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(57) ABSTRACT

An exhaust gas purification system for an internal combus-
tion engine includes an oxidation catalyst device on an
upstream side 1n an exhaust passage of an internal combus-
tion engine and a lean NOx ftrap catalyst device on a
downstream side, a controller which controls the exhaust gas
purification system 1s configured to, when a temperature-
rising control of an exhaust gas 1n a regeneration control 1s
performed to recover a purification ability of the exhaust gas
purification system, perform a control that changes a mea-
surement position of a control temperature which 1s a control
amount of a feedback control in the temperature-rising
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control, according to an excess air ratio or an oxygen
concentration of the exhaust gas passing through the exhaust
passage.

5 Claims, 1 Drawing Sheet
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EXHAUST GAS PURIFICATION SYSTEM
FOR INTERNAL COMBUSTION ENGINE,
INTERNAL COMBUSTION ENGINE, AND
EXHAUST GAS PURIFICATION METHOD
FOR INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage entry of PCT
Application No. PCT/IP2016/052905, filed on Feb. 1, 2016,
which claims priority to Japanese Patent Application No.
2015-022016, filed Feb. 6, 2015, the contents of which are

incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an exhaust gas purifica-
tion system for an internal combustion engine, an nternal
combustion engine, and an exhaust gas purification method
for the internal combustion engine which can avoid a lack of
temperature increment of each catalyst device, an overshoot-
ing at the time of 1increasing a temperature, heat degradation
of a catalyst, erosion of the catalyst so as to perform the
regeneration processing reliably when each catalyst device
including an exhaust gas purification device of the internal
combustion engine performs regeneration processing.

BACKGROUND ART

Generally, an exhaust gas purification system 1s used
which includes an exhaust gas purification device which has
catalyst devices such as an oxidation catalyst, a device
(DOC), a particulate collection device (CSF, SCRF, and the
like), a selective reduction catalyst (SCR) device, and a lean
NOx trap catalyst device (LNT) to purily purification object
components such as hydrocarbon (HC), carbon monoxide
(CO), particulate substance (PM), and nitrogen oxide (NOx)
included 1n exhaust gases of the imnternal combustion engine
such as a diesel engine.

In the exhaust gas purification system, a temperature-
rising control of the exhaust gas 1s regularly performed for
the release and the reduction (NOX regeneration) of NOx
stored 1n the lean NOX trap catalyst device, the combustion-
removal (PM regeneration) of the particulate substance
collected 1n the particulate collection device, the removal
(sulfur purge) of the sulfur component accumulated 1n
various catalyst devices such as an oxidation catalyst device
or the lean NOx trap catalyst device, and the like.

In the related art, at the time of the temperature-rising
control of the exhaust gas, a detection temperature of an
exhaust gas temperature sensor provided 1n the vicinity of
any one catalyst device 1n the catalyst devices, and the
estimation temperature of any one catalyst device obtained
by following methods are set as a control temperature which
1s a control value of a feedback control with respect to a
target temperature of the exhaust gas 1n the temperature-
rising control. In the case of some catalyst devices, normally,
in view of responsiveness, the temperature relating to the
catalyst device 1n which the heat generation amount by the
combustion of unburned hydrocarbon (HC) supplied to
increase a temperature 1s largest 1s used as the control
temperature steadily.

With respect thereto, as described, for example, 1n Japa-
nese Unexamined Patent Application Publication No. 2013-
174203, an exhaust gas purification device 1s proposed
which includes a selective reduction catalyst, a particulate
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filter which 1s arranged on the exhaust gas upstream side
from the selective reduction catalyst and 1n which an oxi-
dation catalyst layer 1s formed to further collect the particu-
late 1n the exhaust gas, a liquid injection nozzle through
which the hydrocarbon based liquid can be injected toward
the particulate filter, and a liquid feeding unit which supplies
the liquid to the liquid injection nozzle. In the exhaust gas
purification device which purnfies the exhaust gas of the
engine, the temperature of the exhaust gas relating to the
particulate filter 1s detected using a temperature sensor, and
the liquid feeding umt 1s controlled on the basis of a
detection output of the temperature sensor.

