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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Theinvention relates to a catalyst control apparatus for an internal combustion engine which performs a catalyst
control for an exhaust gas control catalyst, by performing an air-fuel ratio feedback control for exhaust gas flowing into
the exhaust gas control catalyst provided in an exhaust system of the internal combustion engine based on a value
detected by an air-fuel ratio sensor provided in the exhaust system of the internal combustion engine, and a method for
performing a catalyst control.

2. Description of the Related Art

[0002] Japanese Patent Laid-Open Publication No. 2000-274232 (JP-A-2000-274232) discloses an example of a
technology in which an air-fuel ratio of exhaust gas is made rich so that sulfur components are discharged from an
exhaust gas control catalyst when the exhaust gas control catalyst is poisoned with sulfur. In such a control for allowing
the catalyst to recover from sulfur poisoning (hereinafter, referred to as "sulfur poisoning recovery control), when an air-
fuel ratio of exhaust gas to be adjusted is deviated from a required air-fuel ratio, for example, the air-fuel ratio of exhaust
gas may not be made sufficiently rich, sulfur components may not be sufficiently discharged, and the exhaust gas control
catalyst may not be sufficiently recovered from sulfur poisoning. Also, when the air-fuel ratio of exhaust gas is made
excessively rich, there is a possibility that white smoke and hydrogen sulfide (H,S) are discharged due to a large amount
of hydrocarbon (hereinafter, referred to as "HC").

[0003] In order to prevent the air-fuel ratio of exhaust gas from being deviated from a target air-fuel ratio, an oxygen
concentration in the exhaust gas flowing into the exhaust gas control catalyst is detected using a sensor, and an air-fuel
ratio feedback control is performed so that the air-fuel ratio of the exhaust gas becomes equal to an appropriate target
air-fuel ratio based on the oxygen concentration in the aforementioned technology.

[0004] However, when an air-fuel ratio sensor for detecting the air-fuel ratio is provided in an exhaust system in order
to perform the aforementioned air-fuel ratio feedback control, and a value detected by the air-fuel ratio sensor is used,
the value detected by the air-fuel ratio sensor may be deviated from the actual air-fuel ratio of exhaust gas due to a
reason other than failure. For example, in the case where the air-fuel ratio sensor is provided downstream of the exhaust
gas control catalyst, the molecular weight and molecular structure of HC in the exhaust gas that has passed through
the exhaust gas control catalyst in which sulfur poisoning has progressed are different from those in the exhaust gas
that has passed through the exhaust gas control catalyst in which sulfur poisoning has not progressed. Therefore, a
diffusion rate of HC in the exhaust gas that has passed through the exhaust gas control catalyst in which sulfur poisoning
has progressed is not always the same as that in the exhaust gas that has passed through the exhaust gas control
catalyst in which sulfur poisoning has not progressed, even if the air-fuel ratio of the exhaust gas is the same. Since
detection of the air-fuel ratio sensor is generally related to the diffusion rate of material to be measured, the detected
value may become different due to the difference in the diffusion rate of HC even if the air-fuel ratio is the same.
[0005] Forexample, when sulfur poisoning has progressed in the exhaust gas control catalyst, the value of the detected
air-fuel ratio is high as compared to when sulfur poisoning has not progressed in the exhaust gas control catalyst, even
if the air-fuel ratio of the same exhaust gas is detected. Therefore, in the case where the feedback control is performed
for the air-fuel ratio of the exhaust gas flowing into the exhaust gas control catalyst using the air-fuel ratio sensor provided
downstream of the exhaust gas control catalyst, the air-fuel ratio of exhaust gas is controlled to an air-fuel ratio lower
than a required air-fuel ratio, since the value of the air-fuel ratio detected by the air-fuel ratio sensor is higher than the
actual air-fuel ratio. Accordingly, a fuel concentration in the exhaust gas may be excessively high, and white smoke and
hydrogen sulfide (H,S) may be discharged.

[0006] Meanwhile, when sulfur poisoning has not progressed, the value of the detected air-fuel ratio is low as compared
to when sulfur poisoning has progressed to some extent, even if the air-fuel ratio of the same exhaust gas is detected.
Therefore, the air-fuel ratio of exhaust gas is controlled to an air-fuel ratio higher than the required air-fuel ratio. Accord-
ingly, there is a possibility that the air-fuel ratio is not made sufficiently rich, and the exhaust gas control catalyst cannot
sufficiently recover from sulfur poisoning.

[0007] Such deviation of the detected value of the air-fuel ratio sensor varies depending on the HC concentration in
the exhaust gas. Even in the case where the air-fuel ratio sensor is provided upstream of the exhaust gas control catalyst,
there is a possibility that the air-fuel ratio feedback control is not appropriately performed due to the aforementioned
phenomenon.
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SUMMARY OF THE INVENTION

[0008] Itis an object of the invention to enable an air-fuel ratio feedback control to be appropriately performed even
if a value detected by an air-fuel ratio sensor provided in an exhaust system is deviated from an actual air-fuel ratio.
[0009] A first aspect of the invention relates to a catalyst control apparatus for an internal combustion engine, which
performs a catalyst control for an exhaust gas control catalyst, by performing an air-fuel ratio feedback control for exhaust
gas flowing into the exhaust gas control catalyst provided in an exhaust system of the internal combustion engine based
on a value detected by an air-fuel ratio sensor provided in the exhaust system of the internal combustion engine. The
catalyst control apparatus includes detection means for detecting a bed temperature of the exhaust gas control catalyst;
and reflection means for obtaining a degree of deviation between an actual air-fuel ratio estimated based on the bed
temperature of the exhaust gas control catalyst, that is detected if the exhaust gas control catalyst is in a reference state,
and a value detected by the air-fuel ratio sensor, based on the detected bed temperature (THC) of the exhaust gas
control catalyst.

[0010] Reaction heat in the exhaust gas control catalyst varies, and accordingly the bed temperature of the catalyst
varies depending on an amount of oxidation components such as HC in the exhaust gas. Influence of the diffusion rate
of HC on the bed temperature of the catalyst is smaller than influence of the diffusion rate of HC on the air-fuel ratio
sensor. Therefore, the deviation between the air-fuel ratio estimated based on the bed temperature of the catalyst
detected by the detection means, and the value detected by the air-fuel ratio sensor, or the deviation between the bed
temperature of the catalyst detected by the detection means and the bed temperature of the catalyst corresponding to
the value detected by the air-fuel ratio sensor reflects the deviation between the actual air-fuel ratio and the air-fuel ratio
detected by the air-fuel ratio sensor.

[0011] Accordingly, the reflection means can obtain the degree of the deviation between the actual air-fuel ratio and
the value detected by the air-fuel ratio sensor based on the detected bed temperature of the catalyst, and can reflect
the obtained degree of the deviation in the air-fuel ratio feedback control.

[0012] Thus, the air-fuel ratio feedback control can be appropriately performed even if the value detected by the air-
fuel ratio sensor provided in the exhaust system is deviated. The air-fuel ratio feedback control may be performed by
adjusting at least one of an amount of fuel supplied to the exhaust system from a supply valve, and an amount of fuel
injected into a combustion chamber during an expansion stroke or an exhaust stroke.

[0013] The air-fuel ratio feedback control for the exhaust gas flowing into the exhaust gas control catalyst may be
performed by adjusting at least one of the amount of fuel supplied to the exhaust system and the amount of fuel injected
into the combustion chamber in the aforementioned manner.

[0014] The reflection means may obtain, as the degree of the deviation, a temperature difference between a target
bed temperature of the catalyst that is set according to an operating state of the internal combustion engine and the
detected bed temperature of the catalyst, and may reflect the temperature difference in the catalyst control.

[0015] The bed temperature of the exhaust gas control catalyst is basically decided by the temperature of the exhaust
gas flowing thereto, and increases due to reaction heat caused by HC and the like. Accordingly, even if the air-fuel ratio
of the exhaust gas is adjusted in order to make the bed temperature of the catalyst equal to the target bed temperature
of the catalyst that is set according to the operating state of the internal combustion engine, when there is a difference
between the actual air-fuel ratio and the value detected by the air-fuel ratio sensor, the actual bed temperature of the
catalyst does not become equal to the target bed temperature of the catalyst. As a result, there is a difference between
the actual bed temperature of the catalyst and the target bed temperature of the catalyst according to the aforementioned
deviation. Accordingly, the reflection means obtains the temperature difference between the target bed temperature of
the catalyst and the actual bed temperature of the catalyst as the degree of the deviation, thereby reflecting the degree
of the deviation in the air-fuel ratio feedback control. Thus, the air-fuel ratio feedback control can be appropriately
performed even if the value detected by the air-fuel ratio sensor provided in the exhaust system is deviated.

[0016] The reflection means may correct a target air-fuel ratio in the air-fuel ratio feedback control based on the degree
of the deviation.

[0017] The degree of the deviation can be reflected by correcting the target air-fuel ratio. Even if there is a deviation
between the actual air-fuel ratio and the value detected by the air-fuel ratio sensor, since the target air-fuel ratio is
changed by correction, the deviation is cancelled by an amount by which the target air-fuel ratio is corrected, whereby
the actual air-fuel ratio can be made equal to the required air-fuel ratio. Thus, the air-fuel ratio feedback control can be
appropriately performed even if the value detected by the air-fuel ratio sensor provided in the exhaust system is deviated.
[0018] The reflection means may correct the target air-fuel ratio in the air-fuel ratio feedback control to a higher value
as an absolute value of the temperature difference becomes larger when the detected bed temperature of the catalyst
is higher than the target bed temperature of the catalyst, and may correct the target air-fuel ratio to a lower value as the
absolute value of the temperature difference becomes larger when the detected bed temperature of the catalyst is lower
than the target bed temperature of the catalyst.

[0019] When the actual bed temperature of the catalyst is higher than the target bed temperature of the catalyst, the



10

15

20

25

30

35

40

45

50

55

EP 1536 121 B1

amount of reaction heat in the exhaust gas control catalyst is excessively large although the target air-fuel ratio is set
so that the target temperature of the catalyst is achieved, and the air-fuel ratio feedback control is performed so that the
value detected by the air-fuel ratio sensor becomes equal to the target air-fuel ratio. This signifies that the actual air-fuel
ratio is lower than the target air-fuel ratio. Accordingly, the air-fuel ratio feedback control adjusts the air-fuel ratio to a
higher value by correcting the target air-fuel ratio to a higher value according to the absolute value of the difference
between the target bed temperature of the catalyst and the detected bed temperature of the catalyst. Accordingly, it is
possible to eliminate the situation in which the actual air-fuel ratio is lower than the target air-fuel ratio when the exhaust
gas control catalyst is in a reference state (hereinafter, referred to as "original target air-fuel ratio"). Thus, the actual air-
fuel ratio becomes close to the original target air-fuel ratio.

