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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an exhaust gas control
system for an internal combustion engine.

2. Description of the Related Art

[0002] In order to reduce the amount of nitrogen oxides
(hereinafter, referred to as "NOx") contained in the ex-
haust gas discharged from an internal combustion en-
gine, an exhaust gas recirculation system that returns
part of the exhaust gas to an intake system is frequently
used (hereinafter, returning part of the exhaust gas to an
intake system of an internal combustion engine will be
referred to as "EGR").
[0003] In order to make it possible to perform EGR in
a broader operating range of an internal combustion en-
gine, the following technology is frequently employed.
According to the technology, a high-pressure EGR de-
vice that returns the exhaust gas upstream of a turbine
of a turbocharger to a portion of an intake passage, which
is downstream of a compressor, and a low-pressure EGR
device that returns the exhaust gas downstream of the
turbine to a portion of the intake passage, which is up-
stream of the compressor are both provided. Depending
on the operating state of an internal combustion engine,
the EGR device used is switched between the high-pres-
sure EGR device and the low-pressure EGR device, or
the high-pressure EGR device and the low-pressure
EGR device are used in combination.
[0004] US 2004 149 272 and Japanese Patent Appli-
cation Publication No. 2005-76456 (JP-A-2005-76456)
describes an EGR system that incorporates the technol-
ogy described above. According to this publication, when
the load placed on an internal combustion engine is low,
EGR is performed by a high-pressure EGR device. When
the load placed on the internal combustion is high, EGR
is performed by the low-pressure EGR. At or around the
boundary between the operating range where the engine
load is high and the operating range where the engine
load is low, the low-pressure EGR device and the high-
pressure EGR device are used in combination.
[0005] In order to increase the efficiency of reduction
in the amount of NOx discharged (hereinafter, referred
to as the "NOx discharge amount"), the amount of ex-
haust gas returned to an intake system of an internal
combustion engine by the EGR device (hereinafter, re-
ferred to as the "EGR gas amount") needs to be in-
creased. Namely, in order to increase the efficiency of
reduction in the NOx discharge amount, EGR needs to
be performed at a high EGR rate.
[0006] However, if the EGR rate increases, an increase
in the rate, at which the internal combustion engine con-
sumes the fuel (hereinafter, referred to as the "fuel con-

sumption rate of the internal combustion engine"), due
to performance of EGR is no longer ignored.
[0007] For example, when the amount of exhaust gas
recirculated by the high-pressure EGR device (hereinaf-
ter, referred to as the "high-pressure EGR gas amount")
increases, the temperature of the gas flowing into a com-
bustion chamber of the internal combustion engine (here-
inafter, referred to as the ""inflow gas temperature") in-
creases, which may increase the fuel consumption rate.
Also, the fuel consumption rate may be increased by var-
ious factors such as a decrease in the air-fuel ratio, an
increase in the combustion temperature, and an increase
in the amount of smoke (unburned fuel).
[0008] If the high-pressure EGR gas amount increas-
es, the amount of exhaust gas that drives a turbine of a
turbocharger decreases, which decreases the boost
pressure. In contrast, in an internal combustion engine
that is provided with a variable nozzle turbocharger, a
decrease in the boost pressure is suppressed by reduc-
ing the opening amount of a variable nozzle. However,
if the opening amount of the variable nozzle is reduced,
the difference in pressure between the exhaust gas up-
stream of a turbine and the exhaust gas downstream of
the turbine increases. As a result, the fuel consumption
rate may increase due to the pumping loss that is caused
by such increase in the pressure difference.
[0009] Meanwhile, when the amount of exhaust gas
recirculated by the low-pressure EGR device (hereinaf-
ter, referred to as the "low-pressure EGR gas amount")
increases, the opening amount of an exhaust throttle
valve or an intake throttle valve may be reduced to in-
crease the pressure difference between the exhaust gas
downstream of the turbine and the intake gas upstream
of the compressor. In this case, the pressure difference
between the gas upstream of each of the exhaust throttle
valve and the intake throttle valve and the gas down-
stream thereof (hereinafter, referred to as the "upstream-
downstream pressure difference") increases. As a result,
the fuel consumption rate may increase due to the pump-
ing loss caused by such increase in the pressure differ-
ence.
[0010] An EGR gas passage of the low-pressure EGR
device tends to be longer than an EGR gas passage of
the high-pressure EGR device. Accordingly, if the low-
pressure EGR gas amount increases, the fuel consump-
tion rate may increase due to the passage resistance of
the EGR gas passage.
[0011] As described above, there are various factors
that contribute to increases in the fuel consumption rate
of the internal combustion engine (the pumping loss, the
inflow gas temperature, the opening amount of the vari-
able nozzle, etc. Hereafter, these factors will be collec-
tively referred to as the "fuel consumption rate increase
factors"). The fuel consumption rate increase factors
have different correlations with changes in the high-pres-
sure EGR gas amount and the low-pressure EGR gas
amount. Accordingly, when EGR is performed at a high
EGR rate, it is important to control the ratio at which the
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high-pressure EGR gas and the low-pressure EGR gas
are mixed together (hereinafter, referred to as the "mix-
ture ratio between the high-pressure EGR gas and the
low-pressure EGR gas") based on the correlation be-
tween the mixture ratio and the fuel consumption rate in
order to suppress an increase in the fuel consumption
rate.

SUMMARY OF THE INVENTION

[0012] It is an object of the invention to enable an ex-
haust gas control system for an internal combustion en-
gine, which performs EGR while switching the EGR de-
vice used between a high-pressure EGR device and a
low-pressure EGR device or using the high-pressure
EGR device and the low-pressure EGR device in com-
bination, to perform EGR at a high EGR rate while sup-
pressing an increase in the fuel consumption rate of the
internal combustion engine as much as possible.
[0013] A first aspect of the invention relates to an ex-
haust gas control system for an internal combustion en-
gine, which includes a turbocharger that has a compres-
sor provided to an intake passage of an internal combus-
tion engine and a turbine provided to an exhaust passage
of the internal combustion engine; a high-pressure EGR
device which has a high-pressure EGR passage that con-
nects a portion of the exhaust passage, which is up-
stream of the turbine to a portion of the intake passage,
which is downstream of the compressor, and which re-
turns part of exhaust gas to the internal combustion en-
gine through the high-pressure EGR passage; and a low-
pressure EGR device which has a low-pressure EGR
passage that connects a portion of the exhaust passage,
which is downstream of the turbine to a portion of the
intake passage, which is upstream of the compressor,
and which returns part of the exhaust gas through the
low-pressure EGR passage. The exhaust gas control
system performs exhaust gas recirculation while switch-
ing the EGR device used between the high-pressure
EGR device and the low-pressure EGR device or using
the high-pressure EGR device and the low-pressure
EGR device in combination. According to the aspect of
the invention described above, the mixture ratio between
the exhaust gas recirculated by the high-pressure EGR
device and the exhaust gas recirculated by the low-pres-
sure EGR device is controlled based on the correlation
between the mixture ratio and the fuel consumption rate
of the internal combustion engine.
[0014] In the exhaust gas control system according to
the aspect of the invention described above, the mixture
ratio between the high-pressure EGR gas and the low-
pressure EGR gas is set based on the fuel consumption
rate of the internal combustion engine. In the exhaust
gas control system according to the aspect of the inven-
tion described above, EGR may be performed using only
one of the high-pressure EGR device and the low-pres-
sure EGR device. In such a case, the high-pressure EGR
gas and the low-pressure EGR gas are not mixed. When

only the high-pressure EGR device is used, the mixture
ratio is defined as the mixture ratio at which the proportion
of the high-pressure EGR gas to the total EGR gas
amount is 100 %. When only the low-pressure EGR de-
vice is used, the mixture ratio is defined as the mixture
ratio at which the proportion of the low-pressure EGR
gas to the total EGR gas amount is 100 %.
[0015] In the aspect of the invention described above,
the mixture ratio may be controlled to the mixture ratio
at which the fuel consumption rate is the optimum value
in the correlation between the mixture ratio and the fuel
consumption rate. Namely, the high-pressure EGR gas
and the low-pressure EGR gas may be mixed at the mix-
ture ratio at which the fuel consumption rate is the opti-
mum value, based on the manner in which the fuel con-
sumption rate changes with respect to a change in the
mixture ratio. Accordingly, it is possible to perform EGR
at the required EGR rate while suppressing an increase
in the fuel consumption rate of the internal combustion
engine. Hereinafter, the mixture ratio at which the fuel
consumption rate is the optimum value will be referred
to as the "optimum mixture ratio".
[0016] The description that the fuel consumption rate
is the optimum value means that the fuel consumption
rate is minimized under a predetermined condition. The
description that the fuel consumption rate is the optimum
value does not always mean that the fuel consumption
rate is the minimum value or a considerably small value.
[0017] For example, when the predetermined condi-
tion is the condition that the amount of NOx produced
during combustion in the internal combustion engine is
reduced, the optimum mixture ratio may be set to the
mixture ratio at which the fuel consumption rate is re-
duced as much as possible to the extent that the reduc-
tion rate of the NOx production amount is not sacrificed.
[0018] The high-pressure EGR device and the low-
pressure EGR device are controlled so that the high-
pressure EGR gas and the low-pressure EGR gas are
mixed at the mixture ratio set in the above-described
manner. Thus, it is possible to perform EGR at the EGR
rate required to achieve the reduction rate of the NOx
production amount while suppressing an increase in the
fuel consumption rate as much as possible.
[0019] In the aspect of the invention described above,
when the predetermined condition is the condition that
the fuel consumption rate of the internal combustion en-
gine is reduced, the optimum mixture ratio may be set to
the mixture ratio at which the fuel consumption rate is
the minimum value or the considerably small value in the
correlation between the mixture ratio and the fuel con-
sumption rate.
[0020] The high-pressure EGR device and the low-
pressure EGR device are controlled so that the high-
pressure EGR gas and the low-pressure EGR gas are
mixed at the mixture ratio set in the above-described
manner. Thus, it is possible to perform EGR while sup-
pressing an increase in the fuel consumption rate of the
internal combustion engine.
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[0021] Also, various corrections may be made, based
on the subordinate conditions, to the mixture ratio that is
set to optimize the fuel consumption rate. In this case,
the high-pressure EGR gas and the low-pressure EGR
gas are mixed at a mixture ratio that deviates from the
optimum mixture ratio. However, the deviation from the
optimum mixture ratio is limited to a value in a small de-
viation range. Thus, it is still possible to maintain the fuel
consumption ratio to a small value. In addition, some ben-
efits are offered by satisfying the subordinate conditions.
[0022] For example, the low-pressure EGR passage
is long, and a time lag between when the control for
changing the low-pressure EGR gas amount is executed
and when the low-pressure EGR gas amount actually
changes cannot be ignored in some cases. In such cases,
if the proportion of the low-pressure EGR gas amount to
the total EGR gas amount exceeds a certain value, the
response to the control of the oxygen concentration in
the intake air deteriorates. As a result, the oxygen con-
centration in the intake air may not be sufficient, for ex-
ample, when the vehicle is suddenly accelerated. Ac-
cordingly, an upper limit of the proportion of the low-pres-
sure EGR gas amount to the total EGR gas amount may
be set. Thus, the proportion of the low-pressure EGR gas
amount to the total EGR gas amount does not exceed
the proportion at which the response to the control of the
oxygen concentration in the intake air may deteriorate.
Therefore, it is possible to maintain good response to the
control of the oxygen concentration in the intake air while
suppress the fuel consumption rate to a small value.
[0023] The correlation between the mixture ratio and
the fuel consumption rate may vary depending on the
operating state of the internal combustion engine. For
example, the correlation between the mixture ratio and
the fuel consumption rate may be expressed by function
forms different between when the load placed on the in-
ternal combustion engine is high and when the load
placed on the internal combustion engine is low. In this
case, the mixture ratio at which the fuel consumption rate
is the optimum value may vary, because the correlation
between the mixture ratio and the fuel consumption rate
varies depending on the load placed on the internal com-
bustion engine.
[0024] In the aspect of the invention described above,
the mixture ratio may be controlled based on the operat-
ing state of the internal combustion engine in addition to
the correlation between the mixture ratio and the fuel
consumption rate. Thus, it is possible to control the mix-
ture ratio to the optimum mixture ratio with high degree
of accuracy by taking the operating state of the internal
combustion engine into account.
[0025] The fuel consumption rate of the internal com-
bustion engine changes depending on the various fuel
consumption rate increase factors described above.
Namely, the fuel consumption rate of the internal com-
bustion engine is influenced by one or more components
that change(s) depending on the various fuel consump-
tion rate increase factors (hereinafter, referred to as the

"fuel consumption rate component").
[0026] In the aspect of the invention described above,
the correlation between the mixture ratio and the fuel
consumption rate may be defined based on multiple cor-
relations between the mixture ratio and respective fuel
consumption rate components that exert influences on
the fuel consumption rate.
[0027] In the aspect of the invention described above,
the correlation between the mixture ratio and the fuel
consumption rate may be defined based on the operating
state of the internal combustion engine in addition to the
correlation between the mixture ratio and the fuel con-
sumption rate component. Thus, it is possible to approx-
imate the correlation between the mixture ratio and the
fuel consumption rate of the internal combustion engine
to the actual complicated correlation between the mixture
ratio and the fuel consumption rate by combining the mul-
tiple correlations between the mixture ratio and the re-
spective fuel consumption rate components that have
relatively simple correlations with the mixture ratio.
[0028] With this structure, it is possible to approximate
the actual correlation between the fuel consumption rate
and the mixture ratio based on the fuel consumption rate
components that exert influences on the fuel consump-
tion rate.
[0029] In the aspect of the invention described above,
because the optimum mixture ratio is obtained based on
the correlation between the fuel consumption rate and
the mixture ratio, it is important to approximate the actual
form of the function that expresses the correlation be-
tween the mixture ratio and the fuel consumption rate.
For example, if the correlation between the fuel consump-
tion rate and the mixture ratio is expressed by a smooth
function form, it is possible to obtain the optimum mixture
ratio based on the partial differential coefficient of the
function concerning the mixture ratio.
[0030] The correlation between the fuel consumption
rate component and the mixture ratio may vary depend-
ing on the operating state of the internal combustion en-
gine. Examples of such fuel consumption rate component
include the fuel consumption rate component that exerts
an influence on the fuel consumption rate so that the fuel
consumption rate increases as the load placed on the
internal combustion engine increases, the fuel consump-
tion rate component that exerts an influence on the fuel
consumption rate so that the fuel consumption rate in-
creases as the load placed on the internal combustion
engine decreases, and the fuel consumption rate com-
ponent that exerts an influence on the fuel consumption
rate based on the complicated dependency on the oper-
ating state of the internal combustion engine.
[0031] When the actual correlation between the fuel
consumption rate and the mixture ratio is approximated
by combining the multiple correlations between the mix-
ture ratio and the respective fuel consumption rate com-
ponents, the above-described dependencies of the fuel
consumption rate components on the operating state of
the internal combustion engine are also taken into ac-
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count. Thus, it is possible to approximate the actual cor-
relation between the fuel consumption rate and the mix-
ture ratio with higher degree of accuracy.
[0032] As a result, it is possible to more accurately con-
trol the mixture ratio to the optimum mixture ratio, which
makes it possible to reliably achieve both high EGR rate
and low fuel consumption rate.
[0033] The correlation between the mixture ratio and
the fuel consumption rate of the internal combustion en-
gine may be defined based on the multiple correlations
between the mixture ratio and the respective fuel con-
sumption rate components that may exert influences on
the fuel consumption rate due to performance of EGR
and that have different dependencies on the mixture ra-
tio.
[0034] In the aspect described above, the correlation
between the fuel consumption rate and the mixture ratio
may be defined based on at least one of the correlation
between the mixture ratio and the fuel consumption rate
component that exerts an influence on the fuel consump-
tion rate so that the fuel consumption rate increases as
the amount of exhaust gas recirculated by the low-pres-
sure EGR device increases (hereinafter, referred to as
the "low-pressure EGR positive correlation fuel con-
sumption rate component"), and the correlation between
the mixture ratio and the fuel consumption rate compo-
nent that exerts an influence on the fuel consumption
rate so that the fuel consumption rate increases as the
amount of exhaust gas recirculated by the high-pressure
EGR device increases (hereinafter, referred to as the
"high-pressure EGR positive correlation fuel consump-
tion rate component").
[0035] According to the aspect described above, the
two components that have different tendencies are com-
bined with each other, that is, the component that exerts
an influence on the fuel consumption rate so that the fuel
consumption rate tends to increase as the proportion of
the low-pressure EGR gas amount to the total EGR gas
amount increases is combined with the component that
exerts an influence on the fuel consumption rate so that
the fuel consumption rate tends to increase as the pro-
portion of the high-pressure EGR gas amount to the total
EGR gas amount increases. Thus, it is possible to ex-
press the correlation between the fuel consumption rate
that depends on various fuel consumption rate increase
factors and the mixture ratio by a simple function form.
[0036] Accordingly, controlling the mixture ratio based
on the correlation between the fuel consumption rate and
the mixture ratio defined in the above-described manner
makes it possible to set the optimum mixture ratio at
which an increase in the fuel consumption rate is more
reliably suppressed.
[0037] In the aspect described above, the correlation
between the mixture ratio and the fuel consumption rate
may be defined based further on the operating state of
the internal combustion engine. The actual correlation
between the fuel consumption rate and the mixture ratio
is approximated based on the dependencies of the fuel

