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(57) Abstract: It is an object of the present invention to
suppress NOx emissions while also suppressing an increase
in unburned fuel emission and accidental fire in an exhaust
gas purification system for an internal combustion engine
that has a super charger and an EGR apparatus, when the in-
ternal combustion engine is in a transient operating state. In
the present invention, a target charging pressure and a target
EGR gas amount are calculated based on the operating state
of the internal combustion engine. If the actual charging
pressure has not reached the target charging pressure when
the internal combustion is operating in a transient state, then
the EGR gas amount is controlled to an amount smaller than
the target EGR gas amount.
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DESCRIPTION

EXHAUST GAS PURIFICATION SYSTEM FOR INTERNAL COMBUSTION

ENGINE

TECHNICAL FIELD

The present invention relates to an exhaust gas
purification system for an internal combustion engine that

has a supercharger and an EGR apparatus.

PRIOR ART

In an exhaust gas purification system for an internal
combustion engine, there 1is known one which has an EGR
apparatus that introduces at least part of the exhaust gas of
the internal combustion engine as EGR gas into an air intake
system. It is possible to reduce the amount of NOx emissions
by introducing the EGR gas into the air intake system

Japanese Patent Application Laid-Open No. 5-263716
discloses techniques which, in exhaust gas purification
system for an internal combustion engine, limit the amount of
change when -changing an EGR gas amount to be introduced to
the air intake system .

In an exhaust gas purification system for an internal
combustion engine that has a supercharger and an EGR

apparatus, a charging pressure and an EGR gas amount are
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changed depending on the operating state of the internal
combustion engine. However, the response when changing the
charging pressure 1is 1low compared to the response when
changing the EGR gas amount.

Therefore, when the charging preséure is raised and the
EGR gas amount is increased at the time in which the
operating state of the internal combustion_ engine becomes
transient, the EGR gas amount is sometimes excessively large
with respect to the actual charging pressure. In such cases,
the EGR gas amount 1is excessively large with respect to an
amount of intake air flowing into a cylinder. As a
consequence, there is a risk of an increase in unburned fuel

emissions and accidental fire.

DISCLOSURE OF THE INVENTION

The present invention has been made in view of the above
described problem and has as an object to provide art for an
exhaust gas purification system for an internal combustion
engine that has a supercharger and an EGR apparatus, wherein
such art 1is capable of suppressing NOx emissions while also
suppressing an increase in unburned fuel emissions and
accidentai fire when the internal combustion engine is in a
transient operating state.

In the present invention, the following means are

employed to solve the above problems.
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Namely, in the present invention, a target charging
preésure and a target EGR gas amount are calculated based on
the operating state of the internal combustion engine. If the
actual charging pressure has not reached the target charging
pressure when the internal combustion engine is operating in
a transient operating state, the EGR gas amount is controlled
to an amount smaller than the target EGR gas amount.

More specifically, an exhaust gas purification system
for an internal combustion engine according to the present
invention is characterized.by including the following: an EGR
apparatus for introducing at least part of the exhaust gas of
the internal combustion engine as EGR gas into an air intake
system of the internal combustion engine; a supercharger for
supercharging intake alr using energy from the exhaust gas of

the internal combustion engine; EGR gas amount control means

for controlling the EGR gas amount introduced into the air

intake system of the internal combustion engine by the EGR
apparatus; target EGR gas amount calculation means for
calculating a target EGR gas amount that is a target value of
the EGR gas amount, based on the operating state of the
internal combustion engine; target charging pressure
calculation means for calcuiating a target charging preséure
that is a target value of the charging pressure, based on the

operating state of the internal combustion engine; and

charging pressure detection means for detecting the actual
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charging pressure, wherein 1if the actual charging pressure
detected by the charging pressure detection means 1is lower
than the target charging pressure when the internal
combustion engine is in a transient operating state, the EGR
gas amount control means controls the EGR gas amount to an
amount smaller than the target EGR gas amount.

According to the present invention, it 1is possible to
suppress the EGR gas amount introduced into the air intake
system from becoming an excessively large amount with respect
to the actual charging pressure (i.e., with respect to the
intake air amount), when the internal combustion engine is in
a transient operating state. Therefore, when the internal
combustion engine is operating 1in a transient state, NOx
emissions can be suppressed while also suppressing an
increase in unburned fuel emissions and accidental fire.

In the present invention, 1f the actual charging
pressure 1s lower than the target charging pressure when the
internal combustion engine is operating in a transient state,
the EGR gas amount may be controlled such that the lower the
actual charging pressure, the smaller the EGR gas amount.
Thus, it 1is possible to achieve an EGR gas amount more
appropriate to the actual charging pressure.

The present invention may further include, in cases
where a fuel injection valve in the internal combustion

engine directly injects fuel 1into a cylinder: sub fuel
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injection exeéution means for performing a sub fuel injection
at a timing ahead of a main fuel injection that is performed
by the fuel injection valve at a timing near top dead center
in a compression stroke; sub fuel injection timing control
means for controlling an execution timing of the sub fuel
injection is performed by the sub fuel injection execution
means; and target sub fuel injection timing calculation means
for calculating a target sub fuel injection timing that is a
target wvalue of the execution timing of the sub fuel
injection, based on the operating state of the internal
combustion engine.

