is equal to or lower than the
lower threshold SOCLMTL for performing depth-of-discharge calculation (see the
point A of FIG. 6), the depth-of-discharge calculation flag F_DODLMT is set to "1"
(calculation is performed) in step S111 and the depth of discharge DOD is set to a

value obtained by subtracting the state of charge SOC from the reference state-of-
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charge SOCINT for depth-of-discharge calculation in step S112. Then, the depth-of-
discharge calculation routine is terminated. When it is determined that the state of
charge SOC is higher than the lower threshold SOCLMTL for performing depth-of-
discharge calculation in aforementioned step S110, the routine proceeds to step
S113.

Then, when the depth-of-discharge calculation flag F_DODLMT is set to "1"
(calculation is performed), i.e. the calculation of the depth of discharge DOD is
performed, in step $S113, it is judged in step S114 whether the state of charge SOC is
higher than the upper threshold SOCLMTH for performing depth-of-discharge
calculation. When the state of charge SOC is higher than the upper threshold
SOCLMTH for performing depth-of-discharge calculation (see the point B of FIG. 6),
the routine proceeds to aforementioned steps S102 to S108 and the processing is
executed. Thereafter, the depth-of-discharge calculation routine is terminated. In
step $102, the processing is executed with the reference state-of-charge SOCINT for

depth-of-discharge calculation updated with the state of charge SOC at the time

. when the routine proceeds from step S114.

When the depth-of-discharge calculation flag F_DODLMT is set to "0" (no
calculation is performed) in aforementioned step S113 or it is determined that the
state of charge SOC is equal to or lower than the upper limit state-of-charge
SOCUPH for performing depth-of-discharge calculation in step S114, the depth-of-
discharge calculation routine is terminated.

Next, an electric power generation judgment routine which is a subroutine of
aforementioned step S12 is described based on the flowchart of FIG. 4. |

First, in step S201, it is determined whether the state of charge SOC of the
storage battery 11 is lower than an upper limit state-of-charge SOCREV for
performing a REV mode electric power generation. When it is determined that the
state of charge SOC of the storage battery 11 is equal to or higher than the upper

limit state-of-charge SOCREV for performing REV mode electric power generation,
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the electric power generation flag F_GEN = "0" is set and the electric power
generation by the auxiliary power part 33 is stopped in step S202. Then the electric
power generation judgment routine is terminated. Assume the case where it is
determined that the state of charge SOC of the storage battery 11 is lower than the
upper limit state-of-charge SOCREV for performing REV mode electric power
generation in aforementioned step S201, but it is determined that a cooling water
temperature TW of the internal combustion engine 12 which is detected by the
cooling water temperature sensor is equal to or lower than an upper limit water
temperature TWEV for performing EV mode in subsequent step S203. In this case,
since warm-up of the internal combustion engine 12 is not completed yet, the electric
power generation flag F_GEN = "0" is set and the electric power generation by the
auxiliary power part 33 is stopped in step S202. Then, the electric power generation
judgment routine is terminated.

When it is determined that the state of charge SOC of the storage battery 11 is
lower than the upper limit state-of-charge SOCREYV for performing REV mode electric
power generation in aforementioned step S201 and it is determined that the cooling
water temperature TW of the internal combustion engine 12 which is detected by the
cooling water temperature sensor is higher than the upper limit water temperature
TWEV for performing EV mode in step S203, a lower limit vehicle speed
VPGENbOD for performing electric power generation based on the depth of
discharge is retrieved from a table in step S204 by using the depth of discharge DOD
as a parameter. The lower limit vehicle speed VPGENDOD for performing electric
power generation based on the depth of discharge decreases along with an increase
in the depth of discharge DOD. Specifically, once the state of charge of the storage
battery 11 is decreased, the auxiliary power part 33 is operated at a low vehicle
speed to reduce the frequency of EV traveling and over discharge of the storage

battery 11 is thereby suppressed.
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In subsequent step S205, a lower limit vehicle speed VPGENSOC for
performing electric power generation based on the state of charge is retrieved from a
table by using the state of charge SOC as a parameter. The lower limit vehicle
speed VPGENSOC for performing electric power generation based on the state of
charge decreases along with a decrease in the state of charge SOC. Specifically,
once the state of charge of the storage battery 11 is deéreased, the auxiliary power
part 33 is operated at a low vehicle speed to reduce the frequency of EV traveling
and over discharge of the storage battery 11 is thereby suppressed.

