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Description

TECHNICAL FIELD

[0001] The present invention relates to an exhaust emission control device of an internal-combustion engine, and
more specifically, to a technique for identifying lowering of the performance of exhaust emission control means capable
of reducing harmful substances in exhaust gas.

BACKGROUND ART

[0002] An exhaust emission control technique utilizing reaction on a catalyst is known as a technique that is intended
to reduce harmful substances (including smoke, NOx, etc. as well as unburned substances such as HC, CO, H2, etc.)
in exhaust gas.
[0003] However, this exhaust emission control technique has a problem that the unburned substances including HC
and the like are discharged into the atmosphere before the catalyst in a cold state is activated.
[0004] Described in Jpn. Pat. Appln. KOKAI Publications Nos. 3-117611 and 4-183921, therefore, is a developed
technique such that the exhaust pressure is raised to activate the catalyst early.
[0005] An exhaust temperature raising apparatus is known from EP-A-1096126 that falls within the terms of Article
54(3) EPC.
[0006] According to this technique, a closed variable-flow valve is provided on the lower-stream side of an exhaust
passage, for example. By adjusting the closed variable-flow valve to change the sectional area of the exhaust passage,
the exhaust resistance and exhaust density can be increased, or the exhaust flow rate can be lowered to increase the
exhaust pressure and exhaust gas temperature.
[0007] If the exhaust gas pressure is increased in this manner, individual performances can be enhanced in the cases
where unburned substances are fed into an exhaust system (two-stage fuel injection, etc.), EGR (exhaust gas recircu-
lation) is carried out, and exhaust air-fuel ratio modulation (exhaust A/F modulation) is carried out. Thus, reaction of the
unburned substances in the exhaust passage including a combustion chamber is accelerated to raise the exhaust gas
temperature, so that the catalyst is activated early enough to promote purification of the exhaust gas drastically.
[0008] Since the closed variable-flow valve is placed in a high-temperature, high-pressure environment, it sometimes
may go wrong and cease to operate normally after prolonged use.
[0009] If the valve of the closed variable-flow valve thus ceases to operate normally, the valve may not be able to be
closed, so that the exhaust pressure fails actually to rise, although the exhaust pressure is expected to be increased.
Otherwise, the valve may be left closed inevitably to keep the exhaust pressure high, although the exhaust pressure is
not expected to be increased.
[0010] Accordingly, there is an idea of providing an exhaust pressure sensor in the exhaust passage and detecting
something abnormal about exhaust control means, such as the closed variable-flow valve, in accordance with exhaust
pressure information that is detected by means of the exhaust pressure sensor.
[0011] On the other hand, exhaust gas that is discharged from a diesel engine that is mounted in a vehicle contains
a plenty of particulate matter (abbreviated PM) as well as HC, CO, etc. A diesel particulate filter (abbreviated DPF) for
capturing the PM and removing it by combustion by means of an external heat source or the like is practically used as
a post-exhaust processor of the diesel engine.
[0012] The PM captured and deposited on the filter should preferably be removed by combustion to regenerate the
filter before the PM capture limit is reached, and the exhaust pressure on the upper-stream side of the post-exhaust
processor rises depending on the quantity of the PM deposited on the filter. In consideration of this fact, as is described
in Jpn. Pat. Appln. KOKAI Publication No. 8-303290, for example, the exhaust pressure sensor is provided in the exhaust
passage on the upper-stream side of the post-exhaust processor so that the PM can be removed by combustion on the
assumption that the PM capture limit is approached when a given exhaust pressure is reached by the exhaust pressure
that is detected by means of the exhaust pressure sensor.
[0013] In the case where the exhaust pressure sensor is used in this manner, however, the exhaust pressure sensor
must be provided separately. In general, an exhaust pressure sensor has a specification such that it can resist high
temperature and high pressure, it is expensive, and therefore, the parts cost is high.

DISCLOSURE OF THE INVENTION

[0014] The object of the present invention is to provide an exhaust emission control device of an internal-combustion
engine, whereby lowering of the performance of exhaust emission control means, which can reduce harmful substances
in exhaust gas, can be securely identified at low cost.
[0015] In order to achieve the above object, an exhaust emission control device according to the present invention,
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that as the features set forth in claim1, comprises exhaust emission control means located in an exhaust passage of an
internal-combustion engine and capable of reducing harmful substances in exhaust gas under a given exhaust pressure
condition, an exhaust sensor for detecting the concentration of a specific exhaust component in the exhaust gas, and
performance lowering identifying means for identifying lowering of the performance of the exhaust emission control
means by detecting a failure to fulfill the given exhaust pressure condition in accordance with the output of the exhaust
sensor.
[0016] Thus, the exhaust pressure can be estimated in accordance with information from the existing exhaust sensor
without separately providing an exhaust pressure sensor, and lowering of the performance of the exhaust emission
control means, which can reduce the harmful substances in the exhaust gas under the given exhaust pressure condition,
can be securely identified at low cost by monitoring the output of the exhaust sensor and detecting the failure to fulfill
the given exhaust pressure condition.
[0017] The present invention is based on the following knowledge, which will be described below.
[0018] In general, the diffusing speed of each exhaust component increases to raise its partial pressure if the exhaust
pressure rises.
[0019] On the other hand, the following Nernst formula (1) is generally known as a theoretical formula for an O2 sensor
output in the case where the exhaust sensor is an O2 sensor, for example.
[0020] "Nernst formula": 

[0021] Here the exhaust-side O2 partial pressure is given by the following formula (2): 

[0022] This Nernst formula indicates the following phenomenon. If the exhaust pressure increases, the exhaust-side
O2 partial pressure increases to cause the electromotive force (O2 sensor output) to lower on the high-O2 lean-A/F side,
while the H2 partial pressure and the exhaust-side O2 partial pressure increases and reduces, respectively, to cause
the electromotive force (O2 sensor output) to grow on the high-H2 rich-A/F side.
[0023] This implies that the variation of the exhaust pressure can be detected by monitoring the electromotive force
(O2 sensor output) and that something abnormal about the exhaust control means can be detected by comparing the
output with a target output under the atmospheric pressure, for example.
[0024] In the case where the exhaust sensor is an A/F sensor, moreover, the following pump-current formulas (3) and
(4) are generally known as theoretical formulas for the A/F sensor output.
[0025] "Pump-current formulas": 