In addition, if the actual charging pressure detected by
the charging pressure detection means 1is lower than the
target charging pressure when the internal combustion engine
is in a transient operating state, the sub fuel injection
timing control means may delay the execution timing of the
sub fuel injection more than the target sub fuel injection
timing.

Delaying the execution timing of the sub fuel injection
shortens an interval between the execution timing of the sub
fuel injection and the execution timing of the main . fuel
injection. Therefore, fuel injected by the sub fuel injection
combusts more easily.

Therefore, according to the above, it 1is possible to

suppress an increase 1in unburned fuel —emissions and
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accidental fire 1in the case where the actual charging
pressure is lower than the target charging pressure while the
sub fuel injection is being performed.

Here, the intake air amount becomes smaller as the
charging pressure becomes lower. Therefore, fuel injected by
the sub fuel injection becomes more difficult to combust as
the charging pressure becomes lower.

Hence, when the execution timing of the sub fuel
injection is delayed more than the target sub fuel injection
timing as in the above description, the execution timing of
the sub fuel injection may be controlled such that the lower
the actual charging pressure, the more delayed the execution
timing of the sub fuel injection. Thus, fuel injected by the
sub fuel injection can combust even more easily.

The present invention may further include: sub fuel
injection amount control means for controlling a sub fuel
injection amount; and target sub fuel injection amount
calculation means for calculating a target sub fuel injection
amount that is a target value of the sub fuel injection
amount, based on the operating state of the internal
combustion engine. Moreover, if the execution timing of the
sub fuel injection 1s delayed more than the target sub fuel
injection timing, the sub fuel injection amount control means
may control the sub fuel injection amount to an amount

smaller than the target sub fuel injection amount.



10

15

20

25

WO 2007/142367 PCT/JP2007/062185

As described above, delaying the execution timing of the
sub fuel injection shortens the interval ©between the
execution timing of the sub fuel injection and the execution
timing of the main fuel injection. Therefore, oxygen 1is
consumed due to the combustion of fuel injected by the sub
fuel injection, and it is highly possible that the main fuel
injection is executed in such a state. As a consequence,
there 1is .a risk of an increase 1in particulate matter
(hereinafter referred to as PM).

Hence, the oxygen amount consumed for the combustion of
fuel injected by the sub fuel injection is decreased by
decreasing the sub fuel 1injection amount. Thus, the
generation of PM can be suppressed.

According to the above description, an increase in PM
can therefore be suppressed in the case where the execution
timing of the sub fuel injection is delayed more than the
target sub fuel injection timing.

Here, the more delayed the execution timing of the sub
fuel injection, i.e., the shorter the interval between the
execution timing of the sub fuel injection and the execution
timing of the main fuel injection, the more likely it is that
oxygen will be lacking during the combustion of fuel injected
by the main fuel injection. Therefofe, the more delayed the
execution timing of the sub fuel injection, the more likely

it is that PM will increase.
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Hence, when the sub fuel injection amount is controlled
to an amounf smaller than the target sub fuel injection
amount as in the above description, the sub fuel injection
amount may be controlled such that the more delayed the
execution timing of the sub fuel injection, the smaller the
sub fuel injection amount. Thus, the sub fuel injection
amount can be set to an amount more appropriate to the
interval between the execution timing of the sub fuel
injection and the execution timiﬁg of the main fuel
injection.

In cases where the charging pressure is raised to the
target charging pressure as a result of a change in. the
operating state of the internal combustion engine, the actual
charging pressure may temporarily exceed the target charging
pressure. When the charging pressure increases, the intake
air amount increases. Therefore, there is less possibility of
an increase in unburned fuel emissions and accidental fire in
the case where the EGR gas amount is increased.

Hence, in the present invention, if the actual charging
pressure detected by the‘charging pressure detection means is
higher than the target charging pressure when the internal
combustion engine is in a transient operating state, the EGR
gas amount control means may control the EGR gas amount to an

amount larger than the target EGR gas amount.
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According to this, in cases where the actual charging
pressure is higher than the target charging pressure when the
internal combustion engine is operating in a transient state,
NOx emissions '~ can Dbe further suppressed while also
suppressing an 1increase in unburned fuel emissions and
accidental fire.

Also, in such case, when the actual charging pressure is
higher than the target charging pressure when the internal
combustion engine is operating in a transient state, the EGR
gas amqunt may be controlled such that the higher the actual
charging pressure, the larger the EGR gas amount. Thus, it is
possible to achieve an EGR gas amount more appropriate to the
actual charging pressure.

The present invention may further include, 1in cases
where a fuel injection valve directly injects fuel into a
cylinder of the internal combustion engine: fuel injection
timing control means for controlling the fuel injection
timing by the fuel injection valve; and target fuel injection
tiﬁing calculation means for calculating a target fuel
injection timing that is a target value of the fuel injection
timing, based on the operating state of the internal.
combustion engine.