In subsequent step S208, it is determined whether the vehicle speed VP is
higher than the lower limit vehicle speed VPGENDOD for performing electric power
generation based on the depth of discharge. When the vehicle speed VP is equal to
or lower than the lower limit vehicle speed VPGENDOD for performing electric power
generation based on the depth of discharge, it is determined in step S207 whether
the vehicle speed VP is higher than the lower limit vehicle speed VPGENSOC for
performing electric power generation based on the state of charge. When the vehicle
speed VP is equal to or lower than the lower limit vehicle speed VPGENSOC for
performing electric power generation based on the state of charge, the electric power
generation flag F_GEN = "0" is set and the electric power generation by the auxiliary
power part 33 is stopped in step S202. Then, the electric power generation judgment
routine is terminated.

When it is determined that the vehicle speed VP is higher than the lower limit
vehicle speed VPGENDOD for performing electric power generation based on the
depth of discharge in step S206 or it is determined that the vehicle speed VP is
higher than the lower limit vehicle speed VPGENSOC for performing electric power
generation based on the state of charge in step S207, the electric power generation
flag F_GEN = "1" is set and the electric power generation by the auxiliary power part
33 is started in step S208. Then, the electric powér generation judgment routine is

terminated.
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Accordingly, when the depth of discharge DOD of the storage battery 11 is
increased or the state of charge SOC of the storage battery 11 is decreased, i.e.
there is a possibility of over discharge of the storage battery 11, the over discharge of
the storage battery 11 can be prevented beforehand by lowering the vehicle speed
VP at which the auxiliary power part 33 is operated to start the electric power
generation.

Next, an electric power generation amount calculation routine which is a
subroutine of step S14 is described based on the flowchart of FIG. 5.

First, in step S401, an electric power generation amount PGENRL equivalent
to an output required for cruising at each vehicle speed is retrieved from a table by
using the vehicle speed VP as a parameter. The electric power generation amount
PGENRL equivalent to an output required for cruising at each vehicle speed is an
electric power generation amount to be generated by the auxiliary power part 33
which the electric motor 14 requires to generate a drive force overcoming the rolling
resistance and the air resistance of the vehicle, and increases along with an increase
in the vehicle speed VP.

In subsequent step S402, an electric power generation correction amount‘
PGENSLP in each vehicle speed and gradient is retrieved from a map by using the
vehicle speed VP and the estimated value © of gradient of road surface which is
calculated in aforementioned step S10 as parameters.

In subsequent step S403, an additional electric power generation amount
PGENBASE in electric power generation at each vehicle speed is retrieved from a
table by using the vehicle speed VP as a parameter. The additional electric power
generation amount PGENBASE in electric power generation at each vehicle speed
decreases along with an increase in the vehicle speed VP.

In subsequent step S404, an additional amount PGENDOD of electric power
generation in each vehicle speed and depth of discharge is retrieved from a map by

using the vehicle speed VP and the depth of discharge DOD as parameters. In step
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S405, an additional amount PGENSOC of electric power generation in each vehicle
speed and state of charge is retrieved from a map by using the vehicle speed VP and
the state of charge SOC as parameters. When the depth of discharge DOD is
increased or the state of charge SOC is decreased, the additional electric power
generation amount PGENBASE in electric power generation at each vehicle speed
may be insufficient. Accordingly, the additional electric power generation amount
PGENBASE in electric power generation at each vehicle speed is corrected by using
the additional amount PGENDOD of electric power generation in each vehicle speed
and depth of discharge and the additional amount PGENSOC of electric power
generation in each vehicle speed and state of charge.