EP 1 365 137 B9

4

5

10

15

20

25

30

35

40

45

50

55

[0026] Here the pump current on the lean side and the pump current on the rich side are positive (+) and negative (-),
respectively, or negative (-) and positive (+), respectively.
[0027] These pump-current formulas indicate the following phenomenon. If the exhaust pressure increases, the ex-
haust-side O2 partial pressure increases to cause the pump current and the A/F sensor output to increase on the high-
O2 lean-A/F side, while the H2 partial pressure increases to cause the pump current and the A/F sensor output to increase
in the opposite direction and reduce, respectively, on the high-H2 rich-A/F side.
[0028] This implies that the variation of the exhaust pressure can be detected by monitoring the pump current (A/F
sensor output) and that something abnormal about the exhaust control means can be detected by comparing the output
with a target output under the atmospheric pressure, for example.
[0029] The exhaust sensor may be an NOx sensor, and in this case, the aforesaid pump-current formulas are also
applicable as theoretical formulas.
[0030] In the exhaust emission control device of the present invention, moreover, the exhaust emission control means
includes an exhaust flow control valve capable of adjusting the flow area of the exhaust passage, and the performance
lowering identifying means identifies something abnormal about the exhaust flow control valve.
[0031] Accordingly, the exhaust pressure rises as the exhaust flow control valve is closed, whereupon reaction of
unburned substances in the exhaust passage is accelerated to increase the exhaust gas temperature. Thus, a catalyst
is activated early, so that the exhaust emission control efficiency is improved. As this is done, the exhaust pressure can
be estimated in accordance with information from the existing exhaust sensor, and something abnormal about the
exhaust flow control valve can be securely identified at low cost by monitoring the output of the exhaust sensor.
[0032] In the exhaust emission control device of the present invention, moreover, the performance lowering identifying
means identifies lowering of the performance of the exhaust emission control means by comparing the output from the
exhaust sensor and a target output with the same exhaust component concentration under a reference pressure.
[0033] Thus, the exhaust pressure can be properly estimated with ease by comparing the output information from the
exhaust sensor and the target output with the same exhaust component concentration (same exhaust A/F) under the
preset reference pressure (e.g., atmospheric pressure or the like). Lowering of the performance of the exhaust emission
control means, which can reduce the harmful substances in the exhaust gas under the given exhaust pressure condition,
can always be satisfactorily identified by monitoring the respective comparative values of the output of the exhaust
sensor and the target output.
[0034] In the exhaust emission control device of the present invention, moreover, the performance lowering identifying
means identifies lowering of the performance of the exhaust emission control means in accordance with relations between
a plurality of outputs with different exhaust component concentrations from the exhaust sensor and a plurality of target
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outputs with the individual exhaust component concentrations under the reference pressure.
[0035] Thus, noises and other error factors than the exhaust pressure that are involved in the output signal of the
exhaust sensor can be eliminated by obtaining the relations between a plurality of pieces of output information with
different exhaust component concentrations (exhaust A/F’s) from the exhaust sensor and a plurality of target outputs
with the individual exhaust component concentrations (individual exhaust A/F’s) under the reference pressure (e.g.,
atmospheric pressure or the like), e.g., the ratios between the differences between a plurality of exhaust outputs and
the differences between a plurality of target outputs. By doing this, the exhaust pressure can be estimated more properly.
Lowering of the performance of the exhaust emission control means, which can reduce the harmful substances in the
exhaust gas under the given exhaust pressure condition, can be accurately identified by monitoring the relations between
the outputs of the exhaust sensor and the target outputs.
[0036] In the exhaust emission control device of the present invention, moreover, the exhaust sensor has a charac-
teristic to detect two or more exhaust component concentrations and is adapted to detect the concentration of at least
one specific exhaust component when the exhaust air-fuel ratio is a lean air-fuel ratio and to detect the respective
concentrations of other specific exhaust components when the air-fuel ratio is a rich air-fuel ratio.
[0037] The exhaust gas contains much O2 with a lean air-fuel ratio and much H2 with a rich air-fuel ratio, for example.
If one specific exhaust component (O2 component) with the lean air-fuel ratio and another specific component (H2
component) with the rich air-fuel ratio can be individually detected by means of the exhaust sensor, therefore, the exhaust
pressure can always be satisfactorily estimated without regard to the air-fuel ratio, lean or rich. Thus, lowering of the
performance of the exhaust emission control means, which can reduce the harmful substances in the exhaust gas under
the given exhaust pressure condition, can always be identified in a wide air-fuel ratio range without regard to the air-fuel
ratio by monitoring the output of the exhaust sensor.
[0038] In the exhaust emission control device of the present invention, moreover, the exhaust emission control means
is a post-exhaust processor, and the performance lowering identifying means determines the necessity of regeneration
of the post-exhaust processor.
[0039] If the quantity of PM deposited on a filter of the post-exhaust processor increases, the exhaust pressure on
the upper-stream side of the post-exhaust processor is raised as the filter is clogged. However, the exhaust pressure
can be estimated in accordance with information from the existing exhaust sensor without separately providing an exhaust
pressure sensor. Thus, the necessity of regeneration of the post-exhaust processor can be securely determined at low
cost by monitoring the output of the exhaust sensor.
[0040] In the exhaust emission control device of the present invention, moreover, the performance lowering identifying
means sets a decision value for determining the necessity of regeneration of the post-exhaust processor in accordance
with the operating conditions of the internal-combustion engine and the specific exhaust component concentration, and
determines the necessity of regeneration of the post-exhaust processor by comparing the output of the exhaust sensor
and the decision value using the same operating conditions and the same exhaust component concentration.
[0041] Thus, the exhaust pressure can be properly estimated with ease by comparing the output information from the
exhaust sensor and the decision value using the same preset operating conditions and the same exhaust component
concentration, and the necessity of regeneration of the post-exhaust processor can always be satisfactorily determined
by comparing the respective comparative values of the output of the exhaust sensor and the decision value.
[0042] In the exhaust emission control device of the present invention, moreover, the exhaust sensor is an O2 sensor,
the post-exhaust processor includes an occlusion-type NOx catalyst, and the performance lowering identifying means
determines the necessity of regeneration of the post-exhaust processor when the exhaust air-fuel ratio is adjusted to a
rich air-fuel ratio in order to release NOx from the occlusion-type NOx catalyst.
[0043] If exhaust pressure increases when the exhaust A/F is a rich air-fuel ratio, the H2 partial pressure increases to
cause the O2 sensor output to increase. If the O2 sensor is used because the extent of the change is higher than that
of the change of the O2 partial pressure with a lean air-fuel ratio owing to the character of the O2 sensor, the necessity
of regeneration of the post-exhaust processor can be securely determined with ease by monitoring the output of the O2
sensor when the exhaust air-fuel ratio is adjusted to a rich air-fuel ratio in order to release NOx from the occlusion-type
NOx catalyst.
[0044] In the exhaust emission control device of the present invention, moreover, the performance lowering identifying
means sets, in accordance with the operating conditions of the internal-combustion engine, a target output under a
reference exhaust pressure with the post-exhaust processor nonoperating, sets a decision value for determining the
necessity of regeneration of the post-exhaust processor in accordance with the exhaust component concentration, and
concludes that regeneration of the post-exhaust processor is necessary if the deviation between the output of the exhaust
sensor and the target output exceeds the decision value with the same operating conditions and the same exhaust
component concentration.
[0045] Thus, the exhaust pressure can be properly estimated with ease by comparing the deviation between the output
information from the exhaust sensor and the target output under the preset reference exhaust pressure with the decision
value with the same operating conditions and the same exhaust component concentration, and a high-exhaust-pressure
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situation that requires regeneration of the post-exhaust processor can be identified with ease by detecting the attainment
of the decision value by the deviation.
[0046] In the exhaust emission control device of the present invention, moreover, the exhaust sensor is a linear air-
fuel ratio sensor, and the performance lowering identifying means determines the necessity of regeneration of the post-
exhaust processor when the exhaust air-fuel ratio is a lean air-fuel ratio during injection quantity feedback control using
the linear air-fuel ratio sensor and based on the excess air factor of the internal-combustion engine.
[0047] When the exhaust A/F is a loan air-fuel ratio, compared with a rich air-fuel ratio, the higher the degree of
leanness, the higher the extent of change of the linear air-fuel ratio sensor output that corresponds to the change of the
exhaust pressure is. In the case where the linear air-fuel ratio sensor is used, therefore, the necessity of regeneration
of the post-exhaust processor can be securely determined with ease by monitoring the output of the linear air-fuel ratio
sensor when the exhaust A/P is a lean air-fuel ratio during the injection quantity feedback control based on the excess
air factor of the internal-combustion engine.
[0048] In the exhaust emission control device of the present invention, moreover, the exhaust sensor is a linear air-
fuel ratio sensor, and the performance lowering identifying means determines the necessity of regeneration of the post-
exhaust processor when the exhaust air-fuel ratio is a lean air-fuel ratio during exhaust reflux feedback control using
the linear air-fuel ratio sensor.
[0049] When the exhaust A/F is a lean air-fuel ratio, compared with a rich air-fuel ratio, the higher the degree of
leanness, the higher the extent of change of the linear air-fuel ratio sensor output that corresponds to the change of the
exhaust pressure is. In the case where the linear air-fuel ratio sensor is used, therefore, the necessity of regeneration
of the post-exhaust processor can be securely determined with ease by monitoring the output of the linear air-fuel ratio
sensor when the exhaust A/F is a lean air-fuel ratio during the exhaust reflux feedback control.
[0050] In the exhaust emission control device of the present invention, moreover, the exhaust sensor is a linear air-
fuel ratio sensor, the post-exhaust processor includes an occlusion-type NOx catalyst, and the performance lowering
identifying means determines the necessity of regeneration of the post-exhaust processor when the exhaust air-fuel
ratio is adjusted to a rich air-fuel ratio in order to release NOx from the occlusion-type NOx catalyst.
[0051] Thus, in the case where the linear air-fuel ratio sensor is used, the necessity of regeneration of the post-exhaust
processor can be securely determined with ease by monitoring the output of the linear air-fuel ratio sensor when the
exhaust A/F is adjusted to a rich air-fuel ratio in order to release NOx from the occlusion-type NOx catalyst as well as
when the exhaust A/F is a lean air-fuel ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

