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(57) Abstract: An internal combustion engine 10 is provided that
performs stoichiometric burn operation under control for provid-
ing a stoichiometric air-fuel ratio as basic control for an air-fuel
ratio. A particulate filter (PM filter) 18 is provided in an exhaust
passage 12 of the engine 10 to trap particulate matter PM con-
tained in exhaust gas. If it is judged that the PM filter 18 will have
excessively elevated temperature, fuel cut is prohibited during de-
celeration. Otherwise, before the prohibition of the fuel cut, the
air-fuel ratio of exhaust gas is controlled so that the atmosphere of
the PM filter 18 is brought into an atmosphere slightly leaner than
the stoichiometric air-fuel ratio.
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DESCRIPTION
Control Apparatus for Internal Combustion Engine

Technical Field

The present invention relates generallyrto control
apparatuses for an internal combustion engine, and more
specifically, to a control apparatus suitable to control
aninternalcombustionengineequippedjjlanexhaustpassage
with a particulate filter for trapping particulate matter

PM.

Background Art

For example, Patent Document 1 discloses an exhaust
emission purifying system for a diesel engine equipped in
an exhaust passage with a particulate filter (hereinafter
referred to as “the PM filter”) for trapping particulate
matter PM. This conventional system is designed to reduce
the opening angle of an intake throttle valve and increase
the opening angle of an,EGR valve only when a judgment is
made that the PM filter will not have excessively elevated
temperature if the engine, during regeneration of the PM
filter, comes into a deceleration operation state where fuel
supply is stopped (fuel cut).

By exercising the above-mentioned control the

conventional system suppresses lowering of and an excessive
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rise of the PM filter temperature if a diesel engine
operation state comes into a deceleration operation state
during regeneration of the PM filter. 1In this way, the
conventional system attempts to satisfactorily continue the
regeneration of the PM filter.

Including the above-mentioned document, the
applicant is aware of the following document as a related
art of the present invention.

[Patent Document 1] Japanese Laid-open Patent Application
Publication No. 2005-201210

[Patent Document 2] Japanese Laid-open Patent Application
Publication No. Hei 8-326524

[Patent Document 3] Japanese Laid-open Patent Applicatiqn
Publication No. 2003-129835

[Patent Document 4] Japanese Laid-open Utility Model

Application Publication No. Sho 64-3017

Disclosure of Invention
[Problem to be Solved by the Invention]

The above-mentioned conventional control is
temperature control of the gas flowing into the PM filter
assuming an internal combustion engine that performs lean
burn operation, such as a diesel engine. 1In other words,
this conventional control does not assume an internal
combustion engine that exercises, as basic control,

air-fuel ratio control to provide a stoichiometric air-fuel
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ratio. That is to say, the conventional control does not
assume an internal combustion engine that performs
stoichiometric burn operation, such as a gasoline engine.

The present invention has been made to solve the
above-mentioned problem and it is an object of the invention
to provide a control apparatus for an internal combustion
engine, such as a stoichiometric engine equipped with a PM
filerleanexhaustpassagé,thatcansatisfactorilyprevent
occurrence of excessively elevated temperature of the PM
filter to fhereby facilitate continuous regeneration of
particulate matter PM trapped by the PM filter without an
adverse effect.

[Means for solving problems]

The above object is achieved by a control apparatus
for an internal combustion engine that is provided in an
exhaust passage with a particulate filter for trapping
particulate matter contained in exhaust gas, and that
performs stoichiometric burn operation under control for
providing a stoichiometric air-fuel ratio as basic control
for an air-fuel ratio. A filter OT judgment means is
provided for judging whether or not the particulate filter
will have an excessively elevated temperature. A control
means is also provided for exercising control so that
atmosphere of the particulate filter may become an
atmosphere leaner than a stoichiometric air-fuel ratio, if

it is judged that the particulate filter will have an
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excessively elevated temperature.

In a second aspect of the present invention, the
control means may control a burning rate of the particulate
matter trapped by the particulate filter based on a leénness
degreé of the atmosphere of the particulate filter.

The above object is achieved by a control apparatus
for an internal combustion engine that is provided in an
exhaust passage with a particulate filter for trapping
particulate matter contained in exhaust gas, and that
performs stoichiometric burn operation under control for
providing a stoichiometric air-fuel ratio as basic control
for an air-fuel ratio. A fuel cut control means is provided
for performing fuel cut during deceleration of the internal
combustion engine. A filter OT judgment means is also
provided for judging whether or not the particulate filter
will have an excessively elevated temperature due to
performance of the fuel cut. A fuel cut prohibition means
is further provided for prohibiting performance of fuel cut
during deceleration, if it is judged that the particulate
filter will have an excessively elevated temperature.