If the EGR gas amount is controlled to an amount larger
than the target EGR gas amount, the fuel injection timing may

be delayed more than the target fuel injection timing.
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Delaying the fuel injection +timing can raise the
temperature of exhaust gas. Therefore, according to the above
description, the oxidation of PM can be promoted in the case
where the increase 1in PM caused by increasing the EGR gas
amount.

Therefore, according to the above description, it is
possible to suppress PM emissions from reaching the outside
even when the EGR gas amount is controlled to an amount
larger than the target EGR gas amount.

Here, the larger the EGR gas amount, the more likely it
is that PM will increase. Also, delaying the fuel injection
timing more means that the temperature of the exhaust gas can
be made higher.

Hence, when the fuel injection timing is delayed more
than the tafget fuel injection timing, the fuel injection
timing control means may control the fuel injection timing
such that the larger the EGR gas amount, the more delayed the
fuel injection timing. According to this, the larger the EGR
gas amount, the temperature of the exhaust gas can be made
higher. Therefore, it 1is possible to further suppress PM
emissions from reaching the outside.

The above and other objects, features and advantages of
the present invention will become more readily apparent to
those skilled 1in the art from the following detailed

description of preferred embodiments of the present invention
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taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically showing an internal
combustion engine and an intake and exhaust system thereof
according to an embodiment of the present invention; and

FIG. 2 1is a flowchart showing a control routine for
controlling the charging pressure, the EGR gas amount, the
main fuel injection amount, the sub fuel injection amount,
the main fuel injecting timing, and the sub fuel injection

timing.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Specific embodiments of an exhaust gas purification
system for an internal combustion engine according to the
present invention are described below based on the drawings.

FIG. 1 is a diagram schematically showing an internal
combustion engine and an intake and exhaust system thereof
according to the present embodiment. An internal combustion
engine 1 is a diesel engine for driving a vehicle, and has
four cylinders 2. The cylinders 2 are respectively provided
with a fuel injection valve 3 that directly injects fuel into
the cylinder 2.

The internal combustion engine 1 is connected with an

intake manifold 5, and an exhaust manifold 7. An end of an
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intake passage 4 is in communication with the intake ménifold
5, and an end of an exhaust passage 6 1s in communication
with the exhaust manifold 7.

A compressor 8a of a turbocharger (supercharger) 8 is
installed in the intake passage 4. A turbine 8b of the
turbocharger 8 is installed in the exhaust passage 6.

The intake manifold 5 is provided with a pressure sensor
14 that detects a charging pressure. In the present
embodiment, the pressure sensor 14 corresponds to charging
pressure detection means according to the present invention.

A particulate filter (hereinafter referred to as a
filter) 9 that traps particulate matter (PM) in exhaust gas
is provided downstream of the turbine 8b 1in the exhaust
passage 6. The filter 9 supports a NOx storage-reduction
catalyst (hereinafter referred to as a NOx catalyst). In
addition, a temperature sensor 15 that detects an exhaust gas
temperature is provided downstream of the filter 9 in the
exhaust passage 6.

The internal combustion engine 1 according to the
present embodiment has an EGR apparatus 11 that introduces at
least part of the exhaust gas as EGR gas into an air intake
system. The EGR apparatus 11 has an EGR passage 12 of which
an end is in communication with the exhaust manifold 7 and
another end is in communication with the intake manifold 5.

EGR gas 1s introduced from the exhaust manifold 7 to the
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intake manifold 5 via the EGR passage 12. In addition, the
EGR passage 12 is provided with an EGR valve 13 that controls
an amount of EGR gas introduced to the intake manifold 5.

An electronic control unit (ECU) 10 1is provided
alongside the internal combustion engine 1. The ECU 10 is a
unit that controls +the operating state of the internal
combustion engine 1 in accordance with requests from a driver
and the operating conditions of the internal combustion
engine 1. The ECU 10 is electrically connected with the
pressure sensor 14, the temperature sensor 15, a crank
position sensor 16, and an accelerator opening sensor 17.
The crank position sensor 16 defects a crank angle of the
internal combustion engine 1. The accelerator opening sensor
17 detects an accelerator opening of a vehicle mounted with
the internal combustion engine 1. Output signals from the
above sensors are input to the ECU 10.

The ECU 10 estimates a temperature of the filter 9 based
on a detection wvalue of the temperature sensor 15.
Furthermore, the ECU 10 derives a rotational speed of the
internal combustion engine 1 based on a detection value of
the crank position sensor 16, and derives a load of the
internal combustion engine 1 based on a detection value of
the accelerator opening sensor 17.

The ECU 10 is also electrically connected with the fuel

injection valve 3 and the EGR valve 13, and these are
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controlled by the ECU 10.