However, 1n a zone-coat and the like in which a plurality
of catalyst devices or the catalyst layers are coated for each
part 1n separate colors, a place (catalyst device) in which the
heat generation amount 1s largest 1n the exhaust passage may
be different according to an operating condition of the
engine. For example, in the case of a system which 1is
configured by the oxidation catalyst device, the lean NOx
trap catalyst device, and the particulate collection device,
when an excess air ratio A in the exhaust gas 1s high, and the
concentration of the oxygen 1s high, the most hydrocarbon
1s combusted by the oxidation catalyst device on the
upstream side to generate beat. For this reason, 1n the lean
NOx trap catalyst device or the particulate collection device
on the downstream side, the temperature of each catalyst
device 1s 1increased not by the generation of the combustion
heat of the hydrocarbon, but by the heat transmission of the
exhaust gas of which the temperature i1s increased by the
oxidation catalyst device.

On the other hand, in a case where the excess air ratio of
the exhaust gas 1s low and the concentration of the oxygen
1s low such as the sulfur purge (S purge: sulfur purge)
control or rich combustion of NOX regeneration, the com-
bustion of the hydrocarbon 1s caused using the oxygen
adsorbed 1n the lean NOX trap catalyst device or the oxygen
generated by NOx reduction, and thus the generation
amount of the combustion heat of the hydrocarbon 1n the
lean NOx trap catalyst device 1s larger than that in the
oxidation catalyst device.

Similarly, 1n the case of the exhaust gas purnfication
system configured by a plurality of catalyst devices 1n
combination, a place 1n which the generation amount of the
fuel heat 1s largest 1s changed according to the operating
condition of the engine. Therelfore, as in the related art, when
the control temperature at the time of the temperature-rising,
control 1s fixed to a temperature relating to a specified
catalyst device such as the catalyst device 1n which the heat
generation amount due to the combustion of the hydrocar-
bon 1s largest, an nsuflicient temperature increment, an
overshooting at the time of increasing a temperature, ero-
sion, and the like may be occur according to the operating
condition of the engine 1n another catalyst device other than
the specified catalyst device.

CITATION LIST
Patent Literature

| Patent Literature 1]: Japanese Unexamined Patent Appli-
cation Publication No. 2013-174203

SUMMARY OF THE INVENTION

Technical Problem

The present inventor found, through tests, such a relation
between the change of the catalyst device in which a heat
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generation amount 1s largest in an exhaust passage and an
increased degree of temperature 1s high and the oxygen
concentration of the exhaust gas when the operating condi-
tion of the engine 1s changed. For example, a phenomenon
1s found 1 which at the time of the PM regeneration
processing or the high load of the engine 1n which the excess
air ratio in the exhaust gas 1s high and the oxygen concen-
tration 1s high, the heat generation amount of the oxidation
catalyst device 1s large, and on the other hand, at the time of
the sulfur purge control or the low load of the engine in
which the excess air ratio 1n the exhaust gas 1s low, and the
oxygen concentration 1s low, the heat generation amount of

the lean NOx trap catalyst device 1s large.
From this point, it 1s acknowledged that in order to

prevent that the insuflicient temperature increment, the over-
shooting at the time of increasing a temperature, the erosion,
and the like occur at the time of the temperature-rising
control 1n the catalyst device, when the temperature-rising
control 1s performed more optimally 1n response to the
operating condition of the engine, preferably, a position of
the control temperature 1n the feedback control, 1n other
words, the catalyst device relating to the control temperature
to be the target temperature 1s selected and changed in
consideration of the oxygen concentration of the exhaust
gas. That 1s, preferably, the catalyst device relating to the
control temperature, in other words, a position where the
control temperature 1s measured 1s changed on the basis of
the oxygen concentration of the exhaust gas.

More specifically, following knowledge 1s obtained.
When the excess air ratio or the oxygen concentration 1s
high, the control temperature relating to the temperature of
the former oxidation catalyst device may be adopted, and
when the excess air ratio or the oxygen concentration 1s low,
the control temperature relating to the temperature of the
lean NOx trap catalyst device may be adopted. In addition,
in order to avoid a drastic change of the control 1n associa-
tion with the switch of the control temperature, preferably,
the measurement temperature relating to the temperature of
the former oxidation catalyst device and the measurement
temperature relating to the temperature of the lean NOX trap
catalyst device are weighted (target temperature ratio), the
weight 1s gradually changed according to the excess air ratio
or the oxygen concentration, the control temperature is
calculated on the basis of a weighted average thereof, and
the temperature-rising control 1s performed at the feedback
control such that the control temperature becomes the target
temperature.