The fourth aspect of the present invention may
include an air-fuel ratio control means for controlling an
air-fuel ratio of exhaust gas discharged from the internal
combustion engine. If the filter OT judgment means judges
that the particulate filter will have an excessively

elevated temperature, the air-fuel ratio control means may
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exercise slight-lean control on the air-fuel ratio of the
exhaust gas so that an atmosphere of the particulate filter
may become an atmosphere slightlyileaner than the
stoichiometric air-fuel ratio, before the fuel cut
prohibition means prohibits fuel cut during déceleration.

In a fifth aspect of the present invention, after the
slight-lean control has been started, the air-fuel ratio
control means continuously may exercise the slight—lean.
control until the filter OT judgment means judges that the
particulate filter will not have an excessively elevated
temperature.

In a sixth aspect of the present invention, the filter
OT judgment means may include OT degree judgment means for
judging an assumed degree of excessively elevated
temperature of the particulate filter. An air-fuel ratio
control means may be further provided for exercising
slight-lean control on an air-fuel ratio of exhaust gas so
that an atmosphere of the particulate filter may become an
atmosphere slightly leaner than a stoichiometric air-fuel
ratio. A filter OT avoidance control selecting means may
be further provided for selecting prohibition of fuel cut
during deceleration by the fuel cut prohibition means if
the filter OT judgment means judges that the degree of
excessively elevated temperature of the particulate filter
is relatively high, and for selecting performance of the

slight-lean control by the air-fuel ratio control means if
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the filter OT judgment meaﬁs judges that the degree of
excessively elevated temperature of the particulate filter
is relatively low.

A seventh aspect of the present invention may further
include a catalyst disposed in the exhaust passage and being
capable of purifying the exhaust gas. An upstream side
air-fuel ratio sensor may be further disposed in the exhaust
passage upstream of the catalyst to obtain information on
an air-fuel ratio of the exhéust gas discharged from a
cylinder. A downstream side air-fuel ratio sensor may be
further disposed in the exhaust passage downstream of the
catalyst to obtain information on an air-fuel ratio of the
exhaust gas discharged downstream of the catalyst. The
particulate filter may be further disposed in the exhaust
passage upstream of the downstream side air-fuel ratio
sensor. The air-fuel ratio control means, when exercising
the slight-lean control, may control the atmosphere of the
particulate filter into the slight-lean atmosphere on the
basis of an output of the downstream side air-fuel ratio
sensor.

[Effects of the Invention]

According to the first aspect of the invention, if
it is judged that the excessively elevated temperature of
the particulate filter is a concern, the atmosphere of the
filter is controlled into the lean atmosphere. For the

internal combustion engine performing the stoichiometric
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burn operation, the atmosphere of the particulate filter
tends to have high temperature compared with a lean burn
.engine such as a diesel engine. For this reason, the
internal combustion engine performing the stoichiometric
burn operation brings the'atmosphere of the particulate
filter into the lean atmosphere, thereby burning and
reﬁoving the particulate matter PM accumulating on the
particulate filter. -According to the present inwzntion,
the system provided with the internal combustion engine
basically performing the stoichiometric burn operation can
maintain the amount of particulate matter PM accumulating
on the particulate filter at such a level as not to worry
about the excessively elevated temperature of the
particulate filter. This can satisfactorily prevent the
occurrence of the excessively elevatéd temperature of the
particulate filter (and thus melting of the filter). Thus,
it becomes possible to facilitate the continuous
regeneration of the particulate matter PM trapped by the
particulate filter without an adverse effect.

As the amount of oxygen fed to the particulate filter
trapping particulate matter PM is increased, the burning
rate of the particulate matter PM (the regeneration rate
of the particulate filter) is faster. Consequently, the
burning temperature of the particulate matter PM is elevated.
According to the second aspect of the invention, the burning

rate of the particulate matter PM is controlled based on

\\
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the leanness degree of the atmosphere of the particulate
filter. This can burn and remove the particulate matter PM
in a range where the burning temperature of the particulate
matter PM trapped does not reach abnormally high
temperature.

According to the third aspect of the invention, it
is possible to suppress a rapid increase in the amount of
oxygen fed to the particulate filter on which particulate
matter PM sufficiently accumulate and which has high
temperature. Because of this, the internal combustion
engine performing the stoichiometric burn operation can
prevent the particulate filter from having abnormally high
temperature resulting from the performance of the fuel cut.
Thus, the particulate filter can satisfactorily be
prevented from being melted.

