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Description

Technical Field

[0001] The present invention relates to a device for di-
agnosing deterioration of a catalyst disposed in an ex-
haust pipe of an internal combustion engine.

Background Art

[0002] An internal combustion engine for an automo-
bile includes a catalyst as means for purifying an exhaust
gas. Especially in an internal combustion engine (for ex-
ample, a gasoline engine) which performs a stoichiomet-
ric operation, a catalyst having an oxygen occlusion func-
tion, for example, a three-way catalyst is used. As the
method for diagnosing a deterioration state of a catalyst
having such an oxygen occlusion function, a so-called
Cmax method is known. A Cmax method is a method
which measures the oxygen occlusion capacity (Cmax)
of a catalyst and diagnoses the deterioration of the cat-
alyst from the measurement result.
[0003] In a Cmax method, an active air-fuel ratio con-
trol is performed, which oscillates a target air-fuel ratio
with stoichiometry as a center, and thereby, forcefully
changes an air-fuel ratio of the exhaust gas flowing into
a catalyst between a lean side and a rich side. Figure 4
shows a change with time of an actual air-fuel ratio (actual
A/F) upstream of the catalyst and a change with time of
an output value of a sub O2 sensor disposed downstream
of the catalyst in combination when the target air-fuel
ratio is changed between 14.1 and 15.1 by active air-fuel
ratio control. In the Cmax method, integration of the ox-
ygen occlusion amount or oxygen desorption amount of
the catalyst calculated by the following expression is per-
formed, until the output value of the sub O2 sensor down-
stream of the catalyst changes to exceed a threshold
value (0.5 V), after the air-fuel ratio upstream of the cat-
alyst changes with implementation of active air-fuel ratio
control.
[0004] Oxygen occlusion amount or desorption
amount = coefficient 3 (present air-fuel ratio - stoichiom-
etry) 3 fuel amount injection amount
[0005] The result of calculating the oxygen occlusion
amount and the oxygen desorption amount a plurality of
times respectively by the aforementioned method and
taking the average of them is set as a Cmax. Figure 4
shows a change with time of the oxygen occlusion
amount with respect to the Cmax with the time base
thereof matched with the other graphs.
[0006] Incidentally, as the structure of the exhaust sys-
tem of an internal combustion engine, there is known the
structure in which a plurality of cylinders are grouped into
two cylinder groups, an exhaust system is provided for
each of the cylinder groups, and the two exhaust systems
are collected into one exhaust collecting pipe, as shown
in, for example, Japanese Patent Laid-Open No.
2006-112251. Further, in the structure of such an exhaust