consumption rate components on the operating state of
the internal combustion engine in addition to the corre-
lation(s) between the mixture ratio and the low-pressure
EGR positive correlation fuel consumption rate compo-
nent or/and the high-pressure EGR positive correlation
fuel consumption rate component. Thus, it is possible to
obtain the mixture ratio at which an increase in the fuel
consumption rate is more reliably suppressed.
[0038] In the aspect described above, the correlation
between the mixture ratio and the low-pressure EGR pos-
itive correlation fuel consumption rate component may
be defined based on at least one of the correlation be-
tween the mixture ratio and the fuel consumption rate
component that exerts an influence on the fuel consump-
tion rate so that the fuel consumption rate increases as
the load placed on the internal combustion engine in-
creases (hereinafter, referred to as the "low-pressure
EGR high-load positive correlation fuel consumption rate
component"), and the correlation between the mixture
ratio and the fuel consumption rate component that ex-
erts an influence on the fuel consumption rate so that the
fuel consumption rate increases as the load placed on
the internal combustion engine decreases (hereinafter,
referred to as the "low-pressure EGR low-load positive
correlation fuel consumption rate component").
[0039] In the aspect described above, the correlation
between the mixture ratio and the high-pressure EGR
positive correlation fuel consumption rate component
may be defined based on at least one of the correlation
between the mixture ratio and the fuel consumption rate
component that exerts an influence on the fuel consump-
tion rate so that the fuel consumption rate increases as
the load placed on the internal combustion engine in-
creases (hereinafter, referred to as the "high-pressure
EGR high-load positive correlation fuel consumption rate
component"), and the correlation between the mixture
ratio and the fuel consumption rate component that ex-
erts an influence on the fuel consumption rate so that the
fuel consumption rate increases as the load placed on
the internal combustion engine decreases (hereinafter,
referred to as the "high-pressure EGR low-load positive
correlation fuel consumption rate component").
[0040] Examples of the fuel consumption rate increase
factors that may exert relatively great influences on the
fuel consumption rate due to performance of EGR include
the inflow gas temperature, the upstream-downstream
pressure difference of an exhaust throttle valve and an
intake throttle valve, the upstream-downstream pressure
difference of a variable nozzle turbine, and the passage
resistance of the high-pressure EGR passage and the
low-pressure EGR passage.
[0041] The fuel consumption rate component that
changes depending on the inflow gas temperature (here-
inafter, referred to as the "inflow gas temperature fuel
consumption rate component") exerts an influence on
the fuel consumption rate as an increasing function of
the inflow gas temperature. The inflow gas temperature
increases as the high-pressure EGR gas amount in-
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creases. Accordingly, the inflow gas temperature fuel
consumption rate component is the high-pressure EGR
positive correlation fuel consumption rate component
that tends to increase as the mixture ratio changes so
that the proportion of the high-pressure EGR gas amount
to the total EGR gas amount increases.
[0042] When the load placed on the internal combus-
tion engine is low, even if the inflow gas temperature is
high, the amount of smoke produced is less likely to in-
crease. On the other hand, when the load placed on the
internal combustion engine is high, if the inflow gas tem-
perature is high, the amount of smoke produced is likely
to increase.
[0043] Namely, when the load placed on the internal
combustion engine is low, even if the high-pressure EGR
gas amount increases, the inflow gas temperature fuel
consumption rate component is less likely to increase.
However, when the load placed on the internal combus-
tion engine is high, if the high-pressure EGR gas amount
increases, the inflow gas temperature fuel consumption
rate component is likely to increase. Accordingly, the in-
flow gas temperature fuel consumption rate component
is the high-pressure EGR high-load positive correlation
fuel consumption rate component.
[0044] The fuel consumption rate component that
changes depending on the pumping loss caused by the
upstream-downstream pressure difference of a turbine
of a variable nozzle turbocharger (hereinafter, referred
to as the "variable nozzle fuel consumption rate compo-
nent") exerts an influence on the fuel consumption rate
as an increasing function of the turbine upstream-down-
stream pressure difference. Because the opening
amount of the variable nozzle of the turbine is reduced
in order to compensate for a decrease in the boost pres-
sure due to an increase in the high-pressure EGR gas
amount, the turbine upstream-downstream pressure dif-
ference increases as the high-pressure EGR gas amount
increases. Accordingly, the variable nozzle fuel con-
sumption rate component is the high-pressure EGR pos-
itive correlation fuel consumption rate component that
tends to increase as the mixture ratio changes so that
the proportion of the high-pressure EGR gas amount to
the total EGR gas amount increases.
[0045] When the load placed on the internal combus-
tion engine is low, if the boost pressure decreases, the
stability of the output from the internal combustion engine
deteriorates. Accordingly, it is necessary to maintain the
boost pressure by reducing the opening amount of the
variable nozzle. On the other hand, when the load placed
on the internal combustion engine is high, even if the
boost pressure decreases to some degree, the stability
of the output from the internal combustion engine is less
likely to deteriorate. The opening amount of the variable
nozzle is reduced by a less amount.
[0046] Namely, the variable nozzle fuel consumption
rate component is likely to increase if the high-pressure
EGR gas amount increases when the load placed on the
internal combustion engine is low. However, the variable

nozzle fuel consumption rate component is less likely to
increase even if the high-pressure EGR gas amount in-
creases when the load placed on the internal combustion
engine is high. Accordingly, the variable nozzle fuel con-
sumption rate component is the high-pressure EGR low-
load positive correlation fuel consumption rate compo-
nent.
[0047] The fuel consumption rate component that
changes depending on the pumping loss caused due to
the upstream-downstream pressure difference of the ex-
haust throttle valve or the intake throttle valve (hereinaf-
ter, referred to as the "throttle valve fuel consumption
rate component") (hereinafter, the exhaust throttle valve
and the intake throttle valve will be sometimes collectively
referred to as the "throttle valve") exerts an influence on
the fuel consumption rate as an increasing function of
the throttle valve upstream-downstream pressure differ-
ence. Because the opening amount of the throttle valve
is reduced when the low-pressure EGR gas amount is
increased, the throttle valve upstream-downstream pres-
sure difference increases as the low-pressure EGR gas
amount increases. Accordingly, the throttle valve fuel
consumption rate component is the low-pressure EGR
positive correlation fuel consumption rate component
that tends to increase as the mixture ratio changes so
that the proportion of the low-pressure EGR gas amount
to the total EGR gas amount increases.
[0048] When the load placed on the internal combus-
tion engine is low, the pressure of the exhaust gas is low
and the pressure difference between the upstream side
and the downstream side in the low-pressure EGR pas-
sage is unlikely to occur. Therefore, the opening amount
of the throttle valve sometimes needs to be reduced in
order to obtain sufficient low-pressure EGR gas amount.
On the other hand, when the load placed on the internal
combustion engine is high, the pressure of the exhaust
gas is high. Accordingly, the low-pressure EGR gas
amount is increased without reducing the opening
amount of the throttle valve.
[0049] Namely, the throttle valve fuel consumption rate
component is likely to increase if the low-pressure EGR
gas amount is increased when the load placed on the
internal combustion engine is low. However, when the
load placed on the internal combustion engine is high,
even if the low-pressure EGR gas amount is increased,
the throttle valve fuel consumption rate component is less
likely to increase. Accordingly, the throttle valve fuel con-
sumption rate component is the low-pressure EGR low-
load positive correlation fuel consumption rate compo-
nent.
[0050] The fuel consumption rate component that
changes depending on the passage resistance of the
high-pressure EGR passage or the low-pressure EGR
passage (hereinafter, referred to as the "passage resist-
ance fuel consumption rate component") exerts an influ-
ence on the fuel consumption rate as an increasing func-
tion of the passage length. The low-pressure EGR pas-
sage that connects the portion of the exhaust passage,
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which is downstream of the turbine to the portion of the
intake passage, which is upstream of the compressor is
likely to be longer than the high-pressure EGR passage
that connects the portion near an exhaust manifold to the
portion near an intake manifold. Accordingly, the pas-
sage resistance fuel consumption rate component is the
low-pressure EGR positive correlation fuel consumption
rate component that tends to increase as the mixture
ratio changes so that the proportion of the low-pressure
EGR gas amount to the total EGR gas amount increases.
[0051] As the load placed on the internal combustion
engine increases, the flow rate of the exhaust gas in-
creases and the flow rate of the exhaust gas flowing
through the low-pressure EGR passage increases. Be-
cause the pumping loss caused due to the passage re-
sistance increases as the flow rate of the exhaust gas
flowing through the passage increases. Accordingly, the
passage resistance fuel consumption rate component is
the low-pressure EGR high-load positive correlation fuel
consumption rate component.
[0052] In the aspect of the invention described above,
the optimum mixture ratio may be defined based on the
actual correlation between the fuel consumption rate and
the mixture ratio that is approximated by combining the
multiple correlations between the mixture ratio and the
respective fuel consumption rate components.
[0053] In the exhaust gas control system according to
the aspect of the invention described above, an exhaust
throttle valve may be provided to a portion of the exhaust
passage, which is downstream of the position at which
the exhaust passage and the low-pressure EGR passage
are connected to each other, and/or an intake throttle
valve may be provided to a portion of the intake passage,
which is upstream of the position at which the intake pas-
sage and the low-pressure EGR passage are connected
to each other (hereinafter, the exhaust throttle valve and
the intake throttle valve will be collectively referred to as
the "throttle valve"). In such a case, the correlation be-
tween the mixture ratio and the fuel consumption rate
may be defined based on the correlation between the
throttle valve fuel consumption rate component and the
mixture ratio and the correlation between the inflow gas
temperature fuel consumption rate component and the
mixture ratio.
[0054] In the exhaust gas control apparatus according
to the aspect of the invention described above, an ex-
haust throttle valve may be provided to a portion of the
exhaust passage, which is downstream of the position
at which the exhaust passage and the low-pressure EGR
passage are connected to each other, and/or an intake
throttle valve may be provided to a portion of the intake
passage, which is upstream of the position at which the
intake passage and the low-pressure EGR passage are
connected to each other (hereinafter, the exhaust throttle
valve and the intake throttle valve will be collectively re-
ferred to as the "throttle valve"). In addition, the turbo-
charger may include a variable capacity turbocharger
that has a variable nozzle turbine. In such a case, the

correlation between the mixture ratio and the fuel con-
sumption rate may be defined based on the correlation
between the throttle valve fuel consumption rate compo-
nent and the mixture ratio and the correlation between
the variable nozzle fuel consumption rate component and
the mixture ratio.
[0055] In each of the cases described above, the op-
timum mixture ratio corresponding to the operating state
of the internal combustion engine may be derived by tak-
ing it into account that the throttle valve fuel consumption
rate component is the low-pressure EGR low-load posi-
tive correlation fuel consumption rate component, the in-
flow gas temperature fuel consumption rate component
is the high-pressure EGR high-load positive correlation
fuel consumption rate component, and the variable noz-
zle fuel consumption rate component is the high-pressure
EGR low-load positive correlation fuel consumption rate
component. Thus, it is possible to derive the optimum
mixture ratio at which an increase in the fuel consumption
rate is more reliably suppressed.
[0056] A second aspect of the invention relates to an
exhaust gas control method for an internal combustion
engine provided with a turbocharger that has a compres-
sor provided to an intake passage of an internal combus-
tion engine and a turbine provided to an exhaust passage
of the internal combustion engine; a high-pressure EGR
device which has a high-pressure EGR passage that con-
nects a portion of the exhaust passage, which is up-
stream of the turbine to a portion of the intake passage,
which is downstream of the compressor, and which re-
turns part of exhaust gas to the internal combustion en-
gine through the high-pressure EGR passage; and a low-
pressure EGR device which has a low-pressure EGR
passage that connects a portion of the exhaust passage,
which is downstream of the turbine to a portion of the
intake passage, which is upstream of the compressor,
and which returns part of the exhaust gas through the
low-pressure EGR passage. According to the exhaust
gas control method, the mixture ratio between the ex-
haust gas recirculated by the high-pressure EGR device
and the exhaust gas recirculated by the low-pressure
EGR device is controlled based on the correlation be-
tween the mixture ratio and a fuel consumption rate of
the internal combustion engine while the EGR device
used is switched between the high-pressure EGR device
and the low-pressure EGR device or the high-pressure
EGR device and the low-pressure EGR device are used
in combination.
[0057] In the exhaust gas control method according to
the second aspect of the invention, the following steps
may be executed. The engine speed and the engine load
of the internal combustion engine are obtained. The
amount of intake air flowing through the intake passage
is obtained using an airflow meter. The target EGR rate
is set. The target mixture ratio is set. The target opening
amount for the low-pressure EGR valve and the target
opening amount for a high-pressure EGR valve are cal-
culated based on the amount of intake air, the target EGR
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rate, and the target mixture ratio. The opening amount
of the low-pressure EGR valve is controlled based on the
target opening amount for the low-pressure EGR valve.
The opening amount of the high-pressure EGR valve is
controlled based on the target opening amount for the
high-pressure EGR valve. The temperature of gas in an
intake manifold of the internal combustion engine is de-
tected. Whether the temperature of the gas is in the target
temperature range is determined. If the temperature of
the gas is not in the target temperature range, at least
one of the opening amount of the low-pressure EGR
valve and the opening amount of the high-pressure EGR
valve is corrected.
[0058] The invention enables the exhaust gas control
system for an internal combustion engine, which per-
forms EGR while switching the EGR device used be-
tween the high-pressure EGR device and the low-pres-
sure EGR device or using the high-pressure EGR device
and the low-pressure EGR device in combination, to per-
form EGR at a high EGR rate while suppressing an in-
crease in the fuel consumption rate of the internal com-
bustion engine as much as possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] The foregoing and/or further objects, features
and advantages of the invention will become more ap-
parent from the following description of example embod-
iments with reference to the accompanying drawings, in
which the same or corresponding portions will be denoted
by the same reference numerals and wherein:

FIG. 1 is the view schematically showing the struc-
ture of an internal combustion engine and intake/ex-
haust systems thereof according to a first embodi-
ment of the invention;
FIG 2 is the graph showing which of a low-pressure
EGR device and a high-pressure EGR device is used
to perform EGR in each operating range of the inter-
nal combustion engine according to the first embod-
iment of the invention;
FIGs. 3A and 3B are the graphs showing the corre-
lation between the NOx discharge amount and the
low-pressure EGR gas amount/the fuel consumption
rate of the internal combustion engine according to
the first embodiment of the invention;
FIGs. 4A, 4B and 4C are the graphs showing the
correlation among the inflow gas temperature fuel
consumption rate component, the inflow gas tem-
perature and the mixture ratio between the high-
pressure EGR gas and the low-pressure EGR gas
according to the first embodiment of the invention;
FIGS. 5A, 5B and 5C are the graphs showing the
correlation among the throttle valve fuel consump-
tion rate component, the throttle valve upstream-
downstream pressure difference, and the mixture ra-
tio between the high-pressure EGR gas and the low-
pressure EGR gas according to the first embodiment

of the invention;
FIG. 6 is the graph showing the correlation between
the inflow gas temperature fuel consumption rate
component and the mixture ratio between the high-
pressure EGR gas and the low-pressure EGR gas,
the correlation between the throttle valve fuel con-
sumption rate component and the mixture ratio, and
the actual correlation between the fuel consumption
rate and the mixture ratio that is approximated by
combining these two correlations together according
to the first embodiment of the invention;
FIG. 7 is the graph showing the correlation between
the inflow gas temperature fuel consumption rate
component and the mixture ratio between the high-
pressure EGR gas and the low-pressure EGR gas
at each load placed on the internal combustion en-
gine according to the first embodiment of the inven-
tion;
FIG. 8 is the graph showing the correlation between
the throttle valve fuel consumption rate component
and the mixture ratio between the high-pressure
EGR gas and the low-pressure EGR gas at each
load placed on the internal combustion engine ac-
cording to the first embodiment of the invention;
FIG. 9 is the graph showing the correlation between
the fuel consumption rate and the mixture ratio be-
tween the high-pressure EGR gas and the low-pres-
sure EGR gas at each load placed on the internal
combustion engine, the actual correlation being ap-
proximated by combining the correlation between
the inflow gas temperature fuel consumption rate
component and the mixture ratio with the correlation
between the throttle valve fuel consumption rate
component and the mixture ratio according to the
first embodiment of the invention;
FIG. 10 is the flowchart showing the routine for con-
trolling the opening amounts of a high-pressure EGR
valve and a low-pressure EGR valve according to
the first embodiment of the invention;
FIGs. 11A, 11B and 11C are the graphs showing the
correlation among the fuel consumption rate, the in-
flow gas temperature, the upstream-downstream
pressure difference of a throttle valve and the mixture
ratio between the high-pressure EGR gas and the
low-pressure EGR gas according to the first embod-
iment of the invention;
FIG. 12 is the view schematically showing the struc-
ture of an internal combustion engine and intake/ex-
haust systems thereof according to a second em-
bodiment of the invention;
FIGs. 13A, 13B and 13C are the graphs showing the
correlation among the variable nozzle fuel consump-
tion rate component, the upstream-downstream
pressure difference of a turbine, and the mixture ratio
between the high-pressure EGR gas and the low-
pressure EGR gas according to a second embodi-
ment of the invention;
FIGs. 14A, 14B and 14C are the graphs showing the
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correlation among the throttle valve fuel consump-
tion rate component, the upstream-downstream
pressure difference of the throttle valve and the mix-
ture ratio between the high-pressure EGR gas and
the low-pressure EGR gas according to the second
embodiment of the invention;
FIG 15 is the graph showing the correlation between
the variable nozzle fuel consumption rate compo-
nent and the mixture ratio between the high-pressure
EGR gas and the low-pressure EGR gas, the corre-
lation between the throttle valve fuel consumption
rate component and the mixture ratio, and the actual
correlation between the fuel consumption rate and
the mixture ratio that is approximated by combining
these two correlations together according to the sec-
ond embodiment of the invention; and
FIG. 16 is the view schematically showing the struc-
ture in which the throttle valve is an intake throttle
valve in the first embodiment of the invention.