FIG. 1 is a schematic view of an exhaust emission control device of an internal-combustion engine related to fault
diagnosis on an exhaust flow control valve of the present invention;
FIG. 2 is a diagram showing a butterfly valve for use as an closed on-off valve;
FIG. 3 is a flowchart showing a fault diagnosis routine for the case where an O2 sensor according to a first embodiment
is used;
FIG. 4 is a flowchart showing a fault diagnosis routine according to a second embodiment;
FIG. 5 is a flowchart showing a fault diagnosis routine for the case where an A/F sensor according to a third
embodiment is used;
FIG. 6 is a diagram showing relations between a target A/F and A/F sensor output for cases where the exhaust
pressure is adjusted to the atmospheric pressure (broken line) and a given high pressure (full line; e.g., 800 mmHg
= 1,067 hPa);
FIG. 7 is a flowchart showing a fault diagnosis routine according to a fourth embodiment;
FIG. 8 is a flowchart showing a fault diagnosis routine according to a fifth embodiment;
FIG. 9 is a schematic view of an exhaust emission control device of an internal-combustion engine related to
regeneration of a post-exhaust processor of the present invention;
FIG. 10 is a flowchart showing a control routine for injection quantity feedback control (λ-control) based on an excess
air factor λ;
FIG. 11 is a flowchart showing a control routine for BGR control;
FIG. 12 is a flowchart showing a DPF regeneration control routine according to a sixth embodiment;
FIG. 13 shows maps showing relations between a target output (broken line) of the A/F sensor for the case where
the exhaust pressure obtained when no PM is deposited on a DPF is adjusted to a reference exhaust pressure, an
A/F sensor output (full line) for the case where the exhaust pressure is adjusted to a given high pressure that requires
regeneration of the DPF, and a target A/F (target air-fuel ratio), that is, a target excess air factor λt, set for an engine
speed Ne and each engine load L;
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FIG. 14 is a flowchart showing a control routine for DPF regeneration execution control;
FIG. 15 is a flowchart showing a DPF regeneration control routine according to a seventh embodiment for the case
where the A/F sensor is used;
FIG. 16 is a flowchart showing a control routine for NOx release control according to the seventh embodiment;
FIG. 17 is a flowchart showing a DPF regeneration control routine according to an eighth embodiment for the case
where the A/F sensor is used;
FIG. 18 is a flowchart showing a control routine for NOx release control according to a ninth embodiment;
FIG. 19 is a flowchart showing a DPF regeneration control routine according to the ninth embodiment for the case
where the O2 sensor is used; and
FIG. 20 is a map showing a given output E1 of the O2 sensor that requires regeneration of the DPF, set for the
engine speed Ne and each engine load L.

