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(57) Abstract: In a region 1 where the engine load KL is less than a predetermined value KLI, only a second exhaust valve that
opens and closes a second exhaust passageway that bypasses a turbine of a supercharger is opened. In a region 2 where the engine

= load KL is greater than or equal to the predetermined value KLI and less than a predetermined value K13, both the second exhaust
> valve and a first exhaust valve that opens and closes a first exhaust passageway that leads to the turbine are opened. In a region

3 where the engine load KL is greater than or equal to the predetermined value KI.3, only the first exhaust valve is opened. A
&= predetermined value KLILEAN for the time of the lean combustion is set lower than a predetermined value KLISTOICHI for the

&\ time of the stoichiometric
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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 a
turbocharger-equipped internal combustion engine, and more particularly to an exhaust

valve control during lean combustion,

2, Description of the Related Art

[0002] There is a known device (independent exhaust type engine) that includes a
first exhaust valve that opens and closes an exhaust passageway that leads to a turbine,
and a second exhaust valve that opens and closes an exhaust passageway that does not
lead to the turbine (see, e.g., Japanese Patent Application Publication No. 10-89106
(JP-A-10-89106)). According to this device, during a high-speed and high-load
operation, the second exhaust valve that does not communicate with the turbine is opened
at an earlier timing than the first exhaust valve that communicates with the turbine. This
reduces the exhaust pumping loss, so that the output can be improved in a high-speed
region.

[0003] During the lean combustion, the exhaust gas temperature becomes low, and
therefore the work done by turbocharger becomes small, so that the charging pressure
may sometimes become insufficient. Besides, because the catalyst bed temperature

declines, the exhaust emission characteristic may sometimes deteriorate.

SUMMARY OF THE INVENTION
[0004] The invention provides a control device and a control method for an internal
combustion engine capable of achieving sufficient charging pressure even during the lean
combustion. The invention also provides a control device and a control method for an

internal combustion engine capable of preventing the deterioration of the exhaust
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emission characteristic while achieving sufficiently high charging pressure during the
lean combustion. -

[0005] A first aspect of the invention is an interrial combustion engine control device
including: a turbocharger provided on an internal combustion engine; a first exhaust
valve that opens and closes an exhaust port that communicates with a first exhaust
passageway on which a turbine of the supercharger is provided; a second exhaust valve
that opens and closes an exhaust port that communicates with a second exhaust
passageway that bypasses the turbine; a catalyst disposed at a downstream side of a
meeting point of the first exhaust passageway and the second exhaust passageway; an
engine load acquisition device that acquires an engine load; and a control portion that
opens only the second exhaust valve when the engine load is less than a first
predetermined value, and that opens both the first and second exhaust valves when the
engine load is greater than or equal to the first predetermined value and less than a second
predetermined value, and that opens only the first exhaust valve when the engine load is
greater than or equal to the second predetermined value, wherein the control portion sets
the first predetermined value to be lower during a lean combustion than during a
stoichiometric combustion.

[0006] In the first aspect of the invention, during a low-load state in which the
engine load is less than the first predetermined value, only the second exhaust valve is
opened, During such a low-load state, the supercharging efficiency is low, so that the
supply of exhaust gas to the turbine is not likely to significantly raise the charging
pressure. Therefore, the entire amount of exhaust gas is supplied directly to the catalyst
without passing through the turbine, so that the decline of the catalyst bed temperature is
restrained.  Besides, in the case where the engine load is greater than or equal to the first
predetermined value and less than the second predetermined value, the first exhaust valve
and the second exhaust valve are both opened. As a result, the turbocharger can be
preliminarily operated so as to improve the response of the turbocharger, and at the same
time, sharp decline of the catalyst bed temperature can be restrained. Besides, during a

high-load state, in which the engine load is greater than or equal to the second
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predetermined value, only the first exhaust valve is opened. In such a high-load state,
the exhaust gas is entirely supplied to the turbine, so that sufficient charging pressure can
be obtained. Incidentally, during the lean combustion, the exhaust gas temperature is
relatively low so that the response of the turbocharger is likely to deteriorate, in
comparison with during the stoichiometric combustion. Therefore, during the lean
combustion, the first predetermined value of the engine load is set lower than during the
stoichiometric combustion. That is, during the lean combustion, the engine operation
region in which the operation of the turbocharger started is expanded to the low-load side.
Therefore, during the lean combustion, the operation of the turbocharger is started at a
lower-load side in comparison with during the stoichiometric combustion, so that the
response of the turbocharger during the lean combustion can be heightened. Hence,
even during the lean combustion, sufficient charging pressure can be obtained.

[0007] In the first aspect, during the lean combustion, the control portion may set the
second predetermined value to be lower than during the stoichiometric combustion.

[0008] In this construction, during the lean combustion, the second predetermined
value is set lower than during the stoichiometric combustion. That is, during the lean
combustion, the region of engine operation state in which the entire amount of exhaust
gas is supplied to the turbocharger is expanded to the low-load side. Then, during the
lean combustion, the entire amount of exhaust gas is supplied to the turbocharger at a
lower-load side, in comparison with during the stoichiometric combustion. Hence,
during the lean combustion, the response of the turbocharger in a high-load region can be
heightened, and sufficient charging pressure can be obtained.

[0009] When the lean combustion is being performed and a catalyst bed temperature
is less than a reference value, the control portion may set the first predetermined value to
be higher than when the lean combustion is being performed and the catalyst bed
temperature is greater than or equal to the reference value.

[0010] In the foregoing construction, when the engine operation mode is the lean
combustion and the catalyst bed temperature is less than the reference value, the first

predetermined value is set higher than when the engine operation mode is the lean
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combustion and the catalyst bed temperature is greater than or equal to the reference
value. Specifically, during the lean combustion, the turbocharger starts to be operated at
a higher load side when the catalyst bed temperature is relatively low than when the
catalyst bed temperature is relatively high. Then, in the case where the catalyst bed
temperature is low during the lean combustion, the direct supply of the entire amount of
exhaust gas to the catalyst without passage through the turbine can be performed up to a
higher load side, so that the decline of the catalyst bed temperature can be prevented.
Hence, during the lean combustion, deterioration of the exhaust emission characteristic
can be prevented. |

[0011] Furthermore, in the first aspect, when the lean combustion is being performed
and the catalyst bed temperature is less than a reference value, the control portion may set
the second predetermined value to be higher than when the lean combustion is being
performed and the catalyst bed temperature is greater than or equal to the reference value.

[0012] In this construction, when the engine operation mode is the lean combustion
and the catalyst bed temperature is less than the reference value, the second
predetermined value is set higher than when the engine operation mode is the lean
combustion and the catalyst bed temperature is greater than or. equal to the reference
value. That is, during the lean combustion, the supply to the entire amount of exhaust
gas fo the turbine is performed at a higher load side in the case of relatively low catalyst
bed temperature than in the case of relatively high catalyst bed temperature. Then, in
the case where the catalyst bed temperature is relatively low during the lean combustion,
the direct supply of a portion of the exhaust gas to the catalyst can be performed up to a
higher load side, so that decline of the catalyst bed temperature can be prevented.
Hence, during the lean combustion, the deterioration of the exhaust emission
characteristic can be prevented while sufficient charging pressure is obtained.