DETAILED DESCRIPTION OF THE EXAMPLE EM-
BODIMENTS

[0060] Hereafter, the embodiments of the invention will
be described in detail with reference to the accompanying
drawings. Note that, the description concerning the sizes,
materials, shapes and relative arrangements of the com-
ponents in the embodiments of the invention do not limit
the technical scope of the invention unless otherwise
specified.

First Embodiment

[0061] FIG. 1 is the view schematically showing the
structure of an internal combustion engine 1 to which a
first embodiment of the invention is applied. The internal
combustion engine 1 shown in FIG. 1 is a diesel engine
that includes four cylinders 2. In the internal combustion
engine 1, each cylinder 2 is provided with a fuel injection
valve 3 that injects fuel directly into a combustion cham-
ber of the cylinder 2.
[0062] An intake manifold 8 is connected to the internal
combustion engine 1. The branch pipes of the intake
manifold 8 communicate with the combustion chambers
of the respective cylinders 2 through respective intake
ports. A throttle valve 12 that changes the flow passage
area of an intake passage 9 is provided near the position
at which the intake manifold 8 and the intake passage 9
are connected to each other. In the intake passage 9, an
intercooler 13 that cools the gas flowing through the in-
take passage 9 is provided upstream of the throttle valve
12. In the intake passage 9, a compressor housing 6 of
a turbocharger 10 that operates using the energy of the
exhaust gas as a driving source is provided upstream of
the intercooler 13. In the intake passage 9, an air cleaner
4 is provided upstream of the compressor housing 6. The
throttle valve 12 is connected to an ECU 22, described
later in detail, via electric wiring. The opening amount of

the throttle valve 12 is controlled based on the control
signals from the ECU 22, and, therefore, the amount of
gas flowing through the intake passage 9 is adjusted.
The ECU 22 is regarded as a control portion according
to the invention.
[0063] An exhaust manifold 18 is connected to the in-
ternal combustion engine 1. The branch pipes of the ex-
haust manifold communicate with the combustion cham-
bers of the respective cylinders 2 through the respective
exhaust ports. A turbine housing 7 of the turbocharger
10 is connected to the exhaust manifold 18. An exhaust
passage 19 is connected to the turbine housing 7. A par-
ticulate filter 20 (hereinafter, simply referred to as a "filter
20") that traps particulate matter (PM) in the exhaust gas
is provided in the exhaust passage 19. In the exhaust
passage 19, an exhaust throttle valve 11 that changes
the flow passage area of the exhaust passage 19 is pro-
vided downstream of the filter 20. On the downstream
side of the exhaust throttle valve 11, the exhaust passage
19 is exposed to the atmosphere. The exhaust throttle
valve 11 is connected to the ECU 22 via electric wiring.
The opening amount of the exhaust throttle valve 11 is
controlled based on the control signals from the ECU 22,
and therefore, the amount of exhaust gas flowing through
the exhaust passage 19 is adjusted.
[0064] Instead of the filter 20, an exhaust gas control
apparatus may be provided in the exhaust passage 19.
Examples of such exhaust gas control apparatus include
a storage-reduction NOx catalyst and a urea selective
reduction NOx catalyst that remove NOx in the exhaust
gas, and an oxidation catalyst that oxidizes the unburned
fuel, etc. in the exhaust gas.
[0065] A low-pressure EGR passage 23 provides com-
munication between the portion of the exhaust passage
19, which is downstream of the filter 20 and upstream of
the exhaust throttle valve 11, and the portion of the intake
passage 9, which is upstream of the compressor housing
6 and downstream of the air cleaner 4. In the low-pres-
sure EGR passage 23, a low-pressure EGR cooler 14
that cools the exhaust gas flowing through the low-pres-
sure EGR passage 23 and a low-pressure EGR valve 5
that changes the flow passage area of the low-pressure
EGR passage 23 are provided. The low-pressure EGR
passage 5 is connected to the ECU 22 via electric wiring.
The opening amount of the low-pressure EGR valve 5 is
controlled based on the control signals from the ECU 22,
and, therefore, the amount of exhaust gas flowing
through the low-pressure EGR passage 23 (hereinafter,
referred to as the "low pressure EGR gas amount") is
adjusted.
[0066] A high-pressure EGR passage 15 provides
communication between the exhaust manifold 18 and
the intake manifold 8. A high-pressure EGR valve 21 that
changes the flow passage area of the high-pressure EGR
passage 15 is provided in the high-pressure EGR pas-
sage 15. The high-pressure EGR valve 21 is connected
to the ECU 22 via electric wiring. The opening amount
of the high-pressure EGR valve 21 is controlled based
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on the control signals from the ECU 22, and, therefore,
the amount of exhaust gas flowing through the high-pres-
sure EGR passage 15 (hereinafter, referred to as the
"high-pressure EGR gas amount") is adjusted.
[0067] An accelerator pedal 31 arranged near the driv-
er’s seat is provided with a load sensor 24 that detects
the accelerator pedal operation amount as the load
placed on the internal combustion engine 1. The crank-
shaft (not shown) of the internal combustion engine 1 is
provided with a crank position sensor 25 that detects the
rotational speed of the crankshaft as the rotational speed
of the internal combustion engine 1. A pressure differ-
ence sensor 26 that detects the upstream-downstream
pressure difference of the exhaust throttle valve 11 is
provided in the exhaust passage 19. An airflow meter 27
that detects the flow rate of the intake air is provided in
the intake passage 9. The intake manifold 8 is provided
with an inflow gas temperature sensor 28 that detects
the temperature of the gas in the intake manifold (here-
inafter, referred to as the "inflow gas temperature").
These sensors are connected to the ECU 22 via electric
wiring, and the ECU 22 receives signals indicating the
detection results from these sensors.
[0068] The internal combustion engine 1 is provided
with and controlled by the ECU 22 that is an electronic
control computer. The ECU 22 includes ROM, RAM, a
CPU, an input port, an output port, etc. (not shown). The
ECU 22 executes known controls such as fuel injection
control based on the operating state of the internal com-
bustion engine 1 and instructions from the driver that are
detected by the various sensors described above. The
ECU 22 also transmits opening amount command sig-
nals to the high-pressure EGR valve 21, the low-pressure
EGR valve 5, the throttle valve 12, and the exhaust throt-
tle valve 11.
[0069] In the structure described above, the pressure
of the air introduced from the air cleaner 4 to the intake
passage 9 is increased in the compressor housing 6, and
then the air is introduced into the combustion chambers
of the internal combustion engine 1 through the intercool-
er 13 and the intake manifold 8.
[0070] Meanwhile, the exhaust gas discharged from
the combustion chambers flows through the exhaust
manifold 18 and a joint passage 16, and then flows into
the turbine housing 7 to drive the turbine. The PM in the
exhaust gas is trapped in the filter 20. Then, the exhaust
gas flows through the exhaust passage 19, and is finally
discharged into the atmosphere.
[0071] When the low-pressure EGR valve 5 opens,
communication through the low-pressure EGR passage
23 is permitted. Then, part of the exhaust gas passed
through the filter 20 flows into the intake passage 9
through the low-pressure EGR passage 23. The pressure
of the low-pressure EGR gas that flows in the intake pas-
sage 9 is increased in the compressor housing 6, and
the low-pressure EGR gas is introduced into the com-
bustion chambers of the internal combustion engine 1
through the intake manifold 8. Hereafter, EGR through

the low-pressure EGR passage 23 will be referred to as
low-pressure EGR.
[0072] The ECU 22 controls the opening amount of the
exhaust throttle valve 11 to increase or decrease the
pressure of the exhaust gas at the position at which the
low-pressure EGR passage 23 branches off from the ex-
haust passage 19. Thus, the low-pressure EGR gas
amount is adjusted. For example, if the ECU 22 executes
the control to reduce the opening amount of the exhaust
throttle valve 11, the pressure of the exhaust gas at the
position at which the low-pressure EGR passage 23
branches off from the exhaust passage 19 increases. As
a result, the pressure difference between the upstream
side and the downstream side in the low-pressure EGR
passage 23 increases, which increases the low-pressure
EGR gas amount.
[0073] When the high-pressure EGR valve 21 opens,
communication through the high-pressure EGR passage
15 is permitted. Then, part of the exhaust gas flowing
through the exhaust manifold 18 flows into the intake
manifold 8 through the high-pressure EGR passage 15,
and then returns to the combustion chambers of the in-
ternal combustion engine 1. Hereinafter, EGR through
the high-pressure EGR passage 15 will be referred to as
high-pressure EGR.
[0074] The ECU 22 controls the opening amount of the
exhaust throttle valve 12 to increase or decrease the
pressure of the gas in the intake manifold 8. Thus, the
high-pressure EGR gas amount is adjusted. For exam-
ple, if the ECU 22 executes the control to reduce the
opening amount of the throttle valve 12, the amount of
air flowing in the intake manifold 8 is reduced. Accord-
ingly, when the gas in the intake manifold 8 is taken into
the cylinders 2 during the intake stroke thereof, the pres-
sure of the gas in the intake manifold 8 decreases. As a
result, the pressure difference between the upstream
side and the downstream side in the high-pressure EGR
passage 15 increases, which increases the high-pres-
sure EGR gas amount.
[0075] Part of the exhaust gas is returned to the com-
bustion chambers of the internal combustion engine 1 by
performing low-pressure EGR and/or high-pressure
EGR. Thus, the temperature at which the air-fuel mixture
is burned in the combustion chambers (hereinafter, re-
ferred to as the "combustion temperature") decreases,
and, therefore, the amount of NOx generated during com-
bustion decreases.
[0076] The operating state of an internal combustion
engine where low-pressure EGR is performed in an ap-
propriate manner differs from the operating state where
high-pressure EGR is performed in an appropriate man-
ner. Accordingly, there is a technology that makes it pos-
sible to perform EGR in a broader operating range of the
internal combustion engine. According to this technolo-
gy, EGR is switched between high-pressure EGR and
low-pressure EGR, or high-pressure EGR and the low-
pressure EGR are performed in combination depending
on the operating state of the internal combustion engine.
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[0077] FIG. 2 is the graph showing which of low-pres-
sure EGR and high-pressure EGR is performed in each
operating range of the internal combustion engine 1. In
FIG. 2, the lateral axis represents the rotational speed of
the internal combustion engine 1 (the engine speed), and
the vertical axis represents the amount of fuel injected
into the internal combustion engine 1. The fuel injection
amount is a parameter that indicates the load placed on
the internal combustion engine 1.
[0078] In the range HPL in FIG. 2, the load placed on
the internal combustion engine 1 is low and the internal
combustion engine 1 is running at low speed. In the range
HPL, high-pressure EGR is mainly performed. In the
range HPL + LPL in FIG. 2, the load placed on the internal
combustion engine 1 is medium and the internal com-
bustion engine 1 is running at medium speed. In the range
HPL + LPL, high pressure EGR and low pressure EGR
are performed in combination. In the range LPL in FIG.
2, the load placed on the internal combustion engine 1
is high and the internal combustion engine 1 is running
at high speed. In the range LPL, low-pressure EGR is
mainly performed.
[0079] Performing high-pressure EGR and low-pres-
sure EGR in combination in the above-described manner
makes it possible to perform EGR in a broader operating
range. This reduces the amount of NOx generated during
combustion.
[0080] The efficiency of reduction in the amount of NOx
achieved by performing EGR is increased as the EGR
gas amount increases. Namely, as the EGR rate (EGR
gas amount / (EGR gas amount + intake air amount))
increases, the efficiency of reduction in the amount of
NOx achieved by performing EGR increases. However,
if the EGR rate increases, an increase in the fuel con-
sumption rate of the internal combustion engine due to
performance of EGR is no longer ignored.
[0081] For example, when the low-pressure EGR gas
amount is increased to increase the EGR rate, the ECU
22 may execute the control to reduce the opening amount
of the exhaust throttle valve 11, thus increasing the pres-
sure difference between the upstream side and the down-
stream side in the low-pressure EGR passage 23. In this
case, the upstream-downstream pressure difference of
the exhaust throttle valve 11 increases, which increases
the pumping loss at the exhaust throttle valve 11. As a
result, the fuel consumption rate of the internal combus-
tion engine 1 may increase.
[0082] FIGs. 3A and 3B are the graphs showing the
correlation between the NOx discharge amount and the
low-pressure EGR gas amount, and the correlation be-
tween the NOx discharge amount and the fuel consump-
tion rate. FIG 3A is the graph showing the correlation
between the NOx discharge amount and the low-pres-
sure EGR gas amount. In FIG. 3A, the lateral axis rep-
resents the NOx discharge amount, and the vertical axis
represents the low pressure EGR gas amount. As shown
in FIG 3A, as the low-pressure EGR gas amount increas-
es, the amount of NOx generated during combustion de-

creases. When the low-pressure EGR gas amount in-
creases, the ECU 22 executes the control to decrease
the opening amount of the exhaust throttle valve 11. Ac-
cordingly, the pumping loss at the exhaust throttle valve
11 increases, which increases the fuel consumption rate
of the internal combustion engine 1. Therefore, as shown
in FIG. 3B, the fuel consumption rate tends to increase
as the amount of NOx generated during combustion de-
creases.
[0083] Also, when the high-pressure EGR gas amount
increases, the inflow gas temperature increases, which
increases the amount of smoke generated. As a result,
the fuel consumption rate may increase.
[0084] As described above, there are various factors
responsible for an increase in the fuel consumption rate,
which have different correlations with the high-pressure
EGR gas amount and the low-pressure EGR gas amount.
Accordingly, the NOx reduction rate and the fuel con-
sumption rate may be offset each other. Accordingly,
when EGR is performed at a high EGR rate to increase
the NOx reduction rate, it is important to set the mixture
ratio between the high-pressure EGR gas and the low-
pressure EGR gas based on the correlation between the
mixture ratio and the fuel consumption rate so that an
increase in the fuel consumption rate is suppressed as
much as possible.
[0085] Therefore, in the exhaust gas control system
according to the first embodiment of the invention, as
shown in FIG. 2, EGR is switched between high-pressure
EGR and low-pressure EGR based on the operating state
of the internal combustion engine, and also the mixture
ratio between the high-pressure EGR gas and the low-
pressure EGR gas is set based further on the correlation
between the fuel consumption rate of the internal com-
bustion engine 1 and the mixture ratio.
[0086] The correlation between the fuel consumption
rate and the mixture ratio changes depending on the var-
ious factors responsible for an increase in the fuel con-
sumption rate as described above. Namely, the fuel con-
sumption rate depends on the fuel consumption rate
components that change depending on the respective
factors responsible for an in the fuel consumption rate.
Accordingly, the correlation between the fuel consump-
tion rate and the mixture ratio depends on the correlation
between each fuel consumption rate component and the
mixture ratio.
[0087] Therefore, according to the first embodiment of
the invention, the actual correlation between the fuel con-
sumption rate and the mixture ratio between the high-
pressure EGR gas and the low-pressure EGR gas is ap-
proximated by combining the correlations between the
mixture ratio and the fuel consumption rate components
that exert relatively great influence on the fuel consump-
tion rate due to performance of EGR, that is, by combining
the correlation between the mixture ratio and the fuel
consumption rate component that changes depending
on the inflow gas temperature (hereinafter, referred to as
the "inflow gas temperature fuel consumption rate com-
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ponent"), with the correlation between the mixture ratio
and the fuel consumption rate component that changes
depending on the pumping loss caused by the pressure
difference between the upstream side and the down-
stream side of the exhaust throttle valve 11 (hereinafter,
referred to as the "throttle valve upstream-downstream
pressure difference") (hereinafter, referred to as the
"throttle valve fuel consumption rate component").
[0088] FIGs. 4A to 4C are the graphs showing the cor-
relation among the inflow gas temperature fuel consump-
tion rate component, the inflow gas temperature, and the
mixture ratio between the low-pressure EGR gas and the
high-pressure EGR gas. FIG. 4A is the graph showing
the correlation between the inflow gas temperature TB
and the inflow gas temperature fuel consumption rate
component SFC (TB). In FIG. 4A, the lateral axis repre-
sents the inflow gas temperature TB, and the vertical axis
represents the inflow gas temperature fuel consumption
rate component SFC (TB). As the inflow gas temperature
increases, the amount of smoke generated increases,
which increases the fuel consumption rate. Accordingly,
as shown in FIG. 4A, the inflow gas temperature fuel
consumption rate component SFC (TB) increases as the
inflow gas temperature TB increases. Namely, the inflow
gas temperature fuel consumption rate component SFC
(TB) exerts an influence on the fuel consumption rate
SFC as an increasing function of the inflow gas temper-
ature TB.
[0089] FIG. 4B is the graph showing the correlation
between the mixture ratio R and the inflow gas temper-
ature TB. The mixture ratio R is the ratio between the
high-pressure EGR gas amount and the low-pressure
EGR gas amount. The mixture ratio R decreases as the
proportion of the high-pressure EGR gas amount to the
total EGR gas amount increases, and the mixture ratio
R increases as the proportion of the low-pressure EGR
gas amount to the total EGR gas amount increases. In
FIG. 4B, the lateral axis represents the inflow gas tem-
perature TB and the vertical axis represents the mixture
ratio R.
[0090] Because the passage length of the high-pres-
sure EGR passage 15 is short and no EGR cooler is
provided to the high-pressure EGR passage 15, the tem-
perature of the exhaust gas flowing through the high-
pressure EGR passage 15 and flows in the intake man-
ifold 8 is high. Accordingly, as the high-pressure EGR
gas amount increases, the inflow gas temperature TB
increases. Namely, as shown in FIG. 4B, the inflow gas
temperature TB increases as the proportion of the high-
pressure EGR gas amount to the total EGR gas amount
increases.
[0091] The correlations described above proves that
the inflow gas temperature fuel consumption rate com-
ponent SFC (TB) has a tendency to increase as the mix-
ture ratio R changes so that the proportion of the high-
pressure EGR gas amount to the total EGR gas amount
increases (hereinafter, such tendency will be referred to
as the "high-pressure EGR positive correlation tenden-