The present invention has been made in consideration of
the above situation, and an object thereof 1s to provide an
exhaust gas purification system for an internal combustion
engine, an internal combustion engine, and an exhaust gas
purification method for the internal combustion engine in
which during the temperature-rising control of the exhaust
gas for recovering an exhaust gas purification ability of the
catalyst device, a lack of temperature increment of catalyst
devices, an overshooting at the time of increasing a tem-
perature, heat degradation of a catalyst, and erosion of the
catalyst can be avoided using the exhaust gas purification
system for the mnternal combustion engine which includes an
oxidation catalyst device on an upstream side and a lean
NOx trap catalyst device on a downstream side in an exhaust
passage of the internal combustion engine, thereby perform-
ing a regeneration processing reliably.

Solution to Problem

In an exhaust gas purification system for an internal
combustion engine of the present invention to achieve the
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above-described object, an exhaust gas purification system
for an internal combustion engine includes an oxidation
catalyst device on an upstream side 1n an exhaust passage of
an internal combustion engine and a lean NOX trap catalyst
device on a downstream side, and a controller which con-
trols the exhaust gas purification system 1s configured to,
when a temperature-rising control of an exhaust gas 1n a
regeneration control 1s performed to recover a purification
ability of the exhaust gas purification system, perform a
control that changes a measurement position of a control
temperature which 1s a control amount of a feedback control
in the temperature-rising control, according to an excess air
ratio or an oxygen concentration of the exhaust gas passing
through the exhaust passage.

With this configuration, at the time of the temperature-
rising control of the exhaust gas for performing regeneration
processing on the catalyst devices included 1n the exhaust
gas purification device, the measurement position of the
control temperature which i1s the control amount of the
teedback control in the temperature-rising control, that is,
the control temperature to be a target temperature 1s changed
and set 1n consideration of the oxygen concentration of the
exhaust gas, and more specifically, the control temperature
1s set to the temperature relating to the catalyst device 1n
which the heat generation amount 1s largest at that time in
the exhaust gas purification system and the temperature 1s
increased most, whereby the temperature-rising control of
the exhaust gas can be optimized. Therefore, the lack of
temperature increment of each of the catalyst devices, the
overshooting at the time of increasing a temperature, the
heat degradation of the catalyst, and the erosion of the
catalyst can be avoided so that the regeneration processing
can be performed reliably.

Further, the above-described exhaust gas purification sys-
tem for the internal combustion engine further includes: a
first temperature sensor which measures a first temperature
relating to a temperature of the oxidation catalyst device;
and a second temperature sensor which measures a second
temperature relating to a temperature of the lean NOx trap
catalyst device, and the controller 1s configured to, when the
temperature-rising control of the exhaust gas 1n the regen-
eration control 1s performed to recover the purification
ability of the exhaust gas purnification system, perform a
control such that the control temperature 1s set as the first
temperature when the excess air ratio or the oxygen con-
centration of the exhaust gas passing through the exhaust
passage 1s higher than an upper limit threshold set in
advance, and the control temperature i1s set as the second
temperature when the excess air ratio or the oxygen con-
centration of the exhaust gas passing through the exhaust
passage 1s lower than a lower limait threshold set in advance,
thereby obtaining following efl

eCt.

That 1s, when the heat generation amount of the oxidation
catalyst device 1s larger than that of the lean NOXx trap
catalyst device, the excess air ratio and the oxygen concen-
tration of the exhaust gas 1s higher than the upper limit
threshold set 1n advance. Thus, the first temperature relating
to the oxidation catalyst device 1s set as the control tem-
perature, so that the temperature-rising control can be per-
formed at the temperature of the oxidation catalyst device.
In addition, when the heat generation amount of the lean
NOx trap catalyst device 1s larger than that of the oxidation
catalyst device, the excess air ratio and the oxygen concen-
tration of the exhaust gas 1s lower than the lower limit
threshold set i advance. Thus, the second temperature
relating to the lean NOx trap catalyst device 1s set as the
control temperature, so that the temperature-rising control
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can be performed at the temperature of the lean NOX trap
catalyst device. Therefore, the temperature-rising control of

the exhaust gas can be optimized with the relatively simple
control.