BEST MODE FOR CARRYING OUT THE INVENTION

"Fault diagnosis on exhaust flow control valve"

[0053] Referring now to FIG. 1, there is shown an outline of an exhaust emission control device of an internal-combustion
engine related to fault diagnosis on an exhaust flow control valve of the present invention. The following is a description
of the configuration of this exhaust emission control device.
[0054] For example, a cylinder-injection spark-ignition gasoline engine is used as an engine 1, an internal-combustion
engine. In this engine, fuel injection in a compression stroke (compression-stroke injection) can be carried out together
with fuel injection in an intake stroke (intake-stroke injection) by changing the fuel injection mode. This cylinder-injection
engine 1 can easily realize operation with a lean air-fuel ratio (lean-A/F operation), besides operation with a theoretical
air-fuel ratio (stoichiometric) and operation with a rich air-fuel ratio (rich-A/F operation). In this case, moreover, a four-
cylinder engine is used as the engine 1
[0055] As shown in the same drawing, a cylinder head 2 of the engine 1 is fitted with an electromagnetic fuel injection
valve 6 along with a spark plug 4 for each cylinder, whereby a fuel can be injected directly into a combustion chamber.
[0056] The spark plug 4 is connected with a spark coil 8 that outputs high voltage. Further, the fuel injection valve 6
is connected with a fuel supplier (not shown) having a fuel tank by means of a fuel pipe 7. More specifically, the fuel
supplier is provided with a low-pressure fuel pump and a high-pressure fuel pump, whereby the fuel in the fuel tank can
be supplied at a low fuel pressure or a high fuel pressure to the fuel injection valve 6, so that the fuel can be injected
from the fuel injection valve 6 into the combustion chamber at a desired fuel pressure.
[0057] The cylinder head 2 is formed with intake ports for the individual cylinders arranged substantially in the vertical
direction and is divergently connected with one end of an intake manifold 10 so as to communicate with each intake
port. The intake manifold 10 is provided with an electromagnetic throttle valve 14 that regulates the rate of intake.
[0058] Further, the cylinder head 2 is formed with exhaust ports for the Individual cylinders arranged substantially in
the horizontal direction and is divergently connected with one end of an exhaust manifold 12 so as to communicate with
each exhaust port.
[0059] Since the cylinder-injection engine 1 is of a known type, a detailed description of its configuration is omitted.
[0060] An exhaust pipe (exhaust passage) 20 is connected to the other end of the exhaust manifold 12. The exhaust
pipe 20 is fitted with a three-way catalyst 30 for use as an exhaust emission control device. The three-way catalyst 30
has an active noble metal, such as copper (Cu), cobalt (Co), silver (Ag), platinum (Pt), rhodium (Rh), or palladium (Pd),
as its carrier.
[0061] As shown in the same drawing, moreover, the exhaust pipe 20 is provided with an exhaust sensor 22 for
detecting the concentration of a specific exhaust component in exhaust gas.
[0062] Further, the exhaust pipe 20 is fitted with an exhaust flow control device 40 in that part thereof which is situated
on the lower-stream side of the three-way catalyst 30. The exhaust flow control device 40 is a device that is designed
to accelerate reduction of harmful substances (including smoke, NOx, etc. as well as unburned substances such as HC,
CO, H2, etc.) in exhaust gas, and is configured to be able to change the exhaust pressure, exhaust gas density, and/or
exhaust flow rate. More specifically, the exhaust flow control device 40 is composed of a closed on-off valve (exhaust
emission control means, exhaust flow control valve) that can adjust the flow area of the exhaust pipe 20 and is connected
electrically to an electronic control unit (ECU) 60.
[0063] The closed on-off valve may be any of various types. In this case, a butterfly valve 42 is used that can be adjust
the flow area of the exhaust pipe 12 by rotating a valve disc 44 around a shaft 43 that penetrates the exhaust pipe 12,
as shown in FIG. 2 that illustrates a valve-open state and a valve-closed state. The butterfly valve 42 is provided with
an actuator 45, and the butterfly valve 42 is opened or closed as the valve disc 44 is rotated around the shaft 43 by
means of the actuator 45.
[0064] An ECU 60 is provided with memories (ROM, RAM, nonvolatile RAM, etc.), central processing unit (CPU),
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timer counter, etc. The ECU 60 carries out comprehensive control of the exhaust emission control device including the
engine 1.
[0065] The input side of the ECU 60 is connected with the aforesaid various sensors, including the aforesaid exhaust
sensor 22, and is supplied with detection information from these sensors.
[0066] On the other hand, the output side of the ECU 60 is connected with the aforesaid various output devices,
including the fuel injection valve 6, spark coil 8, throttle valve 14, butterfly valve 42, etc. Various pieces of information
such as an injection quantity, fuel injection timing, ignition timing, valve opening, etc. that are computed in accordance
with the detection information from the various sensors are delivered to the various output devices, individually. There-
upon, an appropriate quantity of fuel is injected from the fuel injection valve 6 at a proper time, spark ignition is carried
out at a proper time by means of the spark plug 4, and the on-off valve 42 is opened or closed at a proper time so that
a desired valve opening is obtained. Further, a warning lamp 50 is also connected to the output side.
[0067] The following is a description of the operation of the exhaust emission control device related to fault diagnosis
on the exhaust flow control valve of the present 5 invention constructed in this manner, that is, a method of fault diagnosis
on the exhaust flow control device 40 that is composed of the butterfly valve 42.
[0068] When the engine 1 is in a cold state, as described above, the butterfly valve 42 is temporarily closed to activate
the three-way catalyst 30 early. Thus, the exhaust pressure in the exhaust pipe 20 rises so that reaction of an unburned
fuel in an exhaust system including the combustion chamber and the exhaust pipe 20 is accelerated to increase the
exhaust gas temperature, 5 whereupon the three-way catalyst 30 is activated early.
[0069] Since the butterfly valve 42 in a high-temperature, high-pressure environment, it sometimes may go wrong and
cease to serve satisfactorily as an on-off valve after prolonged use. If the butterfly Valve 42 thus goes wrong so that its
function as the exhaust flow control device 40 is damaged, it may possibly fail to purify the harmful substances satisfactorily
when the engine 1 is cold unless the on-off valve 42 is fully closed. If the on-off valve 42 fails to be fully opened, on the
other hand, trouble may possibly occur such that the exhaust efficiency lowers to depress the output of the internal-
combustion engine.
[0070] According to the fault diagnosis on the exhaust flow control valve of the present invention, therefore, the exhaust
pressure is estimated in accordance with the output of the exhaust sensor 22 in consideration of the fact that the exhaust
sensor 22 detects the concentration by utilizing the partial pressure of the specific component in the exhaust gas, whereby
the failure of the butterfly valve 42 or malfunction of the exhaust flow control device 40 is diagnosed (performance
lowering identifying means).
[0071] The exhaust sensor 22 that utilizes the partial pressure of the specific component may be any of various sensors
such as an O2 sensor, A/F sensor (linear A/F sensor, LAPS), NOx sensor, etc. The following is a description of embod-
iments for cases where the O2 sensor and the A/F sensor are used, individually.
[0072] A first embodiment will be described first.
[0073] In the case of this first embodiment, the O2 sensor is used as the exhaust sensor 22. The aforementioned
Nernst formula is applied to the case where the O2 sensor is used.
[0074] Referring to FIG. 3, there is shown a flowchart that illustrates a fault diagnosis routine for the case where the
O2 sensor according to the first embodiment is used, which is executed by the ECU 60. This routine will now be described
with reference to this flowchart.
[0075] In Step S10, whether or not the exhaust A/F is a rich air-fuel ratio (including stoichiometric), that is, whether or
not the exhaust gas is in a rich atmosphere, is determined in accordance with information from the O2 sensor. Whether
or not the atmosphere is a rich atmosphere is thus determined for the following reason. If the exhaust A/F is a rich air-
fuel ratio, the H2 partial pressure increases so that the O2 sensor output is enhanced as the exhaust pressure rises. The
extent of this change is more definite than that of the change of the O2 partial pressure with a lean air-fuel ratio, and is
suited for the fault diagnosis.
[0076] If the decision in Step S10 is negative (No), that is, if the atmosphere is concluded to be a lean atmosphere,
this routine is finished at once. If the decision in Step S10 is positive (Yes), on the other hand, the program advances
to Step S12.
[0077] In Step S12, whether or not the butterfly valve 42 is in a closed state (fully-closed state in this case) is determined.
If the decision is positive (Yes), that is, if the valve is concluded to be fully closed, the program then advances to Step S14.
[0078] If the butterfly valve 42 is in the closed state, the exhaust pressure can be concluded to have reached a
predetermined or given high pressure (e.g., 800 mmHg = 1,067 hPa). An O2 sensor output A0 corresponding to this
given pressure is learned from an experiment and the like. In Step S14, therefore, whether or not the O2 sensor output
is approximate to the aforesaid O2 sensor output A0 is determined. In this case, whether or not the detected O2 sensor
output is smaller than a given value A2 (A0 � A2) is determined.
[0079] If the decision in Step S14 is positive (Yes), that is, if the O2 sensor output is smaller than the given value A2,
an abnormal situation can be supposed such that the H2 partial pressure is low and the exhaust pressure is not high
enough despite the closed state of the butterfly valve 42. More specifically, the butterfly valve 42 can be supposed to
be in some trouble. In this case, therefore, the program then advances to Step S16, whereupon it is concluded that the
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butterfly valve 42 is in trouble, and the warning lamp 50 is lit to inform a driver of something abnormal.
[0080] If the decision in Step S14 is negative (No), that is, if the O2 sensor output is not smaller than the given value