[0013] Furthermore, when both the first and second exhaust valves are to be opened,
the control portion may open the first exhaust valve and then opens the second exhaust

valve,

[0014] In that case, the first exhaust valve is opened at a timing when the piston
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speed is the fastest, so that exhaust gas can be efficiently supplied to the first exhaust
passageway. Hence, the work done by the turbocharger can be increased.

[0015] A second aspect of the invention is an internal combustion engine control
device including: a turbocharger provided on an internal combustion engine; a first
exhaust valve that opens and closes an exhaust port that communicates with a first
exhaust passageway on which a turbine of the turbocharger is provided; a second exhaust
valve that opens and closes an exhaust port that communicates with a second exhaust
passageway that bypasses the turbine; a catalyst disposed at a downstream side of a
meeting point of the first exhaust passageway and the second exhaust passageway; and a
control portion that, during a lean combustion, brings the second exhaust valve to rest in
a closed state, and sets an amount of valve overlap between the first exhaust valve and an
intake valve to be less than a predetermined value.

[0016] The foregoing internal combustion engine control device may further include
a catalyst bed temperature acquisition device that acquires a bed temperature of the
catalyst, and the control portion may bring the second exhaust valve to rest in the closed
state, and may set the amount of valve overlap between the first exhaust valve and the
intake valve to be less than the predetermined value, when the lean combustion is being
performed and the catalyst bed temperature is greater than or equal to a reference value.

[0017] In the foregoing construction, during the lean combustion, the second exhaust
valve is brought to rest in a closed state, so that the entire amount of exhaust gas is
supplied to the turbine. Furthermore, the amount of overlap between the first exhaust
valve and the intake valve is set less than a predetermined value. This restrains the
blow-through of fresh air to the first exhaust passageway, and therefore can prevent a rich
shift of the air-fuel ratio. Therefore, duriné the lean combustion as well, a sufficient
exhaust energy can be supplied, so that sufficient turbocharger pressure can be obtained.

[0018] In the foregoing construction, the control portion may set the amount of
overlap between the first or second exhaust valve and the intake valve to be greater than
or equal to the predetermined value, when the lean combustion is being performed and

the catalyst bed temperature is less than the reference value.
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[0019] This results in occurrence of the blow-through of fresh air into the first or

second exhaust passageway. Then, the air-fuel ratio shifts toward a rich side, so that

unburned fuel and f'resh air can be reacted on the catalyst while the exhaust energy given
to the turbocharger becomes less than in the foregoing construction. Hence, during the
lean combustion, the catalyst bed temperature can be raised, so that deterioration of
exhaust emission can be prevented.

[0020] Furthermore, the control portion may inject fuel during an expansion stroke
of the internal combustion engine, when the lean combustion is being performed, and the
catalyst bed temperature is less than the reference value, and a request value for raising
the catalyst bed temperature is greater than or equal to a predetermined value.

[0021] As a result, a larger amount of unburned fuel is supplied to the catalyst than
in the case where fuel is not injected during the expansion stroke. Therefore, the
reaction between unburned fuel and fresh air on the catalyst is further accelerated, so that
the catalyst bed temperature can be further raised.

[0022] Furthermore, when both the first and second exhaust valves are to be opened,
the control portion may open the first exhaust valve, and then may open the second
exhaust valve.

[0023] In the case, the first exhaust valve is opened at a timing when the piston speed
is the fastest, so that the exhaust gas can be efficiently supplied to the first exhaust
passageway. Hence, the work done by the turbocharger can be increased.

[0024] A third aspect of the invention relates to a control method for an internal
combustion engine that includes a turbocharger, a first exhaust valve that opens and
closes an exhaust port that communicates with a first exhaust passageway on which a
turbine of the turbocharger is provided, a second exhaust valve that opens and closes an
exhaust port that communicates with a second exhaust passageway that bypasses the
turbine, and a catalyst disposed at a downstream side of a meeting point of the first
exhaust passageway and the second exhaust passageway. The control method includes:
setting a first regioh that is an operation region of the internal combustion engine in

which only the second exhaust valve is opened, a second region that is an operation
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region of the internal combustion engine in which both the first and second exhaust
valves are opened, and a third region that is an operation region of the internal
combustion engine in which only the first exhaust valve is opened; calculating an engine
rotation speed and an engine load; determining whether or not a lean combustion is being
performed based on the engine rotation speed and the engine load; and setting a first
predetermined value that is an upper-limit value of the first region or both the first
predetermined value and a second predetermined value that is an upper-limit value of the
second region to be lower when it is determined that the internal combustion engine is
presently operated in the lean combustion than when it is determined that the internal
combustion engine is presently operated in a stoichiometric combustion.

t0025] According to the third aspect of the invention, during the lean combustion,
the operation region of engine operation state in which the operation of the turbocharger
started is expanded to the low-load side. Therefore, during the lean combustion, the
turbocharger starts to be operated at a lower load side, in comparison with during the
stoichiometric combustion, so that the response of the turbocharger during the lean
combustion can be heightened. Hence, during the lean combustion, too, sufficient
charging pressure can be obtained.

[0026] A fourth aspect of the invention relates to a control method for an internal
combustion engine that includes a turbocharger, a first exhaust valve that opens and
closes an exhaust port that communicates with a first exhaust passageway on which a
turbine of the turbocharger is provided, a second exhaust valve that opens and closes an
exhaust port that communicates with a second exhaust passageway that bypasses the
turbine, and a catalyst disposed at a downstream side of a meeting point of the first
exhaust passageway and the second exhaust passageway. The control method includes:
sefting a first region that is an operation region of the internal combustion engine in
which only the second exhaust valve is opened, a second region that is an operation
region of the internal combustion engine in which both ‘the first and second exhaust
valves are opened, and a third region that is an operation region of the internal

combustion engine in which only the first exhaust valve is opened; calculating an engine
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rotation speed and an engine load; determining whether or not a lean combustion is being
performed based on the engine rotation speed and the engine load; detecting a bed
temperature of the catalyst; and bringing the second exhaust valve to rest in a closed state
and setting an amount of valve overlap between the first exhaust valve and an intake
valve to be less than a predetermined value, when it is determined that the internal
combustion engine is presently operated in a lean combustion and the catalyst bed
temperature is greater than or equal to a reference value.

[0027] In the fourth aspect of the invention, during the lean combustion, the second
exhaust valve is brought to rest in the closed state, so that the entire amount of exhaust
gas is supplied to the turbine. Furthermore the amount of overlap between the first
exhaust valve and the intake valve is set less than the predetermined value. This
restrains the blow-through of fresh air to the first exhaust passageway, so that the rich
shift of air-fuel ratio can be prevented. Therefore, during the lean combustion, too,
sufficient exhaust energy can be supplied to the turbocharger, so that sufficient charging

pressure can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] 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 showing a system construction according to Embodiment 1 of the
invention;

FIG. 2A is a diagram showing exhaust valve control regions during the stoichiometric -
combustion mode in Embodiment 1 of the invention;

FIG. 2B is a diagram showing exhaust valve control rcgidns during the lean
combustion mode in Embodiment 1 of the invention;

FIG. 3A is a diagram showing opening characteristics of exhaust valves Ex1, Ex2 in a

region 1 shown in FIGS. 2A and 2B;
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FIG. 3B is a diagram showing opening characteristics of the exhaust valves Ex1, Ex2
in a region 2 shown in FIGS. 2A and 2B;

FIG. 3C is a diagram showing opening characteristics of the exhaust valves Ex1, Ex2
in a region 3 shown in FIGS. 2A and 2B;

