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(57) Abstract: A hybrid vehicle includes an electric motor, an internal combustion engine, an exhaust emission control device, and a
controller. The electric motor is configured to generate a driving force for the vehicle. The internal combustion engine includes a
variable valve actuating device. The variable valve actuating device is configured to control at least one of a valve lift and a valve
operating angle as an operation characteristic of an intake valve. The exhaust emission control device is configured to control an ex -
haust emission of the internal combustion engine by using a catalyst. The controller is configured to execute catalyst warm-up con-
trol. The catalyst warm-up control is control for performing warm-up on the catalyst of the exhaust emission control device. The
catalyst warm-up control includes first warm-up control and second warm-up control. The first warm-up control is control for oper -
ating the internal combustion engine at a first operating point. The second warm-up control is control for operating the internal com-
bustion engine at a second operating point, regardless of the driving force required for traveling, after the execution of the first
warm-up control. An output of the internal combustion engine at the second operating point exceeds an output of the internal com-
bustion engine at the first operating point. The controller is configured to operate the internal combustion engine with ignition tim-
ing of the internal combustion engine during the execution of the first warm-up control further on a retard side than ignition timing
of the internal combustion engine during the execution of the second warm-up control. The controller is configured to set the output
of the internal
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combustion engine and the operation characteristic of the intake valve in accordance with a predetermined characteristic relation -
ship during the execution of the second warm-up control. The predetermined characteristic relationship is a relationship in which
the output of the internal combustion engine and the operation characteristic of the intake valve correspond to each other.
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HYBRID VEHICLE, CONTROLLER FOR HYBRID VEHICLE, AND CONTROL
METHOD FOR HYBRID VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a hybrid vehicle, a controller for a hybrid vehicle,
and a control method for a hybrid vehicle and, more particularly, to catalyst warm-up
control in a hybrid vehicle that is provided with an internal combustion engine which
includes a variable valve actuating device for changing an operation characteristic of an
intake valve.

2. Description of Related Art

[0002]  An exhaust emission control device including a catalyst is used so as to
control an exhaust emission of an internal combustion engine. The temperature of the
catalyst should be raised in order for the catalyst to fulfill a sufficient purification function.

[0003] As an example, Japanese Patent Application Publication No. 2012-40915
(JP 2012-40915 A) discloses a hybrid vehicle in which catalyst warm-up control for
performing warm-up on the catalyst of the exhaust emission control device is executed.
When the catalyst warm-up is required in this hybrid vehicle, the internal combustion
engine is operated at a first operating point at which ignition timing of the internal
combustion engine is on a retard side, and then the internal combustion engine is operated
at a second operating point, at which an output demand for the internal combustion engine
is fixed, with the ignition timing returned after the temperature in a catalyst end portion is
raised. After the catalyst warm-up is completed, the process proceeds to a normal
operation for changing the output demand for the internal combustion engine based on an
output demand for the entire vehicle (refer to JP 2012-40915 A).

[0004]  In addition, internal combustion engines that have variable valve actuating

devices which are capable of changing operation characteristics of intake valves have been

- known. As such variable valve actuating devices, variable valve actuating devices that

are capable of changing at least one of a valve lift and a valve operating angle of the intake
valve have been known (refer to Japanese Patent Application Publication No. 2009-108720,
Japanese Patent Application Publication No. 2004-183610, Japanese Patent Application
Publication No. 2013-53610, Japanese Patent Application Publication No. 2008-25550,
Japanese Patent Application Publication No. 2012-117376, Japanese Patent Application
Publication No. 9-242519, and the like).
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SUMMARY OF THE INVENTION

[0005] At the first operating point and the second operating point, the second
operating point being an operating point at which the output (Pe) of the internal
combustion engine is fixed after the returning of the ignition timing, of the hybrid vehicle
described in JP 2012-40915 A, Pe is set not to exceed a purification capacity of the catalyst
during the warm-up regardless of traveling power that is required for traveling. However,
in JP 2012-40915 A, no particular description is provided as to the operation characteristic
of the intake valve during the catalyst warm-up control.

[0006]  Accordingly, during the execution of the catalyst warm-up control for the
hybrid vehicle as in JP 2012-40915 A, emission or fuel economy deterioration may occur
when there is the lack of harmony between the output (Pe) of the internal combustion
engine and the operation characteristic (valve lift and/or valve operating angle) of the
intake valve. o

[0007] The invention provides a hybrid vehicle that is capable of improving fuel
economy and emission during catalyst warm-up control, a controller for a hybrid vehicle,
and a control method for a hybrid vehicle.

[0008] A hybrid vehicle according to a first aspect of the invention includes an
electric motor, an internal combustion engine, an exhaust emission control device, and a
controller. The electric motor is configured to generate a driving force for the vehicle.
The internal combustion engine includes a variable valve actuating device. The variable
valve actuating device is configured to control at least one of a valve lift and a valve
operating angle as an operation characteristic of an intake valve. The exhaust emission
control device is configured to control an exhaust emission of the internal combustion
engine by using a catalyst. The controller is configured to execute catalyst warm-up
control. The catalyst warm-up control is control for performing warm-up of the catalyst
of the exhaust emission control device. The catalyst warm-up control includes first
warm-up control and second warm-up control. The first warm-up control is control for
operating the internal combustion engine at a first operating point. The second warm-up
control is control for operating the internal combustion engine at a second operating point,
regardless of the driving force required for traveling, after the execution of the first
warm-up control. An output of the internal combustion engine at the second operating
point is larger than an output of the internal combustion engine at the first operating point.
The controller is configured to operate the internal combustion engine with ignition timing
of the internal combustion engine during the execution of the first warm-up control further
on a retard side than ignition timing of the internal combustion engine during the execution
of the second warm-up control. The controller is configured to set the output of the

internal combustion engine and the operation characteristic of the intake valve in
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accordance with a predetermined characteristic relationship during the execution of the
second warm-up control. The predetermined characteristic relationship is a relationship
in which the output of the internal combustion engine and the operation characteristic of
the intake valve correspond to each other.

[0009] In this hybrid vehicle, the output of the internal combustion engine during
the second warm-up control with a returned ignition timing can be appropriately set
depending on the operation characteristic of the intake valve after the first warm-up control
with a retarded ignition timing. In this manner, emission or fuel economy deterioration
attributable to the lack of harmony between the output of the internal combustion engine
and the operation characteristic of the intake valve can be prevented during the catalyst
warm-up control (during the second warm-up control in particular). Accordingly, the.
emission and the fuel economy can be improved during the catalyst warm-up control.

[0010] In the above-described aspect, the characteristic relationship may be
determined so that the output of the internal combustion engine decreases as at least one of
the valve lift and the valve operating angle increases.

[0011]  According to this configuration, an increase in the exhaust emission that is
caused by an excessive increase in the output of the internal combustion engine when the
valve lift and/or the valve operating angle are/is large and the fuel economy deterioration
that is caused by an excessive decrease in the output of the internal combustion engine
when the valve lift and/or the valve operating angle are/is small can be prevented during’
the second warm-up control.

[0012] In the above-described aspect, the hybrid vehicle may further include a
detector. The detector is configured to detect the operation characteristic of the intake
valve. The output of the internal combustion engine may be changed depending on a
present operation characteristic of the intake valve in accordance with the characteristic
relationship when the second warm-up control is executed and when the operation
characteristic of the intake valve is changed. The present operation characteristic of the
intake valve is detected by the detector.

[0013] According to this configuration, the emission or fuel economy
deterioration attributable to the lack of harmony between the output of the internal
combustion engine and the operation characteristic of the intake valve can be prevented
even when the operation characteristic of the intake valve is changed regardless of a
control command during the second warm-up control due to, for example, a control delay
of the variable valve actuating device.

[0014] In the above-described aspect, the controller may be configured to set the
output of the internal combustion engine in accordance with the characteristic relationship

depending on a present operation characteristic of the intake valve when the second
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warm-up control is executed and when the change in the operation characteristic of the
intake valve by the variable valve actuating device is limited. The variable valve
actuating device may be configured to change the operation characteristic of the intake
valve in accordance with the characteristic relationship depending on the output of the
internal combustion engine set for the catalyst warm-up control when the second warm-up
control is executed and the change in the operation characteristic of the intake valve by the
variable valve actuating device is not limited.

[0015]  According to this configuration, the output of the internal combustion
engine is set depending on the present operation characteristic of the intake valve in a state
where the change in the operation characteristic of the intake valve is limited.
Accofdingly, the emission or fuel economy deterioration attributable to the lack of
harmony between the output of the internal combustion engine and the operation
characteristic of the intake valve can be prevented. When control of the operation
characteristic of the intake valve is normal, the output of the internal combustion engine
during the second warm-up control can be set to be suitable for the catalyst warm-up
control.  Accordingly, the time required for the catalyst warm-up control can be
shortened.

[0016] In thé above-described aspect, the controller may be configured to
increase the output of the internal combustion engine depending on a rise in a temperature
of the catalyst when the second warm-up control is executed and when the change in the
operation characteristic of the intake valve by the variable valve actuating device is not
limited.

[0017] According to this configuration, the output of the internal combustion
engine can be increased depending on a rise in a purification capaéity of the catalyst during
the second warm-up control. Accordingly, the time required for the catalyst warm-up
control can be shortened by increasing the output of the internal combustion engine within
a range not exceeding the purification capacity of the catalyst.

[0018] In the above-described aspect, the variable valve actuating device may be
configured to change the operation characteristic of the intake valve into a first
characteristic or a second characteristic. At least one of the valve lift and the valve
operating angle at a time when the operation characteristic of the intake valve is the second
characteristic may be larger than at least one of the valve lift and the valve operating angle
at a time when the operation characteristic of the intake valve is the first characteristic.
The characteristic relationship may be determined so that the output of the internal
combustion engine at a time when the operation characteristic of the intake valve is the
second characteristic is lower than the output of the internal combustion engine at a time

when the operation characteristic of the intake valve is the first characteristic.
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[0019] According to this configuration, the fuel economy and emission during the
catalyst warm-up control can be improved in the hybrid vehicle on which the variable
valve actuating device that controls the operation characteristic (at least one of the valve
lift and the valve operating angle) of the intake valve in two stages is mounted. By
switching the operation characteristic of the intake valve in the two stages, the time
required for setting a control parameter for controlling an operation state of the internal
combustion engine appropriate can be reduced. In addition, torque that is required for an
actuator for changing the operation characteristic of the intake valve can be reduced and
the actuator can become compact in size and light in weight. Actuator manufacturing
costs can be reduced as well.

[0020] In the above-described aspect, the variable valve actuating device may be
configured to change the operation characteristic of the intake valve into a first
characteristic, a second characteristic, or a third characteristic. At least one of the valve
lift and the valve operating angle at a time when the operation characteristic of the intake
valve is the second characteristic may be larger than at least one of the valve lift and the
valve operating angle at a time when the operation characteristic of the intake valve is the
first characteristic. At least one of the valve lift and the valve operating angle at a time
when the operation characteristic of the intake valve is the third characteristic may be
larger than at least one of the valve lift and the valve operating angle at a time when the
operation characteristic of the intake valve is the second characteristic. The characteristic
relationship may be determined so that the output of the internal combustion engine at a
time when the operation characteristic is the second characteristic is lower than the output
of the internal combustion engine at a time when the operation characteristic is the first
characteristic and the output of the internal combustion engine at a time when the operation
characteristic is the third characteristic is lower than the output of the internal
combustion engine at a time when the operation characteristic is the second characteristic.