system, there is known the structure in which a catalyst
is disposed in the exhaust collecting pipe so that the ex-
haust gas exhausted from each of the cylinders is col-
lectively treated with the catalyst of the exhaust collecting
pipe. Further, in such a structure of the exhaust systems,
there is known the structure in which an EGR device is
provided in one of the exhaust systems, and the EGR
gas taken out of the exhaust system is recirculated into
the intake system of each of the cylinders.
[0007] What becomes a problem here is the case of
the EGR device provided with a catalyst. Hereinafter, the
catalyst disposed in the exhaust collecting pipe will be
called a main catalyst, and the catalyst provided in the
EGR device will be called an EGR catalyst, in the struc-
ture of the exhaust systems described above. The main
catalyst is in charge of purifying the exhaust gas which
is exhausted from each of the cylinders, and the main
catalyst is also the target of deterioration diagnosis by
the Cmax method. As the environment in which the de-
terioration diagnosis of the main catalyst is performed,
both the situation in which the EGR device is stopped
and the situation in which the EGR device is operating
are conceivable, but the presence of the EGR catalyst
has an influence on the diagnosis result, in more detail,
the calculation result of the Cmax in the situation where
the EGR device is stopped.
[0008] When the EGR device is stopped, more specif-
ically, when the EGR valve is totally closed, the EGR gas
is not recirculated into the intake system from the exhaust
system. However, even if the EGR valve is totally closed,
inflow and outflow of the exhaust gas occur between the
exhaust system and the EGR pipe with the variation of
the exhaust pressure, and thereby, inflow and outflow of
the exhaust gas to and from the EGR catalyst occur. Fig-
ure 5 shows the result of investigating how the turbine
inflow gas amount (total exhaust gas amount) and the
EGR catalyst gas amount (gas amount flowing to and
from the EGR catalyst) when the EGR valve is totally
closed change in accordance with the crank angle. The
drawing shows that the inflow and outflow of the exhaust
gas to and from the EGR catalyst is the phenomena which
constantly occur when the EGR valve is totally closed.
[0009] Accordingly, the flow of the exhaust gas when
the EGR valve is totally closed, which is shown by the
block diagram, is as in Figure 6. α in the drawing repre-
sents a ratio of gas breathing into the EGR pipe, that is,
the ratio of the exhaust gas which flows in and from the
exhaust system and the EGR pipe. Of all the exhaust
gases, the gas which directly flows into the main catalyst
(S/C catalyst in the drawing) is an exhaust gas of 1-α,
and the exhaust gas of α temporarily enters the EGR
catalyst from the exhaust system, and thereafter, flows
out to the exhaust system again to flow into the main
catalyst. The exhaust gas which enters the EGR catalyst
is purified close to stoichiometry in accordance with the
oxygen occlusion amount of the EGR catalyst. Therefore,
the purified exhaust gas of α and the unpurified exhaust
gas of 1-α are mixed and flow into the main catalyst.
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[0010] Meanwhile, Figure 7 shows the flow of the ex-
haust gas when the EGR device is operating and the
EGR is performed. In this case, when the EGR rate is
set as β, the exhaust gas of 1-β out of all the exhaust
gases flows into the main catalyst. The remaining ex-
haust gas of β flows into the EGR catalyst, and is recir-
culated into the intake system after passing through the
EGR catalyst. Accordingly, in this case, the exhaust gas
which is purified by the EGR catalyst is not mixed into
the exhaust gas which flows into the main catalyst.
[0011] Of the two cases shown in Figures 6 and 7, a
problem occurs in diagnosis of deterioration of the main
catalyst in the case shown in Figure 6. In the case shown
in Figure 7, the air-fuel ratio of the exhaust gas which
flows into the main catalyst is not influenced by the EGR
catalyst, and therefore, the air-fuel ratio of the exhaust
gas which flows into the main catalyst can be controlled
as intended by the active air-fuel ratio control. However,
in the case shown in Figure 6, the EGR catalyst functions
as a lowpass filter when the target air-fuel ratio is oscil-
lated at a high frequency by the active air-fuel ratio con-
trol. Therefore, it is difficult to control the air-fuel ratio of
the exhaust gas which flows into the main catalyst as
intended.
[0012] Figure 8 shows the change of the target air-fuel
ratio (target A/F), the change with time of the actual air-
fuel ratio (actual A/F) upstream of the main catalyst, and
the change with time of the output value of the sub O2
sensor disposed downstream of the main catalyst when
the active air-fuel ratio control is performed in the case
shown in Figure 6, together with the change with time of
the virtual actual A/F when the EGR catalyst is assumed
to be absent. Further, Figure 8 shows the change with
time of the oxygen occlusion amount with respect to
Cmax for the main catalyst and the EGR catalyst with
the time axis matched with the other graphs. From this
drawing, it can be read that the value of the actual A/F
upstream of the main catalyst changes in accordance
with the oxygen occlusion amount of the EGR catalyst.
Further, the EGR catalyst is generally enhanced in oxi-
dization reaction for its function, and therefore, a lean
gas is purified faster as compared with a rich gas. There-
fore, the time constants at the time of reversal of rich and
lean of the air-fuel ratio of the exhaust gas which flows
into the catalyst differ, and the time variation easily occurs
in the desorption and occlusion of oxygen. Accordingly,
it is found out that in the case shown in Figure 6, the
variations of the respective integration values of the ox-
ygen occlusion amount and the oxygen desorption
amount are large, and ensuring the estimation accuracy
of the Cmax is difficult.
[0013] Further, when the air-fuel ratio of the exhaust
gas which flows into the EGR catalyst changes in oscil-
lation, the oxidization reaction on the catalyst is promot-
ed. EGR is generally taken out from the place where the
exhaust gas temperature is high (for example, upstream
of the turbine), and therefore, depending on the degree
of the oxidization reaction, the temperature of the EGR

catalyst is likely to exceed the upper limit temperature.
Therefore, the amplitude and the frequency in the active
air-fuel ratio control are limited from the viewpoint of the
upper limit temperature of the EGR catalyst, and due to
the limitation, the deterioration diagnosis sometimes can-
not be reliably performed.