FIG. 4 is a flowchart showing a routine that an ECU 60 executes in Embodiment 1 of
the invention;

FIG 5 is a diagram exhaust valve opening characteristics in the region 2 in a
modification of Embodiment 1 of the invention;

FIG. 6A is a diagram showing the exhaust valve control regions in the case where
during the lean combustion mode, catalyst bed temperatures Tp, Tnox are greater than or
equal to reference values in Embodiment 2 of the invention;

FIG. 6B is a diagram showing the exhaust valve control region in the case during the
lean combustion mode, the catalyst bed temperatures Tp, Tnox are less than the reference
values in Embodiment 2 of the invention;

FIG. 7 is a flowchart showing a routine that the ECU 60 executes in Embodiment 2 of
the invention;

FIG. 8 is a diagram showing an example of the openiﬁg characteristics of the exhaust
valves Ex1, Ex2 and an intake valve In in the case where the blow-through of fresh air
oceurs; ¢

FIG. 9isa diagrarh showing an example of the opening characteristics of the exhaust

valves Ex1, Ex2 and the intake valve In during an ordinary lean combustion mode in

- Embodiment 3 of the invention;

FIG. 10 is a diagram showing an example of the opening characteristics of the exhaust
valves Ex1, Ex2 and the intake valve In in the case where the catalyst bed temperatures
Tp, Tnox are less than the reference values in Embodiment 3 of the invention;

FIG, 11 is a flowchart showing a routine that the ECU 60 executes in Embodiment 3 of
the invention; and

FIG. 12 is a diagram showing the opening characteristics of the exhaust valve Ex1 and -

the intake valve In in Embodiment 3 of the invention,

9
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] Hereinafter, embodiments of the invention will be described with reference to
the drawings. Elements and the like common between the drawings are assigned with
the same reference numerals, and redundant descriptions thereof are omitted.

{0030] EMBODIMENT 1, [DESCRIPTION OF SYSTEM CONSTRUCTION]

FIG. 1 is a system construction according to Embodiment 1 of the invention. The
system in this embodiment is an independent exhaust type engine system that has a
turbocharger.

[0031] The system shown in FIG. 1 includes an engine 1 that has a plurality of
cylinders 2.  Pistons of the cylinders 2 are each connected to a common crankshaft 4 via
a crank mechanism. Near the crankshaft 4, a crank angle sensor 5 is provided. The
crank angle sensor 5 is constructed so as to detect the rotation angle of the crankshaft 4
(hereinafter, referred to as “crank angle CA”),

[0032] The engine 1 has injectors 6 corresponding to the individual cylinders 2.
The injectors 6 are constructed so as to directly imject high-pressure fuel into the
cylinders 2. The injectors 6 are connected to a common delivery pipe 7. The delivery
pipe 7 is connected to communicate with a fuel tank 9 via a fuel pump 8.

[0033] Besides, the engine 1 has a plurality of intake ports 10 corresponding to the
individual cylinder 2. Each intake port 10 is provided with an intake valve 12 (which
will sometimes be designated with reference characters “In”). The intake valves 12 are
connected with a variable valve mechanism 13 changing the opening characteristics of
the intake valves 12 (the open-close timing and the lift amount thereof) independently
from each other. The variable valve mechanism 13 used herein may be a known
electromagnetically driven valve mechanism, a mechanical or hydraulic type variable
valve rpechanism, etc.

[0034] The intake ports 10 are connected to an intake manifold 16, The intake
.manifold 16 is provided with a charging pressure sensor 17. The charging pressure

sensor 17 is constructed so as to measure the pressure of the air that is supercharged by a
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below-described compressor 24a (hereinafter, referred to as “supercharged air”), that is,
the charging pressure PIM.,

[0035] An intake passageway 18 is connected to the intake manifold 16. An
intermediate portion of the intake passageway 18 is provided with a throttle valve 20.
The throttle valve 20 is an electronically controlled valve that is driven by a throttle
motor (not shown). The throttle valve 20 is driven on the basis of the accelerator
operation amount AA detected by an accelerator operation amount sensor 21, A throttle

opening degree sensor 20A is provided near the throttle valve 20. The throttle opening

- degree sensor 20A is constructed so as to detect the degree of throttle opening TA.

[0036] An intercooler 22 is érovided upstream of the throttle valve 20. The
intercooler 22 is constructed so as to cool the supercharged air.

[0037] A compressor 24a of | a turbocharger 24 is provided upstream of the
intercooler 22, The compressor 24a is linked to a turbine 24b via a link shaft (not
shown). The turbine 24b is provided in a first exhaust passageway 34 described below.
The turbine 24b is rotationally driven by exhaust dynamic pressure (exhaust energy) so
that the compressor 24a is rotationally driven.

[0038] An air flow meter 26 is provided upstream of the compressor 24a. The air
flow meter 26 is constructed so as to detect the intake air amount Ga, An air cleaner 28
is provided upstream of the air flow meter 26. An upstream side of the air cleaner 28 is
open fo the atmosphere.

"[0039] The engine 1 has a first exhaust valve 30A (which will sometimes be
designated with reference characters “Bx1”) and a second exhaust valve 30B (which will
sometimes be designated with reference characters “Ex2”) for each cylinder 2. The first
exhaust valve 30A opens and closes a first exhaust passageway 34 that leads to the
turbine 24b. The turbine 24b is constructed so as to be rotationally driven by the
dynamic pressure of exhaust gas passing through the first exhaust passageway 34. The
second exhaust valve 30B is opens and closes a second exhaust passageway 36 that does
not lead to the turbine 24b but leads to a downstream side of the turbine 24b.

[0040] The exhaust valves 30A, 30B are connected with a variable valve mechanism

11
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32 changing the opening characteristics of the exhaust valves 30A, 30B (the open-close
timing and the lift amount thereof) independently of each other. As is the case with the
variable valve mechanism 13, the variable valve mechanism 32 used herein may be a
known electromagnetically driven valve mechanism, a mechanical or hydraulic type
variable valve mechanism, etc.

[0041] An exhaust passageway 38 downstream of a mecting point between the first
exhaust passageway 34 and the second exhaust passageway 36 is provided with an
air-fuel ratio sensor 40 that detects the exhaust air-fuel ratio. A pre-catalyst 42 for
purifying exhaust gas is provided downstream of the air-fuel ratio sensor 40. The
pre-catalyst 42 can be conmstructed of, for example, a three-way catalyst. The
pre-catalyst 42 is provided with a pre-catalyst bed temperature sensor 43 that detects the
catalyst bed temperature Tp of the pre-catalyst 42,

[0042] A NOx catalyst 44 is provided downstream of the pre-catalyst 42. The NOx
catalyst 44 can be constructed of, for example, NOx storage reduction catalyst. The
NOx catalyst 44 has a function of storing NOx from exhaust gas during the lean
combustion, and reducing and thus releasing the stored NOx in an atmosphere in which
the air-fuel ratio is less than or equal to the stoichiometric air-fuel ratio, that is, in a
fuel-rich atmosphere in which the air-fuel ratio is Iess than or equal to the stoichiometric
air-fuel ratio. The NOx catalyst 44 may be a catalyst that has only the function of
storing and reducing NOx, or may also be a DPNR (Diesel Particulate-NOx Reduction
system) that has the function of trapping soot in exhaust gas as well as the
storage-reduction function. The NOx catalyst 44 is provided with a NOx catalyst bed
temperature sensor 45 that detects the catalyst bed temperature Tnox of the NOx catalyst
44,