A2, on the other hand, it can be concluded that the exhaust pressure is high enough for the normal operation of the
butterfly valve 42. In this case, therefore, the program advances to Step S18, whereupon no fault diagnosis is made or
the fault diagnosis is canceled, and the warning lamp 50 is kept off without being lit.
[0081] If the decision in Step S12 is negative (No), that is, if the butterfly valve 42 in an open state (fully-open state
in this case), the program then advances to Step S19.
[0082] If the butterfly valve 42 is in the open state, the exhaust pressure must take a value approximate to the atmos-
pheric pressure. In this case, the O2 sensor output takes a value for normal use. In Step S19, therefore, whether or not
the O2 sensor output is greater than a given value A3 (A3 A A0) is determined.
[0083] If the decision in Step S19 is positive (Yes), that is, if the O2 sensor output is greater than the given value A3,
an abnormal situation can be supposed such that the H2 partial pressure is high and the exhaust pressure is extremely
high despite the open state of the butterfly valve 42. More specifically, the butterfly valve 42 can be supposed to be in
some trouble. In this case, therefore, the program advances to Step S16, whereupon it is concluded that the butterfly
valve 42 is in trouble, and the warning lamp 50 is lit to inform the driver of something abnormal, as in the aforesaid case.
[0084] If the decision in Step S19 is negative (No), that is, if the O2 sensor output is not greater than the given value
A3, it can be concluded that the exhaust pressure is low enough for the normal operation of the butterfly valve 42. In
this case, therefore, the program advances to Step S18, whereupon no fault diagnosis is made or the fault diagnosis is
canceled, and the warning lamp 50 is kept off without being lit, as in the aforesaid case.
[0085] The following is a description of a second embodiment.
[0086] In this second embodiment, as in the first embodiment described above, the O2 sensor is used as the exhaust
sensor 22, and the Nernst formula is also applied.
[0087] Referring to FIG. 4, there is shown a flowchart that illustrates a fault diagnosis routine according to the second
embodiment that is executed by the ECU 60. This routine will now be described with reference to this flowchart. However,
only the difference from the first embodiment will be described below.
[0088] In Step S20, as in Step S10 mentioned before, whether or not the atmosphere is a rich atmosphere is determined.
If the decision is positive (Yes), the program then advances to Step S22.
[0089] In Step S22, whether or not the absolute value of the difference between the O2 sensor output and a target
output of the O2 sensor set in accordance with the opening of the butterfly valve 42 is greater than a given value A4 (|O2
sensor output - target output|> A4) is determined in the presence of the same rich atmosphere (same exhaust component
concentration). Thus, in this case unlike the case of the first embodiment, a deviation in the exhaust pressure is monitored
by detecting the difference between the actual O2 sensor output and the preset target output without regard to the state,
closed or open, of the butterfly valve 42. By doing this, a situation involving an extraordinary exhaust pressure can be
securely detected to ensure an accurate decision on the failure of the butterfly valve 42 even in the case where the
butterfly valve 42 is adjusted to an intermediate opening other than openings for the fully-closed and fully-open states.
[0090] If the decision in Step S22 is positive (Yes), that is, if the absolute value of the difference between the O2 sensor
output and the target output is greater than the given value A4, therefore, an abnormal situation can be supposed such
that the exhaust pressure is too high or too low for the opening of the butterfly valve 42. In this case, the program then
advances to Step S24, whereupon it is concluded that the butterfly valve 42 is in trouble, and the warning lamp 50 is lit,
as in the case of Step S16.
[0091] If the decision in Step S22 is negative (No), that is, if the absolute value of the difference between the O2 sensor
output and the target output is not greater than the given value A4, on the other hand, it can be concluded that the
exhaust pressure is approximate to the target exhaust pressure and that the butterfly valve 42 is operating normally. In
this case, the program then advances to Step S26, whereupon no fault diagnosis is made or the fault diagnosis is
canceled, and the warning lamp 50 is kept off without being lit, as in the case of Step S18.
[0092] The following is a description of a third embodiment.
[0093] In the case of this third embodiment, the A/F sensor is used as the exhaust sensor 22. The aforementioned
pump-current formulas are applied to the case where the A/F sensor is used.
[0094] Referring to FIG. 5, there is shown a flowchart that illustrates a fault diagnosis routine for the case where the
A/F sensor is used, which is executed by the ECU 60. This routine will now be described with reference to this flowchart.
[0095] In Step S30, whether or not the exhaust A/F is a lean air-fuel ratio, that is, whether or not the exhaust gas is
in a lean atmosphere, is determined in accordance with information from the A/F sensor. Whether or not the atmosphere
is a lean atmosphere for the case of the A/F sensor is thus determined for the following reason. If the exhaust A/F is a
lean air-fuel ratio, the extent of change of the A/F sensor output that corresponds to the change of the exhaust pressure
is definite enough to suit the fault diagnosis. Referring to FIG. 6, there are shown relations between a target A/F (target
air-fuel ratio) and the A/F sensor output for cases where the exhaust pressure is adjusted to the atmospheric pressure
(broken line) and the given high pressure (full line; e.g., 800 mmHg = 1,067 hPa). If the air-fuel ratio A/F is within the
range of lean air-fuel ratios, the output value of the A/F sensor changes considerably when the exhaust pressure rises
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to a high pressure.
[0096] If the decision in Step S30 is negative (No), that is, if the atmosphere is concluded to be a rich atmosphere,
this routine is finished at once. If the decision in Step S30 is positive (Yes), on the other hand, the program advances
to Step S32.
[0097] In Step S32, whether or not the absolute value of the difference between the A/F sensor output and a target
A/F (target output) of the A/F sensor set in accordance with the opening of the butterfly valve 42 is greater than a given
value B1 (|A/F sensor output - target A/F| > B1) is determined in the presence of the same lean atmosphere (same
exhaust component concentration). Thus, in this case like the case of the second embodiment, a deviation in the exhaust
pressure is monitored by detecting the difference between the actual A/F sensor output and the preset target A/F without
regard to the state, closed or open, of the butterfly valve 42.
[0098] By doing this, a situation involving an extraordinary exhaust pressure can be securely detected by means of
the A/F sensor to ensure a continually satisfactory decision on the failure of the butterfly valve 42 even in the case where
the butterfly valve 42 is adjusted to an intermediate opening other than openings for the fully-closed and fully-open states.
[0099] If the decision in Step S32 is positive (Yes), that is, if the absolute value of the difference between the A/F
sensor output and the target A/F is greater than the given value B1, therefore, an abnormal situation can be supposed
such that the exhaust pressure is too high or too low for the opening of the butterfly valve 42. In this case, the program
then advances to Step S34, whereupon it is concluded that the butterfly valve 42 is in trouble, and the warning lamp 50
is lit, as in the aforesaid case.
[0100] If the decision in Stap S32 is negative (No), that is, if the absolute value of the difference between the A/F
sensor output and the target A/F is not greater than the given value B1, on the other hand, it can be concluded that the
exhaust pressure is approximate to the target exhaust pressure and that the butterfly valve 42 is operating normally. In
this case, the program then advances to Step S36, whereupon no fault diagnosis is made or the fault diagnosis is
canceled, and the warning lamp 50 is kept off without being lit, as in the aforesaid case.
[0101] The following is a description of a fourth embodiment.
[0102] In this fourth embodiment, as in the third embodiment described above, the A/F sensor is used as the exhaust
sensor 22, and the pump-current formulas are also applied.
[0103] Referring to FIG. 7, there is shown a flowchart that illustrates a fault diagnosis routine according to the fourth
embodiment that is executed by the ECU 60. This routine will now be described with reference to this flowchart. The
fourth embodiment, unlike the third embodiment, uses both the A/F sensor output for the case where the air-fuel ratio
A/F is a lean air-fuel ratio and the A/F sensor output for the case where the air-fuel ratio is a rich air-fuel ratio (including
stoichiometric).
[0104] If the butterfly valve 42 is adjusted to a given opening, the target A/F of the A/F sensor for the case where the
air-fuel ratio A/F is a given lean air-fuel ratio is read as LAF0, and the A/F sensor output (concentration of one specific
exhaust component) based on the O2 partial pressure near the same air-fuel ratio is detected as LAF1, in Step S40 first.
Thus, the ECU 60 is stored with the target A/F, LAF0, of the A/F sensor for the case where the air-fuel ratio A/F is the
given lean air-fuel ratio and the A/F sensor output LAF1.
[0105] In Step S42, moreover, the target A/F of the A/F sensor for the case where the butterfly valve 42 is adjusted
to the aforesaid given opening and the air-fuel ratio A/F is a given rich air-fuel ratio (or stoichiometric) is read as RAF0,
and the A/F sensor output (concentration of another specific exhaust component) based on the H2 partial pressure
approximate to the same air-fuel ratio is detected as RAF1. Thus, the ECU 60 is stored with the target A/F, RAF0, of
the A/F sensor for the case where the air-fuel ratio A/F is the given rich air-fuel ratio and the A/F sensor output RAF1.
[0106] When the target A/F’s, LAF0 and RAF0, of the A/F sensor and the A/F sensor outputs LAF1 and RAF1 are
obtained in this manner, whether or not the butterfly valve 42 is in the closed state (fully-closed state in this case) is
determined in the next step or Step S44. If the decision is negative (No), that is, if the butterfly valve 42 is in the open
state, whether or not the following expression (5) holds is then determined in Step S45: 