[0021] According to this configuration, the fuel economy and emission during the
catalyst warm-up control can be improved with the variable valve actuating device that
controls the operation characteristic (at least one of the valve lift and the valve operating
angle) of the intake valve in three stages. By switching the operation characteristic of the
intake valve in the three stages, the setting of the operation characteristic can be further
segmented while the effects of the two-stage switching of the operation characteristic of
the intake valve are maintained. As a result, the fuel economy and emission can be
improved more appropriately than in the two-stage switching of the operation
characteristic of the intake valve.

[0022] In the above-described aspect, the first warm-up control may be control

for warming up an exhaust upstream side of the catalyst and the second warm-up control
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may be control for warming up whole of the catalyst.

[0023] According to this configuration, the output of the internal combustion
engine is increased and the second warm-up control is executed after activation of the
exhaust upstream side by the first warm-up control accompanying ignition timing
retardation. Accordingly, the exhaust emission can be suppressed through the catalyst
warm-up control.

[0024] In the above-described aspect, the controller may be configured to control
the electric motor, so that the electric motor outputs the driving force required for the
traveling, during the execution of the first warm-up control and during the execution of the
second warm-up control.

[0025] During the execution of the catalyst warm-up control, this hybrid vehicle
travels by using the electric motor. Accordingly, the warm-up on the catalyst of the
exhaust emission control device can be appropriately performed by the first warm-up
control and the second warm-up control regardless of the driving force for the traveling.
In addition, the fuel economy and emission during the catalyst warm-up control can be
improved by setting the output of the internal combustion engine and the operation
characteristic of the intake valve in conjunction with each other during the second
warm-up control.

[0026] A second aspect of the invention relates to a controller for a hybrid vehicle.
The hybrid vehicle includes an electric motor, an infernal combustion engine, and an
exhaust emission control device. The electric motor is configured to generate a driving
force for the vehicle. The internal combustion engine includes a variable valve actuating
device. The variable valve actuating device is configured to control at least one of a
valve lift and a valve operating angle as an operation characteristic of an intake valve.
The exhaust emission control device is configured to control an exhaust emission of the
internal combustion engine by using a catalyst. The controller includes first warm-up
control means, second warm-up control means, ignition timing setting means, and
operation characteristic setting .means. The first warm-up control means operates the
internal combustion engine at a first operating point. The second warm-up control means
operates the internal combustion engine at a second operating point. An output of the
internal combustion engine at the second operating point is larger than an output of the
internal combustion engine at the first operating point. The ignition timing setting means
sets ignition timing of the internal combustion engine during the operation of the internal
combustion engine by the first warm-up control means further on a retard side than ignition
timing of the internal combustion engine during the operation of the internal combustion
engine by the second warm-up control means. The operation characteristic setting means
sets the output of the internal combustion engine and the operation characteristic of the
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intake valve during the operation of the internal combustion engine by the second warm-up
control means in accordance with a predetermined characteristic relationship. The
predetermined characteristic relationship is a relationship in which the output of the
internal combustion engine and the operation characteristic of the intake valve correspond
to each other.

[0027] A third aspect of the invention relates to a control method for a hybrid
vehicle. The hybrid vehicle includes an electric motor, an internal combustion engine, an
exhaust emission control device, and a controller. The electric motor is configured to
generate a driving force for the vehicle. The internal combustion engine includes a
variable valve actuating device. The variable valve actuating device is configured to
control at least one of a valve lift and a valve operating angle as an operation characteristic
of an intake valve. The exhaust emission control device is configured to control an
exhaust emission of the internal combustion engine by using a catalyst. The control
method includes performing first warm-up control by the controller. The first warm-up
control is control for operating the internal combustion engine at a first operating point.

" The control method includes performing second warm-up control by the controller. The

second warm-up control is control for operating the internal combustion engine at a second

operating point. An output of the internal combustion engine at the second operating

- point is larger than an output of the internal combustion engine at the first operatihg point.

The control method includes operating the internal combustion engine by the controller
with ignition timing of the internal combustion engine during an execution of the first
warm-up control further on a retard side than ignition timing of the internal combustion
engine during an execution of the second warm-up control. The control method includes
setting the output of the internal combustion engine and the operation characteristic of the
intake valve in accordance with a predetermined characteristic relationship by the
controller during the execution of the second warm-up control. The predetermined
characteristic relationship is a relationship in which the output of the internal combustion

engine and the operation characteristic of the intake valve correspond to each other.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] 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 block diagram for showing an overall configuration of a hybrid vehicle
according to a first embodiment of the invention;
FIG. 2 is a configuration diagram of an engine that is illustrated in FIG. 1;

FIG. 3 is a diagram illustrating a valve displacement amount-crank angle relationship



10

15

20

25

30

35

WO 2015/145242 PCT/IB2015/000391

that is realized by a VVL device;

FIG. 4 is a front view of the VVL device;

FIG. 5 is a partial perspective view illustrating the VVL device that is illustrated in
FIG. 4,

FIG. 6 is a diagram illustrating a valve displacement amount-crank angle relationship
that is realized by a VVL device which is capable of switching an operation characteristic
of an intake valve in three stages;

FIG. 7 is a conceptual diagram for showing an operation during piston rise at a time
when a valve lift and a valve operating angle of the intake valve are large;

FIG. 8 is a conceptual diagram for showing an operation during piston rise at a time
when the valve lift and the valve operating angle of the intake valve are small;

FIG. 9 is a conceptual diagram for showing an operation during piston lowering at a
time when the valve lift and the valve operating angle of the intake valve are small;

FIG. 10 is a conceptual diagram for showing an engine output characteristic at a time
when the operation characteristics (valve lift and valve operating angle) of the intake valve
are changed;

FIG. 11 is an operation waveform diagram for showing engine control during catalyst
warm-up control in the hybrid vehicle according to the first embodiment of the invention;

FIG. 12 is a conceptual graph for showing a characteristic relationship between an
exhaust gas emission amount and an integrated HC emission amount corresponding to the
operation characteristic of the intake valve;

FIG. 13 is a conceptual diagram for showing a characteristic relationship between the
operation characteristic of the intake valve and an engine output during second warm-up
control;

FIG. 14 is a flowchart showing engine output setting during the second warm-up
control in the catalyst warm-up control in the hybrid vehicle according to the first
embodiment of the invention; ‘

FIG. 15 is a first operation waveform diagram of the catalyst warm-up control at a
time when the operation characteristic of the intake valve is limited;

FIG. 16 is a second operation waveform diagram of the catalyét warm-up control at a
time when the operation characteristic of the intake valve is limited;

FIG. 17 is a diagram illustrating a valve displacement amount-crank angle
relationship that is realized by a VVL device which is capable of switching the operation
characteristic of the intake valve in two stages;

FIG. 18 is a flowchart showing engine output setting during the second warm-up
control in a case where the catalyst warm-up control according to the first embodiment is

performed by applying the VVL device that has the operation characteristic which is
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illustrated in FIG. 17;

FIG. 19 is a flowchart showing control processing for second warm-up control in
catalyst warm-up control in a hybrid vehicle according to a second embodiment of the
invention; '

FIG. 20 is a conceptual diagram showing an example of engine output setting during
second warm-up control in catalyst warm-up control at a time when control of an operation
characteristic of an intake valve is normal; and

FIG. 21 is another configuration diagram of the engine that is illustrated in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments of the invention will be described in detail with
reference to accompanying drawings. A plurality of the embodiments will be described
below, and appropriate combination of configurations described in the respective
embodiments is scheduled from the beginning. In principle, like reference numerals will
be used to refer to like or corresponding parts in the drawings and description thereof will
not be repeated.

[0030] FIG. 1 is a block diagram for showing an overall configuration of a hybnd
vehicle according to a first embodiment of the invention.

[0031] Referring to FIG. 1, a hybrid vehicle 1 is provided with an engine 100,
motor generators MG1, MG2, a power split device 4, a decelerator 5, and drive wheels 6.
In addition, the hybrid vehicle 1 is further provided with an electric power storage device
10, a power control unit (PCU) 20, and a controller 200. |

[0032] The hybrid vehicle 1 is capable of traveling by using a driving force that is
output from at least one of the engine 100 and the motor generator MG2. An internal

‘combustion engine such as a gasoline engine and a diesel engine constitutes the engine 100,

and the engine 100 generates the driving force for the vehicle. In addition, the engine 100
generates a driving force for driving the motor generator MG1 that can be operated as an
electric power generator. '

[0033] The engine 100 can be started when the engine 100 is cranked by the
motor generator MG1. The engine 100 has a variable valve actuating device for changing
an operation characteristic of an intake valve. The variable valve actuating device is
controlled by the controller 200 in accordance with a traveling situation of the vehicle and
startability of the engine 100. An exhaust emission control device that controls an
exhaust emission of the engine 100 by using a catalyst 1s disposed in an exhaust passage of
the engine 100. The engine 100, the variable valve actuating device, and the exhaust
emission control device will be described in detail later.

[0034] The power split device 4 is configured to be capable of splitting the
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driving force that is generated by the engine 100 into a driving force for driving the drive
wheels 6 and the driving force for driving the motor generator MG1 via the decelerator 5.
A planetary gear, for example, constitutes the power split device 4.

~ [0035] The motor generators MG1, MG2 are AC rotary electric machines, and,
for example, are three-phase AC synchronous motor generators. The motor generator
MGT1 can generate electric power by using the driving force for the engine 100 that is
received via the power split device 4. For example, the engine 100 is started and the
electric power generation is performed by the motor generator MG1 when an SOC of the:
electric power storage device 10 reaches a predetermined lower limit. The electric power
that is generated by the motor generator MGl is voltage-converted by the PCU 20, and is
temporarily stored in the electric power storage device 10 or is directly supplied to the
motor generator MG2.

[0036] The motor generator MG2 generates the driving force by using at least one
of the electric power that is stored in the electric power storage device 10 and the electric
power that is generated by the motor generator MG1. The driving force of the motor
generator MG?2 is transmitted to the drive wheels 6 via the decelerator 5. In FIG. 1, front
wheels are illustrated as the drive wheels 6. However, the motor generator MG2 may
drive rear wheels instead of the front wheels or along with the front wheels.

[0037] During braking of the vehicle, the motor generator MG2 is driven by the
drive wheels 6 via the decelerator 5 and the motor generator MG?2 is operated as an electric
power generator. In this manner, the motor generator MG?2 is operated as a régenerative
brake that converts braking energy into electric power. The electric power that is
generated by the motor generator MG2 is stored in the electric power storage device 10.