According to the fourth aspect of the invention, if
it is judged that the excessively elevated temperature of
the particulate filter is a concern, the slight-lean control
is exercised prior to the prohibition of fuel cut. That is
to say, according to the present invention, in the early
stage where it is started to worry about the excessively
elevated temperature of the particulate filter, the |
slight-lean control rapidly burns and removes the
particulate matter PM. Thus, the present invention can
achieve a preferable balance between the prevention of

excessively elevated temperature of the particulate filter
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(and thus melting of the filter) and an improvement in fuel
consumption resulting from ensuring time for performing the
fuel cut. The occurrence of the excessively elevated
temperature of the particulate filter (and thus the melting
of the particulate filter) can satisfactorily be preveﬁted
as described above. Therefore, the system providedwith the
internal combustion engine basically performing the
stoichiometric burn operation can facilitate the continuous
regeneration of the particulate matter PM trapped by the
particulate filter without an adverse effect.

According to the fifth aspect of the invention, it
is possible to prevent the progress of accumulation of
particulate matter PM on the particulate filter to such a
level that there is concern that melting of the particulate.
filter occurs due to abnormally high temperature resulting
from the performance of fuel cut.

‘According to the sixth invention, any one of the
prohibition of fuel cut and the performance of the
slight-lean control is selected according to the assumed
degree of the excessively elevated temperature of the
particulate filter. Therefore, the present invention can
achieve a preferable balance between the prevention of
excessively elevated temperature of the particulate filter
(and thus melting of the filter) and an improvement in fuel
consumption resulting from ensuring time for performing the

fuel cut. The occurrence of the excessively elevated
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temperature of the particulate filter (and thus the melting
of the particulate filter) can satisfactorily be prevented
as described above. Therefore, the system providedwith the
internal combustion engine basically performing the
stoichiometricburnoperationeanfacilitatethecontinuous
regeneration of the particulate metter PM trapped by the
particulate filter without an adverse effect.
According to the seventh aspect of the invention, the
downstream side air—fuel ratio sensor disposed in the
exhaust passage downstream of the catalyst to obtain
information on the air-fuel ratio of the exhaust gas
discharged downstream of the catalyst is used to accurately
control the oxygen concentration of the exhaust gas passing
through the particulate filter. Thus, the slight-lean
control can accurately be exercised while the deterioration

in the NOx-purification capacity remains minimized.

Brief Description of Drawings

Fig. 1 is a schematic diagram for assistance in
explaining an internal combustion engine system according
to a first embodiment of the present invention.

Fig. 2 is a flowchart representing a routine that is

executed in the first embodiment of the present invention.

Best Mode for Carrying Out the Invention

First Embodiment
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[Description of System Configuration]

Fig. 1 is a schematic diagram for assistance in
explaining an internal combustion engine system accordihg
to a first embodiment of the present invention. The system
shown in Fig. 1 includes an internal combustion enginevlo.
This engine 10 is a stoichiometric burn engine which
exercises, as basic control, air-fuel ratio control to
provide a stoichiometric air-fuel ratio for combustion.
Here, the internal combustion engine 10 is a gasoline engine
that performs such stoichiometric burn operation, by way
of example.

The internal combustion engine 10 is provided with
an exhaust passage 12. A main linear ‘A/F sensor
(hereinafter simply abbreviated as “the A/F sensor”) 14 is
disposed in the‘exhaust passage 12 to detect an air-fuel
ratio of exhaust gas discharged from the inside of a cylinder.
The A/F sensor 14 is a sensor that issues an output generally
linear with respect to the air-fuel ratio of the exhaust
gas.

An upstream side three-way catalyst 16 capable of
purifying ternary components (NOx, HC, CO) contained in the
exhaust gas is disposed in the exhaust passage 12 downstream
of the A/F sensor 14. A particulate filter (hereinafter
referred to as “the PM filter”) 18 capable of trapping and
removing particulate matter PM contained in the exhaust gas

is disposed in the exhaust passage 12 downstream of the
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upstream side three-way catalyst 16.

A sub 02 sensor 20 is disposed in the exhaust passage
12 downstream of the PM filter 18 to make a signal in response
to whether an air-fuel ratio at that position is rich or
lean. Further, a downstream side three—way catalyst 22
capable of purifying the above-mentioned ternary components
contained in the exhaust gas is disposed in the exhaust
passage 12 downstream of the sub 02 sensor 20. Incidentally,
the air-fuel ratio sensor disposed upstream of the upstream
side three-way catalyst 16 may be an oxygen sensor having
the same configuration as the sub 02 sensor 20 instead of
the main linear A/F sensor 14 mentioned above.