In subsequent step S406, an additional amount PGENAC of electric power
generation during usage of air conditioner at each vehicle speed is retrieved from a
table by using the vehicle speed VP as a parameter.

Then, in step S407, it is determined whether an air conditioner usage flag
F_AC = "1" (air conditioner is used) is satisfied. When the air conditioner usage flag
F_AC = "0" (no air conditioner is used) is satisfied and the electric compressor 22
and the electric heater 23 are not used, the electric generator electric power
generation output PREQGEN is calculated in step S408 by adding up the electric
power generation amount PGENRL equivalent to an output required for cruising at
each vehicle speed, the electric power generation correction amount PGENSLP in
each vehicle speed and gradient, the additional electric power generation amount
PGENBASE in electric power generation at each vehicle speed, the additional
amount PGENDOD of electric power generation in each vehicle speed and depth of
discharge, and the additional amount PGENSOC of electric power generation in each
vehicle speed and state of charge. Then, the electric power generation amount
calculation routine is terminated.

Moreover, when the air conditioner usage flag F;AC ="1" is satisfied and the

electric compressor 22 or the electric heater 23 is used in step S407, the electric
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generator electric power generation output PREQGEN is calculated in step S409 by
adding up the electric power generation amount PGENRL equivalent to an output
required for cruising at each vehicle speed, the electric power generation correction
émount PGENSLP in each vehicle speed and gradient, the additional electric power
generation amount PGENBASE in electric power generation at each vehicle speed,
the additional amount PGENDOD of electric power generation in each vehicle speed
and depth of discharge, the additional amount PGENSOC of electric power
generation in each vehicle speed and state of charge, and the additional amount
PGENAC of electric power generation during usage of air conditioner at each vehicle
speed. Then, the electric power generation amount calculation routine is terminated.

In the embodiment, the auxiliary power part 33 is made to generate an output
of an amount obtained by adding up the "electric power generation amount PGENRL
equivalent to an output required for cruising at each vehicle speed" which is an
output corresponding to the rolling resistance and the air resistance inevitably
occurring when the vehicle travels and the "additional electric power generation
amount PGENBASE in electric power generation at each vehicle speed" which is set
as a predetermined extra amount. Meanwhile, the electric power stored in the
storage battery 11 is used for an output temporarily required due to acceleration and
the like and an output required for EV traveling at a low vehicle speed. In other
words, it can be said that the control of the auxiliary power part 33 in the embodiment
is a "cruising output following type electric power generation control".

The "cruising output following type electric power generation control” solves
the following problems of the conventional "requested output following type electric
power generation control", the problem being such that when a requested electric
power generation amount required by the electric motor is large, the rotational speed
of the internal combustion engine increases and Iérgely deviates from the most fuel
efficieht point, and the fuel efficiency thereby drastically deteriorates when the vehicle

travels by using the output of the auxiliary power part, another problem being such
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that, when the requested electric power generation amount is large, noise and
vibrations are increased due to an increase in the rotational speed of the internal
combustion engine. In addition, the "cruising output following type control" solves the
following problem of the conventionai "fixed-point operation type electric power
generation control", the problem being such that when the internal combustion
engine is reduced in size and operated at the most fuel efficient point so as to reduce
the fuel consumption and the exhaust amount of CO;, the generated electric power
amount of the electric generator cannot satisfy the requested drive force of the
electric motor, and, as a result, the storage battery tends to be over discharged and
maintaining of an energy level becomes difficult.

Moreover, the "electric power generation amount PGENRL equivalent to an
output required for cruising at each vehicle speed” is set depending on the vehicle
speed VP. Thus, the storage battery 11 can be charged by a surplus output of the
electric generator 13 in downhill or deceleration. Accordingly, the frequency of
electric power generation by the elec_tric generator 13 in downhill or deceleration is
increased and the maintaining of an energy level in the storage battery 11 is thereby
further facilitated with no electric power generation of large output, which reduces the
efficiency of the internal combustion engine 12, being performed.

