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(54) Control device and control method for internal combustion engine

(57) An internal combustion engine control device
comprises a turbocharger (24) provided on an internal
combustion engine (1); a first exhaust valve (30A) that
opens and closes an exhaust port that communicates
with a first exhaust passageway (34) on which a turbine
(24b) of the turbocharger (24) is provided; a second ex-
haust valve (30B) that opens and closes an exhaust port
that communicates with a second exhaust passageway

(36) that bypasses the turbine (24b); a catalyst (42, 44)
disposed at a downstream side of a meeting point of the
first exhaust passageway (34) and the second exhaust
passageway (36); and a control portion (60) that, during
a lean combustion, brings the second exhaust valve
(30B) to rest in a closed state, and sets an amount of
valve overlap between the first exhaust valve and an in-
take valve (12) to be less than a predetermined value.
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Description

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 tur-
bine, 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 ex-
haust 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 ex-
haust emission characteristic may sometimes deterio-
rate.

SUMMARY OF THE INVENTION

[0004] The invention provides a control device and a
control method for an internal combustion engine capa-
ble of achieving sufficient charging pressure even during
the lean combustion. The invention also provides a con-
trol device and a control method for an internal combus-
tion engine capable of preventing the deterioration of the
exhaust emission characteristic while achieving suffi-
ciently high charging pressure during the lean combus-
tion.
[0005] A first aspect of the invention is an internal com-
bustion engine control device including: a turbocharger
provided on an internal combustion engine; a first ex-
haust 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 ex-
haust valve that opens and closes an exhaust port that
communicates with a second exhaust passageway that
bypasses the turbine; a catalyst disposed at a down-
stream side of a meeting point of the first exhaust pas-
sageway and the second exhaust passageway; an en-
gine 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 predeter-
mined 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 stoichio-
metric 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 pres-
sure. Therefore, the entire amount of exhaust gas is sup-
plied directly to the catalyst without passing through the
turbine, so that the decline of the catalyst bed tempera-
ture 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 turbo-
charger, and at the same time, sharp decline of the cat-
alyst bed temperature can be restrained. Besides, during
a high-load state, in which the engine load is greater than
or equal to the second 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. Incidental-
ly, during the lean combustion, the exhaust gas temper-
ature is relatively low so that the response of the turbo-
charger 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 combus-
tion. That is, during the lean combustion, the engine op-
eration region in which the operation of the turbocharger
started is expanded to the low-load side. Therefore, dur-
ing the lean combustion, the operation of the turbocharg-
er 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 combus-
tion.
[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 tur-
bocharger is expanded to the low-load side. Then, during
the lean combustion, the entire amount of exhaust gas
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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 combustion and the catalyst
bed temperature is greater than or equal to the reference
value. Specifically, during the lean combustion, the tur-
bocharger 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 pas-
sage through the turbine can be performed up to a higher
load side, so that the decline of the catalyst bed temper-
ature can be prevented. Hence, during the lean combus-
tion, 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 tem-
perature 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 tem-
perature is less than the reference value, the second pre-
determined value is set higher than when the engine op-
eration mode is the lean combustion and the catalyst bed
temperature is greater than or equal to the reference val-
ue. That is, during the lean combustion, the supply to the
entire amount of exhaust gas to 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 cata-
lyst bed temperature. Then, in the case where the catalyst
bed temperature is relatively low during the lean com-
bustion, 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 de-
terioration 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 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 turbo-
charger 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 down-
stream side of a meeting point of the first exhaust pas-
sageway 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 con-
trol 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 re-
strains the blow-through of fresh air to the first exhaust
passageway, and therefore can prevent a rich shift of the
air-fuel ratio. Therefore, during 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 com-
bustion is being performed and the catalyst bed temper-
ature is less than the reference value.
[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 fresh air can be reacted on the catalyst
while the exhaust energy given to the turbocharger be-
comes 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
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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 refer-
ence value, and a request value for raising the catalyst
bed temperature is greater than or equal to a predeter-
mined 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 re-
action between unburned fuel and fresh air on the catalyst
is further accelerated, so that the catalyst bed tempera-
ture 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 sec-
ond 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 con-
trol method for an internal combustion engine that in-
cludes 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 tur-
bocharger 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 in-
cludes: setting a first region that is an operation region
of the internal combustion engine in which only the sec-
ond 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 ex-
haust 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.
[0025] According to the third aspect of the invention,
during the lean combustion, the operation region of en-
gine operation state in which the operation of the turbo-
charger started is expanded to the low-load side. There-
fore, 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 re-