[0043] The system of Embodiment 1 includes an ECU (Electronic Control Unit) 60
that is a control device. An input side of the ECU 60 is connected to the crank angle
sensor 5, the charging pressure sensor 17, the throttle opening degree sensor 20A, the
accelerator operation amount sensor 21, the air flow meter 26, the air-fuel ratio sensor 40,

the pre-catalyst bed temperature sensor 43, the NOx catalyst bed temperature sensor 45,
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etc. An output side of the ECU 60 is connected to the injectors 6, the fuel pump 8, the
variable valve mechanisms 13, 32, etc. The ECU 60 calculates the engine rotation
speed NE [rpm] on the basis of the crank angle CA. The ECU 60 also calculates the
engine load KL [%] on the basis of the intake air amount Ga, the charging pressure PIM,
etc. Besides, the ECU 60 estimates the amount of NOx stored in the NOx catalyst 42 on
the basis of the engine operation condition, etc. When the estimated amount of stored
NOx becomes greater than or equal to a predetermined value, the ECU 60 carries out a
so-called rich spike control in order to reduce and release the NOx.

[0044] [FEATURES OF EMBODIMENT 1]

The foregoing system controls the opening characteristics of the exhaust valves Ex1, Ex2
independently from each other by controlling the variable valve mechanism 32. The
control regions of the exhaust valves Ex1, Ex2 are divided into three regions as shown in
FIGS. 2A and 2B.

[0045] FIGS. 2A and 2B are diagrams showing the control regions of the exhaust
valves Exl, Ex2 (hercinafter, referred to as “exhaust valve control regions”) in
Embodiment 1. More specifically, FIG. 2A shows the exhaust valve control regions
during the stoichiometric combustion, and FIG. 2B shows the exhaust valve control
regions during the lean combustion. Besides, FIGS. 3A, 3B and 3C are diagrams
showing the opening characteristics of the exhaust valves Ex1, Ex2 in the exhaust valve
control regions shown in FIGS. 2A and 2B. More specifically, FIG. 3A shows the
exhaust valve opening characteristics in the region 1, and FIG. 3B shows the exhaust
valve opening characteristics in the region 2, and FIG 3C shows the exhal}st valve
opening characteristics in the region 3. |

[0046] As shown in FIGS. 2A and 2B, in the case where the engine rotation speed
NE is less than a predetermined value NE1 and' the engine load KL is less than a’
predetermined value K11, it is determined that the exhaust valve control region is the
region 1. In the region 1, since the supercharge efficiency is relatively low, the charging
pressure PIM does not rise dramatically even if the entire amount of exhaust gas is

supplied to the turbine 24b of the turbocharger 24, Therefore, in the region 1, only the
13



5

10

15

20

25

WO 2008/152485

second exhaust valve Ex2 of each cylinder is opened as shown in FIG. 3A. As a result,
the entire amount of exhaust gas is directly introduced into the pre-catalyst 42 without
passing through the turbine 24b of the turbocharger 24. Hence, the decline of the
catalyst bed temperatures Tp, Tnox can be prevented.

[0047] In the case where the engine rotation speed NE is less than a predetermined
value NE3 and the engine load KL is greater than a predetermined value KL3, it is
determined that the exhaust valve control region is the region 3. In the region 3, only
the first exhaust valve Ex1 of each cylinder is opened as shown in FIG. 3C.  As a result,
the entire amount of exhaust gas is infroduced into the turbine 24b of the turbocharger 24,

[0048] In the case where it is determined that the exhaust valve control region is the
region 2, both the first exhaust valve Ex1 and the second exhaust valve Ex2 of each
cylinder are opened as shown in FIG. 3B. As a result, a portion of the exhaust gas is
supplied to the turbine 24b, and the rest of the exhaust gas is directly supplied to the
pre-catalyst 42 without passing through the turbine 24b,

[0049] It is to be noted herein that as shown in FIGS. 2A and 2B, if the engine
rotation speed NE is less than the predetermined value NE3, the region 1, the region 2
and the region 3 are defined in that order with the increasing engine load KL. If the
exhaust gas control region is switched from the region 1 immediately to the region 3, the
amount of exhaust gas that is supplied to the pre-catalyst 42 without passing through the
turbine 24b becomes zero. In consequence, there is a possibility of sharp decline of the
catalyst bed temperature Tp of the pre-catalyst 42. Besides, it is preferable to operate
the turbocharger 24 to some degree prior to the full operation of the turbocharger 24 in
the region 3, in terms of heightening the response of the turbocharger 24, Therefore, the
region 2 in which the exhaust valves Ex1, Ex2 are both opened is pr‘ovided between the
region 1 and the regidn 3.

[0050] During the lean combustion, the exhaust gas temperature becomes lower than
during the stoichiometric combustion. Therefore, during the lean combustion, there is a
possibility of deterioration of the response of the turbocharger 24 and therefore

insufficiency of the charging pressure.
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[0051] As a countermeasure against this, in Embodiment 1, the predetermined value
KLILEAN of the engine load for the time of the lean combustion is set lower than the
predetermined value"KLISTOICHI for the time of the stoichiometric combustion as
shown in FIGS. 2A and 2B. That is, during the Iean combustion, the region in which the
exhaust valve Ex1 starts to be operated is expanded to the low load side, as compared
with during the stoichiometric combustion. Thus, during the lean combustion, exhaust
energy is given to the turbine 24b at a lower load side than during the stoichiometric
combustion. Hence, even during the lean combustion, the response of the turbocharger
24 can be heightened, so that sufficient charging pressure can be obtained. |

[0052] Besides, in Embodiment 1, the predetermined value KL3LEAN of the engine
(load for the time of the lean combustion is set lower than the predetermined value
KIL3STOICHI for the time of the stoichiometric combustion. That is, during the lean
combustion, the region in which the entire amount of exhaust gas is supplied to the
turbine 24b is expanded to a low load side, as compared with during the stoichiometric
combustion. Thus, during the lean combustion, the entire amount of exhaust gas is
supplied to the turbine 24b at a Iower load side than during the stoichiometric combustion.
"Hence, during the lean combustion, too, the response of the turbocharger 24 can be
heightened, so that sufficient charging pressure can be obtained.

[0053] Besides, in Embodiment 1, during the rich spike control, the predetermined
values (NEILEAN, and the like) for the time of the lean combustion are used.
Incidentally, it is an ordinary practice that, during the rich spike control, the
predetermined values (NE1STOICHI, and the like) for the time of the stoichiomeiric
combustion are used to perform the exhaust valve control. In this practice, however, at
the time of switch from the lean combustion to the rich spike control, the changing of the
exhaust valve control region will likely increase the torque shock, heightening the
possibility of deterioration of drivability, In Embodiment 1, in contrast to the ordinary
practice, during the rich spike control, the predetermined values (NELLEAN, and the
like) for the time of the lean combustion are used, as described above. Hence, when the

rich spike control begins, the exhaust valve control performed during the lean combustion
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continues to be performed. This can prevent occurrence of a torque shock, and can
prevent deterioration of drivability.