The system shown in Fig. 1 includes an ECU (Electronic
Control Unit) 24. Various sensors (not shown) as well as
the A/F sensor 14 and sub 02 sensor 20 mentioned above are
connected to the ECU'24 to measufe various information
(engine cooling water temperature, an amount of intake air,
engine speed, a throttle angle, an accelerator angle, etc.)
for controlling the internal combustion engine 10. 1In
addition, various actuators not shown such as a throttle
valve, a fuel injection valve, an ignition plug, etc. are
connected to the ECU 24.

(Air-Fuel Ratio Feedback Control)

The internal combustion engine 10 of the present

embodiment is an internal combustion engine that performs

stoichiometric burn operation under, as basic control,
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air-fuel ratio control to provide a stoichiometric air-fuel
ratio as described above. More specifically, the present
embodiment exercises air-fuel ratio feedback control
described below using the outputs of the A/F sensor 14 and
of the sub 02 sensor 20 to control the air fuel ratio into
a value close to the stoichiometric air-fuel ratio. That
is to say, the system of the present embodiment exercises
the main feedback control based on the output of the upstream
side A/F sensor 14, and exercises the sub feedback control
based on the output of the downstream side sub 02 sensor
20. In the main feedback control, an amount of fuel
injection is controlled to allow the air fuel ratio of the
exhaust gas flowing into the upstream side three-way
catalyst 16 to agree with the control target air fuel ratio.
In the sub feedback control, the contents of‘the main
feedback control is corrected so that the air—fuel ratio
of the exhaust gas. flowing out downstream of the upstream
side three-way catalyst 16 may become a stoichiometric
air-fuel ratio.

(PM Trapping by the PM filter and Regeneration)

The PM filter 18 shown in Fig. 1 traps PM contained
in exhaust gas to suppress the PM discharged into the
atmosphere. In order to continuously trap PM, the system
equipped with such a PM fiiter.18 needs regeneration in which
the trapped PM is removed to regenerate the trapping

capability of the PM filter 18. Examples of such PM
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regeneration conceivably include processing in which the
PM filter 18 is put under a high-temperature and lean
atmosphere to burn and remove the trapped PM. More
specifically, the system provided with the stoichiometric
burn engine according to the embodiment performs, as such
steady regeneration of the PM filter 18, continuous
regeneration of the PM filter 18 by providing a configuration
of supplying oxygen from the outside to the PM filter 18.
[A characteri‘stic part of the first embodiment] |
(A problem specific to the stoichiometric burn engine
resulting from the regeneration of the PM filter)
Incidentally, like the internal combustion engine 10
of the present embodiment, the stoichiometric burn engine
which performs combustion in a state where an air-fuel ratio
is controlled into a stoichiometric air-fuel ra‘tio tends
to increase combustion temperature compared with a lean burn
engine which performs lean combustion operation such as a
diesel engine. Consequently, the stoichiometric burn
engine tends to increase the atmospheric temperature of the
PM filter 18 compared with the lean burn engine. On the
other hand, for the stoichiometric burn engine, the
atmosphere of the PM filter 18 is basically a stoichiometric
atmosphere. Therefore, it is difficult for the atmosphere
of the PM filter 18 to ensure é suf.ficient amount of oxygen,
compared with the lean burn engine.

The stoichiometric burn engine as described above may
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execute fuel cut upon receipt of a deceleration request
during the operation of the intefnal combustion engine 10.
In such a case, concentration . of oxygen in the atmosphere
of the PM filter 18 in the stoichiometric atmosphere rapidly
rises. On this occasion, if the PM filter 18 is in a
high-temperature state, a large amounf of oxygen is rapidly
supplied to the PM filter 18 to burn' the PM accumulating
on the PM filter 18 at a burst.

Dﬁring the PM burning, as an amount of oxygen inputted
to the PM which is fuel is increased, an oxidation reaction
rate (i.e., the burning rate of the PM) is increased. The
temperature-elevation degree of the PM filter 18 along with
the burning of the PM is more increased as the amount of
the PM accumulated on the PM filter 18 is larger or as the
reaction rate (the burning rate of the PM) is higher.