sponse 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 con-
trol method for an internal combustion engine that in-
cludes 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 tur-
bocharger 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 in-
cludes: setting a first region that is an operation region
of the internal combustion engine in which only the sec-
ond 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 ex-
haust 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 tem-
perature 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 in-
take 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 ex-
haust 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 combus-
tion, 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
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in Embodiment 1 of the invention;
FIG. 2B is a diagram showing exhaust valve control
regions during the lean combustion mode in Embod-
iment 1 of the invention;
FIG. 3A is a diagram showing opening characteris-
tics of exhaust valves Ex1, Ex2 in a region 1 shown
in FIGS. 2A and 2B;
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 characteris-
tics 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 charac-
teristics in the region 2 in a modification of Embodi-
ment 1 of the invention;
FIG. 6A is a diagram showing the exhaust valve con-
trol regions in the case where during the lean com-
bustion mode, catalyst bed temperatures Tp, Tnox
are greater than or equal to reference values in Em-
bodiment 2 of the invention;
FIG. 6B is a diagram showing the exhaust valve con-
trol 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 open-
ing characteristics of the exhaust valves Ex1, Ex2
and an intake valve In in the case where the blow-
through of fresh air occurs;
FIG. 9 is a diagram showing an example of the open-
ing characteristics of the exhaust valves Ex1, Ex2
and the intake valve In during an ordinary lean com-
bustion 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 inven-
tion;
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 character-
istics of the exhaust valve Ex1 and the intake valve
In in Embodiment 3 of the invention.

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 de-
scriptions thereof are omitted.

EMBODIMENT 1. [DESCRIPTION OF SYSTEM CON-
STRUCTION]

[0030] FIG. 1 is a system construction according to
Embodiment 1 of the invention. The system in this em-
bodiment 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 con-
structed so as to detect the rotation angle of the crank-
shaft 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 inject 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 characteris-
tics 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 mechanism,
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 below-described com-
pressor 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 pro-
vided near the throttle valve 20. The throttle opening de-
gree sensor 20A is constructed so as to detect the degree
of throttle opening TA.
[0036] An intercooler 22 is provided 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 pro-
vided 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
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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 up-
stream side of the air cleaner 28 is open to the atmos-
phere.
[0039] The engine 1 has a first exhaust valve 30A
(which will sometimes be designated with reference char-
acters "Ex1") 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 pas-
sageway 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 32 changing the open-
ing characteristics of the exhaust valves 30A, 30B (the
open-close timing and the lift amount thereof) independ-
ently 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
meeting 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 constructed 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 con-
structed 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 stoi-
chiometric air-fuel ratio, that is, in a fuel-rich atmosphere
in which the air-fuel ratio is less than or equal to the sto-
ichiometric 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 tem-
perature 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, etc. An out-
put 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 prede-
termined value, the ECU 60 carries out a so-called rich
spike control in order to reduce and release the NOx.