Summary of Invention

[0014] The present invention is made to solve the prob-
lems as described above, and has an object to obtain an
oxygen occlusion capacity of a catalyst disposed in an
exhaust collecting pipe with high precision, and to be able
to diagnose deterioration of the catalyst based on the
result, in an internal combustion engine including an EGR
device with an EGR catalyst in some of exhaust systems.
[0015] For this purpose, the present invention provides
a catalyst deterioration diagnostic device for an internal
combustion engine as follows.
[0016] An internal combustion engine to which a cat-
alyst deterioration diagnostic device of the present inven-
tion is applied is a multiple-cylinder internal combustion
engine including a plurality of cylinders. In the internal
combustion engine, a plurality of cylinders are grouped
into at least two cylinder groups, and an exhaust system
is provided at each of the cylinder groups. The exhaust
systems of the respective cylinder groups are collected
into one exhaust collecting pipe. A main catalyst having
an oxygen occlusion function is disposed in the aforesaid
exhaust collecting pipe, and air-fuel ratio sensors are at-
tached respectively at an upstream side and a down-
stream side of the main catalyst. Further, the internal
combustion engine includes an EGR device with an EGR
catalyst in some of the exhaust systems.
[0017] The catalyst deterioration diagnostic device of
the present invention implements active air-fuel ratio con-
trol which forcefully changes an air-fuel ratio of an ex-
haust gas which flows into the main catalyst between a
lean side and a rich side with stoichiometry as a center.
The catalyst deterioration diagnostic device measures
an oxygen occlusion capacity of the main catalyst by us-
ing signals outputted from the air-fuel ratio sensor and
oxygen sensor at a time of implementation of the active
air-fuel ratio control, and diagnoses deterioration of the
main catalyst from a measurement result of the oxygen
occlusion capacity.
[0018] One feature of the catalyst deterioration diag-
nostic device of the present invention is a concrete op-
eration in the active air-fuel ratio control. In the active air-
fuel ratio control according to the catalyst deterioration
diagnostic device of the present invention, when the EGR
device is stopped, a target air-fuel ratio of the cylinder
group with the EGR device not provided in the exhaust
system is changed between the lean side and the rich
side with stoichiometry as a center. As a result that such
an operation is performed, the influence which the EGR
catalyst gives to the air-fuel ratio of the exhaust gas which
flows into the main catalyst can be made small.
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[0019] In a more preferable mode, in the active air-fuel
ratio control, when the EGR device is stopped, a target
air-fuel ratio of the cylinder group with the EGR device
provided in the exhaust system is kept stoichiometric. As
a result that such an operation is performed, the influence
which the EGR catalyst gives to the air-fuel ratio of the
exhaust gas which flows into the main catalyst can be
made smaller.
[0020] In another more preferable mode, in the active
air-fuel ratio control, when the EGR device is stopped,
the target air-fuel ratio of the cylinder group with the EGR
device not provided in the exhaust system is changed
with an amplitude larger than that of the active air-fuel
ratio control which is performed when the EGR device is
operating. As a result that such an operation is per-
formed, the influence which the EGR catalyst gives to
the air-fuel ratio of the exhaust gas which flows into the
main catalyst can be made smaller.

Brief Description of Drawings

[0021]

[Figure 1] Figure 1 is a system diagram of an internal
combustion engine to which a catalyst deterioration
diagnostic device of the present invention is applied.
[Figure 2] Figure 2 is a flowchart showing a routine
of air-fuel ratio control for deterioration determination
which is performed in an embodiment of the present
invention.
[Figure 3] Figure 3 is a diagram showing an imple-
mentation result of the air-fuel ratio control routine
for deterioration determination shown in Figure 2.
[Figure 4] Figure 4 is a diagram showing changes of
output values of respective sensors and an oxygen
occlusion amount of a catalyst when active air-fuel
ratio control is implemented.
[Figure 5] Figure 5 is a diagram showing a change
of each of gas flow rates of exhaust systems accord-
ing to a crank angle when an EGR valve is totally
closed.
[Figure 6] Figure 6 is a block diagram showing a flow
of an exhaust gas when the EGR valve is totally
closed in the exhaust system provided with an EGR
device with an EGR catalyst.
[Figure 7] Figure 7 is a block diagram showing the
flow of the exhaust gas when the EGR device is op-
erating and EGR is performed in the exhaust system
provided with the EGR device with the EGR catalyst.
[Figure 8] Figure 8 is a diagram showing changes of
the output values of the respective sensors and the
oxygen occlusion amount of the catalyst when the
active air-fuel ratio control is implemented with totally
closing the EGR valve in the exhaust system provid-
ed with the EGR device with the EGR catalyst.