[0038]  The PCU 20 is a drive device for driving the motor generators MG1, MG2.
The PCU 20 includes an inverter for driving the motor generators MG1, MG2 and may
include a converter for voltage conversion between the inverter and the electric power
storage device 10. ‘ _

[0039] The electric power storage device 10 is a rechargeable DC power supply
and is configured to include, for example, a secondary battery such as a nickel hydrogen
secondary battery and a lithium ion secondary battery. The electric power storage device
10 has a voltage of, for example, approximately 200 V.  The electric power storage device
10 stores the electric power generated by the motor generators MG1, MG2. A
large-capacity capacitor can be adopted as the electric power storage device 10. The
electric power storage device 10 is not particularly limited insofar as the electric power
storage device 10 is an electric power buffer that is capable of temporarily storing the
electric power generated by the motor generators MG1, MG2 and is capable of supplying

the stored electric power to the motor generator MG2. In addition, sensors for detecting a
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temperature, a voltage, and a current of the electric power storage device 10 are disposed
in the electric power storage device 10. Values detected by the sensors are output to the
controller 200.

[0040] The controller 200 is configured to include an electronic control unit
(ECU) that includes a central processing unit (CPU, not illustrated), a storage device (not
illustrated), an I/O buffer (not illustrated), and the like. The controller 200 inputs signal
(accelerator opening ACC, vehicle speed VSS, and the like) to various sensors, outputs
control signal to each instrument, and controls each instrument of the hybrid vehicle 1.
The controller 200 executes, for example, traveling control for the hybrid vehicle 1,
catalyst warm-up control for performing warm-up on the catalyst of the exhaust emission
control device, and variable valve actuating device control in accordance with the traveling
control and the catalyst warm-up control as main control. An operation of the controller
200 will be described later.

[0041] Next, a configuration of the engine that has a variable valve mechanism
will be described.

[0042] FIG. 2 is a diagram illustrating the configuration of the engine 100 that is
illustrated in FIG. 1. Referring to FIG. 2, the amount of air intake into the engine 100 is
adjusted by a throttle valve 104. The throttle valve 104 is driven by a throttle motor 312.
An injector 108 injects a fuel to an intake port. At the intake port, the fuel is mixed with
air. The air-fuel mixture is introduced into a cylinder 106 when an intake valve 118 is
open. The injector 108 may be disposed as a direct injector that directly injects the fuel
into the cylinder 106. Alternatively, both a port injector and a direct injector may be
disposed as the injector 108. :

[0043] The air-fuel mixture in the cylinder 106 is ignited and combusted by an
ignition plug 110. The combusted air-fuel mixture, that is, an exhaust gas, is discharged
to the exhaust passage. The exhaust emission control device that purifies the exhaust gas
by using the catalyst is disposed in the exhaust passage. The exhaust emission control
device is configured to include a catalyst 112S (hereinafter, also referred to as a “start cat
(S/C) catalyst”) and a catalyst 112U (hereinafter, also referred to as an ‘“underfloor (U/F)
catalyst”) that is arranged on a downstream side from the S/C catalyst 112S. The exhaust
gas is purified by the S/C catalyst 112S and the U/F catalyst 112U and then is discharged
out of the vehicle. The combustion of the air-fuel mixture causes a piston 114 to be
pushed down and a crankshaft 116 to rotate. |

[0044] The intake valve 118 and an exhaust valve 120 are disposed in a top
portion of the cylinder 106.- The amount of the air introduced to the cylinder 106 and
timing of the introduction are controlled by the intake valve 118. The amount of the

exhaust gas discharged from the cylinder 106 and timing of the discharge are controlled by
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the exhaust valve 120. The intake valve 118 is driven by a cam 122 and the exhaust valve
120 1s driven by a cam 124.

[0045] An operation characteristic of the intake valve 118 is controlled by a
variable valve lift (VVL) device 400 as described in detail later. Hereinafter, an example
in which a valve lift and a valve operating angle are controlled as the operation
characteristics of the intake valve 118 will be described. A valve lift and/or a valve
operating angle of the exhaust valve 120 may also be controlled. In addition, a variable
valve timing (VVT) device that controls opening and closing timing may be combined
with the VVL device 400.

[0046] The engine 100 further includes an exhaust gas recirculation (EGR) device.
The EGR device includes an EGR passage 140 and an EGR valve 142. The EGR passage
140 1is a pipe line for reflux of the exhaust emission of the engine 100 to an intake side.
The EGR valve' 142 is disposed in the EGR passage 140 and opening and closing of the
EGR valve 142 is controlled by the controller 200.

[0047] When the EGR valve 142 is open, the EGR passage 140 allows an exhaust
path and an air intake path to communicate with each other. When the EGR valve 142 is
closed, the EGR passage 140 is blocked. When the EGR valve 142 is open and the
exhaust emission is subjected to the reflux to the air intake path, a pumping loss can be
reduced by reducing a throttle loss. In other words, fuel economy can be improved by the
EGR device. '

[0048] Signals from a cam angle sensor 300, a crank angle sensor 302, a knock
sensor 304, a throttle opening sensor 306, a water temperature sensor 309, and a VVL
position sensor 311 as well as the signals showing the accelerator opening ACC and the
vehicle speed VSS are input into the controller 200.

[0049] The cam angle sensor 300 outputs a signal that shows a cam position.
The crank angle sensor 302 outputs signals that show a speed (engine speed) of the
crankshaft 116 and a rotation angle of the crankshaft 116. The knock sensor 304 outputs
a signal that shows vibration intensity of the engine 100. The throttle opening sensor 306
outputs a signal that shows a throttle opening 6th. - The water temperature sensor 309

outputs a signal that shows a coolant temperature Tw of the engine 100.

[0050] - The VVL position sensor 311 is configured to detect data that shows a
present operation characteristic of the intake valve 118 which is controlled by the VVL
device 400. A detection value Lv that is obtained by the VVL position sensor 311 is input
into the controller 200. In other words, the controller 200 can detect current valve lift and
valve operating angle values based on the detection value Lv of the VVL position sensor
311. |

[0051] In addition, the controller 200 controls the engine 100 based on the signals
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from the sensors described above. Specifically, the controller 200 controls the throttle
opening Oth, ignition timing, fuel injection timing, a fuel injection amount, an operation of
the EGR device (opening of the EGR valve 142), and operation states of the intake valve
(opening and closing timing, valve lift, valve operating angle, and the like) so that the
engine 100 is operated at a desired operating point in accordance with the traveling
situation of the vehicle and a warm-up situation of the exhaust emission control device.
The operating point is an operation point of the engine 100 at which power, torque, and
speed of the engine 100 are determined. The operating point of the engine 100 1is
determined so that the engine 100 outputs desired power and torque.

[0052] In this embodiment, an example in which the engine output is controlled
on a power basis is described. Accordingly, the controller 200 sets an engine power
demand as an output demand to the engine 100 during the traveling control for the hybrid
vehicle 1. In addition, the controller 200 controls the parameter group described above so
that the éngine 100 is operated at the operation point (combination of the engine speed and
the engine torque) where the output is generated in accordance with the engine power
demand. _

[0053] FIG. 3 is a diagram illustrating a valve displacement amount-crank angle
relationship that is realized by the VVL device 400. Referring to FIG. 3, the exhaust
valve 120 is opened and closed in an exhaust stroke and the intake valve 118 is opened and
closed in an intake stroke. A waveform EX shows the valve displacement amount of the
exhaust valve 120 and waveforms IN1, IN2 show the valve displacement amount of the
intake valve 118.

[0054] The valve displacement amount is the amount of displacement of the
intake valve 118 from a state where the intake valve 118 is closed. The valve lift is the
valve displacement amount at a time when the opening of the intake valve 118 reaches a
peak. The valve operating angle is the crank angle at a time during which the intake
valve 118 is opened and then closed.

[0055] The operation characteristic of the intake valve 118 is changed between
the waveforms IN1, IN2 by the VVL device 400. The waveform IN1 shows a case where
the valve lift and the valve operating angle are minimized. The waveform IN2 shows a
case where the valve lift and the valve operating angle are maximized. In the VVL device
400, the valve operating angle increases as the valve lift increases. In other words, in the
VVL device 400 that is illustrated as an example of this embodiment, the valve lift and the
valve operating angle are changed as the operation characteristics of the intake valve 118.

[0056] FIG. 4 is a front view of the VVL device 400 that is an example of a
device which controls the valve lift and the valve operating angle of the intake valve 118.

[0057] Referring to FIG. 4, the VVL device 400 is provided with a drive shaft 410
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that extends in one direction, a supporting pipe 420 that covers an outer circumferential
surface of the drive shaft 410, and an input arm 430 and an oscillation cam 440 that are
arranged 1n parallel in an axial direction of the drive shaft 410 on an outer circumferential
surface of the supporting pipe 420. An actuator (not illustrated) that allows the drive
shaft 410 to be in linear motion is connected to a tip of the drive shaft 410.

[0058] In the VVL device 400, one input arm 430 is disposed depending on one
cam 122 that is disposed in each cylinder. Two oscillation cams 440 are disposed on both
respective sides of the input arm 430 depending on respectively a pair of the intake valves
118 disposed in each cylinder.

[0059] The supporting pipe 420 is formed to have a hollow cylindrical shape and
is arranged in parallel to a camshaft 130. The supporting pipe 420 is fixed to a cylinder
head so as not to be moved in the axial direction or rotate.

[0060] The drive shaft 410 is inserted into the supporting pipe 420 to be capable
of sliding in the axial direction thereof. The input arm 430 and the two oscillation cams
440 are disposed on the outer circumferential surface of the supporting pipe 420 to be
capable of oscillating about the axial center of the drive shaft 410 and not to be moved in
the axial direction thereof.

[0061] The input arm 430 has an arm portion 432 that protrudes away from the
outer circumferential surface of the supporting pipe 420 and a roller portion 434 that is .
rotatably connected to a tip of the arm portion 432. The input arm 430 is disposed so that
the roller portion 434 can abut against the cam 122.

[0062] The oscillation cam 440 has a substantially triangular nose portion 442
that protrudes away from the outer circumferential surface of the supporting pipe 420. A
concavely curved cam surface 444 is formed on one side of the nose portion 442. A
biasing force of a valve spring that is disposed in the intake valve 118 causes a roller
rotatably mounted on a rocker arm 128 to be pressed against the cam surface 444.

[0063] The input arm 430 and the oscillation cam 440 are integrated with each
other and oscillate about the axial center of the drive shaft 410. Accordingly, when the
camshaft 130 rotates, the input arm 430 that abuts against the cam 122 oscillates, and the
oscillation cam 440 also oscillates in response to the movement of the input arm 430.
The movement of the oscillation cam 440 is transmitted to the intake valve 118 through the
rocker arm 128 so that the intake valve 118 is opened and closed.

[0064] The VVL device 400 is further provided with a device that changes a
relative phase difference between the input arm 430 and the oscillation cam 440 around the
axial center of the supporting pipe 420. The valve lift and the valve operating angle of
the intake valve 118 are appropriately changed by the device that changes the relative
phase difference.
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[0065]  When the relative phase difference between the input arm 430 and the
oscillation cam 440 is increased, an oscillation angle of the rocker arm 128 with respect to
oscillation angles of the input arm 430 and the oscillation cam 440 are increased. Then,
the valve lift and the valve operating angle of the intake valve 118 are increased.

[0066]  When the relative phase difference between the input arm 430 and the
oscillation cam 440 is decreased, the oscillation angle of the rocker arm 128 with respect to
the oscillation angles of the input arm 430 and the oscillation cam 440 are decreased.
Then, the valve lift and the valve operating angle of the intake valve 118 are decreased.