[FEATURES OF EMBODIMENT 1]

[0044] The foregoing system controls the opening
characteristics of the exhaust valves Ex1, Ex2 independ-
ently 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 Ex1, Ex2 (herein-
after, referred to as "exhaust valve control regions") in
Embodiment 1. More specifically, FIG. 2A shows the ex-
haust 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 charac-
teristics 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 exhaust valve opening charac-
teristics 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 predeter-
mined value NE1 and the engine load KL is less than a
predetermined value KL1, it is determined that the ex-
haust 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 re-
gion 1, only the second exhaust valve Ex2 of each cyl-
inder 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.
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[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 introduced
into the turbine 24b of the turbocharger 24.
[0048] In the case where it is determined that the ex-
haust 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 in-
creasing 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 be-
comes 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 height-
ening the response of the turbocharger 24. Therefore,
the region 2 in which the exhaust valves Ex1, Ex2 are
both opened is provided between the region 1 and the
region 3.
[0050] During the lean combustion, the exhaust gas
temperature becomes lower than during the stoichiomet-
ric 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.
[0051] As a countermeasure against this, in Embodi-
ment 1, the predetermined value KL1LEAN of the engine
load for the time of the lean combustion is set lower than
the predetermined value KL1STOICHI for the time of the
stoichiometric combustion as shown in FIGS. 2A and 2B.
That is, during the lean 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 stoi-
chiometric combustion. Thus, during the lean combus-
tion, 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 suffi-
cient 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
KL3STOICHI for the time of the stoichiometric combus-
tion. 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 lower 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 pres-
sure can be obtained.
[0053] Besides, in Embodiment 1, during the rich spike
control, the predetermined values (NE1LEAN, and the
like) for the time of the lean combustion are used. Inci-
dentally, it is an ordinary practice that, during the rich
spike control, the predetermined values (NE1STOICHI,
and the like) for the time of the stoichiometric 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 driv-
ability. In Embodiment 1, in contrast to the ordinary prac-
tice, during the rich spike control, the predetermined val-
ues (NE1LEAN, and the like) for the time of the lean com-
bustion are used, as described above. Hence, when the
rich spike control begins, the exhaust valve control per-
formed during the lean combustion continues to be per-
formed. This can prevent occurrence of a torque shock,
and can prevent deterioration of drivability.

[CONCRETE PROCESSES IN EMBODIMENT 1]

[0054] FIG. 4 is a flowchart showing a process that the
ECU 60 executes in Embodiment 1. This process is start-
ed 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 KL.
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 NE1LEAN, and the predeter-
mined value KL1 for the same use is calculated to be
KL1LEAN (step 106). Furthermore, the predetermined
value NE3 for use for the determination regarding the
region 3 is calculated to be NE3LEAN, and the predeter-
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mined value KL3 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 engine operation mode is the stoichio-
metric combustion, the predetermined value NE1 for use
for the determination regarding the region 1 is calculated
to be NE1STOICHI, and the predetermined value KL1
for the same use is calculated to be KL1STOICHI (step
110). Furthermore, the predetermined value NE3 for use
for the determination regarding the region 3 is calculated
to be NE3STOICHI, and the predetermined value KL3
for the same use is calculated to be KL3STOICHI (step
112).
[0057] After the process of step 108 or 112, it is deter-
mined 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 pre-
determined value KL1 (step 114). If in step 114 it is de-
termined 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 deter-
mined 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
KL3, 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 KL3,
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 control according to the determined ex-
haust 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 end-
ed.
[0061] Incidentally, although in Embodiment 1, the pre-
determined value KL3LEAN is set between the predeter-
mined value KL3STOICHI and the predetermined value
KL1STOICHI as shown in FIGS. 2A and 2B, the prede-
termined value KL3LEAN may also be set lower than the
predetermined value KL1STOICHI depending on the ve-
hicle type, and the like.
[0062] Furthermore, although in Embodiment 1, the
opening characteristics of the two (first and second) ex-