cy"), as shown in FIG 4C. Namely, the inflow gas tem-
perature fuel consumption rate component SFC (TB) in
the first embodiment of the invention is regarded as the
high-pressure EGR positive correlation fuel consumption
rate component according to the invention.
[0092] FIGs. 5A to 5C are the graphs showing the cor-
relation among the throttle valve fuel consumption rate
component, the throttle valve upstream-downstream
pressure difference, and the mixture ratio between the
low-pressure EGR gas and the high-pressure EGR gas.
FIG. 5A is the graph showing the correlation between the
throttle valve upstream-downstream pressure difference
ΔP and the throttle valve fuel consumption rate compo-
nent SFC (ΔP). In FIG. 5A, the lateral axis represents
throttle valve upstream-downstream pressure difference
ΔP, and the vertical axis represents the throttle valve fuel
consumption rate component SFC (ΔP).
[0093] As the throttle valve upstream-downstream
pressure difference ΔP increases, the pumping loss at
the exhaust throttle valve 11 increases. As a result, the
fuel consumption rate increases. Namely, as shown in
FIG. 5, the throttle valve fuel consumption rate compo-
nent SFC (ΔP) increases as the throttle valve upstream-
downstream pressure difference ΔP increases. Namely,
the throttle valve fuel consumption rate component SFC
(ΔP) exerts an influence on the fuel consumption rate
SFC as an increasing function of the throttle valve up-
stream-downstream pressure difference ΔP.
[0094] FIG. 5B is the graph showing the correlation
between the mixture ratio R between the low-pressure
EGR gas and the high-pressure EGR gas and the throttle
valve upstream-downstream pressure difference ΔP.
The mixture ratio R decreases as the proportion of the
high-pressure EGR gas amount to the total EGR gas
amount increases, and increases as the proportion of the
low-pressure EGR gas amount to the total EGR gas
amount increases. In FIG. 5B, the lateral axis represents
the throttle valve upstream-downstream pressure differ-
ence ΔP, and the vertical axis represents the mixture
ratio R.
[0095] If the opening amount of the exhaust throttle
valve 11 is reduced, the pressure of the exhaust gas up-
stream of the exhaust throttle valve 11 increases. As a
result, the pressure difference between the upstream
side and the downstream side of the low-pressure EGR
passage 23 increases, and, therefore, the low-pressure
EGR gas amount increases. Namely, as shown in FIG.
5B, the throttle valve upstream-downstream pressure dif-
ference ΔP increases as the mixture ratio R changes so
that the proportion of the low-pressure EGR gas amount
to the total EGR gas amount increases.
[0096] The above-described correlations proves that
the throttle valve fuel consumption rate component SFC
(ΔP) has a tendency to increase as the mixture ratio R
changes so that the proportion of the low-pressure EGR
gas amount to the total EGR gas amount increases (here-
inafter, such tendency will be referred to as the "low-
pressure EGR positive correlation tendency"), as shown
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in FIG. 5C. Namely, the throttle valve fuel consumption
rate component SFC (ΔP) according to the first embod-
iment of the invention is regarded as the low-pressure
EGR positive correlation fuel consumption rate compo-
nent according to the invention.
[0097] The actual correlation between the fuel con-
sumption rate SFC and the mixture ratio R is approxi-
mated by combining the correlations between the mixture
ratio and the two fuel consumption rate components that
have different correlations with the mixture ratio R, that
is, by combining the correlation between the inflow gas
temperature fuel consumption rate component SFC (TB)
and the mixture ratio R with the correlation between the
throttle valve fuel consumption rate component SFC (ΔP)
and the mixture ratio R.
[0098] FIG. 6 is the graph showing the correlation be-
tween the inflow gas temperature fuel consumption rate
component SFC (TB) and the mixture ratio R, the corre-
lation between the throttle valve fuel consumption rate
component SFC (ΔP) and the mixture ratio R, and the
actual correlation between the fuel consumption rate
SFC and the mixture ratio R that is approximated by com-
bining these two correlations together. In FIG. 6, the lat-
eral axis represents the mixture ratio R, and the vertical
axis represents the fuel consumption rate SFC or each
fuel consumption rate component.
[0099] As shown in FIG. 6, the actual correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R is approximated by combining the correlations
between the mixture ratio and the two fuel consumption
rate components that have difference correlations with
the mixture ratio R together, namely, by combining the
correlation between the mixture ratio R and the inflow
gas temperature fuel consumption rate component SFC
(TB) that has the high-pressure EGR positive correlation
tendency with the correlation between the mixture ratio
R and the throttle valve fuel consumption rate component
SFC (ΔP) that has the low-pressure EGR positive corre-
lation tendency. The correlation between the fuel con-
sumption rate SFC and the mixture ratio R is indicated
by a downwardly convex function shown in FIG. 6.
[0100] The opening amounts of the high-pressure
EGR valve 21, the low-pressure EGR valve 5, the throttle
valve 12, the exhaust throttle valve 11, etc. are controlled
so that the mixture ratio R between the high-pressure
EGR gas and the low-pressure EGR gas is the mixture
ratio Rtrg at which the fuel consumption rate SFC in FIG.
6 is the minimum valve. Thus, it is possible to perform
EGR at a desired EGR rate while suppressing an in-
crease in the fuel consumption rate as much as possible.
Thus, even when the EGR rate needs to increased to
increase the efficiency of NOx reduction, it is possible to
increase the EGR rate while suppressing an increase in
the fuel consumption rate as much as possible.
[0101] The correlation between the inflow gas temper-
ature fuel consumption rate component SFC (TB) and
the mixture ratio R, and the correlation between the throt-
tle valve fuel consumption rate component SFC (ΔP) and

the mixture ratio R may change depending on the oper-
ating state of the internal combustion engine.
[0102] FIG. 7 is the graph showing the correlation be-
tween the inflow gas temperature fuel consumption rate
component SFC (TB) and the mixture ratio R at each
load placed on the internal combustion engine. In FIG.
7, the lateral axis represents the mixture ratio R, and the
vertical axis represents the inflow gas temperature fuel
consumption rate component SFC (TB). The line 1 in
FIG. 7 shows the correlation between the inflow gas tem-
perature fuel consumption rate component SFC (TB) and
the mixture ratio R when the load placed on the internal
combustion engine is low. The line 2 in FIG. 7 shows the
correlation when the load placed on the internal combus-
tion engine is medium. The line 3 in FIG. 7 shows the
correlation when the load placed on the internal combus-
tion engine is high.
[0103] As the load placed on the internal combustion
engine increases, the temperature of the exhaust gas
increases, and the inflow gas temperature TB also in-
creases. As described above, the inflow gas temperature
fuel consumption rate component SFC (TB) is the in-
creasing function of the inflow gas temperature TB. Ac-
cordingly, as shown in FIG. 7, the rate of change in the
inflow gas temperature fuel consumption rate component
SFC (TB) with respect to a change in the mixture ratio R
increases as the load placed on the internal combustion
engine increases.
[0104] FIG. 8 is the graph showing correlation between
the throttle valve fuel consumption rate component SFC
(ΔP) and the mixture ratio R at each load placed on the
internal combustion engine. In FIG. 8, the lateral axis
represents the mixture ratio R, and the vertical axis rep-
resents the throttle valve fuel consumption rate compo-
nent SFC (ΔP). The line 1 in FIG. 8 shows the correlation
between the throttle valve fuel consumption rate compo-
nent SFC (ΔP) and the mixture ratio R when the load
placed on the internal combustion engine is low. The line
2 in FIG. 8 shows the correlation when the load placed
on the internal combustion engine is medium. The line 3
in FIG. 8 shows the correlation when the load placed on
the internal combustion engine is high.
[0105] As the load placed on the internal combustion
engine decreases, the pressure of the exhaust gas de-
creases, and the pressure difference between the up-
stream side and the downstream side in the low-pressure
EGR passage 23 decreases. Accordingly, the opening
amount of the exhaust throttle valve 11 needs to be re-
duced by a larger amount in order to maintain the con-
stant low-pressure EGR gas amount. As the opening
amount of the exhaust throttle valve 11 decreases, the
upstream-downstream pressure difference of the ex-
haust throttle valve 11 increases, and the throttle valve
fuel consumption rate component SFC (ΔP) increases
with an increase in the upstream-downstream pressure
difference SFC (ΔP). Therefore, as shown in FIG. 8, the
rate of change in the throttle valve fuel consumption rate
component SFC (ΔP) with respect to a change in the
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mixture ratio R increases as the load placed on the in-
ternal combustion engine decreases.
[0106] FIG. 9 is the graph showing the correlation be-
tween the fuel consumption rate components and the
mixture ratio described above at each load placed on the
internal combustion engine. In FIG. 9, the lateral axis
represents the mixture ratio R, and the vertical axis rep-
resents the fuel consumption rate SFC.
[0107] The line 1 in FIG. 9 shows the correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R when the load placed on the internal combustion
engine is low. The function form is derived by combining
the correlation between the inflow gas temperature fuel
consumption rate component SFC (TB) and the mixture
ratio R shown by the line 1 in FIG. 7 with the correlation
between the throttle valve fuel consumption rate compo-
nent SFC (ΔP) and the mixture ratio R shown by the line
1 in FIG. 8.
[0108] The line 2 in FIG. 9 shows the correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R when the load placed on the internal combustion
engine is medium. The function form is derived by com-
bining the correlation between the inflow gas temperature
fuel consumption rate component SFC (TB) and the mix-
ture ratio R shown by the line 2 in FIG. 7 with the corre-
lation between the throttle valve fuel consumption rate
component SFC (ΔP) and the mixture ratio R shown by
the line 2 in FIG. 8.
[0109] The line 3 in FIG. 9 shows the correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R when the load placed on the internal combustion
engine high. The function form is derived by combining
the correlation between the inflow gas temperature fuel
consumption rate component SFC (TB) and the mixture
ratio R shown by the line 3 in FIG. 7 with the correlation
between the throttle valve fuel consumption rate compo-
nent SFC (ΔP) and the mixture ratio shown by the line 3
in FIG. 8.
[0110] As shown by the lines 1 to 3 in FIG. 9, the func-
tion form that indicates the correlation between the fuel
consumption rate and the mixture ratio changes depend-
ing on the operating state of the internal combustion en-
gine. With such change, the mixture ratio Rtrg, at which
the fuel consumption rate is the minimum value, also
changes depending on the operating state of the internal
combustion engine.
[0111] In FIG. 9, when the load placed on the internal
combustion engine is low, the fuel consumption rate is
the minimum value at the mixture ratio Rtrg1. When the
load placed on the internal combustion engine is medium,
the fuel consumption rate is the minimum value at the
mixture ratio Rtrg2. When the load placed on the internal
combustion engine is high, the fuel consumption rate is
the minimum value at the mixture ratio is Rtrg3. When
the mixture ratio, at which the fuel consumption rate is
the minimum value, is the optimum mixture ratio at the
corresponding engine load, the optimum mixture ratio
tends to change so that the proportion of the low-pressure

EGR gas amount to the total EGR gas amount increases
as the load placed on the internal combustion engine
increases, as shown in FIG. 9.
[0112] The actual correlation between the fuel con-
sumption rate SFC and the mixture ratio R is approxi-
mated with higher degree of accuracy by taking the de-
pendency of the correlation between the fuel consump-
tion rate component SFC and the mixture ratio R on the
operating state of the internal combustion engine into
account. Thus, it is possible to perform EGR at the mix-
ture ratio between the high-pressure EGR gas and the
low-pressure EGR gas, at which an increase in the fuel
consumption rate is more reliably suppressed. As a re-
sult, it is possible to achieve both high EGR rate and low
fuel consumption rate.
[0113] The correlation between the inflow gas temper-
ature fuel consumption rate component SFC (TB) and
the mixture ratio R, the correlation between the throttle
valve fuel consumption rate component SFC (ΔP) and
the mixture ratio R, the dependencies of these correla-
tions on the operating state of the internal combustion
engine, the optimum mixture ratio, etc. are obtained in
advance through experiments, etc. and stored in the
ROM of the ECU 22. The ECU 22 reads the optimum
mixture ratio defined based on the operating state of the
internal combustion engine, and controls the opening
amounts of the high-pressure EGR valve 21, the low-
pressure EGR valve 5, the throttle valve 12, and the ex-
haust throttle valve 11 to perform the high-pressure EGR
and the low-pressure EGR at the optimum mixture ratio.
[0114] Hereafter, the control of the opening amounts
of the high-pressure EGR valve 21 and the low-pressure
EGR valve 5, executed by the ECU 22, will be described
with reference to the flowchart in FIG 10. The flowchart
in FIG 10 shows the routine of the control. The ECU 22
executes the routine at predetermined time intervals.
[0115] In step S101, the ECU 22 detects the operating
state of the internal combustion engine 1. More specifi-
cally, the ECU 22 obtains the engine speed NE of the
internal combustion engine 1 based on the value of the
crank angle detected by the crank position sensor 25,
and the engine load QFIN of the internal combustion en-
gine 1 based on the value of the accelerator pedal oper-
ation amount detected by the acceleration pedal opera-
tion amount sensor 24.
[0116] In step S102, the ECU 22 reads the value of the
intake air amount Gn detected by the airflow meter 27,
and the target EGR rate ER. The target EGR rate ER is
set in advance, and stored in the ROM of the ECU 22.
The target EGR rate ER is set as the EGR rate required
to achieve the target NOx reduction rate that is set based,
for example, on the exhaust gas regulation value and the
margin suitable for the regulation value.
[0117] In step S103, the ECU 22 reads the target value
Rtrg of the mixture ratio R between the high-pressure
EGR gas and the low-pressure EGR gas. The target mix-
ture ratio Rtrg is the optimum mixture ratio defined based
on the operating state (NE and QFIN) of the internal com-
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bustion engine 1, as described above. The target mixture
ratio Rtrg is obtained in advance through experiments,
etc. and stored in the ROM of the ECU 22 as a function
or a map concerning the operating state of the internal
combustion engine 1.
[0118] In step S104, the ECU 22 calculates the target
value DHtrg of the opening amount DH of the high-pres-
sure EGR valve 21 and the target value DLtrg of the open-
ing amount DL of the low-pressure EGR valve 5 based
on the intake air amount Gn and the target EGR rate ER
read in step S102, and the target mixture ratio Rtrg read
in step S103.
[0119] In step S105, the ECU 22 controls the opening
amount of the high-pressure EGR valve 21 using the tar-
get opening amount DHtrg for the high-pressure EGR
valve 21 obtained in S014 as the control command value.
The ECU 22 also controls the opening amount of the low-
pressure EGR valve 5 using the target opening amount
DLtrg for the low-pressure EGR valve 5 obtained in step
S104 as the control command value.
[0120] The ECU 22 executes steps S101 to step S105.
Thus, the EGR rate required to achieve the target NOx
reduction rate is achieved by performing EGR using the
high-pressure EGR gas and the low-pressure EGR gas
that are mixed at the optimum mixture ratio. Thus, it is
possible to achieve the target NOx reduction rate while
suppressing an increase in the fuel consumption rate as
much as possible.
[0121] Actually, the high-pressure EGR gas amount
and the low-pressure EGR gas amount may deviate from
the amounts estimated based on the control command
values of the high-pressure EGR valve opening amount
and the low-pressure EGR valve opening amount (i.e.,
the target high-pressure EGR gas amount and the target
low-pressure EGR gas amount) due to various factors.
[0122] For example, in the first embodiment of the in-
vention, if a great amount of PM accumulates in the filter
forming the filter 20 and the pressure loss in the filter
increases, the pressure of the exhaust gas downstream
of the filter 20 decreases in the exhaust passage 19, and
the pressure difference between the upstream side and
the downstream side in the low-pressure EGR passage
23 may not be sufficient. In this case, even if the low-
pressure EGR valve opening amount is controlled to the
target low-pressure EGR valve opening amount, the low-
pressure EGR gas amount may not reach the target low-
pressure EGR gas amount. In such a case, the mixture
ratio R is a value at which the proportion of the high-
pressure EGR gas amount to the total EGR gas amount
is greater than that at the target mixture ratio Rtrg. Ac-
cordingly, an increase in the fuel consumption rate may
not be appropriately suppressed. Also, because the EGR
rate may decrease, the target NOx reduction rate may
not be achieved.
[0123] If the amount of PM accumulated in the filter 20
increases, the pressure of the exhaust gas between the
exhaust manifold 18 and the filter 20 increases. Accord-
ingly, the high-pressure EGR gas amount may be greater