[0067] FIG. 5 is a partial perspective view illustrating the VVL device 400. In
FIG 5, a part of the VVL device 400 is shown in a broken manner so that an internal
structure can be clarified.

[0068] Referring to FIG. 5, a slider gear 450 that is rotatable with respect to the
supporting pipe 420 and is slidably supported in the axial direction is accommodated in a
space defined between the input arm 430 and the two oscillation cams 440 and the outer
circumferential surface of the supporting pipe 420. The slider gear 450 is disposed to be
capable of sliding in the axial direction on the supporting pipe 420.

[0069] A helical gear 452 that is positioned in an axial-direction center portion of
the slider gear 450 and has a right screw spiral-shaped helical spline formed therein is
disposed in the slider gear 450. In addition, helical gears 454 that are positioned on both
sides of the helical gear 452 and have left screw spiral-shaped helical splines formed
therein contrary to the helical geaf 452 are disposed in the slider gear 450.

[0070]  Helical splines corresponding to the helical gears 452, 454 are formed on
respective inner circumferential surfaces of the input arm 430 and the two oscillation cams
440 that define the space in which the slider gear 450 is accommodated. In other words,
the right screw spiral-shaped helical spline is formed in the input arm 430, and the helical
spline is engaged with the helical gear 452. In addition, the left screw spiral-shaped
helical splines are formed in the oscillation cams 440, and the helical splines are engaged
with the helical gears 454.

[0071] A long hole 456 that is positioned between one of the helical gears 454
and the helical gear 452 and extends in a circumferential direction is formed in the slider
gear 450. In addition, although not illustrated, a long hole that extends in the axial
direction to overlap with a part of the long hole 456 is formed in the supporting pipe 420.
A locking pin 412 that protrudes through the overlapping part of the long hole 456 and the
long hole (not illustrated) is disposed integrally with the drive shaft 410 inserted into the
supporting pipe 420.

[0072]  When the drive shaft 410 is moved in the axial direction thereof by the
actuator (not illustrated) that is connected to the drive shaft 410, the slider gear 450 is
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pushed by the locking pin 412 and the helical ‘gears 452, 454 are moved in the axial
direction of the drive shaft 410 at the same time. The input arm 430 and the oscillation
cams 440 that are spline-engaged with the helical gears 452, 454 are not moved in the axial
direction when the helical gears 452, 454 are moved as described above. Accordingly,
the input arm 430 and the oscillation cams 440 pivot around the axial center of the drive
shaft 410 through helical spline engagement.

[0073] In this case, the helical splines that are formed in the input arm 430 and
the oscillation cams 440 have opposite directions. Accordingly, the input arm 430 and the
oscillation cams 440 have opposite pivoting directions. In this manner, the relative phase
difference between the input arm 430 and the oscillation cam 440 is changed and the valve
lift and the valve operating angle of the intake valve 118 are changed as described above.

[0074) For example, the VVL position sensor 311 illustrated in FIG. 2 is
configured to have a mechanism that is capable of detecting a mechanical phase difference
between the input arm 430 and the oscillation cam 440. Alternatively, the VVL position
sensor 311 can also be configured to have a mechanism that is capable of detecting an
axial-direction position of the drive shaft 410 which is moved by the actuator (not
illustrated). The configuration of the VVL position sensor 311 is not 'particularly limited
insofar as the valve lift and the valve operating angle, which are the operation
characteristics of the intake valve 118, can be obtained directly or indirectly from the
detection value of the VVL position sensor 311.

[0075] The controller 200 controls the valve lift and the valve operating angle of
the intake valve 118 by adjusting an operation amount of the actuator that allows the drive
shaft 410 to be in linear motion. An electric motor, for example, can constitute the
actuator. In general, the electric motor that constitutes the actuator receives electric
power supply from a battery (auxiliary battery) which is separate from the electric power
storage device 10 in this case. Alternatively, the actuator can also be configured to be
operated by hydraulic pressure that is generated by an oil pump which is driven by the
engine 100. '

[0076] The VVL device is not limited to the examples illustrated in FIGS. 4 and 5.
For example, a VVL device that electrically drives a valve or drives a valve by using
hydraulic pressure may also be used. In other words, the mechanism for changing the
operation characteristics (valve lift and valve operating angle) of the intake valve 118 are
not particularly limited in this embodiment, and known mechanisms can be applied if
appropriate.

[0077] FIG 6 is a diagram illustrating a valve displacement amount-crank angle
relationship that is realized by the VVL device 400 which is capable of switching the

operation characteristic of the intake valve 118 in three stages.
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[0078]  Referring to FIG. 6, the VVL device 400 can switch the operation
characteristic of the intake valve 118 to any one of a first characteristic to a third
characteristic. A waveform INla shows the first characteristic. A waveform IN2a
shows the second characteristic, in which the valve lift and the valve opera{ing angle are
larger than when the operation characteristic is the first characteristic. A waveform IN3a
shows the third characteristic, in which the valve lift and the valve operating angle are
larger than when the operation characteristic is the second characteristic.

[0079] Hereinafter, the first characteristic (waveform IN1a) in which the valve lift
and the valve operating angle are relatively smaller than in the other two will be referred to
as a “small cam characteristic” and the third characteristic (waveform IN3a) in which the

valve lift and the valve operating angle are relatively larger than in the other two will be

referred to as a “large cam characteristic”. In addition, the second characteristic

(waveform IN2a) in which the valve lift and the valve operating angle are larger than in the
small cam characteristic and smaller than in the large cam characteristic will be referred to
as a “medium cam characteristic”.

[0080] FIG. 7 is a diagram for showing an operation during piston rise at a time
when the operation characteristic of the intake valve 118 is the large cam characteristic.

[0081] Referring to FIG. 7, the timing at which the intake valve 118 is closed
during the rise of the piston 114 is delayed in a case where the operation characteristic of
the intake valve 118 is the large cam characteristic. Accordingly, the engine 100 is
operated by the Atkinson cycle and the fuel economy can be improved. In the intake
stroke, a part of the air intake into the cylinder 106 is returned out of the cylinder 106, and
thus a compression ratio of the air-fuel mixture in the cylinder 106 is reduced and

ignitability of the air-fuel mixture is deteriorated. Then, a combustion state of the air-fuel

- mixture tends to deteriorate and the emission in the exhaust gas is deteriorated. Because a

compression reaction force in a compression stroke is reduced, vibration resulting from
engine start can be reduced when application is made to the engine start.

[0082]  FIG. 8 is a diagram for showing an operation during piston rise at a time
when the operation characteristic of the intake valve 118 is the small cam characteristic.
FIG. 9 is a diagram for showing an operation during piston lowering at a time when the
operation characteristic of the intake valve 118 is the small cam characteristic.

[0083] Referring to FIGS. 8 and 9, the timing at which the intake valve 118 is
opened during the lowering of the piston 114 is delayed in a case where the operation
characteristic of the intake valve 118 is the small cam characteristic. Accordingly, the
air-fuel mixture is taken in from the intake port in a state where a negative pressure is
generated in the cylinder 106, and the mixing of the fuel in the cylinder 106 is accelerated.
In addition, the timing at which the intake valve 118 is closed during the rise of the piston
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114 is advanced, and thus the compression ratio of the air-fuel mixture in the cylinder 106
rises and the ignitability of the air-fuel mixture is improved. Accordingly, the combustion
state of the air-fuel mixture is improved and the emission in the exhaust gas is improved.
Due to a large pumping loss, however, the fuel economy is relatively deteriorated.

[0084] If the small cam characteristic is applied to the engine start, the vibration
increases compared to the case of the large cam characteristic but the ignitability is better
and thus the startability during engine cooling can be increased. If the large cam
characteristic is applied to the engine start, the vibration during the engine start can be
suppressed compared to the case of the small cam characteristic whereas the startability
may drop during the engine cooling.

[0085] FIG 10 is a conceptual diagram for showing an engine output
characteristic at a time when the operation characteristics (valve lift and valve operating
angle) of the intake valve 118 are changed.

[0086]  Referring to FIG. 10, the horizontal axis shows the engine speed and the
vertical axis shows the engine torque. The lines illustrated by the one-dot chain lines
represent torque characteristics corresponding to the first to third characteristics (IN1a to
IN3a). The circles illustrated by the solid lines represent equal fuel economy lines, and
the fuel economy is higher toward the center of the circle.

[0087] Schematically, a larger engine torque can be output as the valve lift and
the valve operating angle decrease in a low-speed range of the engine 100. In a
high-speed range of the engine 100, a larger engine torque can be output as the valve lift
and the valve operating angle increase. In addition, the engine 100 has the best fuel
economy when the medium cam characteristic is applied in a mid-speed range. During
normal control after the completion of the catalyst warm-up control, the engine 100 is
operated basically on an engine operation line that is determined in advance in view of the
above-described characteristics. This engine operation line is illustrated by the solid line
in FIG. 10.

[0088] According to the engine operation line, engine vibration suppression is
important in the low-speed range that is illustrated as an area R1. In this low-speed range,
the EGR valve 142 (FIG. 2) is closed so that EGR gas introduction is stopped, and the fuel
economy can be improved by the Atkinson cycle. Accordingly, in the area R1, the third
characteristic (IN3a: lafge cam characteristic) is selected as the operation characteristic of
the intake valve 118 so that the valve lift and the valve operating angle increase.

[0089] In the mid-speed range that is illustrated as an area R2, the EGR valve 142
(FIG. 2) is opened and an EGR gas introduction amount increases, and thus the fuel
economy can be improved. Accordingly, in the area R2, the second characteristic

(medium cam characteristic) is selected as the operation characteristic of the intake valve
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118 so that the valve lift and the valve operating angle are at medium levels.

[0090] In other words, the fuel efficiency improvement by the Atkinson cycle is
given priority over the fuel efficiency improvement by the EGR gas introduction in a case
where the valve lift and the valve operating angle of the intake valve 118 are large (large
cam characteristic). In a case where the medium valve lift and the medium valve
operating angle are selected (medium cam characteristic), the fuel efficiency improvement
by the EGR gas introduction is given priority over the fuel efficiency improvement by the
Atkinson cycle.

[0091] In the high-speed range that is illustrated as an area R3, a large amount of
air is introduced into the cylinder by intake inertia and an output performance can be
improved by a rise in actual compression ratio. Accordingly, in the area R3, the third
characteristic (large cam) is selected as the operation characteristic of the intake valve 118
so that the valve lift and the valve operating angle increase. In this manner, the valve lift
and the valve operating angle are determined in accordance with the operation state
(operation point) of the engine 100 during the normal control during the traveling.

[0092] Referring back to FIGS. 1 and 2, the hybrid vehicle 1 is capable of
traveling by using the motor generators MG (EV traveling) with the engine 100 stopped.
In other words, the engine 100 is intermittently operated in the hybrid vehicle 1. Engine
start processing is executed when, for example, a predetermined engine start condition is
satisfied in the engine stop state. Representatively, the engine start condition is satisfied
when an output required for the hybrid vehicle 1 exceeds a predetermined threshold. In

contrast, an engine stop condition is satisfied and engine stop processing is executed if the

output required for the hybrid vehicle 1 drops during the operation of the engine 100.

