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CONTROL DEVICE AND CONTROL METHOD FOR INTERNAL COMBUSTION
ENGINE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention relates to a control device and a control method for an internal

combustion engine.

2. Description of the Related Art

[0002] Generally, a turbosupercharger-equipped engine has a problem of the back
pressure becoming high in a high-speed and high-load operation region and therefore
making it difficult to discharge the burned gas from the cylinders, so that the amount of
gas remaining in the cylinders tends to be large. If the amount of residual gas in the
cylinders becomes large, the combustion rate becomes slow and the in-cylinder
temperature becomes high, so that knocking is likely to occur. Then, in order to avoid
the knocking, it becomes necessary to perform an ignition timing retardation, which
results in degraded fuel economy aﬁd reduced engine output. Besides, increases in the
amount of residual gas correspondingly reduce the amount of air. Due to these
circumstances, it is not easy to increase the output of the turbosupercharger-equipped
engine in a high-rotation speed operation region.

[0003] In order to solve the problem as stated above, Japanese Patent Application
Publication No. 10-89106 (JP-A-10-89106), for example, discloses an engine in which
each cylinder is provided with a turbo-side exhaust valve that opens and closes an
exhaust port that communicates with a turbo-side exhaust passageway that leads to a
turbine inlet opening of the turbosupercharger, and with a bypass-side exhaust valve that
opens and closes an exﬁaust port that communicates with a bypass-side exhaust
passageway that does not lead to the turbine inlet opening.

[0004] Besides the problem of the difficulty in achieving high engine output in a

high-speed operation region, the turbo-supercharger-equipped engines also have a
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problem of the catalyst warm-up at the time of startup of the engine requiring a long time.
Furthermore, depending on the engine operation region, there is a problem of knocking or
misfire being likely to occur, a problem of the required voltage of the ignition plug

tending to become high due to heightened in-cylinder temperature, or the like.

SUMMARY OF THE INVENTION

[0005] The invention provides a control device and a control method for an infernal
combustion engine which are capable of bettering various characteristics of a
turbo-supercharger-equipped internal combustion engine.

[0006] A first aspect of the invention is a control device for an internal combustion
engine internal combustion engine control device including: an internal combustion
engine in which a first cylinder is provided with a turbo-side exhaust valve that opens and
closes an exhaust port that communicates with a turbo-side exhaust passageway that leads
to a turbine inlet opening of a turbo-supercharger, a bypass-side exhaust valve that opens
and closes an exhaust port that communicates with a bypass-side exhaust passageway that
bypasses the turbine, a first intake valve disposed opposite to the turbo-side exhaust valve,
and a second intake valve disposed opposite to the bypass-side exhaust valve; a
turbo-side exhaust valve stop mechanism that stops the turbo-side exhaust valve in a
closed state while allowing the bypass-side exhaust valve to be in operation; a first intake
valve stop mechanism that stops the first intake valve in the closed state while allowing
the second intake valve to be in operation; and a stop mechanism control portion that
stops the turbo-side exhaust valve and the first intake valve in the closed state at a time of
startup of the internal combustion engine and/or a time of low load of the internal -
combustion engine.

[0007] According to the foregoing aspect of the invention, at the time of engine
startup and/or the time of low engine load, the turbo-side exhaust valve and the first
intake valve disposed opposite to the turbo-side exhaust valve in the first cylinder can be
stopped in the closed state. Therefore, when the burned gas in the first cylinder is

" replaced by fresh air, the in-cylinder gas flows from the second intake valve toward the
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bypass-side exhaust valve, so that a strong swirl rotating in that direction can be produced.
As a result, the mixing in the cylinder is promoted, and the combustion can be bettered.
Therefore, good combustion can be performed even in a severe combustion condition,
such as low temperature, low engine speed, a lean-burn operation, an EGR operation, etc.
Therefore, exellent effect of fuel economy betterment and excellent effect of knocking
prevention can be attained.

[0008] In the first aspect, at a time of intermediate load of the internal combustion
engine and/or a time of high load of the internal combustion engine, an open valve
duration of the turbo-side exhaust valve may be made longer than an open valve duration

“of the bypass-side exhaust valve, and an open valve duration of the first intake valve may
be made longer than an open valve duration of the second intake valve.