According to the present embodiment, a main fuel
injection is performed by the fuel injection valve 3 at the
timing near top dead center in the compression stroke, and a
sub fuel injection is performed at the timing ahead of the
main fuel injection during one combustion cycle. The main
fuel injection amount, the sub fuel injection amount, the
timing at which to perform the main fuel 1injection
(hereinafter referred to as the main fuel injection timing),
and the timing at which to perform the sub fuel injection
(hereinafter referred to as the sub fuel injection timing)
are controlled by the ECU 10.
| According to the present embodiment, the ECU 10 controls
the EGR gas amounf by controlling the opening of the EGR
valve 13. In the present embodiment, the EGR valve 13
corresponds to EGR gas amount control means according to the
present invention.

Next, a control routine for controlling the charging
pressure, the EGR gas amount, the main fﬁel injection amount,
the sub fuel injection amount, the main fuel injection timing,
and the sub fuel injection timing according to the present
embodiment is described based on a flowchart shown in FIG. 2.
The present routine is stored in advance in the ECU 10, and
is repeatedly executed at a predetermined interval (for

example, at every rotation of a crankshaft of the internal
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combustion enginel) during operation of the internal
combustion engine 1.

In the present routine, first at S101,- the ECU 10
detects the operating state {(rotational speed, load, and the
like) of the internal combustion engine 1.

Next, the ECU 10 proceeds to processing at S$102, and
calculates the target main fuel injection amount Qfmaint, the
target sub fuel injection amount Qfsubt, the target main fuel
injection timing tmaint, the target injection interval Atinjt,
the target charging pressure Pint, and the target EGR gas
amount Qgt, based on the operating state of the internal
combustion engine 1. Relationships between these values and
the operating state of the internal combustion engine 1 are
stored in advance in the ECU 10 as maps.

Note that the target injection interval Atinjt 'is a
target value for an injection interval that bis the time
between the main fuel injection timing and the sub fuel
injection timing. In the present embodiment, the ECU 10
executing the processing at $102 corresponds to target EGR
gas amount calculation means, target charging pressure
calculation means, target sub .fuel injection timing
calculation means, target sub fuel injection amount
calculation means, and target fuel injection timing
calculation means.

Next the ECU 10 proceeds to processing at S103. If the
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internal combustion engine 1 1is operating in a transient
state, the above target wvalues will change. However, the
response delay for the charging pressure is larger than the
response delay for the fuel injection amounts, the fuel
injection timings, and the EGR gas amount. Thus in the
present embodiment, as described later, the sub fuel
injection amount, the main fuel injection timing, the sub
fuel injection timing, and the EGR gas amount are corrected
based on the charging pressure ratio RPin, which is a ratio
(Pinm/Pint) of an actual charging pressure Pinm with respect
to the target charging pressure Pint.

At S103, the ECU 10 calculates the charging pressure
ratio RPin from the target charging pressure Pint and the
actual charging pressure Pinm at that time as detected by the
charging pressure sensor 14.

Next, the ECU 10 proceeds to processing at $104, and
determines whether the charging pressure ratio RPin is
smaller than one. If a positive determination 1is made at
5104, then the ECU 10 proceeds to processihg at S8105; and if
a negative determination is made, then the ECU 10 éroceeds to
processing at S112.

After proceeding to processing at S105, the ECU 10
calculates a correction‘coefficient al for correcting the EGR
gas amount, a correction time b for correcting the injection

interval, and a correction amount c¢ for correcting the sub
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fuel injection amount, based on the charging pressure ratio
RPin and a rotational speed Ne of the internal combustion
engine 1.

Respective relationships of the correction coefficient
al; the correcfion time b, and the correction amount c with
the charging pressure ratio RPin and the rotational speed Ne
of the internal combustion engine 1 are stored in advance in
the ECU 10 as first, second, and'third maps. The ECU 10
respectively calculates the correction coefficient al, the
correction time b, and the correction amount c based on the
maps.

In the first, second, and third maps, the charging
pressure ratio RPin is a value equal to or smaller than one.
In the first map, the correction coefficient al is one if the
charging pressure ratio RPin 1is one, and the correction
coefficient al is a positive value smaller than one if the
charging pressure ratio RPin is smaller than one. And when
the charging pressure ratio RPin is smaller than one, the
correction coefficient al decreases as the charging pressure
ratio RPin decreases, but increases as the rotational speed
Ne of the internal combustion engine 1 increases.

In the second map, the correction time b is zero if the
charging pressure ratio RPin is one, and the correction time
b is a value larger than zero if the charging pressure ratio

RPin 1is smaller than one. And when the charging pressure
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ratio RPin 1is smaller than one, the correction time Db
increases as the charging pressure ratio RPin decreases, but
decreases as the rotational speed Ne of the. internal
combustion engine 1 increases.

In the third map, the correction amount c is zero if the

charging pressure ratio RPin 1is one, and the correction

.amount ¢ is a value larger than zero if the charging pressure

‘ratio RPin 1is smaller than one. And when the charging

pressure ratiQ RPin 1is smaller than one, the correction
amount ¢ increases as the charging pressure ratio RPin
decreases, but decreases as the rotational speed Ne of the
internal combustion engine 1 increases.