[0020] Meanwhile, when the actual bed temperature of the catalyst is lower than the target bed temperature of the
catalyst, the amount of reaction heat in the exhaust gas control catalyst is insufficient although the target air-fuel ratio
is set so that the target temperature of the catalyst is achieved, and the air-fuel ratio feedback control is performed so
that the value detected by the air-fuel ratio sensor becomes equal to the target air-fuel ratio. This signifies that the actual
air-fuel ratio is higher than the target air-fuel ratio. Accordingly, the air-fuel ratio feedback control adjusts the air-fuel
ratio to a lower value by correcting the target air-fuel ratio to a lower value according to the absolute value of the
temperature difference between the target bed temperature of the catalyst and the detected bed temperature of the
catalyst. Accordingly, it is possible to eliminate the situation in which the actual air-fuel ratio is higher than the original
target air-fuel ratio. Thus, the actual air-fuel ratio becomes close to the original target air-fuel ratio. Thus, the air-fuel
ratio feedback control can be appropriately performed even if the value detected by the air-fuel ratio sensor provided in
the exhaust system is deviated.

[0021] The catalyst control apparatus may further include learning means for maintaining an air-fuel ratio feedback
correction amount in the air-fuel ratio feedback control as a learning value when the detected bed temperature of the
catalyst is in a reference bed temperature range including the target bed temperature of the catalyst.

[0022] The learning means maintains the air-fuel ratio feedback correction amount as the learning value when the
detected bed temperature of the catalyst is in the reference bed temperature range including the target bed temperature
of the catalyst. Thus, learning is prevented from being performed while the actual air-fuel ratio is deviated from the
original target air-fuel ratio, and accordingly learning is performed while the actual air-fuel ratio is close to the original
target air-fuel ratio. Therefore, it is possible to obtain an appropriate learning value having a small error, and to perform
the air-fuel ratio feedback control with high accuracy.

[0023] The catalyst control apparatus may further include learning means for maintaining an air-fuel ratio feedback
correction amount in the air-fuel ratio feedback control as a learning value when the value detected by the air-fuel ratio
sensor is in a reference air-fuel ratio range including the corrected target air-fuel ratio.

[0024] The learning means maintains the air-fuel ratio feedback correction amount as the learning value when the
detected value of the air-fuel ratio sensor is in the reference air-fuel ratio range including the corrected target air-fuel
ratio. Thus, since learning is performed while the actual air-fuel ratio is close to the original target air-fuel ratio, it is
possible to obtain an appropriate learning value having a small error, and to perform the air-fuel ratio feedback control
with high accuracy, even if the value detected by the air-fuel ratio sensor is deviated.

[0025] Inthe catalyst control apparatus, the reflection means may correct the value detected by the air-fuel ratio sensor
based on the degree of the deviation.

[0026] The degree of the deviation can be reflected in the catalyst control by correcting the value detected by the air-
fuel ratio sensor. Since the value detected by the air-fuel ratio sensor is changed by correction, the deviation between
the actual air-fuel ratio and the value detected by the air-fuel ratio sensor can be reduced by correcting the value detected
by the air-fuel ratio sensor, even if there is a deviation between the actual air-fuel ratio and the value detected by the
air-fuel ratio sensor. Thus, the actual air-fuel ratio can be accurately detected. As a result, the air-fuel ratio feedback
control can be appropriately performed even if the value detected by the air-fuel ratio sensor provided in the exhaust
system is deviated.

[0027] The reflection means may correct the value detected by the air-fuel ratio sensor to a lower value as an absolute
value of the difference becomes larger when the detected bed temperature of the catalyst is higher than the target bed
temperature of the catalyst, and may correct the value detected by the air-fuel ratio sensor to a higher value as the
absolute value of the difference is larger when the detected bed temperature of the catalyst is lower than the target bed
temperature of the catalyst.

[0028] When the actual bed temperature of the catalyst is higher than the target bed temperature of the catalyst, the
amount of reaction heat in the exhaust gas control catalyst is excessively large although the target air-fuel ratio is set
so that the target temperature of the catalyst is achieved, and the air-fuel ratio feedback control is performed so that the
value detected by the air-fuel ratio sensor becomes equal to the target air-fuel ratio. This signifies that the actual air-fuel
ratio is lower than the target air-fuel ratio. Accordingly, the actual air-fuel ratio can be accurately obtained by correcting
the value detected by the air-fuel ratio sensor to a lower value according to the absolute value of the difference between
the target bed temperature of the catalyst and the detected bed temperature of the catalyst. Therefore, the air-fuel ratio
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feedback control can accurately adjust the actual air-fuel ratio. Thus, the actual bed temperature of the catalyst becomes
close to the target bed temperature of the catalyst.

[0029] When the actual bed temperature of the catalyst is lower than the target bed temperature of the catalyst, the
amount of reaction heat in the exhaust gas control catalyst is insufficient although the target air-fuel ratio is set so that
the target temperature of the catalyst is achieved, and the air-fuel ratio feedback control is performed so that the value
detected by the air-fuel ratio sensor becomes equal to the target air-fuel ratio. This signifies that the actual air-fuel ratio
is higher than the target air-fuel ratio. Accordingly, the actual air-fuel ratio can be accurately obtained by correcting the
value detected by the air-fuel ratio sensor to a higher value according to the absolute value of the difference between
the target bed temperature of the catalyst and the detected bed temperature of the catalyst. Therefore, the air-fuel ratio
feedback control can accurately adjust the actual air-fuel ratio. Thus, the actual bed temperature of the catalyst becomes
close to the target bed temperature of the catalyst. Thus, the air-fuel ratio feedback control can be appropriately performed
even if the value detected by the air-fuel ratio sensor provided in the exhaust system is deviated.

[0030] In the case where the value detected by the air-fuel ratio sensor is corrected as well, the catalyst control
apparatus may include learning means for maintaining an air-fuel ratio feedback correction amount in the air-fuel ratio
feedback control as a learning value when the detected bed temperature of the catalyst is in a reference bed temperature
range including the target bed temperature of the catalyst.

[0031] The learning means maintains the air-fuel ratio feedback correction amount as the learning value when the
detected bed temperature of the catalyst is in the reference bed temperature range including the target bed temperature
of the catalyst. Thus, since the value detected by the air-fuel ratio sensor is accurately corrected to the actual air-fuel
ratio, learning is prevented from being performed while the actual air-fuel ratio is deviated from the target air-fuel ratio,
and accordingly learning is performed while the actual air-fuel ratio is accurately close to the target air-fuel ratio. Therefore,
it is possible to obtain an appropriate learning value having a small error, and to perform the air-fuel ratio feedback
control with high accuracy.

[0032] The catalyst control apparatus may include learning means for maintaining an air-fuel ratio feedback correction
amount in the air-fuel ratio feedback control as a learning value when the corrected detected value is in a reference air-
fuel ratio range including the target air-fuel ratio in the air-fuel ratio feedback control.

[0033] The learning means maintains the air-fuel ratio feedback correction amount as the learning value when the
corrected detected value is in the reference air-fuel ratio range including the target air-fuel ratio. Thus, even if the value
detected by the air-fuel ratio sensor is deviated, since learning is performed while the actual air-fuel ratio is close to the
target air-fuel ratio, it is possible to obtain an appropriate learning value having a small error, and to perform the air-fuel
ratio feedback control with high accuracy.

[0034] The exhaust gas control catalyst may be a NOx storage reduction catalyst.

[0035] The internal combustion engine may be a diesel engine.

[0036] A second aspect of the invention relates to a method for performing a catalyst control for an exhaust gas control
catalyst by performing an air-fuel ratio feedback control for exhaust gas flowing into the exhaust gas control catalyst
provided in an exhaust system of the internal combustion engine based on a value detected by an air-fuel ratio sensor
provided in the exhaust system of the internal combustion engine. The method for performing a catalyst control includes
the steps of detecting a bed temperature of the exhaust gas control catalyst; and obtaining a degree of deviation between
an actual air-fuel ratio that is detected if the exhaust gas control catalyst is in a reference state and a value detected by
the air-fuel ratio sensor based on the detected bed temperature of the exhaust gas control catalyst, and reflecting the
obtained degree of the deviation in the catalyst control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The foregoing and further objects, features and advantages of the invention will become apparent from the
following description of preferred embodiments with reference to the accompanying drawings, wherein like numerals
are used to represent like elements and wherein:

FIG. 1 is a block diagram showing a schematic configuration of a control system that functions as a catalyst control
apparatus for a diesel engine for a vehicle according to a first embodiment of the invention;

FIG. 2 is a flow chart of a sulfur poisoning recovery control routine performed by an ECU in the first embodiment of
the invention;

FIG. 3is a flow chart of an air-fuel ratio feedback control calculation routine in the first embodiment of the invention;
FIG. 4 is a timing chart showing an example of a control according to the first embodiment of the invention;

FIG. 5 is a graph showing a configuration of a target air-fuel ratio correction amount map Mapaft:

FIG. 6 is a graph showing a configuration of a coefficient map Mapf;

FIG. 7 is a timing chart showing another example of the control according to the first embodiment of the invention;
FIG. 8 is a flow chart of an air-fuel ratio feedback control calculation routine according to a third embodiment of the
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invention;
FIG. 9 is a timing chart showing an example of a control according to a third embodiment of the invention; and
FIG. 10is a timing chart showing another example of the control according to the third embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First embodiment

[0038] FIG. 1is ablock diagram showing a schematic configuration of a diesel engine for a vehicle according to a first
embodiment of the invention, and a control system that functions as a catalyst control apparatus. The invention can be
applied in the case where a catalyst having a similar configuration is employed in a lean-burn engine or the like.
[0039] A diesel engine 2 includes plural cylinders. In this case, the diesel engine 2 includes four cylinders #1, #2, #3,
and #4. A combustion chamber 4 in each of the cylinders #1, #2, #3, and #4 is connected to a surge tank 12 via an
intake port 8 that is opened and closed by an intake valve 6, and an intake manifold. The surge tank 12 is connected to
an intercooler 14 and an outlet side of a compressor 16a of a supercharger (in this case, an exhaust gas turbocharger
16) via an intake passage 13. An inlet side of the compressor 16a is connected to an air cleaner 18. An exhaust gas
recirculation (hereinafter, referred to as "EGR") supply port 20a of an EGR passage 20 is opened to the surge tank 12.
A throttle valve 22 is provided in an intake passage 13 between the surge tank 12 and the intercooler 14. An intake air
amount sensor 24 and an intake air temperature sensor 26 are provided between the compressor 16a and the air cleaner
18.