Description of Embodiments

[0022] Hereinafter, an embodiment of the present in-
vention will be described with reference to each of Fig-
ures 1 to 3.
[0023] Figure 1 is a diagram showing a system config-
uration of an internal combustion engine to which a cat-
alyst deterioration diagnostic device of the embodiment
of the present invention is applied. An internal combus-
tion engine 2 according to the present embodiment is a
spark ignition four-stroke reciprocating engine (hereinaf-
ter, simply called an engine). Further, the engine 2 of the
present embodiment is also an in-line four-cylinder en-
gine which includes four cylinders 4 in line, though Figure
1 shows only one cylinder 4. Further, the engine 2 of the
present embodiment is also a direct injection engine
which directly injects a fuel into a cylinder by a cylinder
injector 18, and is also a turbo engine including a turbo
supercharger 14 which compresses fresh air by using
the energy of an exhaust gas.
[0024] In the present embodiment, the four cylinders
4 which the engine 2 has are grouped into two cylinder
groups each with two cylinders. A first cylinder and a
fourth cylinder the explosions of which are not continuous
are grouped as one cylinder group, and a second cylinder
and a third cylinder the explosions of which are not con-
tinuous are similarly grouped as one cylinder group. The
engine 2 includes exhaust systems 8 and 10 respectively
at these cylinder groups. The respective exhaust sys-
tems 8 and 10 are constituted of exhaust manifolds 8a
and 10a in which the exhaust gases in the two cylinders
are collected, and exhaust pipes 8b and 10b which are
connected to outlets of the exhaust manifolds. The ex-
haust pipes 8b and 10b of the respective exhaust sys-
tems 8 and 10 are connected to one exhaust collecting
pipe 12 in a turbine part of the turbo supercharger 14.
[0025] In the exhaust collecting pipe 12, two three-way
catalysts 20 and 22 are disposed in line. The three-way
catalyst 20 at the upstream side is a main catalyst which
is a diagnosis target by the catalyst deterioration diag-
nostic device of the present embodiment. A wide area
air-fuel ratio sensor (hereinafter, an A/F sensor) 40 is
attached to an upstream side of the main catalyst 20. At
a downstream side of the main catalyst 20, a zirconia
oxygen sensor (hereinafter, a sub O2 sensor) 42 is at-
tached. As the air-fuel ratio sensor in the present inven-
tion, not only the wide area air-fuel ratio sensor, but also
a zirconia oxygen sensor can be used. Conversely, as
the oxygen sensor in the present invention, not only a
zirconia oxygen sensor, but also a wide area air-fuel ratio
sensor can be used.
[0026] The engine 2 of the present embodiment in-
cludes an EGR device 30 which recirculates an exhaust
gas into an intake pipe 6 from the exhaust system. The
EGR device 30 is provided in only the exhaust system 8
out of the aforesaid two exhaust systems 8 and 10. The
EGR device 30 connects the exhaust pipe 8b and the
intake pipe 6 by an EGR pipe 32. The EGR pipe 32 is
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provided with an EGR valve 34. In the EGR pipe 32, an
EGR cooler 36 is provided at an exhaust side of the EGR
valve 34, and further at the exhaust side thereof, an EGR
catalyst 38 is provided.
[0027] A control system of the engine 2 of the present
embodiment includes an ECU 100. The ECU 100 is a
control device which generally controls the entire system
of the engine 2. Actuators such as the aforementioned
cylinder injector 18 and the EGR valve 34 are connected
to an output side of the ECU 100, and sensors such as
the aforementioned A/F sensor 40 and the sub O2 sensor
42 are connected to an input side of the ECU 100. The
ECU 100 operates each of the actuators in accordance
with a predetermined control program by receiving a sig-
nal from each of the sensors. A number of the other ac-
tuators and sensors which are connected to the ECU 100
are present as shown in the drawing, but the explanation
of them will be omitted in the present description.
[0028] The catalyst deterioration diagnostic device of
the present embodiment is realized as one function of
the ECU 100. When the ECU 100 functions as the cata-
lyst deterioration diagnostic device, the ECU 100 is ex-
pressed by the combination of three signal processing
units, that is, an active air-fuel ratio control unit 102, a
Cmax measurement unit 104 and a diagnostic unit 106.
These signal processing units may be each configured
by exclusive hardware, or may be virtually configured by
software by sharing hardware.
[0029] The active air-fuel ratio control unit 102 imple-
ments active air-fuel ratio control which forcefully chang-
es the air-fuel ratio of the exhaust gas which flows into
the main catalyst 20 between a lean side and a rich side
with stoichiometry as a center. The active air-fuel ratio
control is open loop control, determines the fuel injection
amount from the cylinder intake air amount and the target
air-fuel ratio, and controls fuel injection time by the cyl-
inder injector 18.
[0030] The Cmax measurement unit 104 measures the
oxygen occlusion capacity of the main catalyst 20, that
is, the Cmax with implementation of the active air-fuel
ratio control. In more detail, during the time until the out-
put value of the sub O2 sensor 42 changes to exceed a
threshold value (0.5 V) after the output value of the A/F
sensor 40 changes, the Cmax measurement unit 104
calculates the oxygen occlusion amount (or oxygen de-
sorption amount) per unit time from the deviation of the
present air-fuel ratio from stoichiometry and the present
fuel injection amount, and integrates the calculation re-
sults. Subsequently, the Cmax measurement unit 104
performs calculation of the integrated value a plurality of
times, and calculates the average of them as the Cmax.
[0031] The diagnostic unit 106 compares the meas-
urement value of the Cmax with a predetermined dete-
rioration reference value. If the Cmax is larger than the
deterioration reference value, it is determined that the
main catalyst 20 is not deteriorated, whereas if the Cmax
is the deterioration reference value or less, the main cat-
alyst 20 is determined to be deteriorated.