In the above-described exhaust gas purification system for
the internal combustion engine, when the temperature-rising,
control of the exhaust gas in the regeneration control is
performed to recover the purification ability of the exhaust
gas purification system, when the excess air ratio or the
oxygen concentration of the exhaust gas passing through the
exhaust passage 1s equal to or less than the upper limait
threshold and equal to or more than the lower limit thresh-
old, the controller performs a control to set the weight
coellicient to be changed according to the excess air ratio or
the oxygen concentration of the exhaust gas passing through
the exhaust passage, and to set the control temperature to a
weighted average value of the first temperature and the
second temperature using the weight coeflicient. Therefore,
the temperature-rising control can be performed while a
drastic change due to the switch of the control temperature
with respect to the change of the excess air ratio or the
oxygen concentration 1s avoided.

The internal combustion engine of the present mnvention
to achieve the above-described object includes the above-
described exhaust gas purification system for the internal
combustion engine, so as to make the same operational
cllect as that of the above-described exhaust gas purification
system for the internal combustion engine.

In an exhaust gas purification method for the internal
combustion engine of the present invention to achieve the
above-described object, an exhaust gas purification method
for an internal combustion engine having an exhaust gas
purification system for the internal combustion engine,
which includes an oxidation catalyst device on an upstream
side and a lean NOx trap catalyst device on a downstream
side 1n an exhaust passage of the internal combustion engine,
the method 1ncludes: changing, when a temperature-rising,
control of an exhaust gas in a regeneration control 1is
performed to recover a purification ability of the exhaust gas
purification system, a measurement position of a control
temperature which 1s a control amount of a feedback control
in the temperature-rising control, according to an excess air
rat1o or an oxygen concentration of the exhaust gas passing
through the exhaust passage, thereby 1t 1s possible to make
the same operational eflect as that of above-described the
exhaust gas purification system for the internal combustion
engine.

Advantageous Effects of the Invention

According to the exhaust gas purification system for the
internal combustion engine, the internal combustion engine,
and the exhaust gas purification method for the internal
combustion engine in the present invention, at time of the
temperature-rising control of the exhaust gas for performing,
the regeneration processing on the catalyst devices included
in the exhaust gas purification device, the measurement
position of the control temperature which 1s the control
amount of the feedback control in the temperature-rising
control, that 1s, the control temperature to be a target
temperature 1s changed and set in consideration of the
oxygen concentration of the exhaust gas, and more specifi-
cally, the control temperature 1s set to the temperature
relating to the catalyst device 1n which the heat generation
amount 1s largest at that time in the exhaust gas purification
system and the temperature 1s increased most, thereby
optimizing the temperature-rising control of the exhaust gas.
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Therefore, it 1s possible to avoid a lack of temperature
increment of each of the catalyst devices, an overshooting at
the time of increasing a temperature, heat degradation of the
catalyst, and erosion of the catalyst, and it 1s possible to
perform the regeneration processing reliably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view schematically 1llustrating a configuration
of an internal combustion engine which includes an exhaust
gas purification system for an internal combustion engine of
an embodiment according to the present invention.

FIG. 2 1s a view schematically illustrating a relation
between a weight coetlicient which 1s a weight ratio of a first
temperature to a second temperature and an excess air ratio
of the exhaust gas.

DESCRIPTION OF EMBODIMENTS

Herematter, an exhaust gas purification system for an
internal combustion engine, an iternal combustion engine,
and an exhaust gas purification method for the internal
combustion engine 1 the embodiment according to the
present mvention will be described with reference to the
drawings. Incidentally, the internal combustion engine of the
embodiment according to the present invention includes an
exhaust gas purification system for an internal combustion
engine of the embodiment according to the present inven-
tion, so as to make the same operational effect as an
operational eflect made by the exhaust gas purification
system for the internal combustion engine (to be described
later).

First, an internal combustion engine (hereinafter, engine)
10 and an exhaust gas purification system 20 of the internal
combustion engine of the embodiment according to the
present invention will be described with reference to FIG. 1.
The engine 10 are provided with a fuel injection device 11,
an 1ntake valve 12, and an exhaust valve 13 facing a cylinder
10a, and further with an intake passage 14 communicating,
with the intake valve 12, an exhaust passage 15 communi-
cating with the exhaust valve 13, and an EGR passage 16.