than the target high-pressure EGR gas amount. In this
case as well, the mixture ratio R is a value at which the
proportion of the high-pressure EGR gas amount to the
total EGR gas amount is greater than that at the target
mixture ratio Rtrg, which increases the intake gas tem-
perature TB. As a result, an increase in the fuel consump-
tion rate may not be suppressed appropriately.
[0124] To address the above, in the high-pressure
EGR valve opening amount and the low-pressure EGR
valve opening amount control routine according to the
first embodiment of the invention, the correction routine
for correcting the high-pressure EGR valve opening
amount and the low-pressure EGR valve opening
amount is executed. In the correction routine, the actual
mixture ratio achieved due to the controls executed in
step S105 is compared with the target mixture ratio, and
the high-pressure EGR valve opening amount and the
low-pressure EGR valve opening amount are corrected
based on the results of comparison.
[0125] More specifically, the ECU 22 monitors the in-
flow gas temperature TB, and determines whether the
mixture ratio R is equal to the target mixture ratio Rtrg.
Then, the ECU 22 makes fine-adjustment of the high-
pressure EGR valve opening amount and the low-pres-
sure EGR valve opening amount based on the result of
determination.
[0126] The ECU 22 monitors the inflow gas tempera-
ture TB to detect the actual mixture ratio. This is because
it is considered that the inflow gas temperature TB re-
flects the high-pressure EGR gas amount relatively ac-
curately, because the high-pressure EGR gas passage
15 according to the first embodiment of the invention is
not provided with an EGR cooler.
[0127] FIGs. 11A to 11C are the graphs showing the
correlation among the fuel consumption rate SFC, the
inflow gas temperature TB, the throttle valve upstream-
downstream pressure difference ΔP, and the mixture ra-
tio R. FIG. 11A is the graph showing the correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R. FIG. 11B is the graph showing the correlation
between the inflow gas temperature TB and the mixture
ratio R. FIG. 11C is the graph showing the correlation
between the throttle valve upstream-downstream pres-
sure difference ΔP and the mixture ratio R.
[0128] As shown in FIGs. 11A and 11B, the target mix-
ture ratio Rtrg is set to the mixture ratio at which the fuel
consumption rate SFC is the minimum value, and the
target inflow gas temperature TBtrg is set to in the inflow
gas temperature corresponding to the target mixture ratio
Rtrg.
[0129] When the actual mixture ratio is a value at which
the proportion of the high-pressure EGR gas amount to
the total EGR gas amount is greater than that at the target
mixture ratio Rtrg, as shown by the point X on the line
shown in FIG. 11B, the inflow gas temperature TB is high-
er than the target inflow gas temperature TBtrg. On the
other hand, when the actual mixture ratio is a value at
which the proportion of the low-pressure EGR gas
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amount to the total EGR gas amount is greater than that
at the target mixture ratio Rtrg, as shown by the point Y
on the line shown in FIG 11B, the inflow gas temperature
TB is lower than the target inflow gas temperature TBtrg.
[0130] As described above, the ECU 22 determines
whether the actual mixture ratio R deviates from the tar-
get mixture ratio by monitoring the inflow temperature TB.
[0131] In the structure where the high-pressure EGR
passage 15 is provided with an EGR cooler, the ECU 22
may monitor a parameter other than the inflow gas tem-
perature TB in order to determine whether the actual mix-
ture ratio R deviates from the target mixture ratio.
[0132] As shown in FIG. 10, in step S106, the ECU 22
reads the value of the inflow gas temperature TB detected
by the inflow gas temperature sensor 28.
[0133] In step S107, the ECU 22 determines whether
the inflow gas temperature TB read in step S106 is equal
to the target inflow gas temperature TBtrg. In this case,
the target inflow gas temperature TBtrg is the inflow gas
temperature estimated to be achieved when the mixture
ratio is equal to the target mixture ratio Rtrg. The target
inflow gas temperature TBtrg is obtained in advance
through experiments, etc. and stored in the ROM of the
ECU 22.
[0134] The description that the inflow gas temperature
TB is equal to the target inflow gas temperature TBtrg
means that the inflow gas temperature TB is in a prede-
termined temperature range including the target inflow
gas temperature TBtrg. More specifically, the description
that the inflow gas temperature TB is equal to the target
inflow gas temperature TBtrg means that the equation
|TB - TBtrg| ≤ predetermined value δ (> 0) is satisfied.
[0135] If an affirmative determination is made in step
S107 (|TB - TBtrg| ≤ δ), the ECU 22 determines that the
mixture ratio between the high-pressure EGR gas and
the low-pressure EGR gas is equal to the target mixture
ratio Rtrg, and ends the routine.
[0136] On the other hand, if a negative determination
is made in step S107 ((TB - TBtrg| > δ), the ECU 22
determines that the mixture ratio between the high-pres-
sure EGR gas and the low-pressure EGR gas is not equal
to the target mixture ratio Rtrg, and executes step S108.
[0137] In step S108, the ECU 22 determines whether
the inflow gas temperature TB is higher than the target
inflow gas temperature TBtrg.
[0138] If a negative determination is made in step S108
(TB < TBtgr - δ), the inflow gas temperature TB is lower
than the target inflow gas temperature TBtrg. Therefore,
the mixture ratio R may be deviated from the target mix-
ture ratio Rtgr and the proportion of the low-pressure
EGR gas amount to the total EGR gas amount may be
greater than that at the target mixture ratio Rtrg (corre-
sponding to the point Y on the line in FIG. 11B).
[0139] In this case, the high-pressure EGR gas amount
may be less than the target high-pressure EGR gas
amount. Accordingly, in step S114, the ECU 22 makes
correction to increase the opening amount DH of the high-
pressure EGR valve 21. Thus, the high-pressure EGR

gas amount increases, and the mixture ratio approaches
the target mixture ratio Rtrg. After making correction to
increase the high-pressure EGR valve opening amount
DH, the ECU 22 executes step S106 again.
[0140] On the other hand, if an affirmative determina-
tion is made in step S108 (TB > TBtrg + δ), the inflow gas
temperature TB is higher than the target inflow gas tem-
perature TBtrg. Therefore, the mixture ratio R may be
deviated from the target mixture ratio Rtrg and the pro-
portion of the high-pressure EGR gas amount to the total
EGR gas amount may be greater than that at the target
mixture ratio Rtrg (corresponding to the point X on the
line in FIG. 11B).
[0141] In this case, the low-pressure EGR gas amount
may be less than the target low-pressure EGR gas
amount. Accordingly, the ECU 22 makes correction to
increase the opening amount DL of the low-pressure
EGR valve 5 to increase the low-pressure EGR gas
amount. The correction control for correcting the low-
pressure EGR gas amount will be described below.
[0142] In step S109, the ECU 22 determines whether
the opening amount DL of the low-pressure EGR valve
5 is the value at which the low-pressure EGR valve 5 is
fully open.
[0143] Whether the low-pressure EGR valve 5 is fully
open is determined for the following reason. If the mixture
ratio R is deviated from the target mixture ratio Rtrg and
the proportion of the high-pressure EGR gas amount to
the total EGR gas amount is greater than that at the target
air-fuel ratio Rtrg, accumulation of a great amount of PM
in the filter of the filter 20 is considered to be one of the
factors. In this case, even if the low-pressure EGR valve
is fully opened, the low-pressure EGR gas amount may
not reach the target low-pressure EGR gas amount de-
pending on the amount of PM accumulated in the filter.
In such a case, it is difficult to change the mixture ratio
from the mixture ratio, at which the proportion of the high-
pressure EGR gas amount to the total EGR gas amount
is greater than that at the target mixture ratio Rtrg, to the
target mixture ratio Rtrg by correcting the opening
amount of the low-pressure EGR valve. Accordingly, it
is necessary to take measures other than correction of
the low-pressure EGR valve opening amount.
[0144] If a negative determination is made in step
S109, the ECU 22 makes correction to increase the open-
ing amount DL of the low-pressure EGR valve 5, thereby
increasing the low-pressure EGR gas amount. Then, the
ECU 22 executes step S 106 again.
[0145] On the other hand, if an affirmative determina-
tion is made in step S109, the low-pressure EGR gas
amount is less than the target low-pressure EGR gas
amount although the low-pressure EGR valve is fully
open. In this case, a great amount of PM may accumulate
in the filter that forms the filter 20 and, therefore, the pres-
sure loss may be great. As a result, the pressure differ-
ence between the upstream side and the downstream
side in the low-pressure EGR passage 23 may not be
sufficiently maintained.
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[0146] In order to cause the low-pressure EGR gas
amount to approach the target value, the filter recovery
process for oxidizing the PM accumulated in the filter to
remove it needs to be performed to reduce the pressure
loss in the filter. However, frequent performance of the
filter recovery process may affect the durability of the
filter. Accordingly, the filter recovery process should be
performed only when a predetermined condition is sat-
isfied (hereinafter, referred to as the "filter recovery con-
dition").
[0147] Examples of the filter recovery condition are the
condition that the amount of PM accumulated in the filter
is equal to or greater than a predetermined amount, the
condition that the operating time of the internal combus-
tion engine 1 that has elapsed since the immediate pre-
ceding filter recovery process is performed is equal to or
longer than a predetermined time, etc.
[0148] Accordingly, if an affirmative determination is
made in step S109, the ECU 22 determines in step S111
whether the filter recovery condition is satisfied. If an af-
firmative determination is made in step S111, the ECU
22 executes step S 112 to perform the filter recovery
process. Thus, the amount of PM accumulated in the
filter is reduced, which reduces the pressure loss in the
filter. As a result, the pressure difference between the
upstream side and the downstream side in the low-pres-
sure EGR gas passage 23 is sufficiently maintained.
Therefore, the low-pressure EGR gas amount increases,
which allows the mixture ratio to approach the target mix-
ture ratio Rtrg.
[0149] On the other hand, if a negative determination
is made in step S111, it is necessary to produce a suffi-
cient pressure difference between the upstream side and
the downstream side in the low-pressure EGR passage
23 by a process other than the filter recovery process. In
this case, in step S113, the ECU 22 executes the control
to reduce the opening amount of the exhaust throttle
valve 11.
[0150] Thus, the pressure difference between the up-
stream side and the downstream side in the low-pressure
EGR passage 23 is increased. In this case, because the
opening amount of the exhaust throttle valve 11 is re-
duced, the pumping loss at the exhaust throttle valve 11
may increase, which may increase the fuel consumption
rate. However, because a shortfall in the EGR gas
amount is covered, the target EGR rate is achieved. As
a result, the target NOx reduction rate is achieved.
[0151] As described above, in the first embodiment of
the invention, the predetermined condition is the condi-
tion that the NOx reduction rate is the predetermined tar-
get NOx reduction rate (for example, the target NOx re-
duction rate that is set based on the regulation value of
the exhaust gas and the margin suitable for the regulation
value). The mixture ratio between the low-pressure EGR
gas and the high-pressure EGR gas is set so that an
increase in the fuel consumption rate is suppressed as
much as possible under this condition. Accordingly, as
in step S113, the low-pressure EGR gas and the high-

pressure EGR gas may be mixed at a mixture ratio that
slightly deviates from the mixture ratio at which the fuel
consumption rate is the minimum value.

ii Second Embodiment

[0152] Next, a second embodiment of the invention will
be described.
[0153] FIG. 12 is the view schematically showing the
structure of the internal combustion engine 1 and the
intake/exhaust systems thereof according to the second
embodiment of the invention. The second embodiment
differs from the first embodiment in the following points.
[0154] The intake manifold 8 is provided with an inflow
gas pressure sensor 29 that detects the pressure of the
gas in the intake manifold 8 (hereinafter, referred to as
the "inflow gas pressure").
[0155] A high-pressure EGR cooler 17 that cools the
high-pressure EGR gas is provided at the middle portion
of the high-pressure EGR passage 15.
[0156] The exhaust manifold 18 is provided with an
outflow gas pressure sensor 30 that detects the pressure
of the gas in the exhaust manifold 18 (hereinafter, re-
ferred to as the "outflow gas pressure").
[0157] The turbine housing 7 of the turbocharger 10 is
provided with a nozzle vane 32 that changes the amount
of exhaust gas flowing in the turbine. The boost pressure
of the turbocharger 10 is continuously changed by ad-
justing the opening amount of the nozzle vane 32.
[0158] The inflow gas pressure sensor 29 and the out-
flow gas pressure sensor 30 are connected to the ECU
22 via electric wiring. The signals indicating the results
of detection performed by these sensors are transmitted
to the ECU 22. A drive unit for the nozzle vane 32 is
connected to the ECU 22 via electric wiring, and the open-
ing amount of the nozzle vane 32 is adjusted based on
the control signals from the ECU 22.
[0159] In the following description, the components of
the internal combustion engine 1 and the intake/exhaust
systems thereof, which are the same as those in the first
embodiment of the invention are denoted by the same
names and reference numbers, and the detailed descrip-
tions thereof are omitted.
[0160] In an internal combustion engine provided with
a variable capacity turbocharger, for example, the turbo-
charger 10 according to the second embodiment of the
invention, even if the high-pressure EGR gas amount
increases and the amount of exhaust gas that drives the
turbine is reduced, decreases in the boost pressure is
suppressed by reducing the opening amount of the noz-
zle vane 32. In this case, however, the turbine upstream-
downstream pressure difference increases, which may
increase the pumping loss in the turbine. As a result, the
fuel consumption rate may increase.
[0161] Therefore, with the structure according to the
second embodiment of the invention, when the above-
described boost pressure control is executed by the var-
iable nozzle turbocharger, the fuel consumption rate
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component that changes depending on the turbine up-
stream-downstream pressure difference (hereinafter, re-
ferred to as the "variable nozzle fuel consumption rate
component") is one of the fuel consumption rate compo-
nents that relatively greatly contribute to the changes in
the fuel consumption rate due to performance of EGR.
[0162] Accordingly, in the second embodiment of the
invention, an actual change in the fuel consumption rate
of the internal combustion engine 1 due to performance
of EGR is approximated by combining the correlation be-
tween the variable nozzle fuel consumption rate compo-
nent and the mixture ratio with the correlation between
the throttle valve fuel consumption rate component and
the mixture ratio.
[0163] FIGs. 13A to 13C are the graphs showing the
correlation among the variable nozzle fuel consumption
rate component, the turbine upstream-downstream pres-
sure difference, and the mixture ratio. FIG. 13A is the
graph showing the correlation between the turbine up-
stream-downstream pressure difference ΔP2 and the
variable nozzle fuel consumption rate component SFC
(ΔP2). In FIG. 13A, the lateral axis represents the turbine
upstream-downstream pressure difference ΔP2, and the
vertical axis represents the variable nozzle fuel consump-
tion rate component SFC (ΔP2).
[0164] If the turbine upstream-downstream pressure
difference ΔP2 increases, the pumping loss in the turbine
increase. As a result, the fuel consumption rate increas-
es. Namely, as shown in FIG. 13A, the variable nozzle
fuel consumption rate component SFC (ΔP2) increases
as the turbine upstream-downstream pressure difference
ΔP2 increases. The variable nozzle fuel consumption
rate component SFC (ΔP2) exerts an influence on the
fuel consumption rate SFC as an increasing function of
the turbine upstream-downstream pressure difference
ΔP2.
[0165] FIG. 13B is the graph showing the correlation
between the mixture ratio R and the turbine upstream-
downstream pressure difference ΔP2. In FIG. 13B, the
lateral axis represents the turbine upstream-downstream
pressure difference ΔP2, and the vertical axis represents
the mixture ratio R. As described above, if the opening
amount of the nozzle vane 32 is reduced with an increase
in the high-pressure EGR gas amount, the turbine up-
stream-downstream pressure difference ΔP2 increases.
Namely, as shown in FIG. 13B, the turbine upstream-
downstream pressure difference ΔP2 increases as the
mixture ratio R changes so that the proportion of the high-
pressure EGR gas amount to the total EGR gas amount
increases.
[0166] Based on the correlations described above, as
shown in FIG. 13C, the variable nozzle fuel consumption
rate component SFC (ΔP2) has the high-pressure EGR
positive correlation tendency with the mixture ratio R (the
variable nozzle fuel consumption rate component SFC
(ΔP2) tends to increase as the mixture ratio R changes
so that the proportion of the high-pressure EGR gas
amount to the total EGR gas amount increases). Namely,