Furthermore, in the embodiment, the "lower limit vehicle speed VPGENDOD
for performing electric power generation based on the depth of discharge" and the
"lower limit vehicle speed VPGENSOC for performing electric power generation
based on the state of charge" which are vehicle speed for switching from the EV
traveling to the REV traveling (i.e. traveling by electric power generated by the
auxiliary power part 33) are changed depending on the state of charge SOC and the
depth of discharge DOD of the storage battery 11. Accordingly, an energy control at
low vehicle speed and low output can be appropriately performed.

In addition, the "electric power generation amount PGENRL equivalent to an

output required for cruising at each vehicle speed” is corrected with the "electric
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during the REV traveling. Accordingly, the effect of the gradient of road surface is
compensated and the electric power generation amount of the auxiliary power part
33 can be appropriately controlled. Moreover, the "additional electric .'power
generation amount PGENBASE in electric power generation at each vehicle speed"
is corrected with the "additional amount PGENDOD of electric power generation in
each vehicle speed and depth of discharge", the "additional amount PGENSOC of
electric power generation in each vehicle speed and state of charge", and the
"additional amount PGENAC of electric power generation during usage of air
conditioner at each vehicle speed". Accordingly, the effects of the state of charge
SOC, the depth of discharge DOD, and the load of air conditioner are compensated
and the electric power generation amount of the auxiliary power part 33 can be thus
appropriately controlled. Hence, an energy control at intermediate and high vehicle
speeds and intermediate and high outputs can be appropriately performed.

An embodiment of the present invention has beén described above. However,
the present invention may be modified in variety of ways as long as the modifications
do not depart from the gist of the invention.

For example, in the embodiment, description is given by using the plug-in
hybrid automobile. However, the present invention can be also applied to a series
hybrid automobile and a paraliel hybrid automobile capable of series traveling.

Moreover, the calculation method of the depth of discharge DOD is not limited
to one described in the embodiment and any method can be employed.

Reference Signs List

11 STORAGE BATTERY

12 INTERNAL COMBUSTION ENGINE

13  ELECTRIC GENERATOR

14  ELECTRIC MOTOR

22  ELECTRIC COMPRESSOR (AIR CONDITIONER)
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23  ELECTRIC HEATER (AIR CONDITIONERY)
24  CONTROL DEVICE
DOD DEPTH OF DISCHARGE
PGENRL ELECTRIC POWER GENERATION AMOUNT EQUIVALENT TO
OUTPUT REQUIRED FOR CRUISING AT EACH VEHICLE SPEED
PGENBASE ADDITIONAL ELECTRIC POWER GENERATION AMOUNT IN
ELECTRIC POWER GENERATION AT EACH VEHICLE SPEED
SOC STATE OF CHARGE
VP  VEHICLE SPEED
) ESTIMATED VALUE OF GRADIENT OF ROAD SURFACE
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CLAIMS
[Claim 1]

An electric power generation control system for a hybrid automobile,
comprising:

an electric generator driven by an internal combustion engine;

a storage battery storing electric power generated by the electric generator;
and

a control device controlling the internal combustion engine and the electric
generator, wherein

the control device judges whether electric power genefation of the electric
generator is to be performed depending on a state of the storage battery,

when permitting the electric power generation, the control device sets an
electric power generation amount equivalent to an output required for cruising,
depending on a traveling state, and also sets an additional electric power generation
amount according to an electric power amount required depending on a vehicle state
and the traveling state, and

the control device controls the internal combustion engine and the electric
generator on the basis of the electric power generation amount and the additional
electric power generation amount.

[Claim 2]

The electric power generation control system for a hybrid automobile
according to claim 1, wherein the control device judges whether the electric power
generation is to be performed on the basis of a depth of discharge of the storage
battery.

[Claim 3]
The electric power generation control system for a hybrid automobile

according to claim 1 or 2, wherein the control device judges whether the electric
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power generation is to be performed on the basis of a state of charge of the storage

battefy.

[Claim 4]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 3, wherein the control device sets the electric
power genération amount on the basis of a vehicle speed.

[Claim 5]

The electric power generation control system for a hybrid automobile
according to claim 4, wherein the control device derives a rolling resistance and an
air resistance during traveling on the basis of the vehicle speed and sets the electric
power generation amount on the basis of the derived rolling resistance and the
derived air resistance.