haust 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 accord-
ance 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 turbocharg-
er 24 can be increased.
[0063] Besides, although in Embodiment 1, the prede-
termined values KL1LEAN, 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 combus-
tion, 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 prede-
termined values NE1LEAN, NE3LEAN set for the time
of the lean combustion are the same as the predeter-
mined 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 en-
gine 1 can be regarded as an "internal combustion en-
gine" 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 inven-
tion, and the first exhaust passageway 34 can be regard-
ed 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. Be-
sides, in Embodiment 1 and the modifications, the first
exhaust valve Ex1 (30A) can be regarded as a "first ex-
haust 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 "intake valve" in the invention, and
the pre-catalyst 42 and the NOx catalyst 44 can be re-
garded as a "catalyst" in the invention, and the pre-cat-
alyst bed temperature sensor 43 and the NOx catalyst
bed temperature sensor 45 can be regarded as a "cata-
lyst 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.
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EMBODIMENT 2.

[0066] Next, Embodiment 2 of the invention will be de-
scribed 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 execut-
ing a below-described process shown in FIG. 7.

[FEATURES OF EMBODIMENT 2]

[0067] In Embodiment 1, the predetermined values
KL1LEAN, KL3LEAN for the time of lean combustion are
set lower than the predetermined values KL1STOICHI,
KT3STOICHI for the time of stoichiometric combustion.
As a result, even during the lean combustion, the re-
sponse of the turbocharger 24 can be improved so that
sufficient charging pressure PIM can be obtained.
[0068] As described above, during the lean combus-
tion, the temperature of exhaust gas becomes lower than
during the stoichiometric combustion. Hence, if the first
exhaust valve Ex1 is opened at early timing, the catalyst
bed temperatures Tp, Tnox may sometimes sharply de-
cline. Consequently, there is possibility of the exhaust
emission characteristic deteriorating while sufficient
charging pressure PIM is obtained.
[0069] As a countermeasure against this, in Embodi-
ment 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 equal 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 sat-
isfy the requirements adopted in Embodiment 1.
[0070] FIGS. 6A and 6B are diagrams showing ex-
haust 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.
[0071] In Embodiment 2, the predetermined value
KL1LEANL for the case where the engine operation
mode is the lean combustion and the catalyst bed tem-
peratures 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 tem-
peratures Tp, Tnox are higher than or equal to the refer-
ence 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 set 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 pas-
sage 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 tem-
peratures Tp, Tnox can be restrained, so that the dete-
rioration in the exhaust emission characteristics can be
prevented.
[0072] Besides, in Embodiment 2, the predetermined
value KL3LEANL for the case where the engine operation
mode is the lean combustion and the catalyst bed tem-
peratures 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 operation
mode is the lean combustion and the catalyst bed tem-
peratures Tp, Tnox are higher than or equal to the refer-
ence values as shown in FIG. 6A. That is, the region in
which only the exhaust valve Ex1 of each cylinder is op-
erated 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 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.
[0073] Incidentally, the predetermined value
KL3LEANL is set lower than a maximum load KLmax that
allows the lean combustion to be realized when super-
charge 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.

[CONCRETE PROCESSES IN EMBODIMENT 2]

[0074] FIG. 7 is a flowchart showing a process that the
ECU 60 executes in Embodiment 2. This process is start-
ed at a predetermined timing before the exhaust valves
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Ex1, Ex2 are driven.
[0075] According to the process shown in FIG. 7, the
process of steps 100 to 104 is firstly executed as in the
process shown in FIG. 4. If in step 104 it is determined
that the present engine operation mode is the stoichio-
metric combustion, NE1=NE1STOICHI and
KL1=KL1STOICHI are calculated (step 110) as in the
process shown in FIG. 4. After that, NE3=NE3STOICHI
and KL3=KL3STOICHI are calculated (step 112).
[0076] On the other hand, if in step 104 it is determined
that the present engine operation mode is the lean com-
bustion or the rich spike control 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 deter-
mined 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 tem-
perature 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 KL3=KL3LEAN are calculated (step
108).
[0077] If in step 132 it is determined that the pre-cat-
alyst 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=NE1LEANL and
KL1=KL1LEANL are calculated (step 134). After that,
NE3=NE3LEANL and KL3=KL3LEANL are calculated
(step 136). As described above, the values KL1LEANL
and KL3LEANL 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 ex-
panded to the higher load side.
[0078] 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.
[0079] Although in Embodiment 2, the bed tempera-
ture 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 tem-
peratures Tp, Tnox are read.
[0080] In Embodiment 2, the ECU 60 functions as a
"control portion" in the invention by executing the proc-
esses of steps 134 and 136.