[0040] The combustion chamber 4 of each of the cylinders #1, #2, #3, and #4 is connected an inlet side of an exhaust
turbine 16b of the exhaust turbocharger 16 via an exhaust port 30 that is opened and closed by an exhaust valve 28,
and an exhaust manifold 32. An outlet side of the exhaust turbine 16b is connected to an exhaust passage 34. Exhaust
gas is introduced to the exhaust turbine 16b from the fourth cylinder #4 side of the exhaust manifold 32.

[0041] Three catalyst converters, that are, a first catalyst converter 36, a second catalyst converter 38, a third catalyst
converter 40 are provided in the exhaust passage 34 in this order in a direction from an upstream side to a downstream
side. An exhaust gas control catalyst is housed in each of the catalyst converters. A NOx storage reduction catalyst 36a
is housed in the first catalyst converter 36. When the exhaust gas is in an oxidation atmosphere (that is, the air-fuel ratio
of the exhaust gas is lean) while the diesel engine 2 is normally operated, NOx is stored in the storage reduction catalyst
36a. When the exhaust gas is in a reduction atmosphere (that is, the air-fuel ratio of the exhaust gas is equal to a
stoichiometric air-fuel ratio, or lower than the stoichiometric air-fuel ratio), the NOx stored in the NOx storage reduction
catalyst 36a is discharged as NO, and NO is reduced by HC and CO. Thus, NOx is removed.

[0042] Afilter 38aincluding a wall portion which is formed to have a monolith structure is housed in the second catalyst
converter 38. Exhaust gas passes through micropores in the wall portion. A layer of the NOx storage reduction catalyst
is formed by coating on the surfaces of the micropores in the filter 38a which is a substrate. Thus, the filter 38a functions
as the exhaust gas control catalyst, and NOx is removed in the filter in the manner described above. Also, the wall portion
of the filter 38a captures particulate matter (hereinafter, referred to as "PM"). Therefore, PM starts to be oxidized due
to active oxygen that is generated when NOX is stored in the oxidation atmosphere at high temperatures. Further, the
entire PM is oxidized due to an excessive amount of oxygen therearound. Thus, PM is removed while NOx is removed.
The first catalyst converter 36 and the second catalyst converter 38 are formed so as to be integrated with each other.
[0043] An oxidation catalyst 40a is housed in the third catalyst converter 40. HC and CO are oxidized so as to be
removed in the third catalyst converter 40. A first exhaust gas temperature sensor 44 is provided between the NOx
storage reduction catalyst 36a and the filter 38a. A second exhaust gas temperature sensor 46 is provided near the filter
38a, and an air-fuel ratio sensor 48 is provided near the oxidation catalyst 40a between the filter 38a and the oxidation
catalyst 40a.

[0044] The air-fuel ratio sensor 48 is formed using solid electrolyte. The air-fuel ratio sensor 48 detects the air-fuel
ratio of the exhaust gas based on exhaust gas components, that is, HC components, and linearly outputs a voltage
signal which is proportional to the air-fuel ratio. The first exhaust gas temperature sensor 44 detects an exhaust gas
temperature Texin at the position thereof. The second exhaust gas temperature sensor 46 detects an exhaust gas
temperature Texout at the position thereof. The exhaust gas temperature Texout is the temperature of the exhaust gas
immediately after flowing out of the filter 38a. Thus, the exhaust gas temperature Texout corresponds to the bed tem-
perature of the filter 38a. Accordingly, the second exhaust gas temperature sensor 46 can be regarded as detection
means.

[0045] Each pipe of a pressure difference sensor 50 is provided on an upstream side and a downstream side of the
filter 38a. The differential pressure sensor 50 detects a pressure difference AP between the upstream side and the
downstream side of the filter 38a so as to detect the degree of clogging of the filter 38a, that is, the degree of accumulation
of PM.

[0046] AnEGR gas intake port 20b of the EGR passage 20 is opened to the exhaust manifold 32. The EGR gas intake



10

15

20

25

30

35

40

45

50

55

EP 1536 121 B1

port 20b is opened on the first cylinder #1 side which is opposed to the fourth cylinder #4 side from which the exhaust
gas is introduced to the exhaust turbine 16b.

[0047] Inthe EGR passage 20, an iron EGR catalyst 52 for reforming the EGR gas, and an EGR cooler 54 for cooling
the EGR gas are provided in this order from the EGR gas intake port 20b side. The EGR catalyst 52 has a function of
preventing the EGR cooler 54 from being clogged. Also, an EGR valve 56 is disposed on an EGR gas supply port 20a
side. The amount of the EGR gas supplied from the EGR gas supply port 20a to the intake system can be adjusted by
adjusting the opening amount of the EGR valve 56.

[0048] Each fuel injection valve 58 which directly injects fuel into each combustion chamber 4 is provided for each of
the cylinders #1 to #4. Each fuel injection valve 58 is connected to a common rail 60 via a fuel supply pipe 58a. The fuel
is supplied into the common rail 60 from an electrically controlled fuel pump 62 whose discharge amount is variable.
High-pressure fuel supplied into the common rail 60 from the fuel pump 62 is distributed to each fuel injection valve 58
via each fuel supply pipe 58a. A fuel pressure sensor 64 for detecting the pressure of fuel is fitted to the common rail 60.
[0049] Further, low-pressure fuel is separately supplied to the supply valve 68 from the fuel pump 62 via a fuel supply
pipe 66. The supply valve 68 is provided in the exhaust port 30 of the fourth cylinder #4. The supply valve 68 injects the
fuel toward the exhaust turbine 16b side, thereby supplying the fuel into the exhaust gas. A catalyst control mode that
will be described later is performed by supplying the fuel into exhaust gas.

[0050] An electronic control unit (hereinafter, referred to as "ECU") 70 mainly includes a digital computer and a driving
circuit. The digital computer includes a CPU, ROM, RAM, and the like. The driving circuit drives various devices. The
ECU 70 reads signals from the intake air amount sensor 24, the intake air temperature sensor 26, the first exhaust gas
temperature sensor 44, the second exhaust gas temperature sensor 46, the air-fuel ratio sensor 48, the pressure dif-
ference sensor 50, an EGR opening amount sensor in the EGR valve 56, the fuel pressure sensor 64, and the throttle
opening amount sensor 22a. Also, the ECU 70 reads signals from an accelerator opening amount sensor 74 for detecting
a depression amount of an accelerator pedal 72 (an accelerator opening amount ACCP), and a coolant temperature
sensor 76 for detecting a coolant temperature THW of the diesel engine 2. Further, the ECU 70 reads signals from an
engine rotational speed sensor 80 for detecting a rotational speed NE of a crank shaft 78, and a cylinder discrimination
sensor 82 for detecting a rotational phase of the crank shaft 78 or a rotational phase of an intake cam so as to perform
cylinder discrimination.

[0051] The ECU 70 controls a fuel injection amount and fuel injection timing using the fuel injection valve 58 based
on the engine operating state obtained from these signals. Further, the ECU 70 controls the opening amount of the EGR
valve 56, the throttle valve opening amount using a motor 22b, the discharge amount of the fuel pump 62, and opening
of the supply valve 68, thereby performing a PM removal control and a sulfur poisoning recovery control that will be
described later, and the like.

[0052] As a combustion mode control, the ECU 70 selects and performs a combustion mode from among two com-
bustion modes, that are, a normal combustion mode and a low temperature combustion mode, according to the operating
state. In the low temperature combustion mode, NOx and smoke are simultaneously reduced by making an exhaust gas
recirculation amount large according to an EGR valve opening amount map for the low temperature combustion mode
so as to decrease the degree of an increase in a combustion temperature. The low temperature combustion mode is
performed in a low load low-to medium rotational speed region, and the air-fuel ratio feedback control is performed by
adjusting a throttle opening amount TA based on an air-fuel ratio AF detected by the air-fuel ratio sensor 48. Another
combustion mode is the normal combustion mode in which a hormal EGR control is performed according to an EGR
valve opening amount map for the normal combustion mode. In the normal combustion mode, there is a possibility that
exhaust gas recirculation is not performed.

[0053] As the catalyst control mode of the catalyst control for the exhaust gas control catalyst, there are four modes,
that are, the PM removal control mode, the sulfur poisoning recovery control mode, a NOx reduction control mode, and
a normal control mode. In the PM removal control mode, PM accumulated particularly in the filter 38a in the second
catalyst converter 38 is burned by increasing the bed temperature of the filter 38a as described above so that PM is
changed to CO, and H,0, and then CO, and H,O are discharged. In this mode, the bed temperature of the filter 38a is
increased to a high temperature (for example, 600 to 700 °C) by repeatedly supplying the fuel from the supply valve 68
at the air-fuel ratio higher than the stoichiometric air-fuel ratio. Further, in this mode, the fuel may be injected into the
combustion chamber 4 from the fuel injection valve 58 during the expansion stroke or the exhaust stroke, that is, so-
called after-injection may be performed.

[0054] In the sulfur poisoning recovery control mode, sulfur components are discharged so that the NOx storage
reduction catalyst 36a and the filter 38a recovers from sulfur poisoning when the NOx storage reduction catalyst 36a
and the filter 38a are poisoned with sulfur and the NOx storage capacity is decreased. In this mode, a temperature
increase process and an air-fuel ratio decrease process are performed. In the temperature increase process, the bed
temperatures of the NOx storage reduction catalyst 36a and the filter 38a (hereinafter, referred to as "catalyst bed
temperature") are increased to a high temperature (for example, 650 °C) by repeatedly supplying the fuel from the supply
valve 68. In the air-fuel ratio decrease process, the air-fuel ratio is made equal to, or slightly lower than the stoichiometric
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air-fuel ratio by intermittently supplying the fuel from the supply valve 68 as described later. In the embodiment, the air-
fuel ratio is made slightly lower than the stoichiometric air-fuel ratio, that is, the air-fuel ratio is made rich. In this mode
as well, the after-injection may be performed by the fuel injection valve 58.