[Claim 6]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 5, wherein the control device sets the additional
electric power generation amount on the basis of an estimated value of a gradient of
a road surface.

[Claim 7]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 6, wherein the control device sets the additional
electric power generation amount on the basis of a depth of discharge of the storage
battery.

[Claim 8]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 7, wherein the control device sets the additional
electric power generation amount on the basis of a state of charge of the storage

battery.
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[Claim 9]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 8, wherein the control device sets the additional
electric power generation amount on the basis of a vehicle speed.

[Claim 10]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 9, further comprising an air conditioner
performing air conditioning in a vehicle compartment, wherein

the control device judges whether the air conditioner is operating, and

when the air conditioner is operating, the control device sets the additional
electric power generation amount depending on a requested temperature of the air
conditioner.

[Claim 11]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 10, wherein the control device corrects the
additional electric power generation amount depending on a vehicle speed.

[Claim 12]

The electric power generation control system for a hybrid automobile
according to any one of claims 1 to 11, wherein the control device sets a rotational
speed of the internal combustion engine on the basis of the electric power generation
amount and the additional electric power generation amount.

[Claim 13]

An electric power generation control system for a hybrid automobile,
comprising:

an electric generator driven by an internal combustion engine;

a storage battery storing electric power generated by the electric generator;

an air conditioner performing air conditioning in a vehicle compartment; and



10

15

WO 2013/154207 PCT/JP2013/061341

34

a control device controlling the air conditioner, the internal combustion engine,
and the electric generator, wherein

the control device judges whether electric power generation is to be performed
on the basis of at least any one of parameters including a depth of discharge and a
state of charge of the storage battery,

when permitting the electric power generation, the control device derives at
least any one of resistances including an air résistance and a rolling resistance
during traveling on the basis of a vehicle speed and sets an electric power generation
amount equivalent to an output required for cruising on the basis of the derived
resistance, and

the control device sets an additional electric power generation amount on the
basis of at least any one of parameters including an estimated value of a gradient of
a road surface, the depth of discharge of the storage battery, the state of charge of
the storage battery, the vehicle speed, and a requested temperature of the air
conditioner, and sets a rotational speed of the internal combustion engine on the
basis of the set electric power generation amount and the set additional electric

power generation amount.
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FIG.3

(DEPTH-OF-DISCHARGE CALCULATION)

YES(ON) S101

STARTER SW ON?
st

SOCINT « SOC NO(OFF)

[

—= 5104
9 [SOCINT — SOCINTL |
© S105
SOCLMTL — |
SOCINT-DODLMT |
S106
SOCLMTH —
SOCINT+SOCUP |
vEs S109
- SOC>SOCUPH?
5107
F_DODLMT — 0]
S108
DOD — 0 s
S113
<  s111
F_DODLMT — 1
d S112

DOD < SOCINT-SOC

4




WO 2013/154207

4/6

FIG.4

€

LECTRIC POWER GENERAT[(D / ''''''''''' -~

UDGMENT

F_GEN <0
(GEN STOP)

BY VPGENDOD

_ S204
PERFORM TABLE RETRIEVAL |—
DOD

S205

PERFORM TABLE RETRIEVAL
|BY VPGENSOC — SOC |

VP> VPGENSOC?

n
N
o
o

VP> VPGENDOD?

S202

YES
S208
F_GEN « 1
(GEN ELECTRIC POWER
| GENERATION)