[0009] Therefore, as for the flow of the burned gas discharged from the first cylinder,
the turbo-side exhaust valve-side flow becomes the main flow. As for the flow of fresh
air entering the first cylinder, the first intake valve-side flow becomes the main flow.
Hence, as for the gas flow in the first cylinder, the flow from the first intake valve toward
the turbo-side exhaust valve becomes the main flow, so that a strong swirl rotating in the
direction of the main flow can be produced. As a result, the mixing in the first cylinder
is promoted, and the combustion can be bettered. Therefore, good combustion can be
perfomled even in a severe combustion condition, such as low temperature, low engine
speed, a lean-burn operation, an EGR operation, etc. ‘

[0010] In the foregoing constructions, a rotation direction of a swirl formed in the
first cylinder at the time of startup of the internal combustion engine and/or the time of
low load of the internal combustion engine may be opposite to a rotation direction of a
swirl formed in the first cylinder at the time of intermediate load of the internal
combustion engine and/or the time of high load of the internal combustion engine.

[0011] Therefore, a swirl can be produced in a direction in which the swirl can more
easily rotate, according to the operation states of the intake valves and the exhaust valves,
and therefore the swirl can be made sufficiently strong.

[0012] Furthermore, in the foregoing constructions, at the time of intermediate load
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of the internal combustion engine and/or the time of high load of the internal combustion
engine, the bypass-side exhaust valve may be opened later than the turbo-side exhaust
valve, and the bypass-side exhaust valve may be closed later than the turbo-side exhaust
valve.

[0013] Therefore, in a high-speed and high-load operation region, the burned gas in
the first cylinder can be discharged into the bypass-side exhaust passageway at higher
efficiency, so that the amount of residual gas in the first cylinder can be sufficiently
reduced. Therefore, increased output of the internal combustion engine can be
achieved.

[0014] Furthermore, in the foregoing constructions, the internal combustion engine
may have two ignition plugs for the first cylinder, and one ignition plug of the two
ignition plugs may be disposed near a center of the first cylinder, another ignition plug of
the two ignition plugs may be disposed at a position that is nearer to the bypass-side
exhaust valve than to the turbo-side exhaust valve.

[0015] Therefore, in the case where two ignition plugs are disposed in the first
cylinder, one of the two ignition plugs can be disposed in the vicinity of the bypass-side
exhaust valve, in which temperature is relatively low. Hence, the service life of the
ignition plugs can be extended. Besides, instead of expensive ignition plugs that
withstand high voltage, inexpensive low-voltage ignition plugs can be employed in order
to contribute to cost reduction.

[0016] Furthermore, in the foregoing constructions, the internal combustion engine
may include a direct-injection injector that injects fuel directly into the first cylindér, and
a distal end of the direct-injection injector may be disposed at a position that is nearer to
the turbo-side exhaust valve than to the bypass-side exhaust valve.

[0017] According to this construction, the distal end of the direct—injection injector in
the first cylinder can be disposed in the vicinity of the turbo-side exhaust valve, in which
temperature is relatively high. Due to this arrangement, fuel is injected to a
high-temperature location near the turbo-side exhaust valve, so that the latent heat of

vaporization of fuel will lower the ambient temperature of the turbo-side exhaust valve.
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Therefore, occurrence of abnormal combustion, such as a pre-ignition resulting from the
existence of a high-temperature site, or the like, can be reliably prevented. Besides,
since fuel is injected to a high-temperature location, the atomizatibn of fuel can be
promoted, so that good combustion can be carried out.

[0018] Furthermore, in the foregoing constructions, the internal combustion engine
may have a second cylinder that is located adjacent to the first cylinder. Positions of the
turbo-side exhaust valves and the bypass-side exhaust valves may be reverse between the
adjacent cylinders, and an exhaust port communicating with the bypass-side exhaust
valve of the first cylinder and an exhaust port communicating with the bypass-side
exhaust valve of the second cylinder may join within a cylinder head.