the variable nozzle fuel consumption rate component
SFC (ΔP2) according to the second embodiment of the
invention is regarded as the high-pressure EGR positive
correlation fuel consumption rate component according
to the invention.
[0167] FIGs. 14A to 14C are the graphs showing the
correlation among the throttle valve fuel consumption
rate component, the throttle valve upstream-downstream
pressure difference, and the mixture ratio. FIG. 14A is
the graph showing the correlation between the throttle
valve upstream-downstream pressure difference ΔP and
the throttle valve fuel consumption rate component SFC
(ΔP). In FIG. 14A, the lateral axis represents the throttle
valve upstream-downstream pressure difference ΔP,
and the vertical axis represents the throttle valve fuel
consumption rate component SFC (ΔP).
[0168] As the throttle valve upstream-downstream
pressure difference ΔP increases, the pumping loss in
the exhaust gas throttle valve 11 increases. As a result,
the fuel consumption rate increases. Namely, as shown
in FIG. 14A, the throttle valve fuel consumption rate com-
ponent SFC (ΔP) increases as the throttle valve up-
stream-downstream pressure difference ΔP increases.
Namely, the throttle valve fuel consumption rate compo-
nent SFC (ΔP) exerts an influence on the fuel consump-
tion rate SFC as an increasing function of the throttle
valve upstream-downstream pressure difference ΔP.
[0169] FIG. 14B is the graph showing the correlation
between the mixture ratio R and the throttle valve up-
stream-downstream pressure difference ΔP. In FIG. 14B,
the lateral axis represents the throttle valve upstream-
downstream pressure difference ΔP, and the vertical axis
represents the mixture ratio R. If the opening amount of
the exhaust throttle valve 11 is reduced, the pressure of
the exhaust gas upstream of the exhaust throttle valve
11 increases. As a result, the pressure difference be-
tween the upstream side and the downstream side in the
low-pressure EGR passage 23 increases, and the low-
pressure EGR gas amount increases. Namely, as shown
in FIG. 14B, the throttle valve upstream-downstream
pressure difference ΔP increases as the mixture ratio R
changes so that the proportion of the low-pressure EGR
gas amount to the total EGR gas amount increases.
[0170] Based on the correlations described above, as
shown in FIG. 14C, the throttle valve fuel consumption
rate component SFC (ΔP) has the low-pressure EGR
positive correlation tendency with the mixture ratio R (the
throttle valve fuel consumption rate component SFC (ΔP)
tends to increase as the mixture ratio R changes so that
the proportion of the low-pressure EGR gas amount to
the total EGR gas amount increases). Namely, the throt-
tle valve fuel consumption rate component SFC (ΔP) ac-
cording to the second embodiment of the invention is
regarded as the low-pressure EGR positive correlation
fuel consumption rate component according to the inven-
tion.
[0171] The actual correlation between the fuel con-
sumption rate SFC and the mixture ratio R is approxi-
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mated by combining the correlation between the variable
nozzle fuel consumption rate component SFC (ΔP2) and
the mixture ratio R with the correlation between the throt-
tle valve fuel consumption rate component SFC (ΔP) and
the mixture ratio R.
[0172] FIG. 15 is the graph showing the correlation
among the fuel consumption rate SFC, the variable noz-
zle fuel consumption rate component SFC (ΔP2), the
throttle valve fuel consumption rate component SFC
(ΔP), and the mixture ratio R. In FIG. 15, the lateral axis
represents the mixture ratio R, and the vertical axis rep-
resents the fuel consumption rate SFC or the fuel con-
sumption rate component.
[0173] As shown in FIG. 15, the actual correlation be-
tween the fuel consumption rate SFC and the mixture
ratio R is approximated by combining the correlations
between the mixture ratio R and the variable nozzle fuel
consumption rate component SFC (ΔP2) having the high-
pressure EGR positive correlation tendency with the cor-
relation between the mixture ratio R and the throttle valve
fuel consumption rate component SFC (ΔP) having the
low-pressure EGR positive correlation tendency. The
correlation between the fuel consumption rate SFC and
the mixture ratio R is expressed by the downwardly con-
vex function.
[0174] Accordingly, the opening amounts of the high-
pressure EGR valve 21, the low-pressure EGR valve 5,
the throttle valve 12, the exhaust throttle valve 11, the
nozzle vane 32, etc. are controlled so that the mixture
ratio between the high-pressure EGR gas and the low-
pressure EGR gas is equal to the mixture ratio Rtrg at
which the fuel consumption rate SFC is the minimum
value on the line in FIG. 15. Thus, it is possible to perform
EGR at a desired EGR rate while suppressing an in-
crease in the fuel consumption rate as much as possible.
Thus, even when the EGR rate needs to be increased to
increase the efficiency of NOx reduction, it is possible to
increase the EGR rate while suppressing an increase in
the fuel consumption rate as much as possible.
[0175] The correlation between the variable nozzle fuel
consumption rate component SFC (ΔP2) and the mixture
ratio R, the correlation between the throttle valve fuel
consumption rate component SFC (ΔP) and the mixture
ratio R, the dependencies of these correlations on the
operating sate of the internal combustion engine, the op-
timum mixture ratio, etc. are obtained in advance through
experiments, etc. and stored in the ROM of the ECU 22.
The ECU 22 reads the optimum mixture ratio correspond-
ing to the operating state of the internal combustion en-
gine 1, and controls the opening amounts of the high-
pressure EGR valve 21 and the low-pressure EGR valve
5 to perform high-pressure EGR and low-pressure EGR
at the optimum mixture ratio.
[0176] The opening amount control routine and the
opening amount correction routine for the high-pressure
EGR valve 21 and the low-pressure EGR valve 5, which
are executed by the ECU 22, are the same as those ac-
cording to the first embodiment. Accordingly, the detailed

descriptions thereof are omitted.
[0177] In the second embodiment of the invention, the
high-pressure EGR gas is cooled in the high-pressure
EGR cooler 17. Accordingly, increases/decreases in the
high-pressure EGR gas amount are less likely to be re-
flected on the inflow gas temperature TB than in the first
embodiment of the invention. Accordingly, in the second
embodiment of the invention, a parameter other than the
inflow gas temperature TB may be monitored to detect
the actual mixture ratio. For example, the deviation of the
actual mixture ratio from the mixture ratio, which is esti-
mated based on the control command values of the open-
ing amount of the high-pressure EGR valve and the open-
ing amount of the low-pressure EGR valve, may be de-
tected based on the inflow gas pressure, the difference
between the inflow gas pressure and the outflow gas
pressure, etc.
[0178] The embodiments of the invention that have
been described above are to be considered in all respects
as illustrative and not restrictive. All changes which come
within the meaning and range of equivalency of the in-
vention are therefore intended to be embraced therein.
For example, according to the embodiments of the in-
vention described above, the actual correlation between
the fuel consumption rate of the internal combustion en-
gine and the mixture ratio is approximated by combining
multiple correlations, for example, the correlation be-
tween the fuel consumption rate components and the
mixture ratio, such as the correlation between the inflow
gas temperature fuel consumption rate component and
the mixture ratio, the correlation between the throttle
valve fuel consumption rate component and the mixture
ratio, and the correlation between the variable nozzle fuel
consumption rate component and the mixture ratio. How-
ever, the fuel consumption rate components used to ob-
tain the correlation between the fuel consumption rate
and the mixture ratio are not limited to the components
described above. For example, the passage resistance
fuel consumption rate component that changes depend-
ing on the passage resistance in the high pressure EGR
passage or the low-pressure EGR passage may be used.
The passage resistance fuel consumption rate compo-
nent exerts a greater influence on the fuel consumption
rate in the low EGR performed in the longer passage
than in the high-pressure EGR.
[0179] The correlation between the variable nozzle fuel
consumption rate component SFC (ΔP2) and the mixture
ratio R shown in FIG. 13 may be defined based on at
least one of the correlation between the mixture ratio and
the high-pressure EGR high load positive correlation fuel
consumption rate component that exerts an influence on
the fuel consumption rate so that the fuel consumption
rate increases as the load placed on the internal com-
bustion engine increases, and the correlation between
the mixture ratio and the high-pressure EGR low load
positive correlation fuel consumption rate component
that exerts an influence on the fuel consumption rate so
that the fuel consumption rate increases as the load

35 36 



EP 1 996 810 B1

20

5

10

15

20

25

30

35

40

45

50

55

placed on the internal combustion engine decreases.
[0180] The correlation between the throttle valve fuel
consumption rate component SFC (ΔP) and the mixture
ratio R shown in FIG. 14C may be defined based on at
least one of the correlation between mixture ratio and the
high-pressure EGR high load positive correlation fuel
consumption rate component that exerts an influence on
the fuel consumption rate so that the fuel consumption
rate increases as the load placed on the internal com-
bustion engine increases, and the correlation between
the mixture ratio and the high-pressure EGR low load
positive correlation fuel consumption rate component
that exerts an influence on the fuel consumption rate so
that the fuel consumption rate increases as the load
placed on the internal combustion engine decreases.
[0181] In the correction control for correcting the high-
pressure EGR valve opening amount and the low-pres-
sure EGR valve opening amount, the response of the
high-pressure EGR valve to the correction control is quick
because the high-pressure EGR passage is short (the
inflow gas temperature TB starts changing quickly in re-
sponse to the correction control, in the first embodiment
of the invention). In contrast, the response of the low-
pressure EGR valve to the correction control tends to be
slow (the flow gas temperature TB starts changing slowly
in response to the correction control, in the first embod-
iment of the invention), because the low-pressure EGR
passage is long. Accordingly, in correction control for cor-
recting the valve opening amount, the opening amount
of the high-pressure EGR valve may be corrected by per-
forming feedback control, and low-pressure EGR valve
opening amount may be corrected by performing open-
loop control.
[0182] As described above, the low-pressure EGR gas
amount does not start changing quickly in response to
the control of the opening amount of the low-pressure
EGR valve. Accordingly, when the mixture ratio is a value
at which the proportion of the low-pressure EGR gas
amount to the total EGR gas amount is greater than the
proportion of the high-pressure EGR gas amount to the
total EGR gas amount, if the load placed on the internal
combustion engine abruptly changes, for example, if the
vehicle is accelerated suddenly, the EGR rate may not
reach the required EGR rate. In this case, the response
is delayed until the oxygen concentration in the intake
gas reaches the required oxygen concentration, and the
air-fuel mixture may not be burned in an appropriate man-
ner.
[0183] Accordingly, a predetermined limit value is set
so that the mixture ratio, at which the proportion of the
low-pressure EGR gas amount to the total EGR gas
amount is greater than the proportion of the high-pres-
sure EGR gas amount to the total EGR gas amount, is
limited. If the optimum mixture ratio according to the in-
vention is a value which exceeds the limit value and at
which the proportion of the low-pressure EGR gas
amount to the total EGR gas amount is greater than that
at the limit value, the target mixture ratio may be set to

the limit value instead of the optimum mixture ratio. Thus,
it is possible to suppress an increase in the fuel consump-
tion rate as much as possible. In addition, it is possible
to increase the NOx reduction rate while maintaining the
drivability during sudden acceleration.
[0184] In the embodiments described above, when the
pressure difference between the upstream side and the
downstream side in the low-pressure EGR passage 23
needs to be increased, the opening amount of the ex-
haust throttle valve 11 is reduced. However, the same
effects can be obtained by providing an intake throttle
valve 33 upstream of the compressor housing 6 in the
intake passage 9 as shown in FIG. 16, and reducing the
opening amount of the intake throttle valve 33. In this
case, the pumping loss caused by reducing the opening
amount of the intake throttle valve 33 and the increase
in the fuel consumption rate due to the pumping loss have
the same characteristics as those in the case where the
exhaust throttle valve 11 is provided.
[0185] The correction control for correcting the open-
ing amounts of the high-pressure EGR valve and the low-
pressure EGR valve is not limited to those described in
the above embodiments. Such control may be performed
in any manner as long as it is possible to cause the actual
mixture ratio to approach the target mixture ratio.

Claims

1. An exhaust gas control system for an internal com-
bustion engine (1), which includes a turbocharger
(10) that has a compressor (6) provided to an intake
passage (9) of an internal combustion engine (1) and
a turbine (7) provided to an exhaust passage (19) of
the internal combustion engine (1); a high-pressure
EGR device which has a high-pressure EGR pas-
sage (15) that connects a portion of the exhaust pas-
sage (19), which is upstream of the turbine (7) to a
portion of the intake passage (9), which is down-
stream of the compressor (6), and which returns part
of exhaust gas to the internal combustion engine (1)
through the high-pressure EGR passage (15); and
a low-pressure EGR device which has a low-pres-
sure EGR passage (23) that connects a portion of
the exhaust passage (19), which is downstream of
the turbine (7) to a portion of the intake passage (9),
which is upstream of the compressor (6), and which
returns part of the exhaust gas through the low-pres-
sure EGR passage (23), the exhaust gas control sys-
tem performing exhaust gas recirculation while
switching between use of the high-pressure EGR de-
vice and use of the low-pressure EGR device or us-
ing the high-pressure EGR device and the low-pres-
sure EGR device in combination, characterized in
that
a mixture ratio (R) between the exhaust gas recircu-
lated by the high-pressure EGR device and the ex-
haust gas recirculated by the low-pressure EGR de-
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vice is controlled based on a correlation between the
mixture ratio (R) and a fuel consumption rate (SFC)
of the internal combustion engine (1).

2. The exhaust gas control system according to claim
1, wherein the correlation between the mixture ratio
(R) and the fuel consumption rate (SFC) depends
on the load placed on the internal combustion engine
(1).

3. The exhaust gas control system according to claim
1 or 2, wherein the mixture ratio (R) is controlled to
a mixture ratio at which the fuel consumption rate
(SFC) is an optimum value in the correlation between
the mixture ratio (R) and the fuel consumption rate
(SFC).

4. The exhaust gas control system according to claim
3, wherein the optimum value of the fuel consump-
tion rate (SFC) is substantially a minimum value
(Rtrg) in the correlation between the mixture ratio
and the fuel consumption rate.

5. The exhaust gas control system according to any
one of claims 1 to 3, wherein an upper limit of a pro-
portion of an amount of exhaust gas recirculated by
the low-pressure EGR device to a total amount of
exhaust gas recirculated is set.

6. The exhaust gas control system according to any
one of claims 1 to 3, wherein the mixture ratio is
controlled based further on an operating state of the
internal combustion engine.

7. The exhaust gas control system according to any
one of claims 1 to 3, wherein the correlation between
the mixture ratio (R) and the fuel consumption rate
(SFC) is defined based on multiple correlations be-
tween the mixture ratio and respective fuel consump-
tion rate components [SFC(ΔP), SFC(TB)] that exert
influences on the fuel consumption rate (SFC).

8. The exhaust gas control system according to claim
7, wherein the correlation between the mixture ratio
(R) and the fuel consumption rate (SFC) is defined
based further on an operating state of the internal
combustion engine (1).

9. The exhaust gas control system according to claim
7, wherein the correlation between the mixture ratio
and the fuel consumption rate is defined based on
at least one of a correlation between the mixture ratio
and a low-pressure EGR positive correlation fuel
consumption rate component [SFC(ΔP)] that is a fuel
consumption rate component which exerts an influ-
ence on the fuel consumption rate so that the fuel
consumption rate increases as an amount of exhaust
gas recirculated by the low-pressure EGR device in-

creases, and a correlation between the mixture ratio
and a high-pressure EGR positive correlation fuel
consumption rate component [SFC(TB)] that is a fuel
consumption rate component which exerts an influ-
ence on the fuel consumption rate so that the fuel
consumption rate increases as an amount of exhaust
gas recirculated by the high-pressure EGR gas sys-
tem increases.

10. The exhaust gas control system according to claim
9, wherein the correlation between the mixture ratio
and the fuel consumption rate is defined based fur-
ther on an operating state of the internal combustion
engine.

11. The exhaust gas control system according to claim
10, wherein the correlation between the mixture ratio
and the low-pressure EGR positive correlation fuel
consumption rate component is defined based on at
least one of a correlation between the mixture ratio
(R) and a low-pressure EGR high-load positive cor-
relation fuel consumption rate component that exerts
an influence on the fuel consumption rate so that the
fuel consumption rate increases as a load placed on
the internal combustion engine increases, and a cor-
relation between the mixture ratio and a low-pres-
sure EGR low-load positive correlation fuel con-
sumption rate component that exerts an influence
on the fuel consumption rate so that the fuel con-
sumption rate increases as the load placed on the
internal combustion engine decreases.