The intake passage 14 1s provided with an air cleaner 17,
a compressor 185 of a turbocharger (turbo type super-
charger) 18, an intercooler 19a, and an intake throttle valve
196 1n order from the upstream side. Further, the exhaust
passage 15 1s provided with a turbine 18a of the turbo-
charger 18 and an exhaust gas purification device 21 1n order
from the upstream side. In addition, the EGR passage 16 1s
provided by connecting the intake passage 14 on the down-
stream Irom the compressor 185 with the exhaust passage 15
on the upstream from the turbine 18a. The EGR passage 16
1s provided with an EGR cooler 16a, an EGR valve 165 1n
order from the upstream side.

As needed, new air A guided from the atmosphere 1s fed
to the cylinder (cvlinder) 10a through the intake valve 12 1n
association with the exhaust gas (EGR gas) Ge flowing 1n
the intake passage 14 from the EGR passage 16. In addition,
the exhaust gas G generated 1n the cylinder 10a tlows out to
the exhaust passage 135 through the exhaust valve 13. Some
of the exhaust gas G flows to the EGR passage 16 as the
EGR gas Ge. The remaining exhaust gas Ga (=G-Ge) tlows
in the exhaust gas purification device 21 through the turbine
18a, and after being purified, 1s released as the purified
exhaust gas Gc¢ 1nto the atmosphere through a mutller (not
illustrated) and a tail pipe (not illustrated).

In the configuration of FIG. 1, the exhaust gas purification
device 21 of the exhaust gas purification system 20 includes
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catalyst devices such as an oxidation catalyst (DOC) device
22, a particulate collection device (CSF) 23, a lean NOX trap
catalyst device (LNT) 24, and a subsequent-stage oxidation
catalyst (DOC) device 25. Incidentally, the catalyst devices
may be provided 1n the exhaust gas purification device 20 in
the reverse order to the arrangement order of the particulate
collection device 23 and the lean NOx trap catalyst device
24, that 1s, 1n order of the oxidation catalyst device 22, the
lean NOx trap catalyst device 24, the particulate collection

device 23, and the subsequent-stage oxidation catalyst
device 25.

The fuel 1njection device 26 which injects the unburned
tuel 1into the exhaust passage 15 i1s arranged 1n the exhaust
passage 15 on the upstream side of the oxidation catalyst
device 22. The unburned fuel i1s injected mto the exhaust
passage 15 at the time of the temperature-rising control of
the exhaust gas such as a NOx regeneration control on the
lean NOx trap catalyst device 24, a sulfur purge control on
the oxidation catalyst device 22 and the lean NOX trap
catalyst device 24, and a PM regeneration control on the
particulate collection device 23. By the injection, the hydro-
carbon which 1s an unburned fuel 1s oxidized by the oxida-
tion catalyst device 22 and the like, and by oxidation heat,
the temperature of the exhaust gas Ga 1s increased. When the
temperature of the exhaust gas Ga 1s increased or the
temperature of the hydrocarbon 1s increased by the combus-
tion 1n the catalyst devices 22, 23, and 24, the temperature
of the lean NOx trap catalyst device 24 i1s increased to a
temperature range of the release and the reduction of the
occlusion NOx, the temperature of the particulate collection
device 23 1s increased such a temperature range that can
realize the PM combustion, or the temperatures of the
oxidation catalyst device 22 and the lean NOX trap catalyst
device 24 are increased to such a temperature range that can
realize desulfurization. In this manner, the exhaust gas
purification ability of the catalyst devices 22, 23, and 24 are
recovered.

The first temperature sensor 31 which detects the tem-
perature TDOC of the exhaust gas Ga flowing in the
oxidation catalyst device 22 1s arranged in the exhaust
passage 15 on the upstream side (inlet side) of the oxidation
catalyst device 22. In addition, the second temperature
sensor 32 which detects a temperature TLNT of the exhaust
gas (Ga flowing 1n the lean NOx trap catalyst device 24 1s
arranged 1n the exhaust passage 15 on the upstream side of
the lean NOx trap catalyst device 24. In addition, the third
temperature sensor 33 which detects the temperature TCSF
of the exhaust gas Ga flowing out from the oxidation catalyst
device 22 to tlow in the particulate collection device 23 is
arranged 1n the exhaust passage 15 between the oxidation
catalyst device 22 and the particulate collection device 23.