[0107] Thus, whether or not the ratio of the difference (LAF1 - RAF1) between the A/F sensor outputs for the lean air-
fuel ratio and the rich air-fuel ratio to the difference (LAF0 - RAF0) between the target A/F’s is greater than a given value
Cl is determined. More specifically, the inclination of the A/F sensor output is obtained, and whether or not this value is
greater than the given value C1 is determined. This is done because the A/F sensor output is kept at the target A/F
approximate to the stoichiometric even if the exhaust pressure is raised or lowered and the output gradient of the A/F
sensor changes around a value approximate to the stoichiometric so that the aforesaid value changes if the exhaust
pressure is raised or lowered, as shown in FIG. 6.
[0108] If the difference (LAF1 - RAF1) between the A/F sensor outputs and the difference (LAF0 - RAF0) between
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the target A/F’s and the ratio between the differences are obtained in this manner, a noise involved in the A/F sensor
outputs, that is, an output error attributable to any other factor than the exhaust pressure, can be removed.
[0109] More specifically, the A/F sensor outputs LAF1 and RAF1 are given as "(target A/F)+ (output errors attributable
to any other factors than exhaust pressure + output errors attributable to exhaust pressure)" or "(target A/F) X (output
errors attributable to any other factors than exhaust pressure X output errors attributable to exhaust pressure)." Thus,
the output errors attributable to any other factors than the exhaust pressure are added to or multiplied by the target A/F.
However, the output errors attributable to any other factors than the exhaust pressure always act in the same direction,
while the output errors attributable to the exhaust pressure act in opposite directions on the lean and rich sides, as
mentioned before. Accordingly, the errors attributable to the addition based on any other factors than the exhaust pressure
can be canceled by obtaining the difference (LAF1 - RAF1) between the A/F sensor outputs and the difference (LAF0
- RAF0) between the target A/F’s.
[0110] Further, the errors attributable to the multiplication based on any other factors than the exhaust pressure can
be canceled by obtaining the ratio (LAF1/RAF1) between the A/F sensor outputs, the ratio (LAF0/RAF0) between the
target A/F’s, and the ratio between these ratios and making a decision.
[0111] By doing this, all the output errors attributable to any other factors than the exhaust pressure can be eliminated
so that a deviation in the exhaust pressure can be monitored in consideration of the output errors attributable to the
exhaust pressure only. Thus, the failure of the butterfly valve 42 can be identified with high accuracy.
[0112] If the decision in Step S45 is positive (Yes), that is, if the aforesaid expression (5) holds, therefore, the output
gradient of the A/F sensor is great, and an abnormal situation can be supposed such that the exhaust pressure is too
high for the opening of the butterfly valve 42. In this case, the program then advances to Step S46, whereupon it is
concluded that the butterfly valve 42 is in trouble, and the warning lamp 50 is lit, as in the aforesaid case.
[0113] If the decision in Step S45 is negative (No), that is, if the aforesaid expression (5) never holds, on the other
hand, it can be concluded that the exhaust pressure is approximate to the target exhaust pressure and that the butterfly
valve 42 is operating normally. In this case, the program then advances to Step S48, whereupon no fault diagnosis is
made or the fault diagnosis is canceled, and the warning lamp 50 is kept off without being lit, as in the aforesaid case.
[0114] If the decision in Step S44 is positive (Yes), that is, if the butterfly valve 42 is in the closed state, whether or
not the following expression (6) holds is then determined in Step S47: 