In the circumstances where the amount of PM
accumulating on the PM filter 18 is large and the temperature
of the PM filtér 18 is high, fuel cut may be executed upon
receipt of a deceleration request. In such a case, the PM
filter 18 is rapidly increasedj11temperature. As a result,
if the PM filter 18 is excessively increaéed in temperature
in excess of its upper limit, there is concern that the PM
filter 18 is melted.

(Outline of the characteristic control of the first.
embodiment)

To eliminate such a concern, the present embodiment
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exercises the following control. The amount of PM
accumulating on the PM filter 18 is relatively large and
the temperature of the PM filter is relatively high.
Because of this, a judgment may be made that the PM filter
18 is on the first étage where there is concern that the
PM filter 18 will have excessively elevated temperature.
In such a case, the air-fuel ratio of the exhaust gas is
subjected to slight-lean control so that the atmosphere of
the PM filter 18 may be slightly lean, i.e., leaner than
the stoichiometric air-fuel ratio. In addition, during the
slight-lean control, the burning rate of the accumulating
PM (i.e., the regeneration rate of the PM) is controlled
by adjusting the leanness degree of the atmosphere of the
PM filter 18 using the output of the sub 02 sensor 20 so
that the PM filter 18 may not have abnormally high
temperature in excess of filter uppér limit temperature due
to burning of the accumulating PM.

Further in the present embodiment, the amount of PM
accumulating on the PM filter 18 is sufficiently large and
the temperature of the PM filter 18 is sufficiently high.
Becausecﬁfthis,iffuelcnn:isperformedduringdeceleration,
a judgment may be made that the PM filter 18 is on the second
stage where the PM filter 18 will have abnormally high
temperature in excess of the filter upper limit temperature
mentioned above. 1In such a case, it is prohibited to perform

fuel cut during deceleration.
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(Specific processing in the first embodiment)

Fig. 2 is a flowchart representing a routine
performed by the ECU 24 to actualize the functions described
above.

In the routine shown in Fig. 2, it is first judged
whether or not the above-mentioned feedback control of the
air-fuel ratio (A/F) is being exercised for the
stoichiometric operation performed by the internal
combustion engine 10 (step 100).

If it is judged that the feedback control is being
exercised, it is judged whether or not the amount “spm” of
PM accumulating on the PM filter 18 is equal to or more than
a predetermined value “spml” (step 102). This
predeterminedvalue“spml”isathresholdvalueusedtojudge
whether or not the amount “spm” of PM accumulating on the
PM filter 18 is such an accumulating amount that there is
concern that the PM filter 18 will have abnormally high
temperature (OT (Over Temperature)) in excess of the filter
upper limit temperature if the fuel cut is performed during
deceleration.

In step 102 described above, the PM accumulating
amount“spm”isjudgedbasedontheoperationrecord(coolidg
water temperature, an air-fuel ratio, and an intake air
amount) of the internal combustion engine 10, the
temperature of the PM filter 18, and the oxygen concentration

record of the atmosphere of the PM filter 18. Incidentally,



10

15

20

25

WO 2009/038221 : PCT/JP2008/067364

18

the temperature of the PM filter 18 can be estimated based
on the operating conditions (engine speed, load factor or
the like) of the internal combustion engine 10. The oxygen
concentration record of the atmosphere of the PM filter 18
can be obtained based on the output of the sub 02 sensor
20 disposed downstream of the PM filter 18.

In step 102 described above, if it is judged that the
filter accumulating PM amount “spm” 1is greater than the
predetermined.value “spml”, it is judged whether or not the
temperature “tempflt” of the PM filter 18 is equal to or
more than the predetermined value “tempfltl” (step 104).
This predetermined value “tempfltl” is a threshold value
used to judge whether or not the temperature “tempflt” of
the PM filter 18 is such temperature as fo cause melting
of the PM filter 18 if the fuel cut is performed during
deceleration.

Judgment may be made that the filter temperature
“tempflt” is greater than the predetermined value
“tempfltl” in step 104. That»is to say, affirmative
judgment may be made in both steps 102 and 104. 1In such a
case, it may be judged that melting of the PM filter 18 is
a concern if fuel cut is performed in the current conditions
of the PM filter 18. In other words, the PM filter 18 may
be in the above-mentioned second stage. In this case, F/C
prohibition control is started to prohibit the performance

of the fuel cut (F/C) during deceleration (step 106).
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On the other hand, if negative judgment is made in
step 102 or 104, the F/C prohibition control is ended (step
108). In other words, performance of normal fuel cut
control is permitted. In this case, it is next judged
whether or not the amount “spm” of PM accumulating on the
PM filter 18 is equal to or more than a predetermined value
“sémZ” (step 110). This predetermined value “spm2” is a
threshold value used to judge whether or not satisfactory
regeneration can be continued while the PM filter 18 will
not have excessively elevated temperature. Incidentally,
the predetermined value “spm2” is set to a value smaller
than the p?edetermined value “spml”.