A A-sensor 34 which measures the excess air ratio A of the
exhaust gas Ga or an oxygen concentration Co or an oxygen
concentration sensor (not illustrated) 1s arranged on the
downstream side of the exhaust gas purification device 20.
The A-sensor or the oxygen concentration sensor may be
arranged on the upstream side of the exhaust gas purification
device 20, or may be arranged 1n an exhaust manifold.

Herein, the temperature TDOC detected by the first tem-
perature sensor 31 1s set as a first temperature T1 relating to
the oxidation catalyst device 22. The temperature TLNT
detected by the second temperature sensor 32 1s set as a
second temperature 12 relating to the lean NOX trap catalyst
device 24. The temperature TCSF detected by the third
temperature sensor 33 1s set as a third temperature T3
relating to the particulate collection device 23.
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Incidentally, the average value of the temperatures
detected by the temperature sensors before and after the
oxidation catalyst device 22 may be set as the first tempera-
ture T1. The average value of the temperatures detected by
the temperature sensors before and after the lean NOX trap
catalyst device 24 may be set as the second temperature 1T2.
In addition, the average value of the temperatures detected
by the temperature sensors before and after the particulate
collection device 23 may be set as the third temperature.
Further, mstead of the exhaust gas temperatures on the
upstream side of the catalyst devices 22, 23, and 24, the
exhaust gas temperatures on the respective downstream
sides may be used.

A controller 40 1s provided which controls the exhaust gas
purification system 20 of the internal combustion engine of
the present invention. Normally, the controller 40 1s config-
ured to be embedded 1n an engine control umt (ECU) which
controls the whole operating condition of the engine 10, but
may be configured separately.

In the exhaust gas purification system 20 of the internal
combustion engine of the embodiment according to the
present invention, when the temperature-rising control of the
exhaust gas Ga 1n the regeneration control 1s performed for
recovering the purification ability of the exhaust gas puri-
fication system 20, the controller 40 which controls the
exhaust gas purification system 20 performs a control to
change the measurement position of the control temperature
Tc which 1s the control amount of the feedback control 1n the
temperature-rising control, according to the excess air ratio
A or the oxygen concentration Co of the exhaust gas G
passing through the exhaust passage 15.

With the configuration, at the time of the temperature-
rising control of the exhaust gas Ga for the regeneration
processing to recover the purification ability of the catalyst
devices 22 to 25 included in the exhaust gas purification
device 20, the amount of the unburned fuel (hydrocarbon)
injected by the fuel injection device 26 1s adjusted such that
the control temperature Tc becomes a target temperature Tm
set according to each regeneration processing. The measure-
ment position of the control temperature Tc i1s changed
according to the excess air ratio A or the oxygen concen-
tration Co of the exhaust gas Ga. More specifically, the
measurement position 1s changed to the measurement tem-
perature which reflects best the temperature (any one of T1,
12, and T3) of the catalyst device (any one of 22, 23, and 24)
in which the heat generation amount 1s largest at that time 1n
the exhaust passage 15 and the temperature 1s increased
most.

That 1s, when the temperature-rising control of the
exhaust gas Ga 1n the regeneration control 1s performed for
recovering the purification ability of the exhaust gas puri-
fication system 20, the controller 40 performs a control such
that the control temperature Tc 1s set as the first temperature
T1 when the excess air ratio A or the oxygen concentration
Co of the exhaust gas Ga passing through the exhaust
passage 15 1s higher than an upper limit threshold Al set in
advance, and the control temperature Tc 1s set as the second
temperature T2 when the excess air ratio A or the oxygen
concentration Co 1s lower than a lower limit threshold A2 set
in advance. Incidentally, the upper limit threshold A1 and the
lower limit threshold A2 are set 1n advance by the experi-
ments and the like, and are stored in the controller 40. In
addition, when the control 1s simplified, the upper limait
threshold Al and the lower limit threshold A2 may be set the
same as each other, and 1n this case, the first temperature 11
and the second temperature 12 preferably become the sub-
stantially same value.
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In this manner, when the heat generation amount of the
oxidation catalyst device 22 1s larger than that of the lean
NOx trap catalyst device 24, the excess air ratio A and the
oxygen concentration Co of the exhaust gas Ga 1s larger than
the upper limit threshold Al. Thus, the first temperature T1
relating to the oxidation catalyst device 22 1s set as the
control temperature Ic, and the temperature-rising control
can be performed at the first temperature 11 of the oxidation
catalyst device 22. In addition, when the heat generation
amount of the lean NOX trap catalyst device 24 1s larger than
that of the oxidation catalyst device 22, the excess air ratio
A and the oxygen concentration Co of the exhaust gas Ga 1s
lower than the lower limit threshold A2 set 1n advance. Thus,
the second temperature 12 relating to the lean NOX trap
catalyst device 24 1s set as the control temperature Tc, and
the temperature-rising control can be performed at the
second temperature T2 of the lean NOX trap catalyst device
24. Therefore, the temperature-rising control of the exhaust
gas (Ga can be optimized with the relatively simple control.