[0055] Inthe NOx reduction control mode, NOx stored in the NOx storage reduction catalyst 36a and the filter 38a is
reduced to N,, CO,, and H,0, and then N,, CO,, and H,O are discharged. In this mode, the catalyst bed temperature
is made relatively low (for example, 250 to 500 °C), and the air-fuel ratio is made equal to, or lower than the stoichiometric
air-fuel ratio by intermittently supplying the fuel from the supply valve 68 at relatively long time intervals.

[0056] A catalyst control mode other than these three modes is the normal control mode. In the normal control mode,
the fuel is not supplied from the supply valve 68, and the after-injection is not performed by the fuel injection valve 58.
[0057] Next, the sulfur poisoning recovery control routine, which is one of the catalyst control routines performed by
the ECU 70 according to the embodiment, will be described. FIG. 2 and FIG. 3 show a flowchart of the control routine.
The control routine is performed as an interrupt at given time intervals. When the control routine is started, first, it is
determined whether a sulfur poisoning recovery control condition is satisfied (S 102). The sulfur poisoning recovery
control condition is used for determining whether the sulfur poisoning recovery control should be started. For example,
the sulfur poisoning recovery control condition includes a condition that a sulfur poisoning amount has reached a sulfur
discharge control determination value, and the PM removal control mode is not performed. Further, the sulfur poisoning
recovery control condition includes a condition that the aforementioned temperature increase process required for re-
covery from sulfur poisoning has been completed, and both of the bed temperature of the NOx storage reduction catalyst
36a and the bed temperature of the filter 38a that are determined based on the exhaust gas temperatures Texin, Texout,
are in a temperature range excluding a low temperature state range and an overheat state range.

[0058] Ifthe sulfur poisoning recovery control condition is not satisfied (i.e., NO in step S102), the routine is terminated.
If the sulfur poisoning recovery control condition is satisfied (i.e., YES in step S102), it is determined whether the first
routine is being performed after the sulfur poisoning recovery control condition is satisfied (S104). If the first routine is
being performed (i.e., YES in step S104), a fuel supply amount A1 (mm3) is calculated according to an equation 1, and
then, a fuel supply time interval B (ms), a fuel supply time period C (sec), and a fuel supply pause time period D (sec)
are calculated (S106).

[Equation 1] Al «-Ab xG

[0059] The base supply amount Ab (mms3) is the amount of the fuel that needs to be supplied from the supply valve
68 in order to achieve the target air-fuel ratio required for recovery from sulfur poisoning, with respect to the air-fuel ratio
of the exhaust gas discharged from the discharge port 30 when the sulfur poisoning recovery control is performed. The
air-fuel ratio of the exhaust gas discharged from the exhaust port 30 is decided based on a relation between the amount
of the fuel injected from the fuel injection valve 58 (corresponding to the engine load) and an intake air amount GA
detected by the intake air amount sensor 24. Accordingly, the base supply amount Ab (mm3) is calculated based on the
amount of the fuel injected from the fuel injection valve 58 and the intake air amount GA according to a map. The map
is made in advance by obtaining the fuel supply amount for achieving the aforementioned target air-fuel ratio based on
the engine in a reference state through experiments. The map is stored in the memory in the ECU 70. A learning value
G is initially set to "1". The learning value G is renewed by learning a correction amount in the air-fuel ratio feedback
control as described later. The learning value G is stored and maintained in a non-volatile memory such as a backup
RAM and a flash memory.

[0060] The supply time interval B, the supply time period C, and the supply pause time period D are as shown in the
timing chart in FIG. 4. The timing chart in FIG. 4 shows a case where the fuel is supplied from the supply valve 68 four
times in succession during valve opening time periods al to a4 at the supply time intervals B during the supply time
period C, and then the fuel is supplied four times in succession again after the supply pause time period D elapses. The
values of the supply time interval B, the supply time period C, and the supply pause time period D are appropriately set
for the sulfur poisoning recovery control, based on the sulfur poisoning amount, the inflow exhaust gas temperature
(exhaust gas temperature Texin), the catalyst bed temperature (the exhaust temperature Texout is used as a substitute
value), and the like in the NOx storage reduction catalyst 36a and the filter 38a. The valve opening time period al of the
supply valve 68 during the supply time period C corresponds to an actual fuel supply amount Ar described below.
[0061] Next, a tentative learning value Gb that will be described later is set to the learning value G (S107). Then, the
actual fuel supply amount Ar is set to the fuel supply amount Al calculated according to the equation 1 (S108).

[0062] Next, it is determined whether a fuel supply determination condition is satisfied (S110). The fuel supply deter-
mination condition is satisfied when the supply time period C has not elapsed, and the bed temperature of the NOx
storage reduction catalyst 36a and the bed temperature of the filter 38a are not in the overheat state range. If the fuel
supply determination condition is satisfied (i.e., YES in step S 110), it is determined whether a start time of the fuel
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supply has been reached, that is, a start time of the valve opening time period al of the supply valve 68 has been reached
(S111).

[0063] If the first fuel supply in the sulfur poisoning recovery control has not been performed, the start time of the fuel
supply has been reached (i.e., YES in step S111), and therefore the fuel supply for the sulfur poisoning recovery control
is performed (during the valve opening time period al) (S112). Thus, the fuel of the actual fuel supply amount Ar set in
steps S106 and 108 is supplied as the first fuel supply in the sulfur poisoning recovery control. In the timing chart in FIG.
4, the fuel supply is started at time t0, and the fuel supply is performed by opening the supply valve 68 until time t1.
[0064] Subsequent to step S 112, an air-fuel ratio feedback control calculation routine shown in FIG. 3 is performed
(S 114). It is determined whether a finish time of the valve opening time period al of the supply valve 68 has been
reached (S115). In the case shown in FIG. 4, since the valve opening time period al has just started (i.e., NO in step
S115), the air-fuel ratio feedback control calculation routine (FIG. 3) is immediately finished.

[0065] In a next control cycle, if the sulfur poisoning recovery control condition continues to be satisfied (i.e., YES in
step S102), the second routine is being performed after the sulfur poisoning recovery control condition is satisfied (i.e.,
NO in step S104). Therefore, a determination is made in step S110. If the supply time period C has not elapsed, and
therefore the fuel supply determination condition is satisfied (i.e., YES in step S110), it is determined whether the start
time of the fuel supply has been reached (S111). Since the valve opening time period al of the supply valve 68 has not
elapsed (a period from tO to t1 has not elapsed in FIG. 4), and the fuel supply has already been started (i.e., NO in step
S111), the air-fuel ratio feedback control calculation routine is immediately started (S 114). However, since the valve
opening time period al has not elapsed (i.e., NO in step S 115 in FIG. 3), the air-fuel ratio feedback control calculation
routine (FIG. 3) is immediately finished.

[0066] After the routine is repeated, an affirmative determination is made in step S 115 in the air-fuel ratio feedback
control calculation routine (FIG. 3) when the finish time of the valve opening time period al has been reached (at t1 in
FIG. 4). Accordingly, it is determined whether an absolute value of a difference between a target air-fuel ratio AFt and
a detected air-fuel ratio AF that is a value detected by the air-fuel ratio sensor 48 is equal to or less than a value ds. The
value ds indicates a reference range whose center is zero (S 116). The target air-fuel ratio AFt is initially set as an air-
fuel ratio at which the NOx storage reduction catalyst 36a and the filter 38a can recover from sulfur poisoning. The target
air-fuel ratio AFt is renewed by a correction process (S 118 to S122) that will be described later.

[0067] If the detected air-fuel ratio AF is not sufficiently close to the target air-fuel ratio AFt, that is, the absolute value
of the difference therebetween is greater than the value ds (JAFt - AF|>ds) (i.e., NO in step S 116), the routine proceeds
to step S124. FIG. 4 shows the case where the detected air-fuel ratio AF is sufficiently close to the target air-fuel ratio
AFt at time t1. In this case, the absolute value of the difference therebetween is equal to or less than the value ds (|JAFt
- AF| < ds) (i.e., YES in step S116), a difference dTHC between a target catalyst bed temperature THCt and an actual
catalyst bed temperature THC in the NOXx storage reduction catalyst 36a and the filter 38a is calculated according to an
equation 2 described below (S 118).

[Equation 2] dTHC «THCt —- THC

[0068] Inthis equation 2, the target catalyst bed temperature THCt is a catalyst bed temperature required for recovery
from sulfur poisoning. For example, the target catalyst bed temperature THCt is set in advance in a range of 600 °C to
700 °C. Since the actual catalyst bed temperature THC is not directly measured in the embodiment, the exhaust gas
temperature Texout is used as a substitute value. The exhaust gas temperature Texout is output from the second exhaust
gas temperature sensor 46 for measuring the temperature of the exhaust gas immediately after discharged from the
filter 38a of the second catalyst converter 38.

[0069] Next, a target air-fuel ratio correction amount daft which is used for correcting the target air-fuel ratio AFt is
calculated based on the aforementioned difference dTHC (°C) according to a target air-fuel ratio correction amount map
Mapaft (S120). The target air-fuel ratio correction amount map Mapatft is as shown in FIG. 5. As shown in FIG. 5, when
the difference dTHC is larger than 0 (dTHC > 0), the target air-fuel ratio correction amount daft is set to a value which
is equal to or greater than -0.1 and less than 0, according to the difference dTHC. When the difference dTHC is smaller
than 0 (dTHC > 0), the target air-fuel ratio correction amount daft is set to a value which is greater than 0 and is equal
to or less than 0.1, according to the difference dTHC. When the difference dTHC = 0, the target air-fuel ratio correction
amount daft = 0.

[0070] Next, the target air-fuel ratio AFt is corrected using the target air-fuel ratio correction amount daft according to
an equation 3, and is renewed (S122).
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[Equation 3] AFt «~AFt + daft

[0071] The AFt on the right side indicates the target air-fuel ratio before renewal.

[0072] Accordingly, when the target catalyst bed temperature THCt is higher than the actual catalyst bed temperature
THC (THCt > THC), the target air-fuel ratio AFt is corrected to be decreased. When the target catalyst bed temperature
THCt is lower than the actual catalyst bed temperature THC (THCt < THC), the target air-fuel ratio AFt is corrected to
be increased.