[0054] [CONCRETE PROCESSES IN EMBODIMENT 1]

FIG. 4 is a flowchart showing a process that the ECU 60 executes in Embodiment 1.
This process is started at a predetermined timing before the exhaust valves Ex1, Ex2 are
driven. According to the process shown in FIG. 4, the engine rotation speed NE and the
engine load KL are firstly read (step 100). Subsequently, the engine operation mode is
referred to on the basis of the engine rotation speed NE and the engine load KL read in
step 100 (step 102). It is to be noted herein that, in a process other than the present
process, one of the stoichiometric combustion and the lean combustion is determined as
the engine operation mode to be executed, on the basis of the engine rotation speed NE
and the engine load KI.. In the foregoing step 102, the thus-determined engine
operation mode is referred to.

[0055] After that, it is determined whether or not the engine operation mode referred
to in step 102 is the lean combustion or the rich spike control is being executed (step 104).
If in step 104 it is determined that the present engine operation mode is the lean
combustion or that the rich spike control is being executed, the predetermined value NE1
for use for the determination regarding the region 1 is calculated to be NE1ILEAN, and
the predetermined value KL1 for the same use is calculated to be KLILEAN (step 106).
Furthermore, the predetermined value NE3 for use for the determination regarding the
region 3 is calculated to be NE3LEAN, and the predetermined value KI.3 for the same
use is calculated to be KL3LEAN (step 108).

[0056] On the other hand, if in step 104 it is determined that the present enginé
operation mode is the stoichiometric combustion, the predetermined value NEI for use
for the detennination regarding the region 1 is calculated to be NEISTOICHI, and the
predetermined value KL1 for the same use is calculated to be KLISTOICHI (step 110).
Furthermore, the predetermined value NE3 for use for the determination regarding the
region 3 is calculatgd to be NE3STOICHI, and the predetermined value KL3 for the same
use is calculated to be KL3STOICHI (step 112).
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[0057] After the process of step 108 or 112, it is determined whether or not the
engine rotation speed NE read in step 100 is less than the predetermined value NE1 and
the engine load KL read in step 100 is less than the predetermined value KL1 (step 114).
If in step 114 it is determined that the engine rotation speed NE is less than the
predetermined value NE1 and the engine load KL is less than the predetermined value
KL1, it is then determined that the exhaust valve control region is the region 1 (step 116).

[0058] On the other hand, if in step 114 it is determined that the engine rotation
speed NE is greater than or equal to the predetermined value NE1 or that the engine load
KL is greater than or equal to the predetermined value KL1, the process proceeds to step
118. In step 118, it is determined whether or not the engine rotation speed NE is less
than the predetermined value NE3 and the engine load KL is greater than the
predetermined value KL3. If in step 118 it is determined that the engine rotation speed
NE is less than the predetermined value NE3 and the engine load KL is greater than the
predetermined value K13, it is then determined that the exhaust valve control region is
the region 3 (step 120).

[0059] On the other hand, if in step 118 it is determined that the engine rotation
speed NE is greater than or equal to the predetermined value NE3 or that the engine load
KL is less than or equal to the predetermined value K13, it is then determined that the
exhaust valve control region is the region 2 (step 122).

[0060] After the process of step 116, 120 or 122, the exhaust valve cont_rol according
to the determined exhaust valve control region is carried out (step 124). In step 124, a
drive request to the variable valve mechanism 32 changing the opening characteristics of
the exhaust valves Ex1, Ex2 is output.  After that, this process is ended.

[0061] Incidentally, although in Embodiment 1, the predetermined value KL3LEAN
is set between the predetermined value KL3STOICHI and the pradeténnined value
KL1STOICHI as shown in FIGS. 2A and 2B, the predetermined value KL3LEAN may
also be set lower than the predetermined value KL1STOICHI depending on the vehicle
type, and the like.

[0062] Furthermore, although in Embodiment 1, the opening characteristics of the
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two (first and second) exhaust valves Ex1, Ex2 are the same in the region 2 (see FIG. 3B),
the opening characteristics of the exhaust valves Ex1, Ex2 may be different from each
other as shown in FIG. 5. FIG 5 is a diagram showing the exhaust valve opening
characteristics in the region 2 in accordance with a modification of Embodiment 1. As
shown in FIG. 5, after the first exhaust valve Ex1 is opened, the second exhaust valve Ex2
is opened. In that case, the first exhaust valve Ex1 is opened at a timing at which the
piston speed is the greatest (i.e., during an intermediate period of the stroke). As a result,
exhaust gas can be efficiently supplied to the turbine 24b of the first exhaust passageway
34, so that the work done by the turbocharger 24 can be increased.

[0063] Besides, although in Embodiment 1, the predetermined values KLlLEAN,
KL3LEAN for the time of the lean combustion are set lower by the same amount of
difference than the predetermined values KL1STOICHI, KL3STOICHI for the time of
the stoichiometric combustion, the amount of difference between KL1STOICHI and
KL1LEAN and the amount of difference between KL3STOICHI and KL3LEAN may be
different from each other.

[0064] Besides, although in Embodiment 1, the predetermined values NE1LEAN,
NE3LEAN set for the time of the lean combustion are the same as the predetermined
values NE1STOICHI, NE3STOICHI set for the time of the stoichiometric combustion,
they may also be different from each other.

[0065] In Embodiment 1 and the modifications, the engine 1 can be regarded as an
“internal combustion engine” in the invention, and the turbocharger 24 can be regarded as
a “turbocharger” in the invention, and the turbine 24b can be regarded as a “turbine” in
the invention, and the first exhaust passageway 34 can be regarded as a “first exhaust
passageway” in the invention, and the second exhaust passageway 36 can be regarded as
a “second exhaust passageway” in the invention. Besides, in Embodiment 1 and the
modifications, the first exhaust valve Ex1 (30A) can be regarded as a “first exhaust
valve” in the invention, and the second exhaust valve Ex2 (30B) can be regarded as a
“second exhaust valve” in the invention, and the intake valve In (12) can be regarded as

an “infake valve” in the invention, and the pre-catalyst 42 and the NOx catalyst 44 can be
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regarded as a “catalyst” in the invention, and the pre-catalyst bed temperature sensor 43
and the NOx catalyst bed temperature sensor 45 can be regarded as a “catalyst bed
temperature acquisition device” in the invention. Besides, in Embodiment 1 and the
modifications, the ECU 60 functions as an “engine load acquisition device” in the
invention by executing the process of step 100, and also functions as a “control portion”
in the invention by executing the processes of steps 106, 108 and steps 114 to 124.

[0066] EMBODIMENT 2.

Next, Embodiment 2 of the invention will be described with reference to FIGS. 6A, 6B
and 7. A system in Embodiment 2 can be realized by using a hardware construction
shown in FIG. 1 and by the ECU 60 executing a below-described process shown in FIG.
7.

[FEATURES OF EMBODIMENT 2]

In Embodiment 1, the predetermined values KLILEAN, KL3LEAN for the time of
lean combustion are set lower than the predetermined values KL1STOICHI,
KL3STOICHI for the time of stoichiometric combustion. As a result, even during the
lean combustion, the response of the turbocharger 24 can be improved so that sufficient
charging pressure PIM can be obtained.

" [0067]) As described above, during the lean combustion, the temperature of exhaust
gas becomes lower than during the stoichiometric combustion. Hence, if the first
exhaust Yalve Ex1 is opened at early timing, the catalyst bed temperatures Tp, Tﬁox may‘
sometimes sharply decline. Consequently, there is possibility of the exhaust emission
characteristic deteriorating while sufficient charging pressure PIM is obtained.