If it is judged that the filter accumulating PM amount
“spm” is greater than the predetermined value “spm2” in step
110, it is judged whether or not the temperature “tempflt”
of the PM filter 18 is equal to or greater than the
predetermined value “tempfltZ”.(step 112). The
predetermined value “tempflt2” is a threshold value used
to judge whether or not satisfactory regeneration can be
continued while the PM filter 18 will not have excessively
elevated temperature. Incidentally, the predetermined
value “tempfltZ” is set to a value smaller than the
predetermined value “tempfltl”.

Judgment may be méde that the filter temperature
“tempflt” is greater than the predetermined temperature

“tempflt2” in step 112. That is to say, affirmative
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judgment may be made in both steps 110 and 112. 1In such a
case, judgment can be made that the excessively elevated
temperature of the PM filter 18 is a concern if a quantity
of oxygen is carelessly fed to the PM filter 18 in the current
conditions of the PM filter 18. 1In other words, the PM

filter 18 is in the first stage. 1In this case, prior to the
performance of the F/C prohibition control, slight-lean

control is first exercised so that the atmosphere of the
PM filter 18 may provide an air-fuel ratio slightly leaner
than a stoichiometric air-fuel ratio.

The slight-lean control in step 114 controls the
burning rate of PM (the regeneration rate of the PM filter)
by controlling the leanness degree of the atmosphere of the
PM filter 18 by use of the output of the sub 02 sensor 20.
As described above, as the amount of oxygen fed to the PM
filter 18 is increased, the burning rate of PM is increased,
with the result that the burning temperaturevof PM is
increased. Consequently, in step 114, the leanness degree
of the atmosphere of the PM filter 18 is adjusted according
to the current-amount “spm” of PM accumulating on the PM
filter 18 and to the filter temperature “tempflt” in a range
where the PM filter 18‘does not have excessively elevated
temperature resulting from supply of oxygen to the PM filter
18 under the slight-lean control.

Alternatively, the leanness degree in the

slight—lean‘control described above may be adjusted by
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making lean the control target air-fuel ratio of the A/F
sensor 14 disposed upstream of the PM filter 18, or of the
sub 02 sensor 20 disposed downstream of the PM filter 18.
On the other hand, if negative judgment is made in
step 110 or 112, the slight-lean control mentioned above

is ended (step 116). 1In other words, the air-fuel ratio

~control is returned to the normal air-fuel ratio feedback

control to target the stoichiometric air-fuel ratio.
According to the routine shown in Fig. 2 and described
above, the performance of the fuel cut is prohibited during
deceleration if it is judged that the PM filter 18 is on
the second stage. In the second stage, the amount “spm” of
PM accumulating on the PM filter 18 is sufficiently large
in excess of the predetermined value “spml” and the
temperature “tempflt” of the PM filter 18 is sufficiently
high in excess of the predetermined value “tempfltl”.
Therefore, if the fuel cut is performed during deceleration,
the PM filter 18 has abnormally high temperature in excess
of the above-mentioned filter upper limit temperature.
With the contrpl described above, the prohibition of fuel
cut can suppress the rapid increase of oxygen fed to the
PM filter 18 on which PM sufficiently accumulates and which
has high temperature. Thus, it is possible to prevent the
PM filter 18 from having abnormally high temperature,
thereby preferably preventing the PM filter 18 from being

melted.
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In addition, according to the routine shown in Fig.
2 and described above, before the prohibition of fuel cut,
the slight-lean control is exercised to bring the atmosphere
of the PM filter 18 into the lean atmosphere in the following
case. In this case, the amount “spm” of PM accumulating on
the PM filter 18 is relatively large in excess of the
predetermined value “spm2” (< “spml”) and the temperature
“tempflt” of the PM filter 18 is relatively high in excess
of the predetermined value “tempflt2” (< “tempfltl”).
Therefore, it can be judged that the PM filter 18 is on the
first stage where the excessively elevated temperature of
the PM filter 18 is a concern. In other words, according
to the routine described above, any one of the fuel cut
prohibition control during deceleration and the slight-lean
control is selected according to the degree of excessively
elevated temperature assumed with respect to the PM filter
18. According to the routine described above, after started
once, the slight-lean control exercised to prevent the PM
filter 18 having excessively elevated temperature is
continuously exercised until it is judged in step 110 that
the PM filter 18 will not have excessively elevated
temperature.