[0093]  The engine start condition is also satisfied in a case where a predetermined
catalyst warm-up execution condition that is required for warm-up of the S/C catalyst 1125
(FIG. 2) which is disposed in the exhaust passage is satisfied. When the catalyst warm-up
execution condition is satisfied, the controller 200 executes the catalyst warm-up control
for operating the engine 100 in a state other than the normal control. The catalyst
warm-up execution condition is executed based on, for example, the temperature of the
S/C catalyst 112S (hereinafter, catalyst temperature). The catalyst temperature can be
estimated based on the operation of the engine 100 as described later.

[0094] The catalyst temperature drops when the engine is stopped, and thus the
catalyst warm-up execution condition is satisfied in the engine stop state. However, the
engine 100 is not limited to being in a cold state when the catalyst warm-up execution
condition is satisfied, and the catalyst warm-up execution condition may also be satisfied
when the engine 100 is in a warm state as the case may be. This is because of

arrangement location and heat capacity differences between the S/C catalyst 112S and a
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main body part of the engine 100. Usually, the S/C catalyst 112S is arranged in a
situation in which the S/C catalyst 112S is exposed to outside air and has a relatively small
heat capacity, and thus the catalyst temperature drop during the engine stop exceeds a drop
in the coolant temperature Tw of the engine 100. As a result, depending on outside air
conditions, the catalyst warm-up execution condition may be satisfied due to the catalyst
temperature drop even though the coolant temperature Tw of the engine 100 is not dropped
to a significant extent. '

10095] FIG. 11 is an operation waveform diagram for showing engine control
during the catalyst warm-up control. | '

 [0096] Referring to FIG. 11, the horizontal axis shows time, and waveforms
showing engine speed Ne, engine power Pe, ignition timing abp of the engine 100, a
purification rate in an exhaust upstream side end portion (for example, end face 10 mm
position) of the S/C catalyst 1128, a purification rate at the center of the S/C catalyst 1128,
a combustion temperature of the engine 100, and a setting state for the operation
characteristic of the intake valve 118 are shown in order from the top of the vertical axis.

[0097] The purification rate is defined as a ratio of the emission concentration of
the output exhaust gas to the emission concentration (representatively, HC concentration)
of the input exhaust gas. In actuality, the purification rate is estimated based on the
catalyst temperature by using a previously prepared map, a relational expression, and the
like. The catalyst temperature is estimated from the amount of air intake into the engine
100 and an ignition retard amount by using a previously prepared map, a relational
expression, and the like.

[0098] The catalyst purification rate (end face 10 mm), which is the purification
rate in the exhaust upstream side end portion of the S/C catalyst 112S, shows the
purification rate at the exhaust upstream side end face 10 mm as an example and will be
referred to as an “end face purification rate” in the following description. In addition, the
catalyst purification rate (center) shows the purification rate in the entire S/C catalyst 112S
and will be referred to as a “central purification rate” in the following description.

[0099] When the warm-up execution condition of the S/C catalyst 112S is
satisfied at time t1, the engine 100 is started for warm-up of the S/C catalyst 112S and the
catalyst warm-up control is initiated.

[0100] The controller 200 executes the catalyst warm-up control after dividing the
catalyst warm-up control into two stages, one being first warm-up control for warming up
the exhaust upstream side of the S/C catalyst 112S first and the other being second
warm-up control. The first warm-up control is executed immediately after the engine 100
is started. In other words, the first warm-up control is executed from time t1.

[0101] During the first warm-up control, the controller 200 sets the engine speed
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Ne to a constant value corresponding to an idling speed and then operates the engine 100
so that the engine output (engine power Pe) becomes first operating power P1 (for example,
low power of approximately 0 to 3 kW). The first operating power P1 does not respond
to traveling power, and the traveling power of the hybrid vehicle 1 is output from the motor
generator MG2.

[0102] In addition, the controller 200 controls the ignition timing aop of the
engine 100 to a retard side during the first warm-up control so as to increase a temperature
of combustion gas (exhaust gas). This is to increase the temperature of the exhaust gas
and warm up the S/C catalyst 112S early by controlling the ignition timing to the retard
side while suppressing the power of the engine 100 to suppress the amount of the exhaust
gas.

[0103] The first warm-up control causes the catalyst temperature to rise. In
response, the end face purification rate and the central purification rate of the S/C catalyst
1128 rise. The first warm-up control continues until the end face purification rate of the
S/C catalyst 1128 reaches 100%.

[0104] The controller 200 executes the second warm-up control after the exhaust
upstream side of the S/C catalyst 112S is warmed up by the first warm-up control and a
minimum exhaust purification capacity is ensured. Accordingly, the first warm-up
control is terminated and the second warm-up control is initiated when the end face
purification rate of the S/C catalyst 112S reaches 100% at time t2.

[0105] During the second warm-up control, the controller 200 returns the ignition
timing aop of the engine 100 controlled to the retard side to a normal state and operates the
engine 100 so that the engine output becomes lafger than during the first warm-up control.
For example, during the second warm-up control, the engine power Pe becomes second
operating power P2 (Pe=P2) that is larger than the first operating power P1 for the first
warm-up control. The second operating power P2 does not respond to the traveling
power, and is set not to exceed the exhaust purification capacity of the S/C catalyst 1128.
Even during the second warm-up control, the traveling power of the hybrid vehicle 1 is
output from the motor generator MG2. Since the engine power Pe is stably controlled
regardless of the traveling power, the warm-up of the S/C catalyst 112S continues in a state
where the operation of the engine 100 is stabilized.

[0106]  The second warm-up control is terminated when the exhaust purification
capacity of the S/C catalyst 1128 reaches 100% at time t3. As a result, the catalyst
warm-up control is also terminated and the normal control for operating the engine 100 so
that an output based on the traveling power is generated is applied to the engine 100.
During the normal control, traveling (HV traveling) for driving the motor generator MG2

and the engine 100 based on the traveling power is performed, the power demand for the
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engine 100 is set, and the engine output is controlled so that the engine power Pe is
controlled in accordance with the engine power demand. For example, the operation of
the engine 100 including the operation characteristic of the intake valve 118 is controlled
in accordance with the engine operation line that is illustrated in FIG. 10.

[0107]  Next, the operation characteristic of the intake valve 118 during the
catalyst warm-up control will be described. As described above, the engine 100 can be in
any of the cold state and the warm state when the catalyst warm-up control is initiated. In
general, whether the engine 100 is in the cold state or in the warm state is determined
based on the coolant temperature Tw (FIG. 2).

[0108] The solid line in FIG. 11 represents control of the intake valve 118 during
the catalyst warm-up control in the engine cold state and the dotted line in FIG. 11
represents control of the intake valve 118 during the catalyst warm-up control in the engine
warm state. ‘

[0109] In the engine cold state, the ignition timing aop is controlled to the retard
side and the combustion state of the engine 100 is unstable during the first warm-up
control immediately after the engine start. Accordingly, from time t1 to t2, the operation
characteristic of the intake valve 118 is set to the small cam characteristic (IN1a in FIG. 6),
with priority given to improving the combustion state of the air-fuel mixture, as illustrated
in FIG. 9. In this manner, the emission in the exhaust gas during the first warm-up control
can also be suppressed. Preferably, the operation characteristic of the intake valve 118 is
set to the large cam characteristic (IN3a in FIG. 6) after the combustion state in the engine
100 is stabilized. This is because the fuel economy can be improved when the engine 100
is operated by the Atkinson cycle.

[0110] Accordingly, the operation characteristic of the intake valve 118 is set to
the small cam characteristic (IN1a in FIG. 6) during the first warm-up control (time t1 to
t2) and is set to the large cam characteristic (IN3a in FIG. 6) during the second warm-up
control (time t2 to t3) in the catalyst warm-up control in the engine cold state. The
operation characteristic of the intake valve 118 may be changed to the large cam
characteristic (IN3a in FIG. 6) after providing a period in which the operation characteristic
of the intake valve 118 is set to the medium cam characteristic (IN2a in FIG. 6) during the
second warm-up control.

[0111] In the engine warm state, the combustion state of the engine 100 is
relatively good even if the ignition timing aop is controlled to be on the retard side.
Accordingly, as illustrated in FIG. 7, the operation characteristic of the intake valve 118 is
set to the large cam characteristic (IN3a) during the first warm-up control with priority
given to suppressing the vibration resulting from the engine start.

[0112] When the operation characteristic of the intake valve 118 is the large cam
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characteristic (IN3a), the emission in the exhaust gas is deteriorated as illustrated in FIG. 7.
Accordingly, it is not preferable to maintain the operation characteristic of the intake valve
118 at the large cam characteristic (IN3a) throughout the catalyst warm-up control, and
thus it is preferable that the operation characteristic of the intake valve 118 is changed for
emission suppression during the second warm-up control (time t2 to t3).

[0113] As a result, the operation characteristic of the intake valve 118 is set to the
large cam characteristic (IN3a in FIG. 6) during the first warm-up control (time t1 to t2)
and is set to the small cam characteristic (IN1a in FIG. 6) during the second warm-up
control (time t2 to t3) in the catalyst warm-up control in the engine warm state. The
operation characteristic of the intake valve 118 can also be changed to the small cam
characteristic (IN1a in FIG. 6) after providing a period in which the operation characteristic
of the intake valve 118 is set to the medium cam characteristic (IN2a in FIG. 6) during the
second warm-up control.

[0114] As described above, the engine output (engine power Pe) during the
second warm-up control does not respond to the traveling power but is set to a value that
does not exceed the exhaust purification capacity of the S/C catalyst 112S. However, the
emission or the fuel economy of the engine 100 may be deteriorated during the second
warm-up control unless the second operating power P2 is harmonious with the operation
characteristic of the intake valve 118.

[0115] Referring back to FIG. 10, the engine speed during the catalyst warm-up
control corresponds to the idle speed and corresponds to the area R1.  Accordingly, in the
speed range (low-speed range) for the catalyst warm-up control, the engine output can be
increased by decreasing the valve lift and the valve operating angle. Accordingly, in an
area where the valve lift and the valve operating angleb are small, the fuel economy of the
engine 100 can be increased by setting a high second operating power P2. In other words,
the fuel economy may be deteriorated if the second operating power P2 is excessively low
with the operation characteristic of the intake valve 118 being the small cam characteristic.

[0116] FIG. 12 illustrates characteristic relationship between an exhaust gas
emission amount and an integrated HC emission amount corresponding to the operation
characteristic of the intake valve 118.

[0117] Referring to FIG. 12, the exhaust gas emission amount from the engine
100 that is illustrated by the horizontal axis is proportional to the engine power Pe. In
addition, the vertical axis shows the integrated HC emission amount. The relationship
between the exhaust gas emission amount and the integrated HC emission amount at a time
when the intake valve 118 has the small cam characteristic (INla) is shown by a
characteristic line 510. Likewise, a characteristic line 520 shows the relationship between

the exhaust gas emission amount and the integrated HC emission amount at a time when
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the intake valve 118 has the large cam characteristic (IN3a).