[0019] According to this construction, the length and surface area of the channel of
the exhaust gas discharged via the bypass-side exhaust valve of each cylinder can be
made small. Hence, at the time of engine startup or low engine load, the amount of heat
removed from the exhaust gas flowing from a bypass-side exhaust passageway to an
exhaust purification catalyst can be made as small as possible, so that exhaust gas of as
high a temperature as possible can be caused to flow into the exhaust purification catalyst.
Therefore, the quick warm-up and temperatﬂre maintenance of the exhaust purification
catalyst and can be achieved, so that the emission performance can be further improved.

[0020] A second aspect of the invention is a control method for an internal
combustion engine in which a cylinder is provided with a turbo-side exhaust valve that
opens and closes an exhaust port that communicates with a turbo-side exhaust
passageway that leads to a turbine inlet opening of a turbo-supercharger, a bypass-side
exhaust valve that opens and closes an exhaust port that communicates with a bypass-side
exhaust passageway that bypasses the turbine, a first intake valve disposed opposite to the
turbo-side exhaust valve, and a second intake valve disposed opposite to the bypass-side
exhaust valve. In this control method, at a time of startup of the internal combustion
engine and/or a time of low load of the internal combustion engine, the turbo-side .
exhaust valve is stopped in a closed state while the bypass-side exhaust valve is allowed

to be in operation, and also the first intake valve is stopped in the closed state while the
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second intake valve is allowed to be in operation.

[0021] Therefore, when the burned gas in the cylinder is replaced by fresh air, the
in-cylinder gas flows from the second intake valve toward the bypass-side exhaust valve,
so that a strong swirl rotating in that direction can be produced. As a result, the mixing
in the cylinder is promoted, and the combustion can be bettered. Therefore, good
combustion can be performed even in a severe combustion condition, such as low
tempefature, low engine speed, a lean-burn operation, an EGR operation, etc. Therefore,
exellent effect of bettering fuel economy and excellent effect of preventing knocking can

be attained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The foregoing and further objects, features and advantages of the invention
will become apparent from the following description of embodiments with reference to
the accompanying drawings, wherein like numerals are used to represent like elements
and wherein:
FIG. 1 is a diagram schematically showing a system construction of Embodiment 1 of
the invention;
FIG. 2 is a valve lift graph of intake valves and exhaust valves of an internal
combustion engine in Embodiment 1 of the invention;
FIG. 3 is a diagram for describing gas flows in a cylinder at the time of engine startup
or low engine load;
| FIG. 4 is a diagram for describing gas flows in a cylinder at the time of intermediate
engine load or high engine load;
FIG. 5 is a schematic diagram for describing an arrangement of ignition plugs and a
direct-injection injector; and |
FIG. 6 is a diagram schematically showing a cylinder head of an internal combustion

engine.

DETAILED DESCRIPTION OF THE EMBODIMENTS
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[0023] EMBODIMENT 1
FIG. 1 is a diagram schematically showing a system construction of Embodiment 1 of the
invention. As shown in FIG. 1, a system of this embodiment includes an internal
combustion engine 10 that is mounted in a vehicle or the like. The internal combustion
engine 10 is equipped with a turbo-supercharger 12 that has an exhaust turbine 12a and
an intake compressor 12b. The internal combustion engine 10 of this embodiment is a
V six-cylinder engine. FIG. 1 shows one of the banks of the V-6 engine (the three
cylinders of one of the two sides). In addition, the internal combustion engine in the
invention is not limited to this type, but may have any, number of cylinders in any
cylinder arrangement.

[0024] Each of the cylinders of the internal combustion engine 10 is provided with
two exhaust valves, that is, a turbo-side exhaust valve EX2 and a bypass-side exhaust
valve EX1. In this embodiment, these valves of the cylinders are disposed so that the
positions of the turbo-side exhaust valve EX2 and the bypass-side exhaust valve EX1 of
adjacent cylinders are reverse from each other. Specifically, in FIG. 1, the positions of
the turbo-side exhaust valve EX2 and the bypass-side exhaust valve EX1 of the center
cylinder are reverse from those of the two flanking cylinders. In addition, in this
invention, the foregoing construction is not restrictive, but the positions of the turbo-side
exhaust valve EX2 and the bypass-side exhaust valve EX1 may be the same between
adjacent cylinders.