When the temperature-rising control of the exhaust gas
Ga 1n the regeneration control 1s performed to recover the
purification ability of the exhaust gas purification system 20,
when the excess air ratio A or the oxygen concentration Co
of the exhaust gas Ga passing through the exhaust passage
15 1s equal to or less than the upper limit threshold A1 and
equal to or more than the lower limit threshold A2, the
controller 40 performs a control to set a weight coeflicient o
to be changed according to the excess air ratio A or the
oxygen concentration Co, and to set the control temperature
Tc to a weighted average value 112 of the first temperature
T1 and the second temperature 12 using the weight coetl-
cient c.. In this manner, the temperature-rising control can be
performed while a drastic change due to the switch of the
control temperature Tc with respect to the change of the
excess air ratio A or the oxygen concentration Co 1s avoided.

The weight coetlicient o can be determined such that, for
example, T12=T1xo+12x(1-a), or T12=(T1xa+T12)/(1+a).
The weight coeflicient . 1s set 1n advance by the experiments
and the like with respect to the excess air ratio A, and 1s
stored 1n the controller 40. In FIG. 2, the weight coeflicient
a 1S set to be increased as the excess air ratio A 1s smaller,
and to be decreased as the excess air ratio A 1s larger.
Incidentally, mn FIG. 2, a correlation between the excess air
ratio A and the weight coellicient o 1s a linear relation falling
downward to the right. However, the linear relation of FIG.
2 1s 1illustrated as an example, and a curvilinear relation
convex to a lower left side or a curvilinear relation convex
to an upper right side may be adopted.

Incidentally, on the basis of the oxygen concentration A of
the exhaust gas Ga, in a case where the number of the
temperatures of the catalyst device as a maximum heat
generation amount 1s three or more, for example, in the case
of TDOC, TLNT, and TCSEFE, the number of the weight
coellicient 1s increased, and a temperature as the control
temperature Ic 1s obtained as a weighted average. For
example, the weight coeflicients o and p are set in advance
with respect to the oxygen concentration A of the exhaust gas
Ga, and the control temperature Tc 1s set such that
Tc=TDOCxa+xTLNTxPB+TCSFx(1-a—f3).

Next, the exhaust gas purification method for the internal
combustion engine of the embodiment according to the
present invention will be described. This method 1s an
exhaust gas purification method for the internal combustion
engine 1n the above-described exhaust gas purification sys-
tem 20 of the internal combustion engine. In the method,
when the temperature-rising control of the exhaust gas Ga in
the regeneration control 1s performed to recover the purifi-
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cation ability of the exhaust gas purification system 20, the
measurement position of the control temperature Tc which 1s
the control amount of the feedback control 1n the tempera-
ture-rising control i1s changed according to the excess air
ratio A or the oxygen concentration Co of the exhaust gas Ga
passing through the exhaust passage 15.

According to the exhaust gas purification system 20 of the
internal combustion engine, the internal combustion engine
10, and the exhaust gas purification method for the internal
combustion engine which are described above, at time of the
temperature-rising control of the exhaust gas Ga for per-
forming the regeneration processing on the catalyst devices
22, 23, and 24 included 1n the exhaust gas purification device
21, the measurement position of the control temperature Tc
which 1s the control amount of the feedback control 1n the
temperature-rising control, that is, the control temperature
Tc to be the target temperature Tm 1s changed and set 1n
consideration of the excess air ratio A or the oxygen con-
centration Co of the exhaust gas Ga, and more specifically,
the control temperature Tc 1s set to the temperatures T1, T2,
and T3 relating to the catalyst devices 22, 23, and 24 1n
which the heat generation amount 1s largest at that time in
the exhaust gas purification system 20 and the temperature
1s increased most, thereby optimizing the temperature-rising
control of the exhaust gas Ga. Therefore, it 1s possible to
avoid a lack of temperature increment of each of the catalyst
devices 22, 23, and 24, an overshooting at the time of
increasing a temperature, heat degradation of the catalyst,
and erosion of the catalyst, and 1t 1s possible to perform the
regeneration processing reliably.