[0032] One feature of the catalyst deterioration diag-
nostic device of the present embodiment is the content
of the concrete operation in the aforesaid active air-fuel
ratio control. Figure 2 is a flowchart showing a routine of
the air-fuel ratio control for deterioration determination,
which is performed by the active air-fuel ratio control unit
102. The aforesaid active air-fuel ratio control is imple-
mented in accordance with the air-fuel ratio control rou-
tine.
[0033] According to the flowchart of Figure 2, in the
first step S2, presence or absence of an implementation
request of catalyst deterioration determination control is
determined. The catalyst deterioration determination
control indicates air-fuel ratio control for measurement
of the Cmax, that is, active air-fuel ratio control. The afore-
said implementation request is a request which is issued
in the case of the situation of diagnosing the deterioration
of the main catalyst 20. In the case of absence of such
a request, the flow proceeds to step S20. In step S20,
ordinary air-fuel ratio control, that is, the air-fuel ratio
feedback control based on the signals from the A/F sen-
sor 40 and the sub O2 sensor 42 is performed. In the next
step S22, a predetermined flag xafscyl is turned off. The
meaning of the flag xafscyl will be described later.
[0034] When the aforesaid implementation request is
detected in step S2, determination of step S4 is per-
formed. In step S4, whether or not the implementation
conditions of the active air-fuel ratio control are estab-
lished is determined from the operation state and the
operation conditions of the engine 2. If the implementa-
tion conditions are not established yet, the ordinary air-
fuel ratio control is continued in step S20. Subsequently,
the flag xafscyl is kept off in step S22.
[0035] When the implementation conditions of the ac-
tive air-fuel ratio control are established in step S4, de-
termination of step S6 is performed next. In step S6,
whether or not the EGR is stopped, that is, whether or
not the EGR valve 34 is totally closed is determined.
When the EGR is not stopped, the determination of step
S14 is further performed. In step S14, whether or not the
flag xafscyl is off is determined. The flag xafscyl is a flag
which is turned on when the active air-fuel ratio control
is performed in the state in which the EGR is stopped.
[0036] When the flag xafscyl is off in step S14, the
processing of step S16 is performed. In step S16, the
target air-fuel ratio is changed to that for deterioration
determination in all the cylinders. The target air-fuel ratio
for deterioration determination is set as a rectangular
wave signal which oscillates with a predetermined period
between the lean side and the rich side with stoichiometry
as the center. The amplitudes of the oscillation of the
target air-fuel ratio are the same in all the cylinders irre-
spective of whether or not the exhaust system is provided
with the EGR device 30. Subsequently, in step S22, the
flag xafscyl is kept off.
[0037] Meanwhile, when the flag xafscyl is on in step
S14, the processing of step S20 is performed. After or-
dinary air-fuel ratio control is temporarily performed in
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step S20, the flag xafscyl is changed to on from off in the
subsequent step S22. As a result that the flag xafscyl is
changed to off, the result of the determination of step S14
of the next time becomes positive. Accordingly, in this
case, the active air-fuel ratio control of step S16 is per-
formed in the control period of the next time.
[0038] When the EGR is stopped in step S6, the active
air-fuel ratio control is performed in step S8 and step 16.
First, in step S8, the target air-fuel ratio of the cylinder
group connected to the exhaust system 10 which is not
provided with the EGR device 30 is changed to that for
deterioration determination. The target air-fuel ratio
which is set in this case is a rectangular wave signal
which oscillates with a predetermined period between
the lean side and the rich side with stoichiometry as the
center, as in the case of step S16. However, the target
air-fuel ratio has a larger amplitude of oscillation than the
target air-fuel ratio set in step S16. This is because the
exhaust gas of the exhaust system 10 is not influenced
by the EGR catalyst 38, and therefore, the SN ratio of
the air-fuel ratio signal of the exhaust gas which flows
into the main catalyst 20 can be enhanced by making the
amplitude of the air-fuel ratio large.
[0039] In step S10, the target air-fuel ratio of the cylin-
der group connected to the exhaust system 8 which is
provided with the EGR device 30 is changed. The target
air-fuel ratio which is set in this case is stoichiometry, and
the target air-fuel ratio is not oscillated unlike the cases
of step S16 and step S8. This is for preventing change
from occurring to the air-fuel ratio before and after inflow
and outflow to and from the EGR catalyst 38 by keeping
the air-fuel ratio of the exhaust gas flowing into the EGR
catalyst 38 stoichiometric. More specifically, this is for
eliminating the influence of the EGR catalyst 38 on the
air-fuel ratio. Further, this is also aimed at prevention of
rise in the catalyst temperature by relieving the oxidiza-
tion reaction on the catalyst by suppressing the oscillation
of the air-fuel ratio of the exhaust gas which flows into
the EGR catalyst 38. In the next step S12, the flag xafscyl
is changed to on.
[0040] Figure 3 shows the result of the active air-fuel
ratio control which is implemented especially when the
determination conditions of step S6 are established, as
the result of the air-fuel ratio control described above.
The uppermost section of Figure 3 shows setting of the
target air-fuel ratio (target A/F) of the cylinder group (the
cylinder group without taking out from EGR) connected
to the exhaust system 10 which is not provided with the
EGR device 30, and the change with time of the actual
air-fuel ratio (actual A/F) in the exhaust pipe 10b which
is caused by this. The second section from the top shows
the change with time of the actual A/F of the cylinder
group (cylinder group taking out from the EGR) connect-
ed to the exhaust system 8 provided with the EGR device
30. The third section from the top shows the change with
time of the actual A/F of the exhaust gas (catalyst entry
gas) which flows into the main catalyst 20. The actual
A/F of the exhaust gas which flows into the main catalyst