12. The exhaust gas control system according to claim
10, wherein the correlation between the mixture ratio
and the high-pressure EGR positive correlation fuel
consumption rate components is defined based on
at least one of a correlation between the mixture ratio
and a high-pressure EGR high-load positive corre-
lation fuel consumption rate component that exerts
an influence on the fuel consumption rate so that the
fuel consumption rate increases as a load placed on
the internal combustion engine increases, and a cor-
relation between the mixture ratio and a high-pres-
sure EGR low-load positive correlation fuel con-
sumption rate component that exerts an influence
on the fuel consumption rate so that the fuel con-
sumption rate increases as the load placed on the
internal combustion engine decreases.

13. The exhaust gas control system according to any
one of claims 9 to 12, further comprising:

a throttle valve (11;33) that is provided to at least
one of a portion of the exhaust passage (19),
which is downstream of a position at which the
exhaust passage (19) and the low-pressure
EGR passage (23) are connected to each other,
and a portion of the intake passage (9), which
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is upstream of a position at which the intake pas-
sage (9) and the low-pressure EGR passage
(23) are connected to each other,
wherein the low-pressure EGR positive correla-
tion fuel consumption rate component is corre-
lated with a pressure difference between an up-
stream side and a downstream side of the throt-
tle valve (11;33) and exerts an influence on the
fuel consumption rate, and the high-pressure
EGR positive correlation fuel consumption rate
component is correlated with a temperature of
gas flowing in a combustion chamber of the in-
ternal combustion engine and exerts an influ-
ence on the fuel consumption rate.

14. The exhaust gas control system according to any
one of claims 9 to 12, further comprising:

a throttle valve (11; 33) that is provided to at
least one of a portion of the exhaust passage
(19), which is downstream of a position at which
the exhaust passage (19) and the low-pressure
EGR passage (23) are connected to each other,
and a portion of the intake passage (9), which
is upstream of a position at which the intake pas-
sage (9) and the low-pressure EGR passage
(23) are connected to each other,
wherein the turbocharger (10) is a variable ca-
pacity turbocharger (10) that has a variable noz-
zle turbine (7), the low-pressure EGR positive
correlation fuel consumption rate component is
correlated with a pressure difference between
an upstream side and a downstream side of the
throttle valve and exerts an influence on the fuel
consumption rate, and the high-pressure EGR
positive correlation fuel consumption rate com-
ponent is correlated with a pressure difference
between an upstream side and a downstream
side of the variable nozzle turbine, and exerts
an influence on the fuel consumption rate.

15. An exhaust gas control method for an internal com-
bustion engine provided with a turbocharger that has
a compressor provided to an intake passage (9) of
an internal combustion engine and a turbine (7) pro-
vided to an exhaust passage of the internal combus-
tion engine; a high-pressure EGR device which has
a high-pressure EGR passage (15) that connects a
portion of the exhaust passage (19), which is up-
stream of the turbine (7) to a portion of the intake
passage (9), which is downstream of the compressor
(6), and which returns part of exhaust gas to the in-
ternal combustion engine through the high-pressure
EGR passage; and a low-pressure EGR device
which has a low-pressure EGR passage (23) that
connects a portion of the exhaust passage, which is
downstream of the turbine to a portion of the intake
passage, which is upstream of the compressor (6),

and which returns part of the exhaust gas through
the low-pressure EGR passage, characterized in
that:

a mixture ratio between the exhaust gas recir-
culated by the high-pressure EGR device and
the exhaust gas recirculated by the low-pres-
sure EGR device is controlled based on a cor-
relation between the mixture ratio and a fuel con-
sumption rate of the internal combustion engine
while use of the high-pressure EGR device and
use of the low-pressure EGR device are
switched or the high-pressure EGR device and
the low-pressure EGR device are used in com-
bination.

16. The exhaust gas control method according to claim
15, further comprising:

(S101) obtaining an engine speed (NE) and an
engine load (QFIN) of the internal combustion
engine;
(S102) detecting an amount (GM) of intake air
flowing through the intake passage using an air-
flow meter (27);
setting a target EGR rate (ER);
(S103) setting a target mixture ratio (Rtrg);
(S104) calculating a target opening amount (DL-
trg) for a low-pressure EGR valve and a target
opening amount (DHtrg) for a high-pressure
EGR valve based on the amount of intake air,
the target EGR rate, and the target mixture ratio;
(S105) controlling an opening amount (DL) of
the low-pressure EGR valve based on the target
opening amount for the low-pressure EGR
valve;
controlling an opening amount (DH) of the high-
pressure EGR valve based on the target open-
ing amount for the high-pressure EGR valve;
(S106) detecting a temperature (TB) of gas in
an intake manifold of the internal combustion
engine;
determining whether the temperature of the gas
is in a target temperature range, and correcting,
if the temperature of the gas is not in the target
temperature range, at least one of the opening
amount (DL) of the low-pressure EGR valve and
the opening amount (DH) of the high-pressure
EGR valve.

17. The exhaust gas control method according to claim
16, wherein, if the temperature (TB) of the gas is
lower than a lower limit of the target temperature
range, the opening amount (DH) of the high-pressure
EGR valve is increased.

18. The exhaust gas control method according to claim
16, wherein, if the temperature (TB) of the gas is
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higher than an upper limit of the target temperature
range, the opening amount (DL) of the low-pressure
EGR valve is increased.

Patentansprüche

1. Abgasregelsystem für einen Verbrennungsmotor
(1), welcher umfasst: einen Turbolader (10), der ei-
nen Kompressor (6), welcher an einem Einlasskanal
(9) eines Verbrennungsmotors (1) vorgesehen ist,
und eine Turbine (7), die an einem Auslasskanal (19)
des Verbrennungsmotors (1) vorgesehen ist, auf-
weist; eine Hochdruck-AGR-Vorrichtung, die einen
Hochdruck-AGR-Kanal (15) aufweist, der einen Ab-
schnitt des Auslasskanals (19), welcher stromauf-
wärts der Turbine (7) ist, mit einem Abschnitt des
Einlasskanals (9), welcher stromabwärts des Kom-
pressors (6) ist, verbindet, und die einen Teil des
Abgases durch den Hochdruck-AGR-Kanal (15) zu
dem Verbrennungsmotor (1) zurückführt; und eine
Niederdruck-AGR-Vorrichtung, die einen Nieder-
druck-AGR-Kanal (23) aufweist, der einen Abschnitt
des Auslasskanals (19), welcher stromabwärts der
Turbine (7) ist, mit einem Abschnitt des Einlasska-
nals (9), welcher stromaufwärts des Kompressors
(6) ist, verbindet, und die einen Teil des Abgases
durch den Niederdruck-AGR-Kanal (23) zurückführt,
wobei das Abgasregelsystem Abgasrückführung
durchführt, während es zwischen der Verwendung
der Hochdruck-AGR-Vorrichtung und der Verwen-
dung der Niederdruck-AGR-Vorrichtung umschaltet
oder die Hochdruck-AGR-Vorrichtung und die Nie-
derdruck-AGR-Vorrichtung in Kombination verwen-
det, dadurch gekennzeichnet, dass
ein Mischungsverhältnis (R) zwischen dem Abgas,
das durch die Hochdruck-AGR-Vorrichtung rückge-
führt wird, und dem Abgas, das durch die Nieder-
druck-AGR-Vorrichtung rückgeführt wird, basierend
auf einer Korrelation zwischen dem Mischungsver-
hältnis (R) und einer Kraftstoffverbrauchsrate (SFC)
des Verbrennungsmotors (1) geregelt wird.

2. Abgasregelsystem nach Anspruch 1, wobei die Kor-
relation zwischen dem Mischungsverhältnis (R) und
der Kraftstoffverbrauchsrate (SFC) von der Last ab-
hängt, mit welcher der Verbrennungsmotor (1) be-
aufschlagt wird.

3. Abgasregelsystem nach Anspruch 1 oder 2, wobei
das Mischungsverhältnis (R) auf ein Mischungsver-
hältnis geregelt wird, bei dem die Kraftstoffver-
brauchsrate (SFC) ein optimaler Wert in der Korre-
lation zwischen dem Mischungsverhältnis (R) und
der Brennstoffverbrauchsrate (SFC) ist.

4. Abgasregelsystem nach Anspruch 3, wobei der op-
timale Wert der Kraftstoffverbrauchsrate (SFC) im

Wesentlichen ein minimaler Wert (Rtrg) in der Kor-
relation zwischen dem Mischungsverhältnis und der
Kraftstoffverbrauchsrate ist.

5. Abgasregelsystem nach einem beliebigen der An-
sprüche 1 bis 3, wobei eine Obergrenze einer Pro-
portion einer Abgasmenge, die durch die Nieder-
druck-AGR-Vorrichtung rückgeführt wird, zu einer
Gesamtmenge an rückgeführtem Abgas, eingestellt
wird.

6. Abgasregelsystem nach einem beliebigen der An-
sprüche 1 bis 3, wobei das Mischungsverhältnis fer-
ner auf einem Betriebszustand des Verbrennungs-
motors basierend geregelt wird.

7. Abgasregelsystem nach einem beliebigen der An-
sprüche 1 bis 3, wobei die Korrelation zwischen dem
Mischungsverhältnis (R) und der Kraftstoffver-
brauchsrate (SFC) auf mehreren Korrelationen zwi-
schen dem Mischungsverhältnis und jeweiligen
Kraftstoffverbrauchsratenkomponenten [SFC(ΔP),
SFC(TB)] basierend, die Einfluss auf die Kraftstoff-
verbrauchsrate (SFC) ausüben, definiert wird.

8. Abgasregelsystem nach Anspruch 7, wobei die Kor-
relation zwischen dem Mischungsverhältnis (R) und
der Kraftstoffverbrauchsrate (SFC) ferner auf einem
Betriebszustand des Verbrennungsmotors (1) ba-
sierend definiert wird.

9. Abgasregelsystem nach Anspruch 7, wobei die Kor-
relation zwischen dem Mischungsverhältnis und der
Kraftstoffverbrauchsrate definiert wird basierend auf
mindestens einem aus einer Korrelation zwischen
dem Mischungsverhältnis und einer Niederdruck-
AGR-Positivkorrelations-Kraftstoffverbrauchsraten-
komponente [SFC(ΔP)], die eine Kraftstoffver-
brauchsratenkomponente ist, welche einen Einfluss
auf die Kraftstoffverbrauchsrate derart ausübt, dass
die Kraftstoffverbrauchsrate zunimmt, wenn eine
durch die Niederdruck-AGR-Vorrichtung rückge-
führte Abgasmenge zunimmt, und einer Korrelation
zwischen dem Mischungsverhältnis und einer Hoch-
druck-AGR-Positivkorrelations-Kraftstoffver-
brauchsratenkomponente [SFC(TB)], die eine Kraft-
stoffverbrauchsratenkomponente ist, welche einen
Einfluss auf die Kraftstoffverbrauchsrate derart aus-
übt, dass die Kraftstoffverbrauchsrate zunimmt,
wenn eine durch das Hochdruck-AGR-Gassystem
rückgeführte Abgasmenge zunimmt.

10. Abgasregelsystem nach Anspruch 9, wobei die Kor-
relation zwischen dem Mischungsverhältnis und der
Kraftstoffverbrauchsrate ferner auf einem Betriebs-
zustand des Verbrennungsmotors basierend defi-
niert wird.
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11. Abgasregelsystem nach Anspruch 10, wobei die
Korrelation zwischen dem Mischungsverhältnis und
der Niederdruck-AGR-Positivkorrelations-Kraft-
stoffverbrauchsratenkomponente definiert wird ba-
sierend auf mindestens einer aus einer Korrelation
zwischen dem Mischungsverhältnis (R) und einer
Niederdruck-AGR-Hochlast-Positivkorrelations-
Kraftstoffverbrauchsratenkomponente, die einen
Einfluss auf die Kraftstoffverbrauchsrate derart aus-
übt, dass die Kraftstoffverbrauchsrate zunimmt,
wenn eine Last, mit welcher der Verbrennungsmotor
beaufschlagt wird, zunimmt, und einer Korrelation
zwischen dem Mischungsverhältnis und einer Nie-
derdruck-AGR-Niedriglast-Positivkorrelations-
Kraftstoffverbrauchsratenkomponente, die einen
Einfluss auf die Kraftstoffverbrauchsrate derart aus-
übt, dass die Kraftstoffverbrauchsrate zunimmt,
wenn eine Last, mit welcher der Verbrennungsmotor
beaufschlagt wird, abnimmt.

12. Abgasregelsystem nach Anspruch 10, wobei die
Korrelation zwischen dem Mischungsverhältnis und
der Hochdruck-AGR-Positivkorrelations-Kraftstoff-
verbrauchsratenkomponente definiert wird basie-
rend auf mindestens einer aus einer Korrelation zwi-
schen dem Mischungsverhältnis und einer Hoch-
druck-AGR-Hochlast-Positivkorrelations-Kraftstoff-
verbrauchsratenkomponente, die einen Einfluss auf
die Kraftstoffverbrauchsrate derart ausübt, dass die
Kraftstoffverbrauchsrate zunimmt, wenn eine Last,
mit welcher der Verbrennungsmotor beaufschlagt
wird, zunimmt, und einer Korrelation zwischen dem
Mischungsverhältnis und einer Hochdruck-AGR-
Niedriglast-Positivkorrelations-Kraftstoffver-
brauchsratenkomponente, die einen Einfluss auf die
Kraftstoffverbrauchsrate derart ausübt, dass die
Kraftstoffverbrauchsrate zunimmt, wenn eine Last,
mit welcher der Verbrennungsmotor beaufschlagt
wird, abnimmt.

13. Abgasregelsystem nach einem beliebigen der An-
sprüche 9 bis 12, ferner umfassend:

eine Drosselklappe (11; 33), die vorgesehen ist
an mindestens einem aus einem Abschnitt des
Auslasskanals (19), der stromabwärts einer Po-
sition ist, an welcher der Auslasskanal (19) und
der Niederdruck-AGR-Kanal (23) miteinander
verbunden sind, und einem Abschnitt des Ein-
lasskanals (9), der stromaufwärts einer Position
ist, an welcher der Einlasskanal (9) und der Nie-
derdruck-AGR-Kanal (23) miteinander verbun-
den sind,
wobei die Niederdruck-AGR-Positivkorrelati-
ons-Kraftstoffverbrauchsratenkomponente mit
einer Druckdifferenz zwischen einer stromauf-
wärtigen Seite und einer stromabwärtigen Seite
der Drosselklappe (11; 33) in Korrelation steht

und einen Einfluss auf die Kraftstoffverbrauchs-
rate ausübt und die Hochdruck-AGR-Positivkor-
relations-Kraftstoffverbrauchsratenkomponen-
te mit einer Temperatur von Gas, das in einem
Brennraum des Verbrennungsmotors strömt, in
Korrelation steht und einen Einfluss auf die
Kraftstoffverbrauchsrate ausübt.

14. Abgasregelsystem nach einem beliebigen der An-
sprüche 9 bis 12, ferner umfassend:

eine Drosselklappe (11; 33), die vorgesehen ist
an mindestens einem aus einem Abschnitt des
Auslasskanals (19), der stromabwärts einer Po-
sition ist, an welcher der Auslasskanal (19) und
der Niederdruck-AGR-Kanal (23) miteinander
verbunden sind, und einem Abschnitt des Ein-
lasskanals (9), der stromaufwärts einer Position
ist, an welcher der Einlasskanal (9) und der Nie-
derdruck-AGR-Kanal (23) miteinander verbun-
den sind,
wobei der Turbolader (10) ein Turbolader (10)
mit variabler Kapazität ist, der eine Turbine (7)
mit verstellbaren Leitschaufeln aufweist, die
Niederdruck-AGR-Positivkorrelations-Kraft-
stoffverbrauchsratenkomponente mit einer
Druckdifferenz zwischen einer stromaufwärti-
gen Seite und einer stromabwärtigen Seite der
Drosselklappe in Korrelation steht und einen
Einfluss auf die Kraftstoffverbrauchsrate ausübt
und die Hochdruck-AGR-Positivkorrelations-
Kraftstoffverbrauchsratenkomponente mit einer
Druckdifferenz zwischen einer stromaufwärti-
gen Seite und einer stromabwärtigen Seite der
Turbine mit verstellbaren Leitschaufeln in Kor-
relation steht und einen Einfluss auf die Kraft-
stoffverbrauchsrate ausübt.