[0025] An exhaust port that communicates with the turbo-side exhaust valve EX2
communicates with a turbo-side exhaust passageway 14 that leads to an inlet opening of
the exhaust turbine 12a of the turbo-supercharger 12.  On the other hand, an exhaust port
that communicates the bypass-side exhaust valve EX1 communicates with a bypass-side
exhaust’passageway 16 that does not lead to an inlet opening of the exhaust turbine 12a,
that is to say, the bypass-side exhaust passageway 16 that bypasses the exhaust turbine
12a.

[0026] The exhaust gas having passed through the exhaust turbine 12a and the

exhaust gas having passed through the bypass-side exhaust passageway 16 join into a
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single current, which flows into an exhaust purification catalyst 18.

[0027] Each cylinder of the internal combustion engine 10 is provided with two
intake valves, that is, a first intake valve IN1 and a second intake valve IN2. The first
intake valve IN1 is disposed opposite to (adjacent to) the turbo-side exhaust valve EX2,
and the second intake valve IN2 is disposed opposite to (adjacent to) the bypass-side
exhaust valve EX1.

[0028] The internal combustion engine 10 is equipped with a turbo-side exhaust
valve stop mechanism 20 that stops only the turbo-side exhaust valve EX2 of each
cylinder in a closed state while allowing the bypass-side exhaust valve EX1 to be in
operation. Besides, the internal combustion engine 10 is also equipped with a first
intake valve stop mechanism 22 that stops only the first intake valve IN1 of each cylinder
in a closed state while allowing the second intake valve IN2 to be in operation, and a
second intake valve change mechanism 24 that changes the open valve duration
(operation angle) of the second intake valve IN2 of each cylinder. The structures of
these mechanisms are known to public, and descriptions thereof are omitted in this
specification.

[0029] The internal combustion engine 10 as described above may be a lean-burn
engine operating at an air-fuel ratio that is leaner than the stoichiometric air-fuel ratio.
Besides, the internal combustion engine 10 may also be equipped with an EGR device
that executes an EGR (Exhaust Gas Recirculation) operation in which a portion of
exhaust gas is refluxed into the intake passageway.

[0030] The system of this embodiment is equipped with an ECU (Eleétronic Control
Unit) 50. Various devices and the like are electrically connected to the ECU 50,
including the turbo-side exhaust valve stop mechanism 20, the first intake valve stop
mechanism 22 and fhe second intake valve change mechanism 24 as well aé the actuators
of a fuel injection device, an ignition device, a throttle valve, etc. (which are not shown in
the drawings), and also various sensors, such as an accelerator position sensor 26, a crank
angle sensor, an air flow meter, etc. The accelerator position sensor 26 detects the

position of an accelerator pedal. In accordance with the value detected by the
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accelerator position sensor 26, the engine load can be calculated.

[0031] FIG. 2 is a valve lift graph of the intake valves and the exhaust valves of each
cylinder of the internal combustion engine 10. As shown in FIG. 2, the opening timing
of the bypass-side exhaust valve EX1 is later than the opening timing of the turbo-side
exhaust valve EX2, and the closing timing of the bypass-side exhaust valve EX1 is later
than the closing timing of the turbo-side exhaust valve EX2.  Specifically, the
bypass-side exhaust valve EX1 opens in the latter half of the exhaust stroke, and closes
after the intake valves open. Besides, the open valve duration of the bypass-side
exhaust valve EX1 is shorter than the open valve duration of the turbo-side exhaust valve
EX2.

[0032] In addition, as shown in FIG. 2, the open valve duration of the second intake
valve IN2 is continuously changed by operation of the second intake valve change
mechanism 24. The ECU 50 controls the second intake valve change mechanism 24 so
that at the time of high-speed and high-load operation, the open valve duration of the
second intake valve IN2 is made to be a maximum open valve duration that is
substantially equal to that of the first intake valve IN1, and so that the open valve
duration of the second intake valve 1N2 shortens as the engine load lessens.

[0033] On the other hand, the turbo-side exhaust valve stop mechanism 20 and the
first intake valve stop mechanism 22 are controlled as described below, according to the
operation situation of the internal combustion engine 10.