20 is the average of the actual A/F of the exhaust gas
from the exhaust system 10 and the actual A/F of the
exhaust gas from the exhaust system 8. The fourth sec-
tion from the top shows the change with time of the output
value of the sub O2 sensor 42. The lowermost section
shows the change with time of the oxygen occlusion
amount with respect to the Cmax.
[0041] As is known from the chart in the third section
of Figure 8, according to the active air-fuel ratio control
of steps S8 and S10, the air-fuel ratio of the exhaust gas
which flows into the main catalyst 20 is prevented from
being influenced by the EGR catalyst 38, and the air-fuel
ratio of the exhaust gas which flow into the main catalyst
20 can be controlled as intended. Therefore, difference
does not occur to the time constant at the time of reversal
of rich and lean of the air-fuel ratio of the exhaust gas
which flows into the main catalyst 20, and temporal var-
iation of desorption and occlusion of oxygen does not
occur. Consequently, according to the catalyst deterio-
ration diagnostic device of the present embodiment, the
estimation precision of the Cmax can be ensured, and
deterioration of the main catalyst 20 can be accurately
diagnosed based on the Cmax obtained with high preci-
sion.
[0042] The embodiment of the present invention is de-
scribed above, but the present invention is not limited to
the aforementioned embodiment, and can be carried out
by being variously modified in the range without departing
from the gist of the present invention. For example, the
engine 2 of the aforementioned embodiment is an in-line
engine, but the present invention is applicable to a V-
type engine. In a V-type engine, the respective cylinders
on the left and right banks can be regarded as cylinder
groups. In this case, an EGR device with EGR can be
provided at any one of the exhaust system on the left
bank and the exhaust system on the right bank.
[0043] Further, the engine 2 of the aforementioned em-
bodiment is a direct injection turbo engine, but it is not
an essential matter in application of the catalyst deterio-
ration diagnostic device of the present invention that the
engine 2 be a direct injection engine or a turbo engine.
[0044] Further, when the deterioration diagnosis is per-
formed in the situation in which the EGR valve 34 is totally
closed, the oxygen occlusion amount of the EGR catalyst
38 is more preferably set to be lean prior to implementa-
tion of active air-fuel ratio control. As the method thereof,
for example, a lean operation is performed while EGR is
performed by operating the EGR device. This is because
by doing so, the purification rate of the EGR catalyst 38
can be prevented from significantly changing during im-
plementation of the active air-fuel ratio control.

Description of Reference Numerals

[0045]

2 Engine
4 Cylinder
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6 Intake pipe
8, 10 Exhaust system
8a, 10a Exhaust manifold
8b, 10b Exhaust pipe
12 Exhaust collecting pipe
20 Main catalyst (three-way catalyst)
30 EGR device
32 EGR pipe
34 EGR valve
38 EGR catalyst
40 A/F sensor
42 Sub O2 sensor
100 ECU