15. Abgasregelverfahren für einen Verbrennungsmotor,
der versehen ist mit: einem Turbolader, der einen
Kompressor, der an einem Einlasskanal (9) eines
Verbrennungsmotors vorgesehen ist, und eine Tur-
bine (7), die an einem Auslasskanal des Verbren-
nungsmotors vorgesehen ist, aufweist; einer Hoch-
druck-AGR-Vorrichtung, die einen Hochdruck-AGR-
Kanal (15) aufweist, der einen Abschnitt des Aus-
lasskanals (19), welcher stromaufwärts der Turbine
(7) ist, mit einem Abschnitt des Einlasskanals (9),
welcher stromabwärts des Kompressors (6) ist, ver-
bindet, und die einen Teil des Abgases durch den
Hochdruck-AGR-Kanal zu dem Verbrennungsmotor
zurückführt; und einer Niederdruck-AGR-Vorrich-
tung, die einen Niederdruck-AGR-Kanal (23) auf-
weist, der einen Abschnitt des Auslasskanals, wel-
cher stromabwärts der Turbine ist, mit einem Ab-
schnitt des Einlasskanals, welcher stromaufwärts
des Kompressors (6) ist, verbindet, und die einen
Teil des Abgases durch den Niederdruck-AGR-Ka-
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nal zurückführt, dadurch gekennzeichnet, dass:

ein Mischungsverhältnis zwischen dem Abgas,
das durch die Hochdruck-AGR-Vorrichtung zu-
rückgeführt wird, und dem Abgas, dass durch
die Niederdruck-AGR-Vorrichtung zurückge-
führt wird, basierend auf einer Korrelation zwi-
schen dem Mischungsverhältnis und einer
Kraftstoffverbrauchsrate des Verbrennungsmo-
tors geregelt wird, während die Verwendung der
Hochdruck-AGR-Vorrichtung und die Verwen-
dung der Niederdruck-AGR-Vorrichtung umge-
schaltet werden oder die Hochdruck-AGR-Vor-
richtung und die Niederdruck-AGR-Vorrichtung
in Kombination verwendet werden.

16. Abgasregelverfahren nach Anspruch 15, ferner um-
fassend:

(S101) Ermitteln einer Motordrehzahl (NE) und
einer Motorlast (QFIN) des Verbrennungsmo-
tors;
(S102) Detektieren einer Menge (GM) der An-
saugluft, die durch den Einlasskanal strömt,
durch Verwendung eines Luftstrommessgeräts
(27);
Einstellen einer Soll-AGR-Rate (ER);
(S103) Einstellen eines Soll-Mischverhältnisses
(Rtrg);
(S104) Berechnen eines Soll-Öffnungsausma-
ßes (DLtrg) für ein Niederdruck-AGR-Ventil und
eines Soll-Öffnungsausmaßes (DHtrg) für ein
Hochdruck-AGR-Ventil basierend auf der Men-
ge von Ansaugluft, der Soll-AGR-Rate und dem
Soll-Mischungsverhältnis;
(S105) Regeln eines Öffnungsausmaßes (DL)
des Niederdruck-AGR-Ventils basierend auf
dem Soll-Öffnungsausmaß für das Nieder-
druck-AGR-Ventil;
Regeln eines Öffnungsausmaßes (DH) des
Hochdruck-AGR-Ventils basierend auf dem
Soll-Öffnungsausmaß für das Hochdruck-AGR-
Ventil;
(S106) Detektieren einer Temperatur (TB) von
Gas in einem Einlasskrümmer des Verbren-
nungsmotors;
Bestimmen, ob die Temperatur des Gases in
einem Soll-Temperaturbereich ist, und, wenn
die Temperatur des Gases nicht in dem Soll-
Temperaturbereich ist, Korrigieren mindestens
eines aus dem Öffnungsausmaß (DL) des Nie-
derdruck-AGR-Ventils und dem Öffnungsaus-
maß (DH) des Hochdruck-AGR-Ventils.

17. Abgasregelverfahren nach Anspruch 16, wobei,
wenn die Temperatur (TB) des Gases niedriger als
eine Untergrenze des Soll-Temperaturbereichs ist,
das Öffnungsausmaß (DH) des Hochdruck-AGR-

Ventils erhöht wird.

18. Abgasregelverfahren nach Anspruch 16, wobei,
wenn die Temperatur (TB) des Gases höher als eine
Obergrenze des Soll-Temperaturbereichs ist, das
Öffnungsausmaß (DL) des Niederdruck-AGR-Ven-
tils erhöht wird.

Revendications

1. Système de contrôle de gaz d’échappement pour un
moteur à combustion interne (1), qui comprend un
turbocompresseur (10) qui comporte un compres-
seur (6) disposé dans un passage d’admission (9)
d’un moteur à combustion interne (1) et une turbine
(7) prévue dans un passage d’échappement (19) du
moteur à combustion interne (1) ; un dispositif d’EGR
à haute pression qui comporte un passage d’EGR à
haute pression (15) qui relie une partie du passage
d’échappement (19), qui est en amont de la turbine
(7), à une partie du passage d’admission (9), qui est
en aval du compresseur (6), et qui renvoie une partie
du gaz d’échappement vers le moteur à combustion
interne (1) par le passage d’EGR à haute pression
(15) ; et un dispositif d’EGR à basse pression qui
comporte un passage d’EGR à basse pression (23)
qui relie une partie du passage d’échappement (19),
qui est en aval de la turbine (7), à une partie du pas-
sage d’admission (9), qui est en amont du compres-
seur (6), et qui renvoie une partie du gaz d’échap-
pement par le passage d’EGR à basse pression (23),
le système de contrôle de gaz d’échappement effec-
tuant une recirculation du gaz d’échappement tout
en commutant entre l’utilisation du dispositif d’EGR
à haute pression et l’utilisation du dispositif d’EGR
à basse pression ou en utilisant le dispositif d’EGR
à haute pression et le dispositif d’EGR à basse pres-
sion en combinaison, caractérisé en ce que
un rapport de mélange (R) entre le gaz d’échappe-
ment mis en recirculation par le dispositif d’EGR à
haute pression et le gaz d’échappement mis en re-
circulation par le dispositif d’EGR à basse pression
est commandé sur la base d’une corrélation entre le
rapport de mélange (R) et un taux de consommation
de carburant (SFC) du moteur à combustion interne
(1).

2. Système de contrôle de gaz d’échappement selon
la revendication 1, dans lequel la corrélation entre
le rapport de mélange (R) et le taux de consomma-
tion de carburant (SFC) dépend de la charge appli-
quée au moteur à combustion interne (1).

3. Système de contrôle de gaz d’échappement selon
la revendication 1 ou 2, dans lequel le rapport de
mélange (R) est commandé à un rapport de mélange
auquel le taux de consommation de carburant (SFC)
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est une valeur optimum de la corrélation entre le rap-
port de mélange (R) et le taux de consommation de
carburant (SFC).

4. Système de contrôle de gaz d’échappement selon
la revendication 3, dans lequel la valeur optimum du
taux de consommation de carburant (SFC) est sen-
siblement une valeur minimum (Rtrg) de la corréla-
tion entre le rapport de mélange et le taux de con-
sommation de carburant.

5. Système de contrôle de gaz d’échappement selon
l’une quelconque des revendications 1 à 3, dans le-
quel une limite supérieure d’une proportion d’une
quantité de gaz d’échappement mis en recirculation
par le dispositif d’EGR à basse pression par rapport
à une quantité totale de gaz d’échappement mis en
recirculation est fixée.

6. Système de contrôle de gaz d’échappement selon
l’une quelconque des revendications 1 à 3, dans le-
quel le rapport de mélange est commandé en outre
sur la base d’un état de fonctionnement du moteur
à combustion interne.

7. Système de contrôle de gaz d’échappement selon
l’une quelconque des revendications 1 à 3, dans le-
quel la corrélation entre le rapport de mélange (R)
et le taux de consommation de carburant (SFC) est
définie sur la base de multiples corrélations entre le
rapport de mélange et des composantes de taux de
consommation de carburant [SFC(ΔP), SFC(TB)]
respectives qui exercent des influences sur le taux
de consommation de carburant (SFC).

8. Système de contrôle de gaz d’échappement selon
la revendication 7, dans lequel la corrélation entre
le rapport de mélange (R) et le taux de consomma-
tion de carburant (SFC) est définie en outre sur la
base d’un état de fonctionnement du moteur à com-
bustion interne (1).

9. Système de contrôle de gaz d’échappement selon
la revendication 7, dans lequel la corrélation entre
le rapport de mélange et le taux de consommation
de carburant est définie sur la base d’au moins l’une
d’une corrélation entre le rapport de mélange et une
composante de taux de consommation de carburant
de corrélation positive d’EGR à basse pression
[SFC(ΔP)] qui est une composante de taux de con-
sommation de carburant qui exerce une influence
sur le taux de consommation de carburant de telle
sorte que le taux de consommation de carburant
augmente lorsqu’une quantité de gaz d’échappe-
ment mis en recirculation par le dispositif d’EGR à
basse pression augmente et d’une corrélation entre
le rapport de mélange et une composante de taux
de consommation de carburant de corrélation posi-

tive d’EGR à haute pression [SFC(TB)] qui est une
composante de taux de consommation de carburant
qui exerce une influence sur le taux de consomma-
tion de carburant de telle sorte que le taux de con-
sommation de carburant augmente lorsqu’une quan-
tité de gaz d’échappement mis en recirculation par
le système de gaz d’EGR à haute pression augmen-
te.

10. Système de contrôle de gaz d’échappement selon
la revendication 9, dans lequel la corrélation entre
le rapport de mélange et le taux de consommation
de carburant est définie en outre sur la base d’un
état de fonctionnement du moteur à combustion in-
terne.

11. Système de contrôle de gaz d’échappement selon
la revendication 10, dans lequel la corrélation entre
le rapport de mélange et la composante de taux de
consommation de carburant de corrélation positive
d’EGR à basse pression est définie sur la base d’au
moins l’une d’une corrélation entre le rapport de mé-
lange (R) et une composante de taux de consom-
mation de carburant de corrélation positive à charge
élevée d’EGR à basse pression qui exerce une in-
fluence sur le taux de consommation de carburant
de telle sorte que le taux de consommation de car-
burant augmente lorsqu’une charge appliquée au
moteur à combustion interne augmente et d’une cor-
rélation entre le rapport de mélange et une compo-
sante de taux de consommation de carburant de cor-
rélation positive à faible charge d’EGR à basse pres-
sion qui exerce une influence sur le taux de consom-
mation de carburant de telle sorte que le taux de
consommation de carburant augmente lorsque la
charge appliquée au moteur à combustion interne
diminue.

12. Système de contrôle de gaz d’échappement selon
la revendication 10, dans lequel la corrélation entre
le rapport de mélange et la composante de taux de
consommation de carburant de corrélation positive
d’EGR à haute pression est définie sur la base d’au
moins l’une d’une corrélation entre le rapport de mé-
lange et une composante de taux de consommation
de carburant de corrélation positive à charge élevée
d’EGR à haute pression qui exerce une influence
sur le taux de consommation de carburant de telle
sorte que le taux de consommation de carburant
augmente lorsqu’une charge appliquée au moteur à
combustion interne augmente et d’une corrélation
entre le rapport de mélange et une composante de
taux de consommation de carburant de corrélation
positive à faible charge d’EGR à haute pression qui
exerce une influence sur le taux de consommation
de carburant de telle sorte que le taux de consom-
mation de carburant augmente lorsque la charge ap-
pliquée au moteur à combustion interne diminue.
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13. Système de contrôle de gaz d’échappement selon
l’une quelconque des revendications 9 à 12, com-
prenant en outre :

un papillon des gaz (11 ; 33) qui est disposé
dans au moins l’une d’une partie du passage
d’échappement (19), qui est en aval d’une po-
sition à laquelle le passage d’échappement (19)
et le passage d’EGR à basse pression (23) sont
reliés l’un à l’autre, et d’une partie du passage
d’admission (9), qui est en amont d’une position
à laquelle le passage d’admission (9) et le pas-
sage d’EGR à basse pression (23) sont reliés
l’un à l’autre,
dans lequel la composante de taux de consom-
mation de carburant de corrélation positive
d’EGR à basse pression est corrélée avec une
différence de pression entre un côté amont et
un côté aval du papillon des gaz (11 ; 33) et exer-
ce une influence sur le taux de consommation
de carburant, et la composante de taux de con-
sommation de carburant de corrélation positive
d’EGR à haute pression est corrélée avec une
température du gaz s’écoulant dans une cham-
bre de combustion du moteur à combustion in-
terne et exerce une influence sur le taux de con-
sommation de carburant.

14. Système de contrôle de gaz d’échappement selon
l’une quelconque des revendications 9 à 12, com-
prenant en outre :

un papillon des gaz (11 ; 33) qui est disposé
dans au moins l’une d’une partie du passage
d’échappement (19), qui est en aval d’une po-
sition à laquelle le passage d’échappement (19)
et le passage d’EGR à basse pression (23) sont
reliés l’un à l’autre, et d’une partie du passage
d’admission (9), qui est en amont d’une position
à laquelle le passage d’admission (9) et le pas-
sage d’EGR à basse pression (23) sont reliés
l’un à l’autre,
dans lequel le turbocompresseur (10) est un tur-
bocompresseur à capacité variable (10) qui
comporte une turbine à buse variable (7), la
composante de taux de consommation de car-
burant de corrélation positive d’EGR à basse
pression est corrélée avec une différence de
pression entre un côté amont et un côté aval du
papillon des gaz et exerce une influence sur le
taux de consommation de carburant, et la com-
posante de taux de consommation de carburant
de corrélation positive d’EGR à haute pression
est corrélée avec une différence de pression en-
tre un côté amont et un côté aval de la turbine
à buse variable, et exerce une influence sur le
taux de consommation de carburant.

15. Procédé de contrôle de gaz d’échappement pour un
moteur à combustion interne pourvu d’un turbocom-
presseur qui comporte un compresseur disposé
dans un passage d’admission (9) d’un moteur à com-
bustion interne et une turbine (7) disposée dans un
passage d’échappement du moteur à combustion
interne ; un dispositif d’EGR à haute pression qui
comporte un passage d’EGR à haute pression (15)
qui relie une partie du passage d’échappement (19),
qui est en amont de la turbine (7), à une partie du
passage d’admission (9), qui est en aval du com-
presseur (6), et qui renvoie une partie du gaz
d’échappement au moteur à combustion interne par
le passage d’EGR à haute pression ; et un dispositif
d’EGR à basse pression qui comporte un passage
d’EGR à basse pression (23) qui relie une partie du
passage d’échappement, qui est en aval de la turbi-
ne, à une partie du passage d’admission, qui est en
amont du compresseur (6), et qui renvoie une partie
du gaz d’échappement par le passage d’EGR à bas-
se pression, caractérisé en ce que :

un rapport de mélange entre le gaz d’échappe-
ment mis en recirculation par le dispositif d’EGR
à haute pression et le gaz d’échappement mis
en recirculation par le dispositif d’EGR à basse
pression est commandé sur la base d’une cor-
rélation entre le rapport de mélange et un taux
de consommation de carburant du moteur à
combustion interne alors que l’utilisation du dis-
positif d’EGR à haute pression et l’utilisation du
dispositif d’EGR à basse pression sont commu-
tées ou que le dispositif d’EGR à haute pression
et le dispositif d’EGR à basse pression sont uti-
lisés en combinaison.

16. Procédé de contrôle de gaz d’échappement selon la
revendication 15, comprenant en outre :

(S101) l’obtention d’une vitesse de moteur (NE)
et d’une charge de moteur (QFIN) du moteur à
combustion interne ;
(S102) la détection d’une quantité (GM) d’air
d’admission s’écoulant à travers le passage
d’admission en utilisant un débitmètre d’air
(27) ;
l’établissement d’un taux d’EGR cible (ER) ;
(S103) l’établissement d’un rapport de mélange
cible (Rtrg) ;
(S104) le calcul d’une quantité d’ouverture cible
(DLtrg) pour une vanne d’EGR à basse pression
et d’une quantité d’ouverture cible (DHtrg) pour
une vanne d’EGR à haute pression sur la base
de la quantité d’air d’admission, du taux d’EGR
cible et du rapport de mélange cible ;
(S105) la commande d’une quantité d’ouverture
(DL) de la vanne d’EGR à basse pression sur la
base de la quantité d’ouverture cible pour la van-
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ne d’EGR à basse pression ;
la commande d’une quantité d’une ouverture
(DH) de la vanne d’EGR à haute pression sur la
base de la quantité d’ouverture cible pour la van-
ne d’EGR à haute pression ;
(S106) la détection d’une température (TB) du
gaz dans un collecteur d’admission du moteur
à combustion interne ;
la détermination de la température du gaz est
dans une plage de température cible, et la cor-
rection, si la température du gaz n’est pas dans
la plage de température cible, d’au moins l’une
d’une quantité d’ouverture (DL) de la vanne
d’EGR à basse pression et de la quantité
d’ouverture (DH) de la vanne d’EGR à haute
pression.

17. Procédé de contrôle de gaz d’échappement selon la
revendication 16, dans lequel, si la température (TB)
du gaz est inférieure à une limite inférieure de la
plage de température cible, la quantité d’ouverture
(DH) de la vanne d’EGR à haute pression est aug-
mentée.

18. Procédé de contrôle de gaz d’échappement selon la
revendication 16, dans lequel, si la température (TB)
du gaz est supérieure à une limite supérieure de la
plage de température cible, la quantité d’ouverture
(DL) de la vanne d’EGR à basse pression est aug-
mentée.
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