With the slight-lean control described above, at the
time when PM accumulates to such a level that the excessively
elevated temperature of the PM filter 18 is a concern, the

control of the PM burning rate (the PM regeneration rate)
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is exercised by adjusting the oxygen supply amount (the
leanness degree) in accordance with the amount “spm” of PM
accumulating on the PM filter 18 and with the temperature
“tempflt” of the PM filter 18. This can burn and remove the
PM accumulating on the PM filter 18 in a range where the
PM burning temperature will not reach an abnormally high
level. That is to say, the filter accumulating PM amount
“spm” can be rapidly reduced to such an appropriate level
fhat the excessively elevated temperature of the PM filter
18 is not concerned. 1In this way, it is possible to prevent
thé progress of PM accumulation on the PM filter 18 to such
a level that melting of the PM filter 18 occurs due to
abnormally high temperature resulting from execution of
fuel cut.

With the slight-lean control described above, even
if the fuel cut is to be performed during deceleration, it
is possible to reduce the filter accumulating PM amount “spm”
can be reduced to an appropriate level so that the
temperature “tempflt” of the PM filter 18 will not exceed
the upper limit temperature thereof. This can avoid the
prohibition of fuel cut during deceleration as much as
possible. In other words, it is possible to achieve a
preferable balance between the prevention of excessively
elevated temperature of the PM filter 18 and an improvement
in fuel consumption resulting from ensuring time for

performing the fuel cut.
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In the present embodiment described above, at the
time when the first stage is reached where the excessively
elevated temperature of thé PM filter 18 is a concern, the
slight-lean control is exercised so that the atmosphere of
the PM filter 18 may become the lean atmosphere.
Consequently, the system érovided with the internal
combustion engine 10 basically performing the
stoichiometric operation can satisfactorily prevent the.
occurrence of the excessively elevated temperature of the
PM filter 18 (and thus, the melting of the PM filter 18)
by maintaining the filter accumulating PM amount “spm” at
an appropriate level free of the excessively elevated
temperature. It is thus possible to facilitate the
continuous regeneration‘of the PM trapped by the PM filter
18 without an adverse effect. |

According to the processing of the routine described
above, even in the case where the filter accumulating PM
amount “spm” exceeds the predetermined value “spml” where
the performance of fuel cut should be prohibited, if the
temperature “tempflt” of the PM filter 18 is between the
predetermined value “tempfltl” and the predetermined value
“tempflt2”, the accumulating PM can be burned and removed
by the slight-lean control based on the filter accumulating
PM amount “spm”.

In addition, the slight-lean control described above

is exercised, with the result that lean gas is fed to also
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the upstream side three-way catalyst 16. For this reason,
if the slight-lean control is continued for a long time,
a NOx-purification capacity is liable to deteriorate.
However, the slight-lean control of the present embodiment
brings the atmosphere of the PM filter 18 into the
slight-lean atmosphere by use of the output of the sub 02
sensor 20. With such control, the sensor provided for the
sub feedback control described above for the upstream side
three;way catalyst 16 is used to accurately control the
oxygen concentration of the exhaust gas passing the PM filter
18. Thus, the slight-lean control can accurately be
exercised while the deterioration in the NOx-purification
capacity remains minimized.

Incidentally, in the first embodiment, which has been
described above, the “filter OT judgment means” according
to the first or third aspect of the present invention is
implemented when the ECU 24 performs the processing of steps
102 and 104, or of steps 110 and 112. 1In addition, the
“control means” accordiﬁg to the first aspect of the present
invention is implemented when the ECU 24 performs the
processing of step 114.

Further, the “fuel cut control means” according to
the third aspect of the present invention is implemented
when the ECU 24 controls the performance of fuel cut based
on the predetermined establishment conditions during the

deceleration of the internal combustion engine 10. In
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addition, the “fuel cut prohibition means” according to the
third aspect of the present invention is implemented when
the ECU 24 performs the processing of step 106.

Further, the “air-fuel ratio control means”
according to the fourth or sixth aspect of the present
invention is implemented when the ECU 24 performs the
processing of steps 114 and 11l6.

Further, the “OT degree judgment means” according to
the sixfh aspect of the present invention is implemented
when the ECU 24 performs the processing of steps 102, 104,
110, and 112. 1In addition, the “filter OT avoidance control
selectionmeans” according to the sixth aspect of the present
invention is implemented when the ECU 24 performs a series
of processing shown in Fig. 2.