EMBODIMENT 3.

[0081] Next, Embodiment 3 of the invention will be de-
scribed with reference to FIGS. 8 to 11. A system of Em-
bodiment 3 can be realized by using a hardware con-
struction shown in FIG. 1 and by the ECU 60 executing
a below-described process shown in FIG 11.

[FEATURES OF EMBODIMENT 3]

[0082] According to the system shown in FIG. 1, the
provision of an amount of valve overlap between the ex-
haust valves Ex1, Ex2 and the intake valves In, for ex-
ample, 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 charac-
teristics of the exhaust valves Ex1, Ex2 and the intake
valves In in the case where the blow-through of fresh air
occurs.
[0083] During the lean combustion, the work done by
the turbocharger 24 becomes less than during the stoi-
chiometric 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 de-
sirable to take more air into the cylinders.
[0084] However, if the aforementioned air blow-
through occurs, the amount of air confined in each cyl-
inder 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 scav-
enging brings about a rich shift of the air-fuel ratio. There-
fore, the exhaust energy supplied to the turbine 24b de-
creases, as compared with the case where the air blow-
through does not occur.
[0085] As a countermeasure against this, in Embodi-
ment 3, during ordinary lean combustion, the second ex-
haust valve Ex2 is brought to rest, and only the first ex-
haust valve Ex1 is operated, as shown in FIG. 9. FIG. 9
is a diagram showing an example of the opening char-
acteristics of the exhaust valves Ex1, Ex2 and the intake
valves In during the ordinary lean combustion in Embod-
iment 3. By operating only the first exhaust valve Ex1,
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 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.
[0086] 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 char-
acteristics of the exhaust valves Ex1, Ex2 and the intake
valves In in the case where the catalyst bed temperatures

17 18 



EP 2 336 528 A1

11

5

10

15

20

25

30

35

40

45

50

55

Tp, Tnox are less than the reference values in Embodi-
ment 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.
[0087] 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.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.
[0088] 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
lower 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 suffi-
cient. 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.

[CONCRETE PROCESSES OF EMBODIMENT 3]

[0089] 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.
[0090] 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 re-
ferred to (step 102), as in the process shown in FIG. 4.
After that, it is determined whether or not the engine op-
eration mode referred to in step 102 is the lean combus-
tion (step 140). If in step 140 it is determined that the
present engine operation mode is the stoichiometric com-
bustion, the process is ended.
[0091] 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 wheth-
er 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).
[0092] If in step 132 it is determined that the pre-cat-
alyst bed temperature Tp greater than or equal to the
reference value Ttha and the NOx catalyst bed temper-
ature 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 shown
in FIG. 9. In step 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 out-
put. After that, the process is ended.
[0093] 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 tem-
perature 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 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.
[0094] After that, it is 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 greater 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 de-
termination in step 132 is "NO" again despite the execu-
tion 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 ex-
ecution of this process is ended.
[0095] Although in Embodiment 3, the amount of over-
lap 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 pre-
determined 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 In in a
modification of Embodiment 3. In this modification, too,
the blow-through of fresh air can be caused.
[0096] Besides, although in Embodiment 3, the cata-
lyst bed temperatures Tp, Tnox are detected by using
the bed temperature sensors 43, 45, 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.
[0097] Incidentally, in Embodiment 3 and the modifi-
cation thereof, the ECU 60 functions as a "catalyst bed
temperature acquisition device" in the invention by exe-
cuting the process of step 130, and also functions as a
"control portion" in the invention by executing the proc-
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esses of steps 142, 144 and 148.
[0098] This application is a divisional application of Eu-
ropean patent application no. 08 762 848.3 (the "parent
application"), also published under no. EP-A-2 156 034.
The original claims of the parent application are repeated
below in the present specification and form part of the
content of this divisional application as filed.