{0068] As a countermeasure against this, in Embodiment 2, in the case where during
the lean combustion, and the catalyst bed temperatures Tp, Tnox are lower than reference
"values, the predetermined values KL1, KL3 are set higher than in the case where during
the lean combustion, and the catalyst bed temperatures Tp, Tnox are higher than or equali
to the reference values, as shown in FIGS. 6A and 6B. It is to be noted herein that the
predetermined values KL1, KL3 in Embodiment 2 satisfy the requirements adopted in

Embodiment 1,
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[0069] FIGS. 6A and 6B are diagrams showing exhaust valve control regions during
the lean combustion in Embodiment 2. More specifically, FIG. 6A shows the control
regions of the exhaust valves Ex1, Ex2 in the case where the catalyst bed temperatures Tp,
Tnox are higher than or equal to the reference values, and FIG. 6B shows the control
regions of the exhaust valves Ex1, Ex2 in the case where the catalyst bed temperatures Tp,
Tnox are less than the reference values. In addition, FIG. 6A shows the same diagram as
FIG 2B.

[0070] In Embodiment 2, the predetermined value KL1LEANL for the case where
the engine operation mode is the lean combustion and the catalyst bed temperatures Tp,
Tnox are less than the reference values as shown in FIG. 6B is set higher than the
predetermined value KL1LEAN for the case where the engine operation mode is the lean
combustion and the catalyst bed temperatures Tp, Tnox are higher than or equal to the
reference values as shown in FIG. 6A. That is, during the lean combustion, the region in
which the exhaust valve Ex1 starts to be operated in the case where the catalyst bed
temperatures Tp, Tnox are less than the reference values is seig to a higher load side than
that in the case where the catalyst bed temperatures Tp, Tnox are higher than or equal to
the reference values. As a result, in the case where the catalyst bed temperatures Tp,
Tnox are less than the reference values, the direct supply of the entire amount of exhaust |
gas to the pre-catalyst 42 without passage through the turbine 24b is performed in a
region of load up to a higher value than in the case where the catalyst bed temperatures
Tp, Tnox are higher than or equal to the reference values, Hence, even in the case
where the engine operation mode is the lean combustion and the catalyst bed
temperatures Tp, Tnox are less than the reference values, the decline of the catalyst bed
temperatures Tp, Tnox can be restrained, so that the deterioration in the exhaust emission
characteristics can be prevented.

[0071] Bcéides, in Embodiment 2, the predetermined value KL3LEANL for the case
where the engine operation mode is the lean combustion and the catalyst bed
temperatures Tp, Tnox are less than the reference values as shown in FIG. 6B is set higher

than the predetermined value KL3LEAN for the case where the engine aperation mode is
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the lean combustion and the catalyst bed temperatures Tp, Tnox are higher than or equal
to the reference values as shown in FIG. 6A. That is, the region in which only the
exhaust valve Ex1 of each cylinder is operated in the case where the engine operation
mode is the lean combustion and the catalyst bed tempera{tures Tp, Tnox are less than the
reference values is set to a higher load side than that in the case where the engine
operation mode is the lean combustion and the catalyst bed temperatures Tp, Tnox are
higher than or equal to the reference values. As a result, in the case where the catalyst
bed temperatures Tp, Tnox are less than the reference values, the direct supply of a
portion of the exhaust gas to the pre-catalyst 42 without passage through the turbine 24b
is performed in a region of load up to a higher value than in the case where the catalyst
bed temperatures Tp, Tnox are higher than or equal to the reference values. Hence, even
in the case where the engine operation mode is the lean combustion and the catalyst bed
temperatures Tp, Tnox are less than the reference values, sufficient charging pressure
PIM can be obtained, and the deterioration in exhaust emission characteristics can be
prevented.

[0072] Incidentally, the predetermined value KL3LEANL is set lower than a
maximum load KLmax that allows the lean combustion to be realized when supercharge
is not provided, as shown in FIG. 6B. Hence, the entire amount of exhaust gas is
supplied to the turbine 24b before the load reaches the maximum load KLmax that allows
the lean combustion to be realized during the non-supercharge state.

[0073] [CONCRETE PROCESSES IN EMBODIMENT 2]

FIG. 7 is a flowchart shbwing a process that the ECU 60 executes in Embodiment 2.
This process is started at a predetermined timing before the exhaust valves Ex1, Ex2 are
driven.

[0074] According to the pfocess shown in FIG. 7, the process of steps 100 to 104 is
firstly executed as in the process shown in FIG. 4. Xf in step 104 it is determined that the
present engine operation mode is the stoichiometric combustion, NE1=NE1STOICHI and
KL1=KLISTOICHI are calculated (step 110} as in the process shown in FIG. 4. After
that, NE3=NE3STOICHI and KI.3=KL3STOICHI are calculated (step 112).
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[0075] On the other hand, if in step 104 it is determined that the present engine
operation mode is the lean combustion or the rich spike contro] is being executed, the
ECU 60 acquires the pre-catalyst bed temperature Tp and the NOx catalyst bed
temperature Tnox (step 130), unlike the process shown in FIG. 4. After that, it is
determined whether or not the pre-catalyst bed temperature Tp acquired in step 130 is
less than a reference value Tha or the NOx catalyst bed temperature Tnox acquired in
step 130 is less than a reference value Thb (step 132). The reference value Tha herein is
for example, 450°C, and the reference value Thb is, for example, 300°C. If in step 132
it is determined that the pre-catalyst bed temperature Tp is higher than or equal to the
reference value Tha and the NOx catalyst bed temperature Tnox is higher than or equal to
the reference value Thb, NE1=NE1LEAN and KL1=KL1LEAN are calculated (step 106).
After that, NE3=NE3LEAN and KL.3=KL3LEAN are calculated (step 108).

[0076] If in step 132 it is determined that the pre-catalyst bed temperature Tp is less
than the reference value Tha or that the NOx catalyst bed temperature Tnox is less than
the reference value Thb, NE1=NEILEANL and KL1=KL1LEANL are calculated (step
134). After that, NE3=NE3LEANL and KL3=KI3LEANL are calculated (step 136).
As described above, the values KLILEANL and KIL3LEANL calculated in steps 134,
136 are higher than the values KL1LEAN and KL3LEAN calculated in steps 106, 108.
Therefore, the regions 1, 3 are each expanded to the higher load side.

[0077] After the process of step 108, 112 or 136, the exhaust valve control region is

]

determined by executing the process of steps 114 to 120 as in the process shown in FIG. 4.

After that, the exhaust valve control according to the thus-determined exhaust valve
control region is carried out (step 124). After that, the process is ended.

[0078] Although in Embodiment 2, the bed temperature sensors 43, 45 are used to
detect the catalyst bed temperatures Tp, Tnox, the catalyst bed temperatures Tp, Tnox
may also be estimated on the basis of the engine operation state (KL, NE). In that case,

in step 130 in the process shown in FIG 7, the estimated catalyst bed temperatures Tp,

- Tnox are read.

[0079] In Embodiment 2, the ECU 60 functions as a “control portion” in the
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invention by executing the processes of steps 134 and 136.

[0080] EMBODIMENT 3.

Next, Embodiment 3 of the invention will be described with reference to FIGS. 8 to 11.
A system of Embodiment 3 can be realized by using a hardware construction shown in
FIG. 1 and by the ECU 60 executing a below-described process shown in FIG. 11.