Next, the ECU 10 proceeds to processing at 8106, and
calculates a correction EGR gas amount Qgcl by multiplying
the correction coefficient al found at S105 and the target
EGR gas amount Qgt. At this time, the correction EGR gas
amount Qgcl must be an amount smaller than the target EGR gas
amount Qgt.

The ECU 10 then proceeds to processing at 35107, and
controls the opening of the EGR valve 13 so that the EGR gas
amount introduced to the intake manifold 5 is equal to the
correction EGR gaé amount Qgcl. In other words, the opening
of the EGR valve 13 is set to an opening that is smaller than
when the EGR gas amount is controlled to the target EGR gas

amount Qgt.
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The ECU 10 then proceeds to processing at S108, and
calculates a correction injection interval Atinjc by
subtracting the correction time b found at S105 from the
target injection interval Atinjc.

Next, the ECU 10 proceeds to processing at 85109, and
corrects the sub fuel injection timing so that the injection
interval is equal to the correction injection interval Atinjc.
In other words, the sub fuel injection timing is delayed more
than when the injection interval is controlled to the target
injection interval Atinjt (at which time the sub fuel
injection timing corresponds to the target sub fuel injection
timing according to the present invention).

The ECU 10 then proceeds to processing at 5110, and
calculates a correction sub fuel injection amount Qsubc by
subtracting the correction amount c¢ found at S105 from a
target sub fuel injection amoﬁnt Qfsubt.

The ECU 10 then proceeds to processing at 8111, and
controls the sub fuel injection amount to the correction sub
fuel injection amount Qsubc. In other words, the sub fuel
injection amount is controlled to an amount smaller than the
target sub fuel injection amount Qsubt. The ECU 10
subsequently ends execution of the present routine.

Meanwhile, after proceeding to processing at S112, the
ECU 10 determines whether the charging pressure ratio RPin is

larger than one. If a positive determination is made at S112,
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then the ECU 10 proceeds to processing at S113. However, if
a negative determination is made at S112, then the ECU 10
ends execution of the present routine. When execution of the
present routine is ended at this time, the ECU 10 judges that
there is no need to correct the main. fuel injection amount,
the sub fuel injection amount, the main fuel injection timing,
the injection>interval, and the EGR gas amount, and controls
these to the target values calculated at S102.

At S113, the ECU 10 determines whether a temperature Tc
of the filter 9 is equal to or higher than a predetermined
temperature Tca. Here, the predetermined temperature Tca is
a temperature equal to or higher than a lower limit value of
an activation temperature of the NOx catalyst supported by
the filter 9, and is a preset temperature. In other words,
if the temperature of the filter 9 is equal to or higher than
the predetermined temperature Tca, then the supported NOx
catalyst can be Jjudged as activated. If a negative
determination is made at S113, then the ECU 10 proceeds to
processing at S114. However, if a positive determination is
made at S113, then the ECU 10 ends execution of the present
routine. When execution of the present routine is ended at
this time, similar to the case of a negative determination at
S112, the ECU 10 judges that there is no need to correct the
main fuel injection amount, the sub fuel injection amount,

the main fuel injection timing, the injection interval, and
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the EGR gas amount, and controls these to the target values
calculated at S5102.

At S114, the ECU 10 calculates a correction coefficient
a2 for correcting the EGR gas amount and a correction time d
for correcting the main fuel injection timing, based on the
charging pressure ratio RPin and the rotational speed of the
internal combusfion engine 1.

Respective relationships of the correction coefficient
a2 and the correction time d with the charging pressure ratio
RPin and the rotational speed of thé internal combustion
engine 1 are stored in advance in the ECU 10 as fourth and
fifth maps. The ECU 10 respectively calculates the
correction coefficient a2 and the correction time d based on
the maps.

In the fourth and fifth maps, the charging pressure
ratio RPin is a value equal to or larger than one. In the
fourth map, the correction coefficient a2 is one 1if the
charging pressure ratio RPin 1is one. When the charging
pressure ratio RPin is larger than one, the correction
coefficient a2 increases as the charging pressure ratio RPin
increases, and also increases as the rotational speed Ne of
the internal combustion engine 1 increases.

In the fifth map, the correction time d is zero if the
charging pressure ratio RPin 1is one. When the charging

pressure ratio RPin is larger than one, the correction time d
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increases as the charging pressure ratio RPin increases, and
also increases as the rotatibnal speed Ne of the internal
combustion engine 1 increase.

Next, the ECU 10 proceeds to processing at S115, and
calculates a correction EGR gas amount Qgc2 by multiplying
the correction coefficient a2 found at S114 and the target
EGR gas amount Qgt. At this time, the correction EGR gas
amount Qgc2 must be an amount larger than the target EGR gas
amount Qgt.

The ECU 10 then proceeds to processing at S116, and
controls the opening of the EGR valve 13 so that the EGR gas
amount introduced to the intake manifold 5 is equal to the
correction EGR gas amount Qgc2. In other words, the opening
of the EGR valve 13 is set to an opening that is larger than
when the EGR gas amount is controlled to the target EGR gas
amount Qgt. |

The ECU 10 then proceeds to processing at S117, and
calculates a correction main fuel injection timing tmainc by
adding the correction time d found at S114 to the target main
fuel injection timing tmaint.