REFERENCE SIGNS LIST

10 engine (internal combustion engine)

11 fuel 1mjection device

15 exhaust passage

20 exhaust gas purification system

21 exhaust gas purification device

22 oxiadation catalyst (DOC) device

23 particulate collection device

24 selective reduction catalyst (SCR) device

235 subsequent-stage oxidation catalyst (DOC) device

26 fuel injection device

31 first temperature sensor

32 second temperature sensor

33 third temperature sensor

34 A-sensor

40 controller

A new air

G generated exhaust gas

(Ga exhaust gas passing through exhaust gas purification
device

Gc¢ purified exhaust gas

Ge EGR gas

The mvention claimed 1s:

1. An exhaust gas purification system for an internal
combustion engine, which includes an oxidation catalyst
device on an upstream side 1 an exhaust passage of an
internal combustion engine and a lean NOX trap catalyst
device on a downstream side, comprising:

a controller which controls the exhaust gas purification
system configured to, when a temperature-rising con-
trol of an exhaust gas 1n a regeneration control 1s
performed to recover a purfication ability of the
exhaust gas purification system, perform a control that
changes a measurement position of a control tempera-
ture which 1s a control amount of a feedback control in
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the temperature-rising control, according to an excess
air rat1o or an oxygen concentration of the exhaust gas
passing through the exhaust passage.

2. The exhaust gas purification system for the internal
combustion engine according to claim 1, the exhaust gas
purification system comprising:

a first temperature sensor which measures a first tempera-

ture relating to a temperature of the oxidation catalyst

device; and

a second temperature sensor which measures a second
temperature relating to a temperature of the lean NOx
trap catalyst device,

wherein the controller 1s configured to, when the tem-
perature-rising control of the exhaust gas in the regen-
cration control 1s performed to recover the purification
ability of the exhaust gas purification system, perform
a control such that the control temperature 1s set as the
first temperature when the excess air ratio or the
oxygen concentration of the exhaust gas passing
through the exhaust passage 1s higher than an upper
limit threshold set 1n advance, and the control tempera-
ture 1s set as the second temperature when the excess air
ratio or the oxygen concentration of the exhaust gas
passing through the exhaust passage 1s lower than a
lower limit threshold set 1n advance.

3. The exhaust gas purification system for the internal

combustion engine according to claim 2, wherein

the controller 1s configured to, when the temperature-
rising control of the exhaust gas 1n the regeneration
control 1s performed to recover the purification ability
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of the exhaust gas purification system, perform a con-
trol such that a weight coeflicient 1s set to be changed
according to the excess air ratio or the oxygen concen-
tration of the exhaust gas passing through the exhaust
passage, and the control temperature 1s set to a
welghted average value of the first temperature and the
second temperature obtained using the weight coefli-
cient, when the excess air ratio or the oxygen concen-
tration of the exhaust gas passing through the exhaust
passage 1s equal to or less than the upper limit threshold
and equal to or more than the lower limit threshold.

4. An ternal combustion engine comprising:

the exhaust gas purification system for the internal com-

bustion engine according to claim 1.

5. An exhaust gas purification method for an internal
combustion engine having an exhaust gas purification sys-
tem for the internal combustion engine, which includes an
oxidation catalyst device on an upstream side and a lean
NOx trap catalyst device on a downstream side in an exhaust
passage of the internal combustion engine, the method
comprising;

changing, when a temperature-rising control of an exhaust

gas 1n a regeneration control 1s performed to recover a
purification ability of the exhaust gas purification sys-
tem, a measurement position of a control temperature
which 1s a control amount of a feedback control in the
temperature-rising control, according to an excess air
ratio or an oxygen concentration of the exhaust gas
passing through the exhaust passage.
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