[0081] [FEATURES OF EMBODIMENT 3]

According to the system shown in FIG. 1, the provision of an amount of valve overlap
between the exhaust valves Ex1, Ex2 and the intake valves In, for example, as shown in
FIG. 8 causes fresh air to be blown through into the exhaust system (scavenging). FIG. 8
is a diagram showing an example of the opening characteristics of the exhaust valves Ex1,
Ex2 and the intake valves In in the case where the blow-through of fresh air occurs,

[0082] During the lean combustion, the work done by the turbocharger 24 bécomes
less than during the stoichiometric combustion, if the amount of air during the lean
combustion is equal to that during the stoichiometric combustion. Hence, during the
lean combustion, it is desirable to take more air into the cylinders.

[0083] However, if the aforementioned air blow-through occurs, the amount of air
confined in each cylinder decreases. Furthermore, since the amount of fuel injection is
calculated on the basis of the intake air amount Ga detected by the air flow meter 26, the
scavenging brings about a rich shift of the air-fuel ratio. Therefore, the exhaust energy
supplied to the turbine 24b decreases, as compared with the case where the air
blow-through does not occur.

' {0084] As a countermeasure against this, in Embodiment 3, during ordinary lean
combustion, the second exhaust valve Ex2 is brought to rest, and only the first exhaust
valve Ex1 is operated, as shown in FIG. 9. FIG. 9 is a diagram showing an example of
the opening characteristics of the exhaust valves Ex1, Ex2 and the intake valves In during
the ordinary lean combustion in Embodiment 3. By operating only the first exhaust
valve Exl, the entire amount of exhaust gas can be supplied to the turbine 24b.
Furthermore, as shown in FIG. 9, the overlap period between the first exhaust valve Ex1

and the intake valves In is set at zero or set at or below a predetermined value. This can
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restrain the air blow-through, and can restrain the rich shift of the air-fuel ratio. Hence,
sufficient exhaust energy can be supplied to the turbine 24b, so that sufficient charging
pressure PIM can be obtained.

[0085] Furthermore, in the case where the catalyst bed temperatures Tp, Tnox are
less than the reference value, the amount of overlap between the second exhaust valve
Ex2 and the intake valves In is set greater than or equal to a predetermined value as
shown in FIG. 10. FIG. 10 is a diagram showing an example of the opening
characteristics of the exhaust valves Ex1, Ex2 and the intake valves In in the case where
the catalyst bed temperatures Tp, Tnox are less than the reference values in Embodiment
3. This setting of the overlap amount results in the air blow-through and therefore a rich
shift of the air-fuel ratio. Then, while the exhaust energy given to the turbine 24b
decreases, the unburned fuel and the blown-through fresh air can be reacted on the
pre-catalyst 42 or the NOx catalyst 44, so that the catalyst bed temperatures Tp, Tnox can
be raised.

[0086] In the example shown in FIG 10, after the first exhaust valve Ex1 is opened,
the second exhaust valve Ex2 is opened. In that case, the first exhaust valve Ex1 is
opened at a timing at which the piston speed is the greatest (i.., during an intermediate
period of the stroke). As a result, exhaust gas can be efficiently supplied to the turbine
24b of the first exhaust passageway 34, so that the work done by the turbocharger 24 can
be increased.

[0087] Besides, there are cases where the catalyst bed temperatures Tp, Tnox need to
be further raised, such as the case where the catalyst bed temperatures Tp, Tnox are less
than a second reference values that are Jower than the reference values, or the case where
the temperature rise caused by the aforementioned reaction between the unburned fuel
and the fresh air is not sufficient. In those cases, in Embodiment 3, the fuel injection is
performed during the expansion stroke. As a result, an increased amount of unburned
fuel is supplied to the pre-catalyst 42, so that the reaction between the unburned fuel and
fresh air can be further accelerated on the pre-catalyst 42.

[0088] [CONCRETE PROCESSES OF EMBODIMENT 3]
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FIG. 11 is a flowchart showing a process that the ECU 60 executes in Embodiment 3.
This process is started at a predetermined timing before the exhaust valves Ex1, Ex2 are
driven.

[0089] According to the process shown in FIG. 11, the engine rotation speed NE and
the engine load KL are read (step 100), and the engine operation mode is referred to (step
102), as in the process shown in FIG. 4.  After that, it is determined whether or not the
engine operation mode referred to in step 102 is the lean combustion (step 140). If in
step 140 it is determined that the present engine operation mode is the stoichiometric
combustion, the process is ended.

[0090] On the other hand, if in step 140 it is determined that the engine operation
mode is the lean combustion, the pre-catalyst bed temperature Tp and the NOx catalyst
bed temperature Tnox are acquired (step 130), as in the routine shown in FIG. 6.  After
that, it is determined whether or not the pre-catalyst bed temperature Tp acquired in step
130 is less than a reference value Ttha or the NOx catalyst bed temperature Tnox is less
than a reference value Tthb (step 132).

[0091] If in step 132 it is determined that the pre-catalyst bed temperature Tp greater
than or equal to the reference value Ttha and the NOx catalyst bed temperature Tnox is
greater than or equal to the reference value Tthb, for example, the exhaust valve Ex2 is
brought to rest and the amount of overlap between the exhaust valve Ex1 and the intake
valve In is set less than or equal to a predetermined value (step 142), as in the example
éhown in FIG. 9. Instep 142, a drive request to a variable valve mechanism 32 which is
capable changing the opening characteristics of the exhaust valves Ex1, Ex2, and a drive
request to a variable valve mechanism 13 changing the opening characteristics of the
intake valve In are output.  After that, the process is ended.

[0092] On the other hand, if in step 132 it is determined that the pre-catalyst bed
temperature Tp is less than the reference value Ttha or that the NOx catalyst bed
temperature Tnox is less than the reference value Tthb, it is determined that there is a
need to raise the catalyst bed temperatures Tp, Tnox. In this case, for example, the

amount of overlap between the second exhaust valve Ex2 and the intake valve In is set
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greater than or equal to a predetermined value (step 144), as in the example shown in FIG.
10. In step 144, a drive request to the variable valve mechanisms 13, 32 is output.

[0093] After that, it js determined that a request value for increasing the catalyst bed
temperatures Tp, Tnox is greater than or equal to a predetermined value (step 146). In
step 146, it is determined that the temperature increase request is gfeater than or equal to
the predetermined value, in the case where the catalyst bed temperatures Tp, Tnox are
less than second reference values Ttha2, Tthb2 that are lower than the reference values
Ttha, Tthb, respectively, or in the case where the answer to the determination in step 132
is “NO” again despite the execution of process of step 144 during the previous process,
In such a case, the fuel injection is performed during the expansion stroke (step 148).
After that, the present execution of this process is ended.

[0094] Although in Embodiment 3, the amount of overlap between the second
exhaust valve Ex2 and the intake valves In is set greater than or equal to the
predetermined value in order to cause the blow-through of fresh air in step 148, the
amount of overlap between the first exhaust valve Ex1 and the intake valves In may also
be the predetermined value, as in the example shown in FIG. 12. FIG. 12 is a diagram
showing the opening characteristics of the exhaust valve Ex1 and the intake valves Inin a
modification of Embodiment 3. In this modification, too, the blow-through of fresh air
can be caused.