[0118] As is apparent from the characteristic lines 510, 520, the integrated HC
emission amount is proportional to the exhaust gas emission amount. The proportionality
coefficient increases as the valve lift and the valve operating angle of the intake valve 118
increase.

[0119] Accordingly, the exhaust gas emission amount (G1) at a time when the
intake valve 118 has the large cam characteristic (IN3a) needs to be smaller than the
exhaust gas emission amount (G2) at a time when the intake valve 118 has the small cam
characteristic (IN1a) if the integrated HC emission amount during the second warm-up
control is to become equal between a time when the operation characteristic of the intake
valve 118 1is the large cam characteristic (IN3a) and a ‘time when the operation
characteristic of the intake valve 118 is the small cam characteristic (IN1a).

[0120] In other words, the integrated HC emission amount during the second
warm-up control increases if the engine power Pe (second operating power P2) is
excessively high with the intake valve 118 having the large cam characteristic (IN3a).

[0121] Accordingly, in the hybrid vehicle according to this embodiment, the
engine output (second operating power P2) during the second warm-up control in the
catalyst warm-up control is set in conjunction with the operation characteristic of the
intake valve 118 as illustrated in FIG. 13. _

[0122] Referring to FIG. 13, a correspondence relationship is set between the
second operating power P2 during the second warm-up control and the operation
characteristic (valve lift and valve operating angle) of the intake valve 118. For example,
in the VVL device 400 that is capable of setting the operation characteristic of the intake
valve 118 in three stages, characteristic points 501 to 503 for engine output (second
operating power P2) correspondence are determined depending on the small cam
characteristic (INl1a), the medium cam characteristic (IN2a), and the large cam
characteristic (IN3a), respectively.

[0123)  For example, according to the characteristic point 501, P2 is set to be
equal to Pel when the operation characteristic of the intake valve 118 is the small cam

characteristic (IN1a). According to the characteristic point 502, P2 is set to be equal to

" Pe2 when the operation characteristic of the intake valve 118 is the medium cam

characteristic (IN2a). According to the characteristic point 503, P2 is set to be equal to
Pe3 when the operation characteristic of the intake valve 118 is the large cam characteristic
(IN3a).

[0124] Regarding Pel to Pe3, a relationship of Pel>Pe2>Pe3 is satisfied. In
other words, the second operating power P2 during the second warm-up control is set so

that the engine output (engine power Pe) decreases as the valve lift and the valve operating
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angle of the intake valve 118 during the second warm-up control increase.

[0125] In the engine 100, the characteristic points 501 to 503 can be determined
in advance through, for example, an actual experiment at each of the operation
characteristics of the intake valve 118. In addition, a characteristic line 500 for engine
output (second operating power P2) correspondence to continuous changes in the valve lift
and the valve operating angle of the intake valve 118 can also be obtained by interpolation
and extrapolation of the characteristic points 501 to 503.

[0126] FIG. 14 is a flowchart showing engine output setting during the second
warm-up control in the catalyst warm-up control in the hybrid vehicle according to the first
embodiment of the invention. The control processing that is illustrated in FIG 14 is
repeatedly executed for each predetermined control period by the controller 200 during the
execution of the catalyst warm-up control.

[0127] Referring to FIG. 14, the controller 200 determines in Step S100 whether
or not the second warm-up control is in progress. In the example of FIG. 11, a YES
determination is made for time t1 to t2 in Step S100.

[0128] When the second warm-up control is being executed (YES determination
in S100), the controller 200 sets the second operating power P2 depending on the operation
characteristic of the intake valve in Step S200. Step S200 has the following Steps S210,
S220, and S250 to S270.

[0129] In Steps S210 and S220, the controller 200 distinguishes whether the
present operation characteristic of the intake valve 118 is the small cam characteristic
(IN1a), the medium cam characteristic (IN2a), or the large cam characteristic (IN3a).
Specifically, it is determined whether or not the operation characteristic of the intake valve
118 is the large cam characteristic (IN3a) in Step S210 and it is determined whether or not
the operation characteristic of the intake valve 118 is the medium cam characteristic (IN2a)
in Step S220. The determinations in Steps S210 and 220 can be executed based on the
detection value Lv from the VVL position sensor 311 (FIG. 2).

[0130] When the operation characteristic of the intake valve 118 is the large cam
characteristic (IN3a) (YES detenﬁination in S210), the controller 200 allows the
processing to proceed to Step S270. In addition, the controller 200 allows the processing
to proceed to Step S260 when the operation characteristic of the intake valve 118 is the
medium cam characteristic (IN2a) (NO determination in S210 and YES determination in
S220). In addition, when the operation characteristic of the intake valve 118 is the small
cam characteristic (IN1a) (NO determination in S210 and NO determination in S220), the
controller 200 allows the processing to proceed to Step S250.

[0131] In Step S250, the controller 200 sets P2 to be equal to Pel according to the
characteristic point 501 in FIG. 13. Likewise, the controller 200 sets P2 to be equal to
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Pe2 in Step S260 according to the characteristic point 502 in FIG. 13. In addition, the
controller 200 sets P2 to be equal to Pe3 in Step S270 according to the characteristic point
503 in FIG. 13. '

[0132] When the second warm-up control is not being executed (NO
determination value in S100), the controller 200 does not execute the processing of S200.

[0133] Referring back to FIG. 11, the engine output (second operating power P2)
during the second warm-up control (time t2 to t3) is set in conjunction with the present
operation characteristic of the intake valve 118 according to the characteristic relationship
illustrated in FIG. 13. As a result, the engine output (second operating power P2) can be
appropriately set depending on the operation characteristic of the intake valve 118 with the
operation characteristic of the intake valve 118 during the second warm-up control set
appropriate in accordance with the situation of the engine 100. As a result, emission and
fuel economy deteriorations attributable to the lack of harmony between the engine output
and the operation characteristic of the intake valve 118 can be prevented during the second
warm-up control. ‘

[0134]  According to the control processing that is illustrated in FIG. 14, the
engine output (second operating power P2) can be appropriately set even in a case where
the change in the operation characteristic of the intake valve 118 by the VVL device 400 is
limited during the second warm-up control. The change in the operation characteristic of
the intake valve 118 is limited when, for example, a response speed during the change in
the operation characteristic (valve lift and valve operating angle) of the intake valve by the
VVL device 400 is dropped due to a temporary presence of a foreign matter, fixation at a
very low temperature, and the like or the VVL device 400 malfunctions.

[0135] FIGS. 15 and 16 are operation waveform diagrams of the catalyst
warm-up control at a time when the change in the operation characteristic of the intake
valve is limited. FIG 15 illustrates an operation waveform diagram at a time when the
operation characteristic of the intake valve is limited during the control of the operation
characteristic of the intake valve 118 illustrated by the solid line in FIG. 11.

[0136] Referring to FIG 15, the VVL device 400 controls the operation
characteristic of the intake valve 118 to the small cam characteristic (IN1a) during the first
warm-up control (time t1 to t2) and controls the operation characteristic of the intake valve
118 to the large cam characteristic (IN3a) during the second warm-up control (time t2 to
t3) in the engine cold state as illustrated in FIG. 11.

[0137] When the control by the VVL device 400 is normal, the operation
characteristic of the intake valve 118 is controlled to the large cam characteristic (IN3a) at
time t2, when the second warm-up control is initiated, as illustrated by the dotted line in

FIG. 15. In response, the engine output (second operating power P2) during the second
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warm-up control is changed toward Pe3 in accordance with the characteristic point 503.

[0138]  The solid line in FIG. 15 shows an operation in a case where the control of
the operation characteristic of the intake valve 118 by the VVL device 400 is limited. The
operation characteristic of the intake valve 118 is changed from the small cam
characteristic (IN1a) to the large cam characteristic (IN3a) at time tx, which is delayed
from time t2, due to the fixation in the VVL device 400 or the like.

[0139] In this case, the engine output (second operating power P2) during the
second warm-up control is set depending on a current value of the operation characteristic
of the intake valve 118 based on the output of the VVL position sensor 311.  Accordingly,
P2 in a period until time tx is set to Pel (Pel>Pe3) instead of Pe3. '

[0140] In this manner, P2 is set to be equal to Pe3 depending on the large cam
characteristic (IN3a), which is a control target, although the actual operation characteristic
of the intake valve 118 is the small cam characteristic (IN1a), and thus the deterioration in
the fuel economy in the low-speed range that is illustrated in FIG. 10 can be prevented. In
other words, the fuel economy can be improved by setting P2 to be equal to Pel with the
engine output (second operating power P2) until time tx being allowed depending on the
small cam characteristic (IN1a) that is the actual operation characteristic.

[0141] FIG. 16 illustrates an operation waveform diagram at a time when the
operation characteristic of the intake valve is limited during the control (engine warm
state) of the operation characteristic of the intake valve 118 that is illustrated by the dotted
line in FIG. 11.

[0142] Referring to FIG. 16, the VVL device 400 controls the operation
characteristic of the intake valve 118 to the large cam characteristic (IN3a) during the first
warm-up control (time t1 to t2) and controls the operation characteristic of the intake valve
118 to the small cam characteristic (IN1a) during the second warm-up control (time t2 to
t3) in, for example, the engine warm state as illustrated in FIG. 11. '

[0143] When the control by the VVL device 400 is normal, the operation
characteristic of the intake valve 118 is controlled to the small cam characteristic (IN1a) at
time t2, when the second warm-up control is initiated, as illustrated by the dotted line in
FIG 16. In response, the engine output (second operating power P2) during the second
warm-up control is changed toward Pel in accordance with the characteristic point 501.

[0144] The solid line in FIG. 16 shows an operation in a case where the control of
the operation characteristic of the intake valve 118 by the VVL device 400 is limited. The
operation characteristic of the intake valve 118 1is changed from the large cam
characteristic (IN3a) to the small cam characteristic (IN1a) at time tx, which is delayed
from time t2, due to the temporary presence of the foreign matter in the VVL device 400 or
the like.



10

15

20

25

30

35

WO 2015/145242 PCT/IB2015/000391
28

[0145] In this case, the engine output (second operating power P2) during the
second warm-up control is set to Pe3 (Pe3<Pel), instead of Pel, in a period until time tx
based on the current value of the operation characteristic of the intake valve 118.

[0146] In this case, the integrated HC emission amount increases and the
emission is deteriorated as illustrated in FIG. 12 if the engine output (second operating
power P2) is set to be equal to Pel depending on the small cam characteristic (IN1a),
which is a control target, even though the actual operation characteristic of the intake valve
118 is the large cam characteristic (IN3a).

[0147] In other words, the deterioration in the emission can be prevented by
setting P2 to be equal to Pe3 with the engine output (second operating power P2) until time
tx being allowed depending on the large cam characteristic (IN3a) that is the actual
operation characteristic. .

[0148] As described above, according to the catalyst warm-up control in the
hybrid vehicle according to this first embodiment, the engine output during the second
warm-up control with a returned ignition timing can be appropriately set depending on the
operation characteristic of the intake valve 118 after the first warm-up control with a
retarded ignition timing. In this manner, the emission or fuel economy deterioration
attributable to the lack of harmony between the engine output and the operation
characteristic of the intake valve can be prevented during the catalyst warm-up control
(during the second warm-up control in particular). Accordingly, the emission and the fuel
economy can be improved during the catalyst warm-up control.