Next, the ECU 10 proceeds to processing at S118, and

“controls the main fuel injection timing to the correction

main fuel injection timing tmainc. In other words, the main
fuel injection timing is delayed more than the target main

fuel injection timing tmaint. Note that in such case, the
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sub fuel injection timing is controlled so that the injection
interval equals the target injection interval Atinjt.
Thereafter, the ECU 10 ends execution of the present routine.

According to the routine described above, if the
charging pressure ratio RPin becomes smaller than one due to
the internal combustion engine 1 operating in a transient
state, i.e., if the actual charging pressure Pinm is lower
than the target charging pressure Pint, then the EGR gas
amount is corrécted to an amount smaller than the target EGR
gas amount Qgt. Thus, when the internal combustion engine 1
is operating in a transient state, it is possible to suppress
the EGR gas amount introduced to the intake manifold 5
becoming an excessively large amount with respect to the
actual charging pressure Pinm. In other words, it 1is
possiblé to suppress the EGR gas amount becoming excessively
larger than the actual intake air amount.

Thus according to the present embodiment, when the
internal combustion engine 1 1is operating in a transient
state, NOx emissions can be suppressed while also suppressing
an increase in unburned fuel emissions and accidental fire.

According to the above routine, when the EGR gas amount
is corrected to an amount smaller than the target EGR gas
amount Qgt, the EGR gas amount is controlled such that the
lower the actual charging pressure Pinm, the smaller the EGR

gas amount. Thus, it is possible to achieve an EGR gas
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amount more appropriate to the actual charging pressure.

In. addition, the intake air amount increases as the
rotational speed of the intérnal combustion engine 1
increases. Therefore, according to the above routine, when
the EGR gas amount is corrected to an amount smaller than the
target EGR gas amount Qgt, the EGR gas amount is controlled
such that the lower the rotational speed Ne of the internal
combustion engine 1, the smaller the EGR gas amount.

Accérding to the above routine, if the actual charging
pressure Pinm is lower than the target charging pressure Pint,
then the injection interval is corrected to a time shorter
than the target injection interval Atinijt by delaying the sub
fuel injection timing. Thus, fuel injected by the sub fuel
injection combusts more easily. Consequently, it is possible
to suppress an increase in unburned fuel emissions and the
occurrence of accidental fires caused as a result of it being
harder to combust fuel injected by the sub fuel injection.

According to the above routine, when the injection
interval is corrected to a time shorter than the target
injection interval Atinjt, the 1injection interval is
controlled such that the lower the actual charging pressure
Pinm, the shorter the injection interval. In other words,
the smaller the intake air amount, the more delayed the sub
fuel injection ﬁiming. Thus, fuel injected by the sub fuel

injection can combust even more easily.
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According to the above routine, in cases where the
injection interval is corrected to a time shorter than the
target injection interval Atinijt, the intake air amount
decreases as the rotational speed Ne of the internal
combustion engine 1 decreases. Therefore, the injection
interval is controlled to an even shorter time.

According to the above routine, if the actual charging
pressure Pinm is smaller than the target charging pressure
Pint, then the sub fuel injection amount is controlled to an
amount smaller than the target sub fuel injection amount
Qsubt. In other words, 1if the injection interval is
corrected to a time shorter than the target injection
interval Atinjt, then the sub fuel injection amount 1is
corrected to an amount smaller than the target sub fuel
injection amount Qsubt.

With a shortened injection interval, oxygen 1is consumed
due to the combustion of fuel 1injected by the sub fuel
injection, and it is highly possible that the main fuel
injection is executed in such a state. At this time, it is
possible to decrease the oxygen amount consumed for the
combustion of fuel injected by the sub fuel injection through
decreasing the sub fuel injection amount. That is, the
amount of oxygen usable for the combustion of fuel injected
by the main fuel injection can be increased. As a

consequence, by correcting the sub fuel injection amount to
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an amount smaller thah the target sub fuel injection amount
Qsubt, an increase in PM can be suppressed in the case where
the injection interval is shorter than the target injection
interval Atinjt.

According to the above roﬁtine, when the sub fuel
injection amount is corrected to an amount smaller than the

target sub fuel injection amount Qsubt, the sub fuel

- injection amount is controlled such that the lower the actual

charging pressure Pinm, the smaller the sub fuel injection
amount. In other words, the sub fuel injection amount 1is
controlled such that the shorter the injection interval, the
smaller the sub fuel injection amount. " Therefore, it‘ is
possible to suppress a lack of oxygen required for the
combustion of fuel injected by the main fuel injection. As a
consequence, by contrcolling the sub fuel injection amount as
described above, the sub fuel injection amount can be set to
an amount more . appropriate to the injection interval, and
thus, an increase in PM can be further suppressed. |
As explained earlier,'according to the above rogtine,
when the injection interval is corrected to a time shorter
than the target injection interval Atinjt, the injection
interval is controlled such that the lower the rotational
speed Ne of the internal combustion engine 1, the shorter the -
injection interval. Therefore, when the sub fuel injection

amount is corrected to an amount smaller than the target sub
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fuel injection amount Qsubt, the sub fuel injection amount is

controlled such that the lower the rotational speed Ne of the
internal combustion engine 1, i.e., the shorter the injection
interval, the smaller the sub fuel injection amount.