Claims

1. A catalyst deterioration diagnostic device for an in-
ternal combustion engine including
a plurality of cylinders (4) grouped into at least two
cylinder groups,
an exhaust system (8, 10) provided at each of the
cylinder groups;
an exhaust collecting pipe (12) which is formed by
collecting the exhaust systems (8, 10) of the respec-
tive cylinder groups into one,
a main catalyst (20) which is disposed in the exhaust
collecting pipe (12) and has an oxygen occlusion
function,
an air-fuel ratio sensor (40) attached at an upstream
side of the main catalyst (20) in the exhaust collecting
pipe (12),
an oxygen sensor (42) attached at a downstream
side of the main catalyst (20) in the exhaust collecting
pipe (12), and
an EGR device (30) with an EGR catalyst (38) which
is provided at some of the exhaust systems (8, 10),
the catalyst deterioration diagnostic device, compris-
ing:

active air-fuel ratio control means (102) that im-
plements active air-fuel ratio control which force-
fully changes an air-fuel ratio of an exhaust gas
which flows into the main catalyst (20) between
a lean side and a rich side with stoichiometry as
a center;
measurement means (104) that measures an
oxygen occlusion capacity of the main catalyst
(20) by using signals outputted from the air-fuel
ratio sensor (40) and oxygen sensor (42) at a
time of implementation of the active air-fuel ratio
control; and
diagnostic means (106) that diagnoses deterio-
ration of the main catalyst (20) from a measure-
ment result of the oxygen occlusion capacity,
characterized in that the active air-fuel ratio
control means (102) is configured to change a
target air-fuel ratio of the cylinder group with the

EGR device (30) not provided in the exhaust
system (10) between the lean side and the rich
side with stoichiometry as a center, when the
EGR device (30) is stopped.

2. The catalyst deterioration diagnostic device for an
internal combustion engine according to claim 1,
wherein the active air-fuel ratio control means (102)
is configured to keep a target air-fuel ratio of the cyl-
inder group with the EGR device (30) provided in the
exhaust system (8) to be stoichiometric, when the
EGR device (30) is stopped.

3. The catalyst deterioration diagnostic device for an
internal combustion engine according to claim 1 or 2,
wherein the active air-fuel ratio control means (102)
is configured to change the target air-fuel ratio of the
cylinder group with the EGR device (30) not provided
in the exhaust system (10), with an amplitude larger
than that of active air-fuel ratio control which is per-
formed when the EGR device (30) is operating, when
the EGR device (30) is stopped.

Patentansprüche

1. Katalysatorverschlechterungsdiagnosevorrichtung
für eine Verbrennungskraftmaschine, die Folgendes
beinhaltet:

eine Mehrzahl an Zylindern (4), die in zumindest
zwei Zylindergruppen gruppiert sind;
ein Abgassystem (8, 10), das sich an jeder der
Zylindergruppen befindet;
eine Abgassammelleitung (12), die gebildet
wird, indem die Abgassysteme (8, 10) der jewei-
ligen Zylindergruppen in einem gebündelt wer-
den,
einen Hauptkatalysator (20), der sich in der Ab-
gassammelleitung (12) befindet und eine Sau-
erstoffeinschlussfunktion aufweist,
einen Luft-/Kraftstoff-Verhältnissensor (40), der
an einer Stromaufwärtsseite des Hauptkataly-
sators (20) in der Abgassammelleitung (12) be-
festigt ist,
einen Sauerstoffsensor (42), der an einer
Stromabwärtsseite des Hauptkatalysators (20)
in der Abgassammelleitung (12) befestigt ist,
und
eine AGR-Vorrichtung (30) mit einem AGR-Ka-
talysator (38), der sich an einigen der Abgas-
systeme (8, 10) befindet, wobei die
Katalysatorverschlechterungsdiagnosevorrich-
tung aufweist:

eine aktive Luft-/Kraftstoff-Verhältnis-Steu-
ereinrichtung (102), die eine aktive
Luft-/Kraftstoff-Verhältnis-Steuerung
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durchführt, die ein Luft-/Kraftstoff-Verhält-
nis eines Abgases, das in den Hauptkata-
lysator (20) strömt, stark zwischen einer
mageren Seite und einer fetten Seite mit der
Stöchiometrie als einem Zentrum ändert;
eine Messeinrichtung (104), die eine Sau-
erstoffeinschlusskapazität des Hauptkata-
lysators (20) durch Verwendung von Signa-
len misst, die von dem Luft-/Kraftstoff-Ver-
hältnissensor (40) und dem Sauerstoffsen-
sor (42) zu einer Zeit der Durchführung der
aktiven Luft-/Kraftstoff-Verhältnis-Steue-
rung ausgegeben werden; und
eine Diagnoseeinrichtung (106), die eine
Verschlechterung des Hauptkatalysators
(20) aus einem Messergebnis der Sauer-
stoffeinschlusskapazität diagnostiziert, da-
durch gekennzeichnet, dass
die aktive Luft-/Kraftstoff-Verhältnis-Steu-
ereinrichtung (102) so konfiguriert ist, dass
sie ein Soll-Luft-/Kraftstoff-Verhältnis der
Zylindergruppe mit der AGR-Vorrichtung
(30), die sich nicht in dem Abgassystem (10)
zwischen der mageren Seite und der fetten
Seite mit der Stöchiometrie als einem Zen-
trum befindet, ändert, wenn die AGR-Vor-
richtung (30) gestoppt ist.