[0149] In addition, as illustrated in FIGS. 15 and 16, the emission or fuel
economy deterioration during the second warm-up control can be prevented, even in a case
where the change in the operation characteristic of the intake valve 118 by the VVL device
400 is limited, by changing the engine output (second operating power P2) depending on
the change in the operation characteristic during the second warm-up control depending on
the current detection value of the operation characteristic of the intake valve 118.

[0150] [Modification Example of VVL Device]

In the first embodiment described above, the VVL device 400 is capable of switching
the operation characteristic of the intake valve 118 in the three stages. However, the VVL
device 400 may be capable of switching the operation characteristic of the intake valve 118
in two stages.

[0151] FIG. 17 is a diagram illustrating a valve displacement amount-crank angle
relationship that is realized by a VVL device 400A which is capable of switching the
operation characteristic of the intake valve 118 in the two stages.

[0152] Referring to FIG. 17, the VVL device 400A is capable of switching the

operation characteristic of the intake valve 118 into any of the first characteristic (small
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cam characteristic) that is illustrated by a waveform IN1b and the second characteristic
(large cam characteristic) that is illustrated by a waveform IN2b. |

[0153] Catalyst warm-up control similar to that of the first embodiment can be
applied even to the engine in which the operation characteristic of the intake valve 118 is
changed in the two stages. However, setting of the engine output during the second
warm-up control in the catalyst warm-up control is executed in accordance with the
flowchart that is illustrated in FIG. 18 instead of the flowchart that is illustrated in FIG. 14.
The control processing that is illustrated in FIG. 18 is repeatedly executed for each
predetermined control period by the controller 200 during the execution of the catalyst
warm-up control. .

[0154] FIG. 18 is a flowchart showing the engine output setting during the second
warm-up control in a case where the catalyst warm-up control according to the first
embodiment is performed by applying the VVL device 400A.

[0155] Referring to FIG. 18, the controller 200 determines whether or not the
second warm-up control is in progress in Step S100, which is the same as in FIG. 14. If
the second warm-up control is being executed (YES determination in S100), the controller
200 sets the second operating power P2 depending on the operation characteristic of the
intake valve in Step S200#. Step S200# has the following Steps S230, S280, and S290.

[0156] In Step S230, the controller 200 distinguishes whether the present
operation characteristic of the intake valve 118 is the small cam characteristic (IN1b) or the
large cam characteristic (IN2b). The determination in Step S230 can be executed based
on the detection value Lv from the VVL position sensor 311 (FIG. 2) as is the case with
Steps S210 and S220 (FIG. 14).

[0157] When the operation characteristic of the intake valve 118 is the small cam
characteristic (IN1b) (YES determination in S230), the controller 200 allows the
processing to proceed to Step S280. When the operation characteristic of the intake valve
118 is the large cam characteristic (IN2b) (NO determination in S230), the controller 200
allows the processing to proceed to Step S290.

[0158] In Step S280, the controller 200 sets P2 to be equal to Pel#. Likewise, in
Step S290, the controller 200 sets P2 to be equal to Pe2#. Pel# and Pe2# can be set
according to the characteristic line 500 that is illustrated in FIG. 13. In other words, Pel# |
that is set for the small cam is set to be higher than Pe2# that is set for the large cam
(Pel#>Pe2#).

[0159] When the second warm-up control is not being executed (NO
determination value in S100), the controller 200 does not execute the processing of S200#.

[0160] As described abdve, the engine output (second operating power P2) during

the second warm-up control can be set in conjuhction with the present operation
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characteristic of the intake valve 118 in accordance with the characteristic relationship
(characteristic line 500) illustrated in FIG. 13 by the processing of Step S200# even in a
case where the VVL device that is capable of switching the operation characteristic of the
intake valve 118 in the two stages is applied.

[0161]  In this configuration, the operation characteristics of the intake valve 118
is limited to two, that is, the valve lift and the valve operating angle, and thus the time
required for setting a control parameter for controlling the operation state of the engine 100
appropriate can be further reduced. In addition, the configuration of the actuator can also
be further simplified.

[0162] The operation characteristics of the intake valve 118, that is, the valve lift
and the valve operating angle, are not limited to change in two stages or in three stages and
can be changed in any number of stages exceeding three.

[0163] = Alternatively, although not particularly illustrated, the operation
characteristic of the intake valve 118 can also be changed continuously (stagelessly). For
example, the operation characteristic of the intake valve 118 during the second warm-up
control may be continuously changed from the small cam characteristic to the large cam
characteristic. In this case, the engine output (second operating power P2) can be set
depending on the detection value (current value) of the operation characteristic of the
intake valve 118 in accordance with the characteristic line 500 illustrated in FIG. 13 during
the second warm-up control.

[0164] As described above, the catalyst warm-up control in the hybrid vehicle
according to this first embodiment can be applied without limiting how the operation
characteristic (valve lift and valve operating angle) of the intake valve 118 is changed
(continuously/in stages, and in how many stages during the change in stages).

[0165] In the first embodiment, the engine output (second operating power P2)
during the second warm-up control is set to be changed in accordance with the operation
characteristic of the intake valve. In this case, the emission and fuel economy
deteriorations can be prevented even in a case where the operation characteristic of the
intake valve 118 is changed during the second warm-up control as illustrated in FIGS. 15
and 16. _

[0166] In a case where the control by the VVL device is normal, the operation
characteristic of the intake valve 118 can be appropriately changed even if the engine
output (second operating power P2) is set to a value suitable for the catalyst warm-up
control. Even in this case, the engine output (second operating power P2) and the
operation characteristic of the intake valve 118 can be set in conjunction during the second
warm-up control.

[0167] In a second embodiment, catalyst warm-up control in a hybrid vehicle that
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uses both separately during second warm-up control will be described.

[0168] FIG. 19 is a flowchart showing control processing for the second warm-up
control in the catalyst warm-up control in the hybrid vehicle according to the second
embodiment of the invention. The control processing that is illustrated in FIG. 19 is
repeatedly executed for each predetermined control period by the controller 200 during, for
example, the execution of the catalyst warm-up control.

[0169] Referring to FIG. 19, the controller 200 determines whether or not the
second warm-up control is in progress in Step S100, which is the same as in FIG. 14. If
the second warm-up control is in progréss (YES determination in S100), the controller 200
allows the processing to proceed to Step S150 and determines whether or not the change in
the operation characteristic of the intake valve 118 is limited.

[0170] A YES determination is made in Step S150 in a case where, for example,
the detection value Lv of the VVL position sensor 311 does not follow command values of
the valve lift and the valve operating angle of the intake valve with respect to the VVL
device 400 (400A). In Step S150, the YES determination can be made not only in a case
where the operation characteristic is completely fixed due to the malfunctioning of the
VVL device 400 (400A) but also in a situation in which the operation characteristic is
temporarily fixed due to the fixation in a low temperature as described above, an increase
in frictional resistance, the temporary presence of the foreign matter, or the like.

[0171] In a case where the change in the operation characteristic of the intake
valve 118 is limited (YES determination in S150), the controller 200 determines the engine
output (second operating power P2) depending on the operation characteristic (current
value) of the intake valve 118 during the second warm-up control in Step S200 (FIG. 14) or
in Step S200# (FIG. 17) as described in the first embodiment.

[0172] In contrast, the controller 200 allows the processing to proceed to Step
S300 in a case where the control of the operation characteristic of the intake valve 118 is
normal (NO determination in S250). Then, the controller 200 sets the engine output
(second operating power P2) during the second warm-up control from a catalyst warm-up
condition.

[0173] As described in the first embodiment, the engine output during the second
warm-up control needs to be set within a range not exceeding the exhaust purification
capacity of the S/C catalyst 112S. The exhaust purification capacity of the S/C catalyst
1128 increases in response to the rise in the catalyst temperature. Accordingly, the time
required for the catalyst warm-up control can be expected to be shortened if the engine
output (second operating power P2) is allowed to rise in response to a rise in the catalyst
purification rate by the rise in the catalyst temperature.

[0174] Accordingly, in Step S300, the second operating power P2 can be set to be
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variable in response to the catalyst temperature as illustrated in FIG. 20 for example.

[0175] Referring to FIG. 20, the second operating power P2 is set to increase as
the catalyst temperature increases in a case where the engine output during the second
warm-up control is set from the catalyst warm-up condition. Alternatively, the second
operating power P2 may be set depending on the catalyst purification rate (central
purification rate) that is estimated based on the catalyst temperature and 1is illustrated in
FIG. 11 and the like instead of directly using the catalyst temperature.

[0176] Referring back to FIG. 19, the controller 200 sets the operation
characteristic of the intake valve 118 corresponding to the second operating power P2 that
is set in Step S300 to the command value of the VVL device 400 (400A) in Step S310.
For example, the command value can be set for the operation characteristic of the intake
valve 118 with respect to the second operating power P2 to be selected through an inverse
operation in accordance with the characteristic line 500 that is illustrated in FIG. 13.

[0177] In this manner, the operation characteristic (valve lift and valve operating
angle) of the intake valve can be controlled to be a proper value that does not cause the
emission or fuel economy deterioration with respect to the engine output (second operating
power P2) set in Step S300 since the VVL device 400 (400A) is operated in accordance
with the command value. ' '

[0178] In the hybrid vehicle according to the second embodiment, the engine
output (second operating power P2) during the second warm-up control can be set from the
catalyst warm-up condition in a case where the control of the operation characteristic of the
intake valve 118 is normal as described above. Then, the time required for the catalyst
warm-up control can be shortened in addition to the effects of the first embodiment.

[0179] As is the case with the first embodiment, the catalyst warm-up control in
the hybrid vehicle according to this second embodiment can be applied without limiting
how the operation characteristic (valve lift and valve operating angle) of the intake valve
118 is changed (continuously/in stages, and in how many stages during the change in
stages). .

[0180] [Other Modification Examples] »

In the first and second embodiments described above, the S/C catalyst 1128 of the
previous stage and the U/F catalyst 112U of the subsequent stage constitute the exhaust
emission control device (FIG. 2) with regard to the S/C catalyst 1128, switching from the
first warm-up control to the second warm-up control is performed when the end face
purification rate of the S/C catalyst 112S reaches 100%, and switching from the catalyst
warm-up control (second warm-up control) to the normal control is performed when the
central purification rate of the S/C catalyst 1128 reaches 100%.

[0181] Instead of this configuration, the switching from the first warm-up control
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to the second warm-up control may be performed when the purification rate (central
purification rate) of the S/C catalyst 112S of the previous stage reaches 100% and the
switching from the catalyst warm-up control (second warInQup control) to the normal
control may be performed when the purification rate (central purification rate) of the U/F
catalyst 112U of the subsequent stage reaches 100%.

[0182] Alternatively, a single catalyst 112V may constitute the exhaust emission
control device as illustrated in FIG 21 without having to divide the exhaust emission
control device into the S/C catalyst 112S and the U/F catalyst 112U, and the switching
from the first warm-up control to the second warm-up control may be performed when an
end face purification rate of the catalyst 112V reaches 100% and the switching from the
catalyst warm-up control (second warm-up control) to the normal control may be
performed when a central purification rate of the catalyst 112V reaches 100%.