According to the above routine, if the charging pressure
ratio RPin is larger than one due to the internal combustion
engine 1 operating in a transient state, i.e., 1f the actual
charging pressure Pinm is higher than the target charging
pressure Pint and the temperature Tc of the filter 9 is lower
than the predetermined temperature Tca, then the EGR gas
amount 1is correctéd to an amount larger than the target EGR
gas amount Qgt.

Due to an increase in the intake air amount resulting
from a higher charging pressure, there is less likelihood of
an increase in unburned fuel emissions and accidental fire,
in the case where the EGR gas amount has been increased.
Also, NOx emissions can be further decreased with further
increases 1in the EGR gas amount. As a consequence, by
correcting the EGR gas amount to an amount larger than the
target EGR gas amount Qgt when the actual charging pressure
Pinm is higher than the target charging pressure Pint, NOx
emissions can be further decreased while also suppressing an
increase in unburned fuel emissions and accidental fire.

According to the above routine, when the EGR gas amount

is corrected to an amount larger than the target EGR gas
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amount Qgt, the EGR gas amoﬁntAis controlled such that'the
higher the actual charging pressure Pinm, the larger the EGR
gas amount. Thus, it 1is possible to achieve an EGR gas
amount more appropriate to the actual charging pressure.

The higher the rotational speed of the internal
combustion engine 1, the larger the intake air amouﬁt.

Therefore, according to the above routine, when the EGR gas

- amount 1is corrected to an amount larger than the target EGR

gas amount Qgt, the EGR gas amount 1is controlled such that
the higher the rotational speed Ne of fhe internal combustion
engine 1, the larger the EGR gas amount.

Furthermore, in the above routine, if the actual
charging pressure Pinm is higher than the target charging
pressure Pint and the temperature Tc of the filter 9 is lower
than the predetermined temperature Tca, then the main fuel
ihjection timing is delayed more than the target main fuel
injection timing tmaint. In other words, when the EGR gas
amount is corrected to an amount larger than the target EGR
gas amount Qgt, the main fuel injection timing is delayed
more than the target main fuel injection timing tmaint.

Delaying the main fuel injection timing makes it
possible to raise the temperature of exhaust gas. Therefore,
in the case where there is a likelihood of an increase in PM
due to increasing the EGR gas amount over the target EGR gas

amount Qgt, delaying the main fuel injection timing more than
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the target main fuel injection timing tmaint makes it
possible tolpromote oxidation of the PM. As a consequence,
it is possible to suppress PM emissions from reaching the
outside.

According to the above routine, when the main fuel .
injection timing is delayed more than the target main fuel
injection timing tmaint, the higher the actual charging
pressure Pinm, the more the main fuel injection timing is
delayed. In other words, the larger the EGR gas amount, the
more delayed the main fuel injection timing. Thus, the
temperature of exhaust gas can be increased as the EGR gas
amount increases. Therefore, the temperature of exhaust gas
can be made higher with further increases in the EGR gas
amount. As a consequence, by controlling the main fuel
injection timing as described above, it is possible to
further suppress PM emissions from reaching the outside.

As explained earlier, according to the above routine,
when the EGR gas amount is corrected to an amount larger than
the target EGR gas amount Qgt, the EGR gas amount is
controlled such that the higher the rotational speed Ne of
the internal combustion engine 1, the larger the EGR gas
amount. Therefore, when the main fuel injection timing is
delayed more than the target main fuel injection timing
tmaint, the higher the rotational speed Ne of the internal

combustion engine 1, i.e., the larger the EGR gas amount, the
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more delayed the main fuel injection timing.

Note that if the temperature of the filter 9 is equal
to or higher than the predetermined temperature Tca, the NOx
catalyst supported by the filter 9 is activated. Therefore,
it 1is possible to store NOx 1in exhaust gas 1in the NOx
catalyst. Thus, in the present embodiment, in the case where
the temperature of the filter 9 is equal to or higher than
the predetermined temperature Tca, even when the actual
charging pressure Pinm is higher than the target charging
pressure Pint, there is no correction of the EGR gas amount
to an amount larger than the target EGR gas amount Qgt. This
consequently suppresses an increase in PM.

While the invention has been described in terms of
preferred embodiments, = those skilled in the art will
recognize that the invention can be practiced with
modifications within the spirit and scope of the appended

claims.