[0034] (AT TIME OF STARTUP, LOW LOAD)

At the time of engine startup or low engine load, the ECU 50 stops the turbo-side exhaust
valve EX2 of each cylinder in the closed state via the turbo-side exhaust valve stop
mechanism 20, and stops the first intake valve IN1 in the closed state via the first intake
valve stop mechanism 22. In this state, the burned gas in each cylinder is entirely
discharged via the bypass-side exhaust valve EX1. Therefore, the entire amount of
exhaust gas flows into the bypass-side exhaust passageway 16, and flows into the exhaust
purification catalyst 18 without passing through the exhaust turbine 12a. Therefore, the

decline in the gas temperature in the exhaust turbine 12a can be avoided, so that
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high-temperature exhaust gas can be caused to flow into the exhaust purification catalyst
18. Therefore, after the engine is started up, the exhaust purification catalyst 18 can be
quickly warmed up. Besides, it is possible to keep the temperature of the exhaust
purification catalyst 18 high when the engine load is low. Due to these features, the
emission performance can be sufficiently improved.

[0035] FIG. 3 is a diagram for describing gas flows in a cylinder at the time of
startup of the engine or low engine load. As stated above, at the engine startup or low
engine load, the turbo-side exhaust valve EX2 and the first intake valve IN1 are stopped,
and only the bypass-side exhaust valve EX1 and the second intake valve IN2 are operated.
Therefore, when the burned gas in the cylinder is replaced by fresh air, the burned gas is
discharged via the bypass-side exhaust valve EX1, and the fresh air flows in via the
second intake valve IN2. Hence, the in-cylinder gas flows in a direction of an arrow in
FIG. 3. In consequence, strong swirl that rotates clockwise in FIG. 3 can be produced.

- [0036] (AT TIME OF INTERMEDIATE LOAD, HIGH LOAD)

When the engine load rises to an intermediate load region or a high load region, the ECU
50 switches the first intake valve stop mechanism 22 and the turbo-side exhaust valve
stop mechanism 20 to operate the turbo-side exhaust valve EX2 and the first intake valve
IN1. During this state, the turbo-side exhaust valve EX2 opens prior to the bypass-side
exhaust valve EX1. Therefore, the in-cylinder high-temperature burned gas is firstly
supplied to the exhaust turbine 12a. Therefore, the turbo-supercharger 12 is operated, so
that the supercharging can be performed. During the latter half of the exhaust stroke,
the bypass-side exhaust valve EX1 opens. Because the bypass-side exhaust valve EX1
does not lead to the inlet opening of the exhaust turbine 12a, the back pressure in the
bypass-side exhaust valve EX1 is low. Therefore, the in-cylinder burned gas can be
efficiently discharged via the bypass-side exhaust valve EX1. In consequence, the
in-cylinder residual gas amount can be made very small, and the amount of air can be
correspondingly increased, so that high engine output can be achieved. Besides,
because the residual gas amount is small, knocking can be restrained, and the ignition

timing retardation can be avoided. Therefore, increased engine output and better fuel
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economy can be achieved.

[0037] FIG. 4 is a diagram for describing gas flows in a cylinder at the time of
intermediate engine load or high engine load. At the time of intermediate engine load or
high engine load, both the turbo-side exhaust valve EX2 and the bypass-side exhaust
valve EX1 of each cylinder are opened. The open valve duration of the turbo-side
exhaust valve EX?2 is longer than that of the bypass-side exhaust valve EX1. Therefore,
as for the flow of the burned gas discharged from the cylinder, the turbo-side exhaust
valve EX2-side flow becomes the main flow. Besides, on the intake side, both the first
intake valve IN1 and the second intake valve IN2 are opened. As described above, in
the operation region other than the high-speed and high-load operation region, the open
valve duration of the second intake valve IN2 is shorter than that of the first intake valve
IN1. Therefore, as for the flow of fresh air into each cylinder, the first intake valve
IN1-side flow becomes the main flow. Hence, when the in-cylinder burned gas is
replaced by fresh air, the in-cylinder gas flows in the direction of an arrow in FIG 4.
Specifically, strong swirl rotating counterclockwise in FIG. 4 can be produced.