[0073] Thus, in the case where the detected air-fuel ratio AF is sufficiently close to the target air-fuel ratio AFt at the
finish time of the valve opening time period al, the target air-fuel ratio AFt is renewed based on the difference dTHC
between the target catalyst bed temperature THCt and the actual catalyst bed temperature THC. In the case shown in
FIG. 4, since the target catalyst bed temperature THCt is higher than the actual catalyst bed temperature THC at time
t1, the target air-fuel ratio AFt is corrected to be decreased as shown by an arrow in the time chart for the air-fuel ratio
in FIG. 4.

[0074] Next, adifference E between the detected air-fuel ratio AF and the target air-fuel ratio AFt is calculated according
to an equation 4 described below (S124).

[Equation 4] E <—AF — AFt

[0075] The difference E is obtained using the target air-fuel ratio AFt which has been corrected to be decreased at
time t1 in FIG. 4 in step S122.

[0076] Next, a coefficient F corresponding to the air-fuel ratio feedback correction amount is calculated based on the
difference E according to a coefficient map Mapf shown in FIG. 6 (S126). As shown in FIG. 6, when the difference E is
larger than 0 (E > 0), the coefficient F is set to a value which is greater than 1 and is equal to or less than 1.2, according
to the difference E. When the difference is less than 0 (E < 0), the coefficient F is set to a value which is equal to or
greater than 0.8, and is less than 1, according to the difference E. When the difference E is 0 (E = 0), the coefficient F
is setto 1.

[0077] Next, the tentative learning value Gb is calculated according to an equation 5 described below (S 127).

[Equation 5] Gb «~Gb x F

[0078] In this equation 5, the tentative learning value Gb is set to the learning value G as an initial value, as described
above.

[0079] Next, a new actual fuel supply amount Ar is calculated based on a product of the base supply amount Ab and
the tentative learning value Gb, according to an equation 6 described below (S128). The base supply amount Ab is
obtained using the map in step S106 as described above.

[Equation 6] Ar «Ab xGb

[0080] Since the target air-fuel ratio AFt that has been corrected to be decreased at time t1 in FIG. 4 is used, the
coefficient F is set to a value greater than 1, the tentative learning value Gb is increased. Therefore, at time t1, the actual
fuel supply amount Ar is set to a value greater than a previous value in the period from tO to t1.

[0081] Thus, the air-fuel ratio feedback control calculation routine (S 114) is finished. A next control cycle is performed
during the supply time interval B (tl to t2 in FIG. 4) after the finish time of the valve opening time period al, (i.e., NO in
step S115). Therefore, the air-fuel ratio feedback control calculation routine (FIG. 3) is immediately finished, and the air-
fuel ratio feedback control calculation is not substantially performed.

[0082] Subsequently, the routine continues in the control cycle in a manner similar to that described above. Then, the
supply time interval B has elapsed, and the second start time of the valve opening time period of the supply valve 68
(time t2 in FIG. 4) has been reached (i.e., YES in step S111). Therefore, the fuel of the actual fuel supply amount Ar
that has been calculated in the most recent step S128 is supplied (S112). In the case shown in FIG. 4, since the actual
fuel supply amount Ar is set to the value greater than the previous value in the period from t0 to t1 a valve opening time
period a2 of the supply valve 68 (i.e., a time period from t2 to t3) is longer than the valve opening time period al, and
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thus a larger amount of the fuel is supplied to the exhaust gas.

[0083] In the air-fuel ratio feedback control calculation routine (S 114 in FIG. 3), since the finish time of the valve
opening time period a2 has not been reached (i.e., NO in step S 115), the air-fuel ratio feedback control calculation
routine is not substantially performed. When the finish time of the valve opening time period a2 has been reached (at
time t3 in FIG. 4), an affirmative determination is made in step S 115 in the air-fuel ratio feedback control calculation
routine (FIG. 3). Since the absolute value of the difference between the target air-fuel ratio AFt and the detected air-fuel
ratio AF is equal to or less than the value ds (|JAFt - AF| < ds) (i.e., YES in step S116), the target air-fuel ratio AFt and
the actual fuel supply amount Ar are renewed by the process in steps S118 to S128 as described above. However, at
thistime, since the difference dTHC is substantially equal to 0, the target air-fuel ratio correction amount daft is substantially
0. Further, since the difference E is substantially 0, there is almost no difference between the actual fuel supply amount
Ar and the previous actual fuel supply amount Ar in the time period from t2 to t3. Accordingly, there is almost no difference
between the second actual fuel supply amount Ar and the third fuel supply amount Ar (in a time period from t4 to t5, in
step S 112). Similarly, there is almost no difference between the second and third actual fuel supply amounts Ar and
the fourth actual fuel supply amount Ar (in a time period from t6 to t7, in step S 112).

[0084] After the process in steps S 118 to S 128 is performed at time t7, the supply time period C has elapsed.
Therefore, in a next control cycle, a negative determination is made in step S110. Thus, it is determined whether the
supply time period C has just elapsed (S 130). Since the supply time period C has just elapsed (i.e., YES in step S130),
it is determined whether the actual catalyst bed temperature THC is in a reference bed temperature range including a
target catalyst bed temperature THCt (S 132). The reference bed temperature range is set in order to determine whether
the catalyst bed temperature THC is sufficiently close to the target catalyst bed temperature THCt.

[0085] If the actual catalyst bed temperature THC is not in the reference bed temperature range including the target
catalyst bed temperature THCt (i.e., NO in step S132), the routine is terminated, afterwhich the aforementioned routine
is repeated. Meanwhile, if the catalyst bed temperature THC is in the reference bed temperature range including the
target catalyst bed temperature THCt (i.e., YES in step S132), the learning value G is set to the tentative learning value
Gb that has been calculated most recently, and is stored in the non-volatile memory, whereby the learning value G is
renewed (S134).

[0086] Then, the routine is terminated, after which a negative determination is made in step S130 during the supply
pause time period D. Then, the supply time period C (a time period from t8 to t9) is started again. When the start time
of the valve opening time period of the supply valve 68 has been reached, the aforementioned routine is repeated. The
fuel of the actual fuel supply amount Ar that is set at time t7 is supplied as the first fuel supply during the next supply
time period C (the time period from t8 to t9).

[0087] After the supply time period C and the supply pause time period D repeatedly elapse, the sulfur poisoning
recovery control is finished. Then, a negative determination is made in step S102, and the sulfur poisoning recovery
control routine (FIG. 2) is substantially finished. When the sulfur poisoning recovery control condition is satisfied again
(i.e., YES in step S102), the aforementioned series of processes are repeated. In the sulfur poisoning recovery control
at this time, the learning value G that has been learned in the previous sulfur poisoning recovery control is used at first
(S106). Then, the learning value G is renewed by calculating the tentative learning value Gb.

[0088] A timing chart in FIG. 7 shows a case where the difference dTHC is smaller than 0 (dTHC < 0). In this case,
the target air-fuel ratio AFt is corrected to be increased (S 118 to S122). Therefore, the fuel supply amount in a period
from t12 to t13, a period from t14 to t15, or a period from t16 to t17 is smaller than the fuel supply amount in a time
period from 110 to 111. In the aforementioned configuration, the process in steps S118 to S122 in the air-fuel ratio
feedback control calculation routine (FIG. 3) can be regarded as the reflection means. The process in step S132 and
step S134 in the sulfur poisoning recovery control routine (FIG. 2) can be regarded as the learning means.

[0089] According to the first embodiment that has been described, the following effects can be obtained.

(A) The amount of reaction heat in the NOx storage reduction catalyst 36a and the filter 38a is changed due to the
amount of oxidation components such as HC in the exhaust gas, and thus, the catalyst bed temperature THC is
changed. The influence of the diffusion rate of HC on the catalyst bed temperature THC is smaller than the influence
of the diffusion rate of HC on the detected air-fuel ratio AF detected by the air-fuel ratio sensor 48. Thus, the deviation
between the catalyst bed temperature THC detected by the second exhaust gas temperature sensor 46 (the exhaust
gas temperature Texout) and the catalyst bed temperature corresponding to the detected air-fuel ratio AF reflects
the deviation between the actual air-fuel ratio and the value detected by the air-fuel ratio sensor 48.

Accordingly, in the embodiment, the degree of the deviation between the actual air-fuel ratio and the value detected
by the air-fuel ratio sensor 48 is obtained as the difference dTHC between the target catalyst bed temperature THCt
and the exhaust gas temperature Texout detected by the second exhaust gas temperature sensor 46 when the air-
fuel ratio feedback control is performed using the air-fuel ratio sensor 48. That is, the degree of the deviation between
the actual air-fuel ratio and the value detected by the air-fuel ratio sensor 48 is obtained based on the catalyst bed
temperature (the exhaust gas temperature Texout) detected by the second exhaust gas temperature sensor 46
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when the air-fuel ratio feedback control is performed.

Actually, the difference dTHC is converted to the target air-fuel ratio correction amount daft according to the target
air-fuel ratio correction amount map Mapaft. Then, the target air-fuel ratio AFt is corrected using the target air-fuel
ratio correction amount daft, whereby the degree of the deviation of the actual air-fuel ratio and the value detected
by the air-fuel ratio sensor 48 is reflected in the air-fuel ratio feedback control. Thus, even if there is a deviation
between the actual air-fuel ratio and the detected air-fuel ratio AF, the deviation is cancelled using the target air-
fuel ratio correction amount daft, whereby the actual air-fuel ratio can be made equal to the required air-fuel ratio.
Thus, even if the value detected by the air-fuel ratio sensor 48 provided in the exhaust system is deviated, the air-
fuel ratio feedback control can be appropriately performed, and the catalyst control can be appropriately performed.
Accordingly, it is possible to prevent a situation in which the catalyst cannot sufficiently recover from sulfur poisoning
in the catalyst control, or a situation in which smoke and hydrogen sulfide (H,S) are discharged.

(B) When the catalyst bed temperature THC is close to the target catalyst bed temperature THCt, the tentative
learning value Gb corresponding to the air-fuel ratio feedback correction amount is maintained as the learning value
G. Thus, even if the value detected by the air-fuel ratio sensor 48 is deviated, learning is prevented from being
performed while the actual air-fuel ratio is deviated from the target air-fuel ratio when the exhaust gas control catalyst
is in the reference state (original target air-fuel ratio), and learning is performed while the actual air-fuel ratio is close
to the original target air-fuel ratio. Therefore, the learning value having a small error can be obtained. Thus, the air-
fuel ratio feedback control and the catalyst control can be performed with high accuracy.

[Second embodiment]

[0090] Inthe second embodiment, in step S132 in the sulfur poisoning recovery control routine (FIG. 2), itis determined
whether the detected air-fuel ratio AF is in the reference air-fuel ratio range including the target air-fuel ratio AFt. Except
for this, the second embodiment is the same as the first embodiment.