1. An internal combustion engine control device com-
prising:

a turbocharger provided on an internal combus-
tion engine;
a first exhaust valve that opens and closes an
exhaust port that communicates with a first ex-
haust passageway on which a turbine of the tur-
bocharger is provided;
a second exhaust valve that opens and closes
an exhaust port that communicates with a sec-
ond exhaust passageway that bypasses the tur-
bine;
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 ex-
haust 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 great-
er than or equal to the second predetermined
value,
wherein the control portion sets the first prede-
termined value to be lower during a lean com-
bustion than during a stoichiometric combus-
tion.

2. The internal combustion engine control device ac-
cording 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 ac-
cording 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.

4. The internal combustion engine control device ac-
cording 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 predeter-
mined value to be higher than when the lean com-
bustion is being performed and the catalyst bed tem-
perature is greater than or equal to the reference
value.

5. The internal combustion engine control device ac-
cording 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 ex-
haust valve and then opens the second exhaust
valve.

6. An internal combustion engine control device com-
prising:

a turbocharger provided on an internal combus-
tion engine;
a first exhaust valve that opens and closes an
exhaust port that communicates with a first ex-
haust passageway on which a turbine of the tur-
bocharger is provided;
a second exhaust valve that opens and closes
an exhaust port that communicates with a sec-
ond exhaust passageway that bypasses the tur-
bine;
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 over-
lap between the first exhaust valve and an intake
valve to be less than a predetermined value.

7. The internal combustion engine control device ac-
cording 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 state, and
sets the amount of overlap between the first ex-
haust valve and the intake valve to be less than
the predetermined value, when the lean com-
bustion is being performed and the catalyst bed
temperature is greater than or equal to a refer-
ence value.

8. The internal combustion engine control device ac-
cording to claim 7, characterized in that
the control portion sets the amount of overlap be-
tween the first or second exhaust valve and the in-
take valve to be greater than or equal to the prede-
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termined 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 ac-
cording 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 predeter-
mined 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 refer-
ence value, or when it has been determined consec-
utively at least a predetermined number of times that
the catalyst bed temperature is less than the refer-
ence 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 opens the first ex-
haust 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 en-
gine 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 ex-
haust port that communicates with a second exhaust
passageway that bypasses the turbine, and a cata-
lyst disposed at a downstream side of a meeting point
of the first exhaust passageway and the second ex-
haust 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 ex-
haust valve is opened;
calculating an engine rotation speed and an en-
gine 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 up-
per-limit value of the first region or both the first
predetermined value and a second predeter-
mined 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 com-
bustion.

14. The control method according to claim 13, further
comprising:

detecting a bed temperature of the catalyst; and
setting the first predetermined value or both the
first predetermined value and the second pre-
determined value to be higher when it is deter-
mined that the internal combustion engine is
presently operated in the lean combustion and
the catalyst bed temperature is less than a ref-
erence value than when it is determined that the
internal combustion engine is presently operat-
ed in the lean combustion and the catalyst bed
temperature is greater than or equal to the ref-
erence value.

15. A control method for an internal combustion en-
gine 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 supercharger is provided, a
second exhaust valve that opens and closes an ex-
haust port that communicates with a second exhaust
passageway that bypasses the turbine, and a cata-
lyst disposed at a downstream side of a meeting point
of the first exhaust passageway and the second ex-
haust 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 ex-
haust valve is opened;
calculating an engine rotation speed and an en-
gine load;
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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 val-
ue, when it is determined that the internal com-
bustion engine is presently operated in a lean
combustion and the catalyst bed temperature is
greater than or equal to a reference value.