[0038] As described above, the internal combustion engine 10 can produce strong
swirl in the cylinders in either one of the states shown in FIGS. 3 and 4, and therefore can
promote the mixing in the cylinders. As a result, the combustion can be bettered, so that
good combustion can be achieved even in a server combustion condition particularly at
the time of low temperature, low load, the lean-burn operation, the EGR operation, etc.
Therefore, exellent effect of bettering fuel economy and excellent effect of preventing
knocking can be attained.

[0039] The internal combustion engine 10 of this embodiment has two ignition plugs
28, 30 for each cylinder. This arrows ignition at two points. Therefore, stable
combustion can be carried out, even in a condition where the ignition is not easy, for
example, during the lean-burn operation, the EGR operation, etc. Besides, each cylinder
of the internal combustion engine 10 of the embodiment has a direct-injection injector 32
that injects fuel directly into the cylinder. FIG. 5 is a schematic diagram for describing

the arrangement of the ignition plugs 28, 30 and the direct-injection injector 32.
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[0040] As shown in FIG. 5, of the two ignition plugs, the ignition plug 28 is disposed
substantially at the center, and the other ignition plug 30 is disposed at a position that is
remote from the turbo-side exhaust valve EX2 and near to the bslpass—side exhaust valve
EX1. Generally, the required voltage of the ignition plug becomes higher the higher the
ambient temperature. In the internal combustion engine 10, the ambient temperature of
the bypass-side exhaust valve EX1 is lower than the ambient temperature of the
turbo-side exhaust valve EX2, as described below. Therefore, the required voltage of
the ignition plug 30 can be made relatively low because the ignition plug 30 is disposed
at the position that is near the low-temperature bypass-side exhaust valve EX1, not a
position that is near the high-temperature turbo-side exhaust valve EX2.

[0041] In the intermediate-load operation region or the high-load operation region,
the turbo-side exhaust valve EX2 opens earlier, and the bypass-side exhaust valve EX1
opens during the latter half of the exhaust gas stroke during which the in-cylinder
temperature has sufficiently declined. Therefore, while the exhaust gas passing through
the turbo-side exhaust valve EX2 has relatively high temperature, the exhaust gas passing
through the bypass-side exhaust valve EX1 is relatively low in temperature, and small in
amount. As a result, the temperature of the bypass-side exhaust valve EX1 is
considerably lower than the temperature of the turbo-side exhaust valve EX2, so that the
ambient temperature of the bypass-side exhaust valve EX1 also becomes considerably
lower than the ambient temperature of the turbo-side exhaust valve EX2. Hence, the
required voltage of the ignition plug 30 disposed in the vicinity of the bypass-side
exhaust valve EX1 can be reduced. Therefore, the service life of the ignition plug 30
can be extended. Besides, instead of expensive ignition plugs that withstand high
voltage, inexpensive low-voltage ignition plugs can be employed in order to contribute to
cost reduction.

[0042] As for the direct-injection injector 32, a distal end (an injection hole) thereof
is disposed at a position that is remote from the bypass-side exhaust valve EX1 and near
to the turbo-side exhaust valve EX2. Due to this arrangement, fuel is injected to a

high-temperature location near the turbo-side exhaust valve EX2, so that the latent heat of
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vaporization of fuel will lower the ambient temperature of the turbo-side exhaust valve
EX2. Therefore, occurrence of abnormal combustion, such as a pre-ignition resulting
from the existence of a high-temperature site, or the like, can be reliably prevented.
Besides, because fuel is injected to a high-temperature location, the atomization of fuel
can be promoted, so that good combustion can be carried out.