[0115] If the decision is positive (Yes), that is, if the aforesaid expression (6) holds, an abnormal situation can be
supposed such that the exhaust pressure is too low for the opening of the butterfly valve 42. In this case, the program
then advances to Step S46, whereupon it is concluded that the butterfly valve 42 is in trouble, and the warning lamp 50
is lit, as in the aforesaid case.
[0116] If the decision in Step S47 is negative (No), that is, if the aforesaid expression (6) never holds, on the other
hand, the program then advances to Step S48, whereupon no fault diagnosis is made or the fault diagnosis is canceled,
and the warning lamp 50 is kept off without being lit, as in the aforesaid case.
[0117] The following is a description of a fifth embodiment.
[0118] In this fifth embodiment, as in the third and fourth embodiments described above, the A/F sensor is used as
the exhaust sensor 22, and the pump-current formulas are also applied.
[0119] Referring to FIG. 8, there is shown a flowchart that illustrates a fault diagnosis routine according to the fifth
embodiment that is executed by the ECU 60. This routine will now be described with reference to this flowchart.
[0120] In the fifth embodiment, the fault diagnosis is made in accordance with the A/F sensor output for the case where
the butterfly valve 42 is in the open state and the A/F sensor output for the case where the butterfly valve 42 is in the
closed state.
[0121] In Step S50, whether or not the target A/F is greater than a given value AF1 (e.g., 20) is determined. This
decision is made for the same reason for which whether or not the exhaust gas is in a lean atmosphere is determined
in Step S30 of the third embodiment.
[0122] If the decision in Step S50 is negative (No), this routine is finished at once. If the decision is positive (Yes), on
the other hand, the program then advances to Step S52.
[0123] In Step S52, whether or not the target exhaust pressure is not lower than a given value P1 (e.g., 500 mmHg
= 667 hPa) is determined. In other words, whether or not the butterfly valve 42 is in the closed state is determined. If
the decision is positive (Yes), the program then advances to Step S54.
[0124] In Step S54, an index 1 for the closed state is obtained from the following expression (7): 
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[0125] If the decision in Step S52 is negative (No), that is, if the target exhaust pressure is lower than the given value
P1, on the other hand, the program then advances to Step S56, whereupon whether or not the target exhaust pressure
is lower than a given value P2 (e.g., 100 mmHg = 133 hPa) is determined. In other words, whether or not the butterfly
valve 42 is in the open state is determined in the same manner as aforesaid. If the butterfly valve 42 is in the open state,
the target exhaust pressure is equal to the atmospheric pressure. However, the fault diagnosis can be made if the target
exhaust pressure is thus lowered to a certain extent. If the decision is negative (No), this routine is finished at once. If
the decision is positive (Yes), the program then advances to Step S58.
[0126] In Step S58, an index 2 for the open state is obtained from the following expression (8): 