[0091] As shown in the timing charts in FIG. 4 and FIG. 7, the actual catalyst bed temperature THC becomes close
to the target catalyst bed temperature THCt, and the detected air-fuel ratio AF also becomes close to the target air-fuel
ratio AFt in the air-fuel ratio feedback control after the target air-fuel ratio AFt is corrected based on the deviation of the
value detected by the air-fuel ratio sensor 48.

[0092] Accordingly, when the detected air-fuel ratio AF is in the reference air-fuel ratio range including the target air-
fuel ratio AFt, the tentative learning value Gb corresponding to an appropriate air-fuel ratio feedback correction amount
can be maintained as the learning value G.

[0093] According to the second embodiment that has been described, the following effects can be obtained.

(A) It is possible to obtain the effect (A) that is obtained in the first embodiment. It is also substantially possible to
obtain the effect (B) that is obtained in the first embodiment, though the condition for renewing the learning value
G in the second embodiment is different from that in the first embodiment.

[Third embodiment]

[0094] In the third embodiment, the detected air-fuel ratio AF is corrected using the difference dTHC between the
target catalyst bed temperature THCt and the actual catalyst bed temperature THC. Accordingly, an air-fuel ratio feedback
control calculation routine shown in FIG. 8 is performed instead of the air-fuel ratio feedback control calculation routine
shownin FIG. 3. Other portions of the configuration of the third embodiment are the same as those in the firstembodiment.
Accordingly, the third embodiment will be described with reference also to FIG. 1 and FIG. 2.

[0095] In the air-fuel ratio feedback control calculation routine (FIG. 8), a determination is made in step S117, instead
of S116 in the routine shown in FIG 3. That is, it is determined that an absolute value of a difference between the target
air-fuel ratio AFt and a corrected detected air-fuel ratio AFs is equal to or less than a value ds (JAFt - AFs| < ds). The
corrected detected air-fuel ratio AFs is set in step S123 that will be described later. However, the corrected detected
air-fuel ratio AFs is initially set to the detected air-fuel ratio AF. Also, step S 122 in the routine shown in FIG. 3 is deleted.
Instead, step S123 is performed after step 120, and when a negative determination is made in step S117. Further, step
S125 is performed, instead of step S124 in the routine shown in FIG. 3. Except for this, the routine shown in FIG. 8 is
the same as the routine shown in FIG. 3. Accordingly, the same processes are denoted by the same step numbers.
[0096] In step S123, the corrected detected air-fuel ratio AFs is calculated by correcting the detected air-fuel ratio AF
according to an equation 7.

[Equation 7] AFs «AF — daft
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[0097] In the equation 7, the target air-fuel ratio correction amount daft is practically used as a detected air-fuel ratio
correction amount. Thus, when the detected air-fuel ratio AF is deviated form the actual air-fuel ratio, the target air-fuel
ratio correction amount daft is subtracted from the detected air-fuel ratio AF so that the corrected detected air-fuel ratio
AFs becomes close to the actual air-fuel ratio, and finally the corrected detected air-fuel ratio AFs is set to the value that
is equal to the actual air-fuel ratio. Then, in step S125, the difference E is calculated using the corrected detected air-
fuel ratio AFs instead of the detected air-fuel ratio AF, according to an equation 8 described below.

[Equaﬁon 8] E «AFs-AFt

[0098] Thus, as shown in the timing charts in FIG. 9 and FIG. 10, the corrected detected air-fuel ratio AFs becomes
close to the actual air-fuel ratio at time t21 or t31. In the timing charts in FIG. 9 and FIG. 10, the corrected detected air-
fuel ratio AFs becomes equal to the actual air-fuel ratio. Thus, the air-fuel ratio feedback control is performed based on
substantially the actual air-fuel ratio.

[0099] In the aforementioned configuration, the process in steps S 118 to S123 in the air-fuel ratio feedback control
calculation routine (FIG. 8) can be regarded as the reflection means, and the process in step 132 and step S134 in the
sulfur poisoning recovery control routine (FIG. 2) can be regarded as the learning means.

[0100] According to the third embodiment that has been described, the following effects can be obtained.

(A) The difference dTHC is converted to the target air-fuel ratio correction amount daft using the target air-fuel ratio
correction amount map Mapaft. The corrected detected air-fuel ratio AFs is obtained by correcting the detected air-
fuel ratio AF using the target air-fuel ratio correction amount daft. With this configuration, the degree of the deviation
of the value detected by the air-fuel ratio sensor 48 is reflected in the air-fuel ratio feedback control. Thus, even if
there is a deviation between the actual air-fuel ratio and the detected air-fuel ratio AF, the deviation can be reduced
by correction. As a result, the air-fuel ratio feedback control can be appropriately performed, and the catalyst control
can be appropriately performed. Accordingly, it is possible to prevent a situation in which the catalyst cannot suffi-
ciently recover from sulfur poisoning in the catalyst control, or a situation in which smoke and hydrogen sulfide (H,S)
are discharged.

(B) It is possible to obtain the effect (B) that can be obtained in the first embodiment. [Other embodiments]

(a) In the third embodiment, when the corrected detected air-fuel ratio AFs is in the reference air-fuel ratio range
including the target air-fuel ratio AFt, the tentative learning value Gb corresponding to the air-fuel ratio feedback
correction amount is maintained as the learning value G as in the second embodiment.

(b) In each of the embodiments, the air-fuel ratio of the exhaust gas is made rich for recovery from sulfur
poisoning by supplying the fuel from the supply valve 68. However, the air-fuel ratio of the exhaust may be
made rich by performing the after-injection that is the fuel injection into the combustion chamber from the fuel
injection valve 58 during the expansion stroke or the exhaust stroke, in order to perform the sulfur poisoning
recovery control.

Also, in each of the embodiments, the air-fuel ratio of the exhaust gas is adjusted by adjusting the length of the
valve opening time period of the supply valve 68. Instead, the air-fuel ratio of the exhaust gas may be adjusted
by adjusting the length of the supply time interval B in the air-fuel ratio feedback control. Further, the air-fuel
ratio of the exhaust gas may be adjusted by adjusting both of the valve opening time period and the supply time
interval B in the air-fuel ratio feedback control.

(c) In each of the embodiments, the air-fuel ratio feedback control is performed in the sulfur poisoning recovery
control mode. However, the invention can be applied to a case where the air-fuel ratio feedback control is
performed for the exhaust gas flowing in the NOXx storage reduction catalyst 36a and the filter 38a in the PM
removal mode, the NOx reduction control mode, and the like. Namely, a target air-fuel ratio or a detected air-
fuel ratio may be corrected based on a bed temperature of the NOx storage reduction catalyst 36a and/or a
bed temperature of the filter 38a in the PM removal mode and/or the NOx reduction control mode.

(d) In each of the embodiments, the air-fuel ratio sensor 48 is provided downstream of the filter 38a. However,
the air-fuel ratio sensor 48 may be provided between the NOXx storage reduction catalyst 36a and the filter 38a,
or upstream of the NOXx storage reduction catalyst 36a as long as the air-fuel ratio sensor 48 can detect the air-
fuel ratio adjusted by supplying the fuel from the supply valve 68. When the air-fuel ratio sensor 48 is provided
upstream of the NOXx storage reduction catalyst 36a, the air-fuel ratio feedback control can be appropriately
performed even if the value detected by the air-fuel ratio sensor 48 is deviated due to the concentration of HC
in the exhaust gas.

(e) In each of the embodiments, the exhaust gas temperature Texout detected by the second exhaust gas
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temperature sensor 46 is used as the substitute value representing the bed temperatures of the NOx storage
reduction catalyst 36a and the filter 38a. However, a temperature sensor may be provided in the NOx storage
reduction catalyst 36a and/or the filter 38a so as to directly detect the bed temperatures thereof. Also, the bed
temperatures of the NOx storage reduction catalyst 36a and the filter 38a may be estimated using the exhaust
gas temperature Texin detected by the first exhaust gas temperature sensor 44.

Claims

A catalyst control apparatus for an internal combustion engine, which performs a catalyst control for an exhaust gas
control catalyst, by performing an air-fuel ratio feedback control for exhaust gas flowing into the exhaust gas control
catalyst provided in an exhaust system of the internal combustion engine based on a value detected by an air-fuel
ratio sensor provided in the exhaust system of the internal combustion engine, characterized by comprising:

detection means (46) for detecting a bed temperature of the exhaust gas control catalyst; and

reflection means (70) for obtaining a degree of deviation between an actual air-fuel ratio that is detected if the
exhaust gas control catalyst is in a reference state, and a value (AF) detected by the air-fuel ratio sensor (48),
based on the detected bed temperature (THC) of the exhaust gas control catalyst, and reflecting the obtained
degree of the deviation in the catalyst control.

The catalyst control apparatus according to claim 1, wherein the air-fuel ratio feedback control is performed by
adjusting at least one of an amount of fuel supplied to the exhaust system from a supply valve, and an amount of
fuel injected into a combustion chamber during an expansion stroke or an exhaust stroke.

The catalyst control apparatus according to claim 1 or 2, wherein the reflection means (70) obtains, as the degree
of the deviation, a temperature difference between a target bed temperature (THCt) of the catalyst that is set
according to an operating state of the internal combustion engine and the detected bed temperature (THC) of the
catalyst, and reflects the temperature difference in the catalyst control.

The catalyst control apparatus according to any one of claims 1 to 3, wherein the reflection means (70) corrects a
target air-fuel ratio (AFt) in the air-fuel ratio feedback control based on the degree of the deviation.

The catalyst control apparatus according to claim 3, wherein the reflection means (70) corrects the target air-fuel
ratio (AFt) in the air-fuel ratio feedback control to a higher value as an absolute value of the temperature difference
becomes larger when the detected bed temperature (THC) of the catalyst is higher than the target bed temperature
(THCt) of the catalyst, and corrects the target air-fuel ratio (AFt) to a lower value as the absolute value of the
temperature difference becomes larger when the detected bed temperature (THC) of the catalyst is lower than the
target bed temperature (THCt) of the catalyst.

The catalyst control apparatus according to claim 4 or 5, further comprising:

learning means for maintaining an air-fuel ratio feedback correction amount (Gb) in the air-fuel ratio feedback
control as a learning value when the detected bed temperature (THC) of the catalyst is in a reference bed
temperature range including the target bed temperature (THCt) of the catalyst.