2. Katalysatorverschlechterungsdiagnosevorrichtung
für eine Verbrennungskraftmaschine nach Anspruch
1,
wobei die aktive Luft-/Kraftstoff-Verhältnis-Steuer-
einrichtung (102) so konfiguriert ist, dass sie ein Soll-
Luft-/Kraftstoff-Verhältnis der Zylindergruppe mit der
AGR-Vorrichtung (30), die sich in dem Abgassystem
(8) befindet, so hält, dass sie stöchiometrisch ist,
wenn die AGR-Vorrichtung (30) gestoppt ist.

3. Katalysatorverschlechterungsdiagnosevorrichtung
für eine Verbrennungskraftmaschine nach Anspruch
1 oder 2,
wobei die aktive Luft-/Kraftstoff-Verhältnis-Steuer-
einrichtung (102) so konfiguriert ist, dass sie ein Soll-
Luft-/Kraftstoff-Verhältnis der Zylindergruppe mit der
AGR-Vorrichtung (30), die sich nicht in dem Abgas-
system (10) befindet, mit einer Amplitude ändert, die
größer ist als die der aktiven Luft-/Kraftstoff-Verhält-
nis-Steuerung, die durchgeführt wird, wenn die
AGR-Vorrichtung (30) in Betrieb ist, wenn die AGR-
Vorrichtung (30) gestoppt ist.

Revendications

1. Dispositif de diagnostic de détérioration de cataly-
seur pour un moteur à combustion interne compre-
nant
plusieurs cylindres (4) groupés en au moins deux

groupes de cylindres,
un système d’échappement (8, 10) fourni pour cha-
cun des groupes de cylindres ;
un tuyau de recueil d’échappement (12) qui est for-
mé par recueil des systèmes d’échappement (8, 10)
des groupes de cylindres respectifs en un,
un catalyseur principal (20) qui est disposé dans le
tuyau de recueil d’échappement (12) et présente une
fonction d’occlusion d’oxygène,
un capteur de taux air-carburant (40) fixé à un côté
amont du catalyseur principal (20) dans le tuyau de
recueil d’échappement (12),
un capteur d’oxygène (42) fixé à un côté aval du
catalyseur principal (20) dans le tuyau de recueil
d’échappement (12), et
un dispositif EGR (30) avec un catalyseur EGR (38)
qui est fourni sur certains des systèmes d’échappe-
ment (8, 10), le dispositif de diagnostic de détério-
ration de catalyseur, comprenant :

un moyen de contrôle de taux air-carburant actif
(102) qui réalise un contrôle de taux air-carbu-
rant actif qui modifie de manière forcée un taux
air-carburant d’un gaz d’échappement qui
s’écoule dans le catalyseur principal (20) entre
un côté appauvri et un côté enrichi avec une
stoechiométrie comme un centre ;
un moyen de mesure (104) qui mesure une ca-
pacité d’occlusion d’oxygène du catalyseur prin-
cipal (20) en utilisant des signaux fournis à partir
du capteur de taux air-carburant (40) et du cap-
teur d’oxygène (42) à un moment de réalisation
du contrôle de taux air-carburant actif ; et
un moyen de diagnostic (106) qui diagnostique
une détérioration du catalyseur principal (20) à
partir d’un résultat de mesure de la capacité
d’occlusion d’oxygène,
caractérisé en ce que le moyen de contrôle de
taux air-carburant actif (102) est configuré pour
modifier un taux air-carburant cible du groupe
de cylindres avec le dispositif EGR (30) non four-
ni dans le système d’échappement (10) entre le
côté appauvri et le côté enrichi avec une stoe-
chiométrie comme un centre, lorsque le dispo-
sitif EGR (30) est arrêté.

2. Dispositif de diagnostic de détérioration de cataly-
seur pour un moteur à combustion interne selon la
revendication 1,
dans lequel le moyen de contrôle de taux air-carbu-
rant actif (102) est configuré pour maintenir un taux
air-carburant cible du groupe de cylindres avec le
dispositif EGR (30) fourni dans le système d’échap-
pement (8) pour qu’il soit stoechiométrique, lorsque
le dispositif EGR (30) est arrêté.

3. Dispositif de diagnostic de détérioration de cataly-
seur pour un moteur à combustion interne selon la
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revendication 1 ou 2,
dans lequel le moyen de contrôle de taux air-carbu-
rant actif (102) est configuré pour modifier le taux
air-carburant cible du groupe de cylindres avec le
dispositif EGR (30) non fourni dans le système
d’échappement (10), avec une amplitude plus large
que celle du contrôle de taux air-carburant actif qui
est réalisé lorsque le dispositif EGR (30) fonctionne,
que lorsque le dispositif EGR (30) est arrêté.
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