[0127] In this case, the indexes 1 and 2 are set in a manner such that the inclination of the A/F sensor output is obtained
as (A/F sensor output - stoichiometric A/F)/(target A/F - stoichiometric A/F) with a stoichiometric that is influenced little
by the exhaust pressure as the point of origin. Alternatively, however, the indexes 1 and 2 may be set as (A/F sensor
output - target A/F) or (A/F sensor output/target A/F).
[0128] Preferably, moreover, the indexes 1 and 2 used should be indexes that are obtained immediately before and
after the target exhaust pressure is switched over to the given values P1 and P2. Thus, the indexes 1 and 2 serve as
indexes under the same operating conditions, so that.the accuracy of the fault diagnosis is improved.
[0129] Although an average of the indexes 1 and 2 may be obtained, a momentary value may be used alternatively.
[0130] Although the stoichiometric A/F should preferably be changed depending on the fuel used, moreover, it may
alternatively be a fixed value.
[0131] In Step S60, whether or not the indexes 1 and 2 are obtained is determined. If the indexes 1 and 2 are obtained
in the aforesaid manner, the program then advances to Step S62.
[0132] In Step S62, whether or not the difference between the indexes 1 and 2 is smaller than a given value D1 (e.g.,
0.4) is determined (index 1 - index 2 < D1?).
[0133] Thus, in the fifth embodiment, the fault diagnosis is made in consideration of the A/F sensor output obtained
before or after the actuation of the butterfly valve 42. Although the given value D1 may be a fixed value, it may be
changed depending on the target exhaust pressure.
[0134] Although whether or not the difference between the indexes 1 and 2 is smaller than the given value D1 is
determined in this case, whether or not the ratio between the indexes 1 and 2 is lower than a given value D2 (index
1/index 2 < D2?) may be determined.
[0135] If the decision in Step S62 is positive (Yes), that is, if the difference between the indexes 1 and 2 is smaller
than the given value D1, this can be concluded to be an abnormal situation. In this case, the program then advances to
Step S64, whereupon it is concluded that there is a failure, and the warning lamp 50 is lit, as in the aforesaid case.
[0136] If the decision in Step S62 is negative (No), that is, if the difference between the indexes 1 and 2 is not smaller
than the given value D1, it can be concluded that there is no problem. In this case, the program then advances to Step
S66, whereupon no fault diagnosis is made or the fault diagnosis is canceled, and the warning lamp 50 is kept off without
being lit, as in the aforesaid case.
[0137] Although the given values P1 and P2, threshold decision values, are different values in the decisions of Steps
S52 and S56, the given values P1 and P2 may alternatively be the same value.
[0138] Although the fifth embodiment may be carried out singly, moreover, it may be used in combination with the
third and fourth embodiments described before.
[0139] Although the butterfly valve 42 is used as the exhaust flow control device 40 in each of the foregoing embod-
iments, moreover, the exhaust flow control device 40 may be a device of any configuration provided that it can variably
control the exhaust pressure.
[0140] Although the A/F sensor is used in the third to fifth embodiments, furthermore, an NOx sensor may be used in
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place of the A/F sensor. Since the NOx sensor has the same principle of operation, it can produce the same effect of