The catalyst control apparatus according to claim 4 or 5, further comprising:

learning means for maintaining an air-fuel ratio feedback correction amount (Gb) in the air-fuel ratio feedback
control as a learning value when the value (AF) detected by the air-fuel ratio sensor (48) is in a reference air-
fuel ratio range including the corrected target air-fuel ratio (AFt).

The catalyst control apparatus according to claim 6 or 7, wherein the air-fuel ratio feedback correction amount (Gb)
is obtained based on a difference (E) between the value (AF) detected by the air-fuel ratio sensor (48) and the
corrected target air-fuel ratio (AFt).

The catalyst control apparatus according to any one of claims 1 to 3, wherein the reflection means (70) corrects the

value (AF) detected by the air-fuel ratio sensor (48) based on the obtained degree of the deviation, and uses the
corrected detected value (AFs) for the catalyst control.
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The catalyst control apparatus according to claim 3, wherein the reflection means (70) corrects the value (AF)
detected by the air-fuel ratio sensor (48) to a lower value as an absolute value of the temperature difference becomes
larger when the detected bed temperature (THC) of the catalyst is higher than the target bed temperature (THCt)
of the catalyst, and corrects the value (AF) detected by the air-fuel ratio sensor (48) to a higher value as the absolute
value of the temperature difference is larger when the detected bed temperature (THC) of the catalyst is lower than
the target bed temperature (THCt) of the catalyst.

The catalyst control apparatus according to claim 9 or 10, further comprising:

learning means for maintaining an air-fuel ratio feedback correction amount (Gb) in the air-fuel ratio feedback
control as a learning value when the detected bed temperature (THC) of the catalyst is in a reference bed
temperature range including the target bed temperature (THCt) of the catalyst.

The catalyst control apparatus according to claim 9 or 10, further comprising:

learning means for maintaining an air-fuel ratio feedback correction amount (Gb) in the air-fuel ratio feedback
control as a learning value when the corrected detected value (AFs) is in a reference air-fuel ratio range including
the target air-fuel ratio (AFt) in the air-fuel ratio feedback control.

The catalyst control apparatus according to claim 11 or 12, wherein the air-fuel feedback control correction amount
(Gb) is obtained based on a difference (E) between the corrected detected value (AFs) and the target air-fuel ratio
(AFt).

The catalyst control apparatus according to any one of claims 1 to 13, wherein the reference state is a state where
the exhaust gas control catalyst is not poisoned with sulfur.

The catalyst control apparatus according to any one of claims 1 to 14, wherein the exhaust gas control catalyst is
a NOx storage reduction catalyst (36, 38).

The catalyst control apparatus according to any one of claims 1 to 15, wherein the internal combustion engine is a
diesel engine (2).

A method for performing a catalyst control for an exhaust gas control catalyst by performing an air-fuel ratio feedback
control for exhaust gas flowing into the exhaust gas control catalyst provided in an exhaust system of the internal
combustion engine based on a value detected by an air-fuel ratio sensor provided in the exhaust system of the
internal combustion engine, characterized by comprising the steps of:

detecting a bed temperature of the exhaust gas control catalyst; and

obtaining a degree of deviation between an actual air-fuel ratio that is detected if the exhaust gas control catalyst
is in a reference state and a value (AF) detected by the air-fuel ratio sensor (48) based on the detected bed
temperature (THC) of the exhaust gas control catalyst, and reflecting the obtained degree of the deviation in
the catalyst control.

Patentanspriiche

Katalysator-Regelvorrichtung fir eine Verbrennungsmaschine, welche eine Katalysatorregelung fiir einen Abgas-
regelungskatalysator durchfiihrt, indem sie eine Luft/Kraftstoffverhaltnis-Rickkopplungssteuerung fur Abgas, das
in den in einer Abgasanlage der Verbrennungsmaschine vorgesehenen Abgasregelungskatalysator strémt, auf der
Grundlage eines Wertes durchfuhrt, der von einem in der Abgasanlage der Verbrennungsmaschine vorgesehenen
Luft/Kraftstoffverhaltnissensor erfasst wird, dadurch gekennzeichnet, dass sie aufweist:

eine Erfassungseinrichtung (46) zum Erfassen einer Betttemperatur des Abgasregelungskatalysators; und
eine Reflektiereinrichtung (70) zum Ermitteln des Grades einer Abweichung zwischen einem tatsachlichen Luft/
Kraftstoffverhaltnis, das erfasst wird, wenn sich der Abgasregelungskatalysator in einem Referenzzustand be-
findet, und einem von dem Luft/Kraftstoffverhaltnissensor (48) erfassten Wert (AF) auf der Grundlage der er-
fassten Betttemperatur (THC) des Abgasregelungskatalysators, sowie zum Reflektieren des ermittelten Grades
der Abweichung in der Katalysatorregelung.
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Katalysator-Regelvorrichtung nach Anspruch 1, wobei die Luft/Kraftstoffverhéltnis-Riickkopplungssteuerung durch-
gefuhrt wird durch Einstellen einer Kraftstoffmenge, die der Abgasanlage von einem Zufuhrventil zugefuhrt wird,
und/oder einer Kraftstoffmenge, die wahrend eines Expansionstaktes oder eines Auspufftaktes in einen Verbren-
nungsraum eingespritzt wird.

Katalysator-Regelvorrichtung nach Anspruch 1 oder 2, wobei die Reflektiereinrichtung (70) als den Grad der Ab-
weichung eine Temperaturdifferenz zwischen einer gemaf einem Betriebszustand der Verbrennungsmaschine
eingestellten Soll-Betttemperatur (THCt) des Katalysators und der erfassten Betttemperatur (THC) des Katalysators
ermittelt und die Temperaturdifferenz in der Katalysatorregelung reflektiert.

Katalysator-Regelvorrichtung nach einem der Anspriiche 1 bis 3, wobei die Reflektiereinrichtung (70) ein Luft/
Kraftstoff-Sollverhdltnis (AFt) bei der Luft/Kraftstoffverhaltnis-Ruckkopplungssteuerung auf der Grundlage des Gra-
des der Abweichung korrigiert.

Katalysator-Regelvorrichtung nach Anspruch 3, wobei die Reflektiereinrichtung (70) das Luft/Kraftstoff-Sollverhaltnis
(AFt) bei der Luft/Kraftstoffverhaltnis-Riickkopplungssteuerung mit einem zunehmenden Absolutwert der Tempe-
raturdifferenz auf einen hoheren Wert korrigiert, wenn die erfasste Betttemperatur (THC) des Katalysators héher
als die Soll-Betttemperatur (THCt) des Katalysators ist, und das Luft/Kraftstoff-Sollverhéltnis (AFt) mit einem zu-
nehmenden Absolutwert der Temperaturdifferenz auf einen niedrigeren Wert korrigiert, wenn die erfasste Betttem-
peratur (THC) des Katalysators niedriger als die Soll-Betttemperatur (THCt) des Katalysators ist.

Katalysator-Regelvorrichtung nach Anspruch 4 oder 5, welche ferner aufweist:

eine Lerneinrichtung zum Beibehalten eines Luft/Kraftstoffverhaltnis-Rickkopplungskorrekturbetrages (Gb) bei
der Luft/Kraftstoffverhaltnis-Riickkopplungssteuerung als einen Lernwert, wenn die erfasste Betttemperatur
(THC) des Katalysators in einem Betttemperatur-Referenzbereich liegt, der die Soll-Betttemperatur (THCt) des
Katalysators enthélt.

Katalysator-Regelvorrichtung nach Anspruch 4 oder 5, welche ferner aufweist:

eine Lerneinrichtung zum Beibehalten eines Luft/Kraftstoffverhaltnis-Rickkopplungskorrekturbetrages (Gb) bei
der Luft/Kraftstoffverhaltnis-Riickkopplungssteuerung als einen Lernwert, wenn der von dem Luft/Kraftstoffver-
héltnissensor (48) erfasste Wert (AF) in einem Luft/Kraftstoffverhaltnis-Referenzbereich liegt, der das korrigierte
Luft/Kraftstoff-Sollverhaltnis (AFt) enthalt.

Katalysator-Regelvorrichtung nach Anspruch 6 oder 7, wobei der Luft/Kraftstoffverhaltnis-Ruckkopplungskorrektur-
betrag (Gb) auf der Grundlage einer Differenz (E) zwischen dem von dem Luft/Kraftstoffverhéltnissensor (48) er-
fassten Wert (AF) und dem korrigierten Luft/Kraftstoff-Sollverhaltnis (AFt) ermittelt wird.

Katalysator-Regelvorrichtung nach einem der Anspriiche 1 bis 3, wobei die Reflektiereinrichtung (70) den von dem
Luft/Kraftstoffverhaltnissensor (48) erfassten Wert (AF) auf der Grundlage des ermittelten Grades der Abweichung
korrigiert und den korrigierten Erfassungswert (AFs) fir die Katalysatorregelung verwendet.

Katalysator-Regelvorrichtung nach Anspruch 3, wobei die Reflektiereinrichtung (70) den von dem Luft/Kraftstoff-
verhaltnissensor (48) erfassten Wert (AF) mit einem zunehmenden Absolutwert der Temperaturdifferenz auf einen
niedrigeren Wert korrigiert, wenn die erfasste Betttemperatur (THC) des Katalysators hdher als die Soll-Betttempe-
ratur (THCt) des Katalysators ist, und den von dem Luft/Kraftstoffverhdltnissensor (48) erfassten Wert (AF) mit
einem zunehmenden Absolutwert der Temperaturdifferenz auf einen héheren Wert korrigiert, wenn die erfasste
Betttemperatur (THC) des Katalysators niedriger als die Soll-Betttemperatur (THCt) des Katalysators ist.

Katalysator-Regelvorrichtung nach Anspruch 9 oder 10, welche ferner aufweist:
eine Lerneinrichtung zum Beibehalten eines Luft/Kraftstoffverhaltnis-Riickkopplungskorrekturbetrages (Gb) bei
der Luft/Kraftstoffverhaltnis-Ruckkopplungssteuerung als einen Lernwert, wenn die erfasste Betttemperatur
(THC) des Katalysators in einem Betttemperatur-Referenzbereich liegt, der die Soll-Betttemperatur (THCt) des

Katalysators enthalt.