[0095] Besides, although in Embodiment 3, the catalyst bed temperatures Tp, Tnox
are detected by using the bed temperature sensors 43, 43, the catalyst bed temperatures
Tp, Tnox may also be estimated on the basis of the engine operation state (KL, NE). In
that case, in step 130 in the process shown in FIG. 11, estimated catalyst bed temperatures
Tp, Tnox are read,

[0096] Incidentally, in Embodiment 3 and the modification thereof, the ECU 60
functions as a “catalyst bed temperature acquisition device” in the invention by executing
the process of step'130, and also functions as a “control portion” in the invention by

executing the processes of steps 142, 144 and 148,
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CLAIMS

1. An internal combustion engine control device comprising:

a turbocharger provided on an internal combustion engine;

a first exhaust valve that opens and closes an exhaust port that communicates with a
first exhaust passageway on which a turbine of the turbocharger is provided;

a second exhaust valve that opens and closes an exhaust port that communicates with a
second exhaust passageway that bypasses the turbine;

a catalyst disposed at a downstream side of a meeting point of the first exhaust
passageway and the second exhaust passageway;

an engine load acquisition device that acquires an engine load; and

a control portion that opens only the second exhaust valve when the engine load is less
than a first predetermined value, and that opens both the first and second exhaust valves
when the engine load is greater than or equal to the first predetermined value and less
than a second predetermined value, and that opens only the first exhaust valve when the
engine load is greater than or equal to the second predetermined value,

wherein the control portion sets the first predetermined value to be lower during a lean

combustion than during a stoichiometric combustion.

2. The internal combustion engine control device according to claim 1, characterized in
that
during the lean combustion, the control portion sets the second predetermined value to

be lower than during the stoichiometric combustion.

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

when the lean combustion is being performed and a catalyst bed temperature is less
than a reference value, the control portion sets the first predetermined value to be higher
than when the lean combustion is being performed and the catalyst bed temperature is

greater than or equal to the reference value.
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4, The internal combustion engine control device according to any one of claims 1 to 3,
characterized in that

when the lean combustion is being performed and the catalyst bed temperature is less
than a reference value, the control portion sets the second predetermined value to be
higher than when the lean combustion is being performed and the catalyst bed

temperature is greater than or equal to the reference value.

5. The internal combustion engine control device according to any one of claims 1 to 4,
characterized in that
when both the first and second exhaust valves are to be opened, the control portion

opens the first exhaust valve and then opens the second exhaust valve.

6. An internal combustion engine control device comprising:

a turbocharger provided on an internal combustion engine;

a first exhaust valve that opens and closes an exhaust port that communicates with a
first exhaust passageway on which a turbine of the turbocharger is provided;

a second exhaust valve that opens and closes an exhaust port that communicates with a
second exhaust passageway that bypasses the turbine;

a catalyst disposed at a downstream side of a meeting point of the first exhaust
passageway and the second exhaust passageway; and

a control portion that, during a lean combustion, brings the second exhaust valve to
rest in a closed state, and sets an amount of valve overlap between the first exhaust valve

and an intake valve to be less than a predetennined value.

7. The internal combustion engine control device according to claim 6, further
comprising:
a catalyst bed temperature acquisition device that acquires a bed temperature of the

catalyst, wherein the control portion brings the second exhaust valve to rest in the closed
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state, and sets the amount of overlap between the first exhaust valve and the intake valve .
to be less than the predetermined value, when the lean combustion is being performed

and the catalyst bed temperature is greater than or equal to a reference value.

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

the control portion sets the amount of overlap between the first or second exhaust
valve and the intake valve to be greater than or equal to the predetermined value, when
the lean combustion is being performed and the catalyst bed temperature is less than the

reference value.

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

the control portion injects fuel during an expansion stroke of the internal combustion
engine, when the lean combustion is being performed and the catalyst bed temperature is
less than the reference value, and a request value for increasing the catalyst bed

temperature is greater than or equal to a predetermined value.

10. The internal combustion engine control device according to claim 9, characterized in
that

the control portion determines that the request value is greater than or equal to the
predetermined value, when the catalyst bed temperature is less than a second reference
value that is lower than the reference value, or when it has Been determined consecutively
. at least a predetermined number of times that the catalyst bed temperature is less than the

reference value.

11, The internal combustion engine control device according to any one of claims 8 to 10,

characterized in that

when both the first and second exhaust valves are to be opened, the control portion
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opens the first exhaust valve, and then opens the second exhaust valve.

12, The internal combustion engine control device according to any one of claims 1 to 11,
characterized in that
during a stoichiometric control, the control portion performs substantially the same

control as during the lean combustion.

13. A control method for an internal combustion engine that includes a turbocharger, a
first exhaust valve that opens and closes an exhaust port that communicates with a first
exhaust passageway on which a turbine of the turbocharger is prdvided, a second exhaust
valve that opens and closes an exhaust port that communicates with a second exhaust
passageway that bypasses the turbine, and a catalyst disposed at a downstream side of a
meeting point of the first exhaust passageway and the second exhaust passageway, the
control method comprising:

setting a first region that is an operation region of the internal combustion enginé in
which only the second exhaust valve is opened, a second region that is an operation
region of the internal combustion engine in which both the first and second exhaust
valves are opened, and a third region that is an operation region of the internal
combustion engine in which only the first exhaust valve is opened;

calculating an engine rotation speed and an engine load;

determining whether or not a lean combustion is being performed based on the engine
rotation speed and the engine load; and

setting a first predetermined value that is an upper-limit value of the first region or
both the first predetermined value and a second predetermined value that is an upper-limit
value of the second region to be lower when it is determined that the internal combustion
engine is presently operated in the lean combustion than when it is determined that the

internal combustion engine is presently operated in a stoichiometric combustion,

14, The control method according to claim 13, further comprising:
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detecting a bed temperature of the catalyst; and

setting the first predetermined value or both the first predetermined value and the
second predetermined value to be higher when it is determined that the internal
combustion engine is presently operated in the lean combustion and the catalyst bed
temperature is less than a reference value than when it is determined that the internal
combustion engine is presently operated in the lean combustion and the catalyst bed

temperature is greater than or equal to the reference value,

15. A control method for an internal combustion engine that includes a turbocharger, a
first exhaust valve that opens and closes an exhaust port that communicates with a first
exha‘ust passageway on which a turbine of the supercharger is provided, a second exhaust
valve that opens and closes an exhaust port that communicates with a second exhaust
passageway that bypasses the turbine, and a catalyst disposed at a downstream side of a
meeting point of the first exhaust passageway and the second exhaust passageway, the
control method comprising:

setting a first region that is an operation region of the internal combustion engine in
which only the second exhaust valve is opened, a second region that is an operation
region of the internal combustion engine in which both the first and second exhaust
valves are opened, and a third region that is an operation region of the internal
combustion engine in which only the first exhaust valve is opened;

calculating an engine rotation speed and an engine load;

determining whether or not a lean combustion is being performed based on the engine
rotation speed and the engine load; .

detecting a bed temperature of the catalyst; and

bringing the second exhaust valve to rest in a closed state and setting an amount of
valve oveﬂap between the first exhaust valve and an intake valve to be less than a
predetermined value, when it is determined that the internal combustion engine is
presently operated in a lean combustion and the catalyst bed temperature is greater than

or equal to a reference value.
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16. The control method according to claim 15, further comprising:
setting the amount of overlap between the first or second exhaust valve and the intake
valve to be greater than or equal to the predetermined value, when it is determined that

the lean combustion is being performed and the catalyst bed temperature is less than the

reference value.
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