Further, the upstream side three-way catalyst 16, the
main linear A/F sensor 14, and the sub 02 sensor 20 correspond
to the “a catalyst”, the “an upstream side air-fuel ratio
sensor”, and the “a downstream side air-fuel ratio sensor”,

respectively.
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CLAIMS

1. A control apparatus for an internal combustion
engine that is provided in an exhaust passage with a
particulate filter for trapping particulate matter
contained in exhaust gas, and that performs stoichiometric
burn operation under control for providing a stoichiometric
air-fuel ratio as basic control for an air-fuel ratio, the
control .apparatus comprising:

filter-OT judgment means for judging whether or not
the particulate filter will have an excessively elevated
temperature; and

control means, if it is judged that the particulate
filter will have an excessively elevated temperaturg, for
exercising control so that atmosphere of the particulate
filter may become an atmosphere leaner than a stoichiometric

air-fuel ratio.

2. The control apparatus for the internal combustion
engine according to claim 1, wherein the control means
controls a burning rate of the particulate matter trapped
by the particulate filter based on a leanness degree of the

atmosphere of the particulate filter.

3. A control apparatus for an internal combustion

engine that is provided in an exhaust passage with a
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particulate filter for trapping particulate matter
contained in exhaust gas, and that performs stoichiometric
burn operation under control for providing a stoichiometric
air-fuel ratio as basic control for an air-fuel ratio, the
control apparatus comprising:

fuélcutcontréln@ansforperformingfuelcutduring
deceleration of the internal combustion engine;

filter OT judgment means for judging whether or not
the particulate filter will have an excessively elevated
temperature due to performance of the fuel cut; and

fuel cut prohibition means, if it is judged that the
particulate filter will have an excessively elevated
temperature, for prohibiting performance of fuel cut during

deceleration.

4. The control apparatus for the internal combustion
engine according to claim 3, further comprising:

air-fuel ratio control means for controlling an
air-fuel ratio of exhaust gas discharged from the internal
combustion engine;

wherein if the filter OT judgment means judges that
the particulate filter will have an excessively elevated
temperature, the air-fuel ratio control means exercises
slight-lean control on the air-fuel ratio of the exhaust
gas so that an atmosphere of the particulate filter may

become an atmosphere slightly leaner than the
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stoichiometric air-fuel ratio, before the fuel cut

prohibition means prohibits fuel cutAduring deceleration.

5. The control apparatus for the internal combustion
engine according to claim 4, wherein after the slight-lean
control has been started, the air-fuel ratio control means
continuously exercises the slight-lean control until the
filter OT judgment means judges that the particulate filter

will not have an excessively elevated temperature.

6. The control apparatus for the internal combustion
engine according to claim 3, wherein:

the filter OT judgment means includes OT degree
judgment means for judging an assumed degree of excessively
elevated temperature of the particulate filter; and

the control apparatus for the internal combustion
engine further includes:

air-fuel ratio control means for exercising
slight-lean control on an air-fuel ratio of exhaust gas so
that an atmosphere of the particulate filter may become an
atmosphere slightly leaner than a stoichiometric air-fuel
ratio; and

filter OT avoidance control selecting means for
selecting prohibition of fuel cut during deceleration by
the fuel cut prohibition means if the filter OT Jjudgment

means judges that the degree of excessively elevated
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temperature of the particulate filter is relatively high,
and for selecting performance of the slight-lean control

by the air-fuel ratio control means if the filter OT judgment

- means judges that the degree of excessively elevated

temperature of the particulate filter is relatively low.

7. The control apparatus for the internal combustion
engine according to any one of claims 4 to 6, further
comprising:

a catalyst disposed in the exhaust passage and being
capable of purifying the exhaust gas:

an upstream side air-fuel ratio sensor disposed in
the exhaust passage upstream of the catalyst to obtain
information on an air-fuel ratio of the exhaust gas
discharged from a cylinder; and

a downstream side air-fuel ratio sensor disposed in
the exhaust passage downstream of the catalyst to obtain
information on an air-fuel ratio of the exhaust gas
discharged downstream of the catalyst;

wherein the particulate filter is disposed in the
exhaust passage upstream of the downstream side air-fuel
ratio sensor; and

wherein the air-fuel ratio control means, when
exercising the slight-lean control, controls the atmosphere
of the particulate filter into the slight-lean atmosphere

on the basis of an output of the downstream side air-fuel
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ratio sensor.
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