Katalysator-Regelvorrichtung nach Anspruch 9 oder 10, welche ferner aufweist:
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eine Lerneinrichtung zum Beibehalten eines Luft/K.raftstoffverhaltnis-Rickkopplungskorrekturbetrags (Gb) bei
der Luft/Kraftstoffverhaltnis-Rickkopplungssteuerung als einen Lernwert, wenn der korrigierte Erfassungswert
(AFs) bei der Luft/Kraftstoffverhaltnis-Rickkopplungssteuerung in einem Luft/Kraftstoffverhdltnis-Referenzbe-
reich liegt, der das Luft/Kraftstoff Sollverhaltnis (AFt) enthalt.

Katalysator-Regelvorrichtung nach Anspruch 11 oder 12, wobei der Luft/Kraftstoffverhaltnis-Rickkopplungssteue-
rungskorrekturbetrag (Gb) auf der Grundlage einer Differenz (E) zwischen dem korrigierten Erfassungswert (AFs)
und dem Luft/Kraftstoff-Sollverhéltnis (AFt) ermittelt wird.

Katalysator-Regelvorrichtung nach einem der Anspriche 1 bis 13, wobei der Referenzzustand ein Zustand ist, in
dem der Abgasregelungskatalysator nicht mit Schwefel vergiftet ist.

Katalysator-Regelvorrichtung nach einem der Anspriiche 1 bis 14, wobei der Abgasregelungskatalysator ein NOx-
Speicherkatalysator (36, 38) ist.

Katalysator-Regelvorrichtung nach einem der Anspriche 1 bis 15, wobei die Verbrennungsmaschine ein Dieselmotor
(2) ist.

Verfahren zum Durchfiihren einer Katalysatorregelung fur einen Abgasregelungskatalysator mittels Durchfiihrung
einer Luft/Kraftstoffverhaltnis-Riickkopplungssteuerung fur Abgas, das in den in einer Abgasanlage der Verbren-
nungsmaschine vorgesehenen Abgasregelungskatalysator strémt, auf der Grundlage eines Wertes, der von einem
inder Abgasanlage der Verbrennungsmaschine vorgesehenen Luft/Kraftstoffverhaltnissensor erfasst wird, dadurch
gekennzeichnet, dass es die folgenden Schritte umfasst:

Erfassen einer Betttemperatur des Abgasregelungskatalysators; und

Ermitteln des Grades einer Abweichung zwischen einem tatsachlichen Luft/Kraftstoffverhaltnis, das erfasst
wird, wenn sich der Abgasregelungskatalysator in einem Referenzzustand befindet, und einem von dem Luft/
Kraftstoffverhaltnissensor (48) erfassten Wert (AF) auf der Grundlage der erfassten Betttemperatur (THC) des
Abgasregelungskatalysators, sowie Reflektieren des ermittelten Grades der Abweichung in der Katalysatorre-
gelung.

Revendications

Appareil de commande de catalyseur pour un moteur a combustion interne, qui réalise une commande catalytique
pour un catalyseur de commande des gaz d’échappement, en réalisant une commande de rétroaction de rapport
air-carburant pour les gaz d’échappement entrant dans le catalyseur de commande des gaz d’échappement prévu
dans un systéme d’échappement du moteur a combustion interne sur la base d’une valeur détectée par un capteur
de rapport air-carburant prévu dans le systéme d’'échappement du moteur & combustion interne, caractérisé en
ce qu’ il comprend :

un moyen de détection (46) destiné a détecter une température de lit du catalyseur de commande des gaz
d’échappement ; et

un moyen de réflexion (70) destiné a obtenir un degré de déviation entre un rapport air-carburant réel qui est
détecté si le catalyseur de commande des gaz d’échappement se trouve dans un état de référence, et une
valeur (AF) détectée par le capteur de rapport air-carburant (48), sur la base de la température de lit détectée
(THC) du catalyseur de commande des gaz d’échappement, et a refléter le degré obtenu de la déviation dans
la commande catalytique.

Appareil de commande de catalyseur selon la revendication 1, dans lequel la commande de rétroaction de rapport
air-carburant estréalisée en ajustant au moins I'une parmi une quantité de carburant délivré vers le systéeme d’'échap-
pement depuis une soupape d’alimentation, et une quantité de carburant injecté dans une chambre de combustion
pendant une course de combustion ou une course d’échappement.

Appareil de commande de catalyseur selon la revendication 1 ou 2, dans lequel le moyen de réflexion (70) obtient,
en tant que degré de déviation, une différence de température entre une température de lit cible (THCt) du catalyseur
qui est établie conformément a un état de fonctionnement du moteur a combustion interne et la température de lit
détectée (THC) du catalyseur, et refléte la différence de température dans la commande catalytique.
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Appareil de commande de catalyseur selon I'une quelconque des revendications 1 a 3, dans lequel le moyen de
réflexion (70) corrige un rapport air-carburant cible (AFt) dans la commande de rétroaction de rapport air-carburant
sur la base du degré de déviation.

Appareil de commande de catalyseur selon la revendication 3, dans lequel le moyen de réflexion (70) corrige le
rapport air-carburant cible (AFt) dans la commande de rétroaction de rapport air-carburant a une valeur supérieure
a mesure que la valeur absolue de la différence température devient plus importante lorsque la température de lit
détectée (THC) du catalyseur est supérieure a la température de lit cible (THCt) du catalyseur, et corrige le rapport
air-carburant cible (AFt) a une valeur inférieure & mesure que la valeur absolue de la différence température devient
plus importante lorsque la température de lit détectée (THC) du catalyseur est inférieure a la température de lit cible
(THCt) du catalyseur.

Appareil de commande de catalyseur selon la revendication 4 ou 5, comprenant de plus :

un moyen d’apprentissage destiné & maintenir une quantité de correction de rétroaction de rapport air-carburant
(Gb) dans la commande de rétroaction de rapport air-carburant en tant que valeur d’apprentissage lorsque la
température de lit détectée (THC) du catalyseur se trouve dans une plage de températures de lit de référence
comprenant la température de lit cible (THCt) du catalyseur.

Appareil de commande de catalyseur selon la revendication 4 ou 5, comprenant de plus :

un moyen d'apprentissage destiné a maintenir une quantité de correction de rétroaction de rapport air-carburant
(Gb) dans la commande de rétroaction de rapport air-carburant en tant que valeur d’apprentissage lorsque la
valeur (AF) détectée par le capteur de rapport air-carburant (48) se trouve dans une plage de rapports air-
carburant de référence comprenant le rapport air-carburant cible corrigé (AFt).

Appareil de commande de catalyseur selon larevendication 6 ou 7, dans lequel la quantité de correction de rétroaction
de rapport air-carburant (Gb) est obtenue sur la base d’une différence (E) entre la valeur (AF) détectée par le capteur
de rapport air-carburant (48) et le rapport air-carburant cible corrigé (AFt).

Appareil de commande de catalyseur selon l'une quelconque des revendications 1 a 3, dans lequel le moyen de
réflexion (70) corrige la valeur (AF) détectée par le capteur de rapport air-carburant (48) sur la base du degré de
déviation obtenu, et utilise la valeur détectée corrigée (AFs) pour la commande catalytique.

Appareil de commande de catalyseur selon la revendication 3, dans lequel le moyen de réflexion (70) corrige la
valeur (AF) détectée par le capteur de rapport air-carburant (48) a une valeur inférieure a mesure qu’une valeur
absolue de la différence de température devient plus importante lorsque la température de lit détectée (THC) du
catalyseur est supérieure a la température de lit cible (THCt) du catalyseur, et corrige la valeur (AF) détectée par
le capteur de rapport air-carburant (48) a une valeur plus importante a mesure que la valeur absolue de la différence
de température est plus importante lorsque la température de lit détectée (THC) du catalyseur est inférieure a la
température de lit cible (THCt) du catalyseur.

Appareil de commande de catalyseur selon la revendication 9 ou 10, comprenant de plus :

un moyen d'apprentissage destiné a maintenir une quantité de correction de rétroaction de rapport air-carburant
(Gb) dans la commande de rétroaction de rapport air-carburant en tant que valeur d’apprentissage lorsque que
la température de lit détectée (THC) du catalyseur se trouve dans une plage de températures de lit de référence
comprenant la température de lit cible (THCt) du catalyseur.

Appareil de commande de catalyseur selon la revendication 9 ou 10, comprenant de plus :
un moyen d'apprentissage destiné a maintenir une quantité de correction de rétroaction de rapport air-carburant
(Gb) dans la commande de rétroaction de rapport air-carburant en tant que valeur d’apprentissage lorsque la
valeur détectée corrigée (AFs) se trouve dans une plage de rapports air-carburant de référence comprenant le

rapport air-carburant cible (AFt) dans la commande de rétroaction de rapport air-carburant.

Appareil de commande de catalyseur selon la revendication 11 ou 12, dans lequel la quantité de correction de
commande dé rétroaction de rapport air-carburant (Gb) est obtenue sur la base d’'une différence (E) entre la valeur
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détectée corrigée (AFs) et le rapport air-carburant cible (AFt).

Appareil de commande de catalyseur selon I'une quelconque des revendications 1 a 13, dans lequel I'état de
référence est un état dans lequel le catalyseur de commande des gaz d’échappement n’est pas empoisonné par
le soufre.

Appareil de commande de catalyseur selon I'une quelconque des revendications 1 a 14, dans lequel le catalyseur
de commande des gaz d’échappement est un catalyseur de stockage et de réduction de NOx (36, 38).

Appareil de commande de catalyseur selon I'une quelconque des revendications 1 a 15, dans lequel le moteur a
combustion interne est un moteur diesel (2).

Procédé destiné a réaliser une commande catalytique pour un catalyseur de commande des gaz d’échappement
en réalisant une commande de rétroaction de rapport air-carburant pour les gaz d’échappement entrant dans le
catalyseur de commande des gaz d’échappement prévu dans un systéme d’échappement du moteur & combustion
interne sur la base d’'une valeur détectée par un capteur de rapport air-carburant prévu dans le systéme d’échap-
pement du moteur & combustion interne, caractérisé en ce qu’ il comprend les étapes consistant a :

détecter une température de lit du catalyseur de commande des gaz d'échappement ; et

obtenir un degré de déviation entre un rapport air-carburant réel qui est détecté si le catalyseur de commande
des gaz d’échappement se trouve dans un état de référence et une valeur (AF) détectée par le capteur de
rapport air-carburant (48) sur la base de la température de lit détectée (THC) du catalyseur de commande des
gaz d’échappement, et refléter le degré de déviation obtenu dans la commande catalytique.
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