[0183] In the first and second embodiments described above, a case where both
the valve lift and the valve operating angle are controlled as the operation characteristics of
the intake valve 118 has been described. However, the invention can also be applied to a
configuration in which only the valve lift can be controlled (can be changed) as the
operation characteristic of the intake valve 118 and can also be applied to a configuration
in which only the valve operating angle can be controlled (can be changed) as the
operation characteristic of the intake valve 118. Even in the configuration in which any
one of the valve lift and the valve operating angle can be controlled (can be changed) as
the operation characteristic of the intake valve 118, effects similar to those in a case where
both the valve lift and the valve operating angle of the intake valve 118 can be changed can
be attained. The configuration in which only one of the valve lift and the valve operating
angle of the intake valve 118 can be controlled (can be changed) can be realized by using a
known technique.

[0184] In the configuration in which only one of the valve lift and the valve
operating angle of the intake valve 118 can be controlled (can be changed), the VVL
position sensor 311 is arranged to detect the one of the valve lift and the valve operating
angle and a similar catalyst warm-up control can be applied thereto so that the
determination for each of the valve lift and the valve operating angle according to the
embodiments described above can be made for the one of the valve lift and the valve
operating angle. In this manner, the invention can be applied to the hybrid vehicle that is
provided with a variable valve mechanism which is capable of changing at least one of the
valve lift and the valve operating angle as the operation characteristic of the intake valve
118 continuously (stagelessly) or discretely (in stages).

[0185] In addition, the hybrid vehicle described above is a series/parallel type
hybrid vehicle that is capable of transmitting the power of the engine 100 to the drive
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wheels 6 and the motor generators MG1, MG2 after splitting the power of the engine 100
by using the power split device 4. However, the invention can also be applied to other
types of hybrid vehicles. In other words, the invention can also be applied to, for
example, a so-called series type hybrid vehicle in which the engine 100 is used to drive
only the motor generator MG1 and the vehicle driving force is generated by the motor
generator MG2 alone, a hybrid vehicle in which only regenerative energy is recovered as
electric energy from kinetic energy generated by the engine 100, and a motor assist type
hybrid vehicle in which the engine is used as main power and a motor provides assistance
if necessary. In addition, the invention can also be applied to a hybrid vehicle that travels
only by the power of the engine with the motor disconnected. '

[0186] In each of the embodiments described above, the controller 200 controls
the power of the engine 100 (to the first or second operating power) when it comes to the
output of the engine 100. However, the controller 200 may control the torque of the
engine 100 (torque demand control). In other words, the controller 200 may operate the
engine 100 so that the engine 100 outputs a first torque during the first warm-up control
and may operate the engine 100 so that the engine 100 outputs a second torque (second
torque>first torque) during the second warm-up control. In this case, the engine output
during the catalyst warm-up control is controlled so that a first operating point is set during
the first warm-up control for the torque of the engine 100 to be the first torque and a
second operating point is set during the second warm-up control for the torque of the
engine 100 to be the second torque.

[0187] In the above description, the motor generator MG2 corresponds to an
example of the “electric motor” according to the invention and each of the engines 100,
100# corresponds to an example of the “internal combustion engine” according to the
invention. In addition, each of the VVL devices 400, 400A corresponds to an example of
the “variable valve actuating device” according to the invention. The characteristic points
501 to 503 and the characteristic line 500 illustrated in FIG. 13 correspond to an example
of “predetermined characteristic relationships” according to the invention.

[0188] The embodiments disclosed herein are expected to be combined with each
other as appropriate. It should be noted that the embodiment disclosed herein is
exemplary in every aspect and does not limit the invention. The scope of the invention is
clarified by the claims, not the description above, and the invention includes any change

within the meaning and range equivalent to the claims.
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CLAIMS:

1. A hybrid vehicle comprising:

an electric motor configured to generate a driving force for the vehicle;

an internal combustion engine including a variable valve actuating device, the
variable valve actuating device being configured to control at least one of a valve lift and a
valve operating angle as an operation characteristic of an intake valve;

an exhaust emission control device configured to control an exhaust emission of the
internal combustion engine by using a catalyst; and

a controller configured to

(a) execute catalyst warm-up control, the catalyst warm-up control being control for
performing warm-up of the catalyst of the exhaust emission control device and the catalyst
warm-up control including first warm-up control and second warm-up control,

 the first warm-up control being control for operating the internal combustion engine
at a first operating point, and

the second warm-up control being control for operating the internal combustion
engine at a second operating point, regardless of the driving force required for traveling,
after the execution of the first warm-up control, and an output of the internal combustion
engine at the second operating point being larger than an output of the internal combustion
engine at the first operating point,

(b) operate the internal combustion engine with ignition timing of the internal
combustion engine during the execution of the first warm-up control further on a retard
side than ignition timing of the internal combustion engine during the execution of the
second warm-up control, and

(c) set the output of the internal combustion engine and the operation characteristic of
the intake valve in accordance with a predetermined characteristic relationship during the
execution of the second warm-up control, the predetermined characteristic relationship
being a relationship in which the output of the internal combustion engine and the

operation characteristic of the intake valve correspond to each other.

2. The hybrid vehicle according to claim 1, wherein
the characteristic relationship is determined such that the output of the internal
combustion engine decreases as at least one of the valve lift and the valve operating angle

increases.

3. The hybrid vehicle according to claim 1 or 2, further comprising:
a detector configured to detect the operation characteristic of the intake valve,
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wherein

the output of the internal combustion engine is changed depending on a present
operation characteristic of the intake valve in accordance with the characteristic
relationship, when the second warm-up control is executed and when the operation
characteristic of the intake valve is changed, the present operation characteristic of the

intake valve being detected by the detector.

4. The hybrid vehicle according to any one of claims 1 to 3, wherein
the controller is configured to set the output of the internal combustion engine in
accordance with the characteristic relationship depending on a present operation
characteristic of the intake valve, when the second warm-up control is executed and when
a change in the operation characteristic of the intake valve by the variable valve actuating
device is limited, and
 the variable valve actuating device is configured to change the operation
characteristic of the intake valve in accordance with the characteristic relationship
depending on the output of the internal combustion engine set for the catalyst warm-up
control when the second warm-up control is executed and the change in the operation

characteristic of the intake valve by the variable valve actuating device is not limited.

5. The hybrid vehicle according to claim 4, wherein

the controller is configured to increase the output of the internal combustion engine
depending on a rise in a temperature of the catalyst, when the second warm-up control is
executed and when the change in the operation characteristic of the intake valve by the

variable valve actuating device is not limited.

6. The hybrid vehicle according to any one of claims 1 to 5, wherein

the variable valve actuating device is configured to change the operation
characteristic of the intake valve into a first characteristic or a second characteristic, at
least one of the valve lift and the valve operating angle at a time when the operation
characteristic of the intake valve is the second characteristic is larger than at least one of
the valve lift and the valve operating angle at a time when the operation characteristic of
the intake valve is the first characteristic, and

the characteristic relationship is determined such that the output of the internal
combustion engine at a time when the operation characteristic of the intake valve is the
second characteristic is lower than the output of the internal combustion engine at a time

when the operation characteristic of the intake valve is the first characteristic.
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7. The hybrid vehicle according to any one of claims 1 to 5, wherein

the variable valve actuating device is configured to change the operation
characteristic of the intake valve into a first characteristic, a second characteristic, or a
third characteristic, wherein at least one of the valve lift and the valve operating angle at a
time when the operation characteristic of the intake valve is the second characteristic is
larger than at least one of the valve lift and the valve operating angle at a time when the
operation characteristic of the intake valve is the first characteristic and at least one of the
valve lift and the valve operating angle at a time when the operation characteristic of the
intake valve is the third characteristic is larger than at least one of the valve lift and the
valve operating angle at a time when the operation characteristic of the intake valve is the
second characteristic, and

the characteristic relationship is determined such that the output of the internal
combustion engine at a time when the operation characteristic is the second characteristic
is lower than the output of the internal combustion engine at a time when the operation
characteristic is the first characteristic and the output of the internal combustion engine at a
time when the operation characteristic is the third characteristic is lower than the output of
the internal combustion engine at a time when the operation characteristic is the second

characteristic.

8. The hybrid vehicle according to any one of claims 1 to 7, wherein
the first warm-up control is control for warming up an exhaust upstream side of the

catalyst and the second warm-up control is control for warming up whole of the catalyst.

9. The hybrid vehicle according to any one of claims 1 to 7, wherein
the controller is configured to control the electric motor, such that the electric motor
outputs the driving force required for the traveling, during the execution of the first

warm-up control and during the execution of the second warm-up control.

10. A controller for a hybrid vehicle, the hybrid vehicle including an electric motor,
an internal combustion engine, and an exhaust emission control device, the electric motor
being configured to generate a driving force for the vehicle, the internal combustion engine
including a variable valve actuating device, the variable valve actuating device being
configured to control at least one of a valve lift and a valve operating angle as an operation
characteristic of an intake valve, and the exhaust emission control device being configured
to control an exhaust emission of the internal combustion engine by using a catalyst, the
controller comprising:

first warm-up control means for operating the internal combustion engine at a first
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operating point;

second warm-up control means for operating the internal combustion engine at a
second operating point, an output of the internal combustion engine at the second operating
point being larger than an output of the internal combustion engine at the first operating
point;

ignition timing setting means for setting ignition timing of the internal combustion
engine during the operation of the internal combustion engine by the first warm-up control
means further on a retard side than ignition timing of the internal combustion engine
during the operation of the internal combustion engine by the second warm-up control
means; and ' ‘

operation characteristic setting means for setting the output of the internal
combustion engine and the operation characteristic of the intake valve during the operation
of the internal combustion engine by the second warm-up control means in accordance
with a predetermined characteristic relationship, the predetermined characteristic
relationship being a relationship in which the output of the internal combustion engine and

the operation characteristic of the intake valve correspond to each other.

11. A control method for a hybrid vehicle, the hybrid vehicle including an electric
motor, an internal combustion engine, én exhaust emission control device, and a controller,
the electric motor being configured to generate a driving force for the vehicle, the internal
combustion engine including a variable valve actuating device, the variable valve actuating
device being configured to control at least one of a valve lift and a valve operating angle as
an operation characteristic of an intake valve, and the exhaust emission control device
being configured to control an exhaust emission of the internal combustion engine by using
a catalyst, the control method comprising:

performing first warm-up control by the controller, the first warm-up control being
control for operating the internal combustion engine at a first operating point;

performing second warm-up control by the controller, the second warm-up control
being control for operating the internal combustion engine at a second operating point and
an output of the internal combustion engine at the second operating point being larger than
an output of the internal combustion engine at the first operating point;

operating the internal combustion engine, by the controller, with ignition timing of
the internal combustion engine during an execution of the first warm-up control further on
a retard side than ignition timing of the internal combustion engine during an execution of
the second warm-up control; and

setting the output of the internal combustion engine and the operation characteristic

of the intake valve in accordance with a predetermined characteristic relationship by the
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controller during the execution of the second warm-up control, the predetermined
characteristic relationship being a relationship in which the output of the internal

combustion engine and the operation characteristic of the intake valve correspond to each

other.
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