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 com-
bustion is being performed and the catalyst bed
temperature is less than the reference value.

Claims

1. An internal combustion engine control device com-
prising:

a turbocharger (24) provided on an internal com-
bustion engine (1);
a first exhaust valve (30A) that opens and closes
an exhaust port that communicates with a first
exhaust passageway (34) on which a turbine
(24b) of the turbocharger (24) is provided;
a second exhaust valve (30B) that opens and
closes an exhaust port that communicates with
a second exhaust passageway (36) that bypass-
es the turbine (24b);
a catalyst (42, 44) disposed at a downstream
side of a meeting point of the first exhaust pas-
sageway (34) and the second exhaust passage-
way (36);

characterized by

a control portion (60) that, during a lean com-
bustion, brings the second exhaust valve (30B)
to rest in a closed state, and sets an amount of
valve overlap between the first exhaust valve
and an intake valve (12) to be less than a pre-
determined value.

2. The internal combustion engine control device ac-
cording to claim 1, further comprising:

a catalyst bed temperature acquisition device
(43, 45) that acquires a bed temperature of the

catalyst, wherein the control portion brings the
second exhaust valve (30B) to rest in the closed
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 cat-
alyst bed temperature is greater than or equal
to a reference value (Ttha, Tthb).

3. The internal combustion engine control device ac-
cording to claim 2, characterized in that
the control portion (60) sets the amount of overlap
between the first or second exhaust valve and the
intake valve to be greater than or equal to the pre-
determined value, when the lean combustion is be-
ing performed and the catalyst bed temperature is
less than the reference value (Ttha, Tthb).

4. The internal combustion engine control device ac-
cording to claim 3, characterized in that
the control portion (60) injects fuel during an expan-
sion stroke of the internal combustion engine, when
the lean combustion is being performed and the cat-
alyst bed temperature is less than the reference val-
ue, and a request value for increasing the catalyst
bed temperature is greater than or equal to a prede-
termined value,
wherein preferably the control portion (60) deter-
mines 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
(Ttha2, Tthb2) that is lower than the reference value,
or when it has been determined consecutively at
least a predetermined number of times that the cat-
alyst bed temperature is less than the reference val-
ue.

5. The internal combustion engine control device ac-
cording to any one of claims 1 to 4, characterized
in that
when both the first and second exhaust valves (30A,
30B) are to be opened, the control portion (60) opens
the first exhaust valve, and then opens the second
exhaust valve.

6. The internal combustion engine control device ac-
cording to any one of claims 1 to 5, characterized
in that
during a stoichiometric control, the control portion
(60) performs substantially the same control as dur-
ing the lean combustion.

7. A control method for an internal combustion engine
that includes a turbocharger (24), a first exhaust
valve (30A) that opens and closes an exhaust port
that communicates with a first exhaust passageway
(34) on which a turbine (24b) of the turbocharger (24)
is provided, a second exhaust valve (30B) that opens
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and closes an exhaust port that communicates with
a second exhaust passageway (36) that bypasses
the turbine (24b), and a catalyst (42, 44) disposed
at a downstream side of a meeting point of the first
exhaust passageway (34) and the second exhaust
passageway (36), 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 (30B) is opened, a
second region that is an operation region of the
internal combustion engine in which both the first
and second exhaust valves (30A, 30B) are
opened, and a third region that is an operation
region of the internal combustion engine in
which only the first exhaust valve (30A) is
opened;
calculating an engine rotation speed and an en-
gine 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;

characterized by

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 val-
ue, when it is determined that the internal com-
bustion engine is presently operated in a lean
combustion and the catalyst bed temperature is
greater than or equal to a reference value.

8. The control method according to claim 7, 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 com-
bustion is being performed and the catalyst bed
temperature is less than the reference value.
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