[
>

END

PCT/JP2013/061341

)
|

IZ | ‘
' |
|9 | '
'a |
| = ‘
i |
-\ !
] boby

f
/
—
~.
\l
\\

/—'—'—*‘ —————— -~
I{§A \
2 !
f |
| |
i> _ .
- |
| N
L 50C/



. — - — e ——

PGENAC\

WO 2013/154207 PCT/JP2013/061341

PGENBASE \

5/6
O T T N\ e — e — -~.
|z ‘| ( \
5 i | |
& | ;CD PGENSLP MAP 1 :
| - !
| | |
> j \‘\ VP — /
N 4 VP, '__"_} ''''''''
o ELECTRIC POWER GENERATION) '
| AMOUNT CALCULATION )
| /
| Y1)
_________ —|PERFORM TABLE RETRIEVAL| /' \
BY PGENRL — VP - |
/!
5402/ |Of 1 PGENDOD MAP — |
'PERFORM MAP RETRéEVAL = arl 5
BY PGENSLP «— VP, |
| 11 '
S403 i )
‘ VP P
__|PERFORM TABLE RETRIEVAL] ——4———"———-
_-—-—"""|BY PGENBASE — VP | /
| , | S
—r . N S404 .~
i [ PERFORM MAP RETRIEVAL "
|| BY PGENDOD « VP, DOD AN
| <\
.-.-.\_. | 405 T A\
| [PERFORM TABLE RETRIEVAL .( | |
> | 'IBYPGENSOC < VP, SOG |
~ VP‘/ IO '
N S406 S| PGENSOC MAP +
PERFORM TABLE RETRIEVAL| |
_~|BY PGENAC'— VP i
e
7 S407  ——e—— LB ~
re -
i YES™
. (AIR CONDITIONER
| (NO SED)
_____ I S  CONDITIONER
N\ [S USED) S409
| | S 408 PREQGEN — PGENRL+
. | PREQGEN < PGENRL+ PGENSLP+PGENBASE+
| | PGENSLP+PGENBASE+ PGENDOD+ PGENSOC
T, | |PGENDOD+PGENSOC +PGENAG
— l ;
I 5%

S —— . — e ——



PCT/JP2013/061341

WO 2013/154207

6/6

JNLL

_ ANIOOS WOY4
1NO NaXvl SI (LW1a0d) 00S V
J3ININY3IL13034d NIHM dILHVLS

SINOLLYINOTVO Q0d

(135S SI LNIDOS) NO
SI MS HILEVLS NIHM
Qv3d 51 dOS AVLLINI

a31vadn ATSNOANVLIINNIS SI LNIDOS
(dNDO0S) 00S V QININYILIATFHd

OL INIDOS WOHd4 AMIA0DIY NOdN
d3.L31dNOD SINOLLYINO1VYD A0d

._._.S_._OOw//.

. — i — . ——— —————— — . . ] s . s -

1A140da

dNO0S

b —

-Il}!--l./.l!_. ......

HLW1TO0S

A

A

—Q3NY0343d SI
NOLLYINO1V¥D dod

9'DI4



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2013/061341

A. CLASSIFICATION OF SUBJECT MATTER

INV. B60W20/00 B6OW10/06
B60K6/46
ADD.

B6OW10/08

B6OW10/26 B6OW10/30

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B6OW B6OK B6OL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

24 April 2002 (2002-04-24)
paragraphs [0006], [0013] -
[0034], [0050], [0051],

paragraphs [0025] - [0027]

[0018],
[0077] - [0081]

X EP 1 199 205 A2 (NISSAN MOTOR [JP]) 1-13

A US 6 484 830 Bl (GRUENWALD ROBERT [US] ET 1-13
AL) 26 November 2002 (2002-11-26)
column 7, Tline 16 - column 8, line 5

A US 2008/236916 Al (HELLER MARCUS [US] ET 1-13
AL) 2 October 2008 (2008-10-02)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 July 2013

Date of mailing of the international search report

14/08/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Nielles, Daniel

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2013/061341
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1199205 A2 24-04-2002 EP 1199205 A2 24-04-2002
JP 3832237 B2 11-10-2006
JP 2002171604 A 14-06-2002
US 2002062183 Al 23-05-2002
US 6484830 Bl 26-11-2002 US 6484830 Bl 26-11-2002
us 6651759 Bl 25-11-2003
US 2008236916 Al 02-10-2008 DE 102005037713 Al 01-03-2007
JP 2009504469 A 05-02-2009
US 2008236916 Al 02-10-2008
WO 2007017043 Al 15-02-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