INDUSTRIAL APPLICABILITY

According to the present invention, an exhaust gas
purification system for an internal combustion engine that
has a supercharger and an EGR apparatus 1is capable of
suppressing NOx emissions while also suppressing an increase
in unburned fuel emissions and accidental fire when the

internal combustion engine is in a transient operating state.
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CLATIMS

1. An exhaust gas purification system for an internal
combustion engine, characterized by comprising:

an EGR apparatus for introducing at least part of the
exhaust gas of said internal combustion engine as EGR gas
into an air intake system of said internal combustion engine;

a supercharger for supercharging intake air using energy
from the exhaust gas of said internal combustion engine;

EGR gas amount control means for controlling the EGR gés
amount introduced into said air intake system of said
internal combustion engine by said EGR apparatus;

target EGR gas amount calculation means for calculating
a target EGR gas amount that is a térget value of the EGR gas
amount, based on the operating state of said internal
combustion engine;

target charging pressure calculation means for
calcuiating a target charging pressure that is a target value
of the charging pressure, based on the operating state of
said internal combustion engine; and

charging pressure detection means for detecting the
actual charging pressure, wherein

if the actual charging pressure detected by 'said
charging pressure detection means is lower than the target
charging pressure when said internal combustion engine is in

a transient operating state, said EGR gas amount control
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means controls the EGR gas amount to an amount smaller than

the target EGR gas amount.

2. The exhaust gas purification system for an internal
combustion engine according to claim 1, when the EGR gas
amount is controlled to an amount smaller than the target EGR
gas amount, said EGR gas amount control means controls the
EGR gas amount such that the lqwer the actual charging

pressure, the smaller the EGR gas amount.

3. The exhaust gas purification system for an internal
combustion engine according to claim 1 or 2, further
comprising:

a fuel injection valve for directly injecting fuel into
a cylinder of said internal combustion engine;

sub fuel injection execution means for performing a sub
fuel injection at a timing ahead of a main fuel injection
that is performed by said fuel injection valve at a timing
near top dead center in a compression stroke;

sub fuel injection timing control means for controlling
an execution timing of the sub fuel injection is performed by
said sub fuel injection execution means; and

target sub fuel injection timing calculation means for
calculating a +target sub fuel injection timing that is a

target value of the execution timing of the sub fuel
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injection, based on the operating state of said internal
combustion engine, wherein

if the actual charging pressure detected by said
charging pressure detection means 1is lower than the target
charging pressure when said internal combustion engine is in
a transient operating state, said sub fuel injection timing
control means delays the execution timing of the sub fuel

injection more than the target sub fuel injection timing.

4. The exhaust gas purification system for an internal
combustion engine according to claim 3, wherein when the
execution timing of thé sub fuel injection 1is delayed more
than the target sub fuel injection timing, said sub fuel
injection timing control means controls the execution timing
of the sub fuel injection such that the lower the actual
charging pressure, the more delayed the execution ﬁiming of

the sub fuel injection.

5. The exhaust gas purification system for an internal
combustion engine according to c¢laim 3 or 4, further
comprising:

sub fuel injection amount control means for controlling
the sub fuel injection amount; and

target sub fuel injection amount calculation means for

calculating a target sub fuel injection amount that is a
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target value of the sub fuel injection amount, based on the
operating state of said internal combustion engine, wherein
if the execution timing of the sub fuel injection 1is
delayed more than the target sub fuel injection timing, said
sub fuel injection amount control means controls the sub fuel
injection. amount to an amount smaller than the target sub

fuel injection amount.

6. The exhaust gas purification system for an internal
combustion engine according to claim 5, wherein when the sub
fuel injection amount is controlled to an amount smaller than
the target sub fuel injection amount, said sub fuel injection
amount control means controls the sub fuel injection amount
such that thevmore delayed the execution timing of the sub

fuel injection, the smaller the sub fuel injection amount.

7. The exhaust gas purification system for an internal
combustion engine according to claim 1, wherein if the actual
charging pressure detected by said charging pressure
detection means is higher than the target charging pressure
when said internal combustion engine is in a transient
operating state, said EGR gas amount control means controls
the EGR gas amount to an amount larger than the target EGR

gas amount.
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8. The exhaust gas purification system for an internal
combustion engine acdording to claim 7, wherein when the EGR
gas amount is controlled to an amount larger than the target
EGR gas amount, said EGR gas amount control means controls
the EGR gas amount such that the higher the actual charging

pressure, the larger the EGR gas amount.

9. The exhaust gas purification system for aﬂ internal
combustion engine according to c¢laim 7 or 8, further
comprising:

a fuel injection valve for directly injecting fuel into
a cylinder of said internal combustion engine;

fuel injection timing control means for controlling a
fuel injection timing by said fuel injection valve; and

target fuel injection timing calculation means for
calculating a target fuel injection timing that is a target
value of the fuel injection timing, based on the operating
state of said internal combustion engine, wherein

if the EGR gas amount is controlled to an amount larger
than the target EGR gas amount, said fuel injection timing
control means delays thé fuel injection timing more than the

target fuel injection timing.

10. The exhaust gas purification system for an internal

combustion engine according to claim 9, wherein when the fuel
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injection timing is delayed more than the target fuel
injection timing, said fuel injection timing control means
controls the fuel injection timing such that the larger the

EGR gas amount, the more delayed the fuel injection timing.
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