[0043] FIG. 6 is a diagram schematically showing a cylinder head 34 of the internal
combustion engine 10. As described above, in the internal combustion engine 10 of the
embodiment, the valves of the cylinders are arranged so that the positions of the
turbo-side exhaust valve EX2 of the bypass-side exhaust valve EX1 of adjacent cylinders
are reverse from each other. Therefore, the bypass-side exhaust valve EX1 of the center
cylinder and the bypass-side exhaust valve EX1 of the left-side cylinder are positioned
adjacent to each other. Besides, an exhaust port 36 communicating with the bypass-side
exhaust valve EX1 of the center cylinder and an exhaust port 38 communicating with the
bypass-side exhaust valve EX1 of the left-side cylinder are formed so as to join within
the cylinder head 34. Due to this construction in the embodiment, the length and
surface area of the channel of the exhaust gas discharged via the bypass-side exhaust
valve EX1 of each cylinder can be lessened. Hence, at the time of engine startup or low
engine load, the amount of heat removed from the exhaust gas flowing from the
bypass-side exhaust passageway 14 to the exhaust purification catalyst 18 can be made as
small as possible, so that exhaust gas of as high temperature as possible can be caused to
flow into the exhaust purification catalyst 18. Therefore, the quick warm-up and
temperature maintenance of the exhaust purification catalyst 18 and can be achieved, so
that the emission performance can be further improved.

[0044] Furthermore, in this embodiment, the turbo-side exhaust valves EX2 of the
center and right-side cylinders in FIG. 6 are positioned adjacent to each other. An
exhaust port 40 communicating with the turbo-side exhaust valve EX2 of the center
cylinder and an exhaust port 42 communicating with the turbo-side exhaust valve EX2 of
the right-side cylinder are formed so as to join within the cylinder head 34. Hence, the

length and surface area of the channel of the exhaust gas discharged via the turbo-side
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exhaust valve EX2 of each cylinder can be lessened, so that the temperature (energy) of
the exhaust gas that flows into the exhaust turbine 12a can be heightened. Therefore,
the rotation speed of the turbo-supercharger 12 can be promptly raised.

[0045] While the control device for an internal combustion engine of the invention
has been described with reference to the embodiment shown in the drawings, the
invention is not limited to the foregoing embodiment. For example, alfhough in the
above-described embodiment, the open valve duration of the bypass-side exhaust valve
EX1 is fixed, the internal combustion engine 10 may also be provided with a variable
valve mechanism that changes the open valve duration of the bypass-side exhau§t valve
EX1. Besides, a bypass control valve may also be provided in an intermediate portion
of the bypass-side exhaust passageway 16.

[0046] In addition, in Embodiment 1 described above, the ECU 50 functions as a
“stop ﬁechanism control portion” in the invention by stopping the turbo-side exhaust
valve EX2 in the closed state via the turbo-side exhaust valve stop mechanism 20 and
stopping the first intake valve IN1 in the closed state via the first intake valve stop

mechanism 22 at the time of engine startup or low engine load.
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CLAIMS

1. An internal combustion engine control device characterized by comprising:

an internal combustion engine in which a first cylinder is provided with a turbo-side
exhaust valve that opens and closes an exhaust port that communicates with a turbo-side
exhaust passageway that leads to a turbine inlet opening of a turbo-supercharger, a
bypass-side exhaust valve that opens and closes an exhaust port that communicates with a
bypass-side exhaust passageway that bypasses the turbine, a first intake valve disposed
opposite to the turbo-side exhaust valve, and a second intake valve disposed opposite to
the bypass-side exhaust valve;

a turbo-side exhaust valve stop mechanism that stops the turbo-side exhaust valve in a
closed state while allowing the bypass-side exhaust valve to be in operation;

a first intake valve stop mechanism that stops the first intake valve in the closed state
while allowing the second intake valve to be in operation; and

a stop mechanism control portion that stops the turbo-side exhaust valve and the first
intake valve in the closed state at a time of startup of the internal combustion engine

and/or a time of low load of the internal combustion engine.

2. The internal combustion engine control device according to claim 1, characterized in
that

at a time of intermediate load of the internal combustion engine and/or a time of high
load of the internal combustion engine, an open valve duration of the turbo-side exhaust
valve is made longer than an open valve duration of the bypass-side exhaust valve, and an
open valve duration of the first intake valve is made longer than an open valve duration

of the second intake valve,

3. The internal combustion engine control device according to claim 1 or 2, characterized
in that
a rotation direction of a swirl formed in the first cylinder at the time of startup of the

internal combustion engine and/or the time of low load of the internal combustion engine
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is opposite to a rotation direction of a swirl formed in the first cylinder at the time of
intermediate load of the internal combustion engine and/or the time of high load of the

internal combustion engine.

4. The internal combustion engine control device according to any one of claims 1 to 3,
characterized in that

at a time of intermediate load of the internal combustion engine and/or a time of high
load of the internal combustion engine, the bypass-side exhaust valve is opened later than
the turbo-side exhaust valve, and the bypass-side exhaust valve is closed later than the

turbo-side exhaust valve.

5. The internal combustion engine control device according to any one of claims 1 to 4,
characterized in that

the internal combustion engine has two ignition plugs for the first cylinder, and

one ignition plug of the two ignition plugs is disposed near a center of the first
cylinder, another ignition plug of the two ignition plugs is disposed at a position that is

nearer to the bypass-side exhaust valve than to the turbo-side exhaust valve.

6. The internal combustion engine control device according to any one of claims 1 to 5,
characterized in that

the internal combustion engine includes a direct-injection injector that injects fuel
directly into the first cylinder, and a distal end of the direct-injection injector 1s disposed
at a position that is nearer to the turbo-side exhaust valve than to the bypass-side exhaust

valve.

7. The internal combustion engine control device according to any one of claims 1 to 6,
characterized in that
the internal combustion engine has a second cylinder that is located adjacent to the

first cylinder;
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positions of the turbo-side exhaust valves and the bypass-side exhaust valves of the
first cylinder and the second cylinder are reverse between the first cylinder and the
second cylinder, and an exhaust port communicating with the bypass-side exhaust valve
of the first cylinder and an exhaust port communicating with the bypass-side exhaust

valve of the second cylinder join within a cylinder head.

8. The internal combustion engine control device according to claim 7, characterized in
that

the internal combustion engine has a third cylinder that is located adjacent to the
second cylinder;

positions of the turbo-side exhaust valves and the bypass-side exhaust valves of the
second cylinder and the third cylinder are reverse between the second cylinder and the
third cylinder, and an exhaust port communicating with the turbo-side exhaust valve of
the second cylinder and an exhaust port communicating with the turbo-side exhaust valve
of the third cylinder join within the cylinder head.

L

9. The internal combustion engine control device according to any one of claims 1 to 8§,
characterized by further comprising

a second intake valve change mechanism that changes an open valve duration of the
second intake valve;

wherein at a time of intermediate load of the internal combustion engine and/or a time
of high load of the internal combustion engine, an open valve duration of the second
intake valve is set shorter than the open valve duration of the first intake valve, and

wherein the second intake valve change mechanism changes the open valve duration
of the second intake valve to be longer as load of the internal combustion engine

increases.

10. A control method for an internal combustion engine in which a cylinder is provided

with a turbo-side exhaust valve that opens and closes an exhaust port that communicates
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with a turbo-side exhaust passageway that leads to a turbine inlet opening of a
turbo-supercharger, a bypass-side exhaust valve that opens and closes an exhaust port that
communicates with a bypass-side exhaust passageway that bypasses the turbine, a first
intake valve disposed opposite to the turbo-side exhaust valve, and a second intake valve
disposed opposite to the bypass-side exhaust valve, characterized by comprising

stopping the turbo-side exhaust valve in a closed state while allowing the bypass-side
exhaust valve to be in operation, and also stopping the first intake valve in the closed
state while allowing the second intake valve to be in operation, at a time of startup of the

internal combustion engine and/or a time of low load of the internal combustion engine.

11. The control method according to claim 10, characterized by further comprising:
opening the turbo-side exhaust valve for a longer duration than the bypass-side

exhaust valve and opening theA first intake valve for a longer duration than the second

intake valve, at a time of intermediate load of the internal combustion engine and/or a

time of high load of the internal combustion engine.

12. The control method according to claim 10 or 11, characterized in that

a rotation direction of a swirl formed in the cylinder at the time of startup of the
internal combustion engine and/or the time of low load of the internal combustion engine
is opposite to a rotation direction of a swirl formed in the cylinder at a time of
intermediate load of the internal combustion engine and/or a time of high load of the

internal combustion engine.

13. The control method according to any one of claims 10 to 12, characterized by
further comprising
opening the bypass-side exhaust valve later than the turbo-side exhaust valve, and

closing the bypass-side exhaust valve later than the turbo-side exhaust valve.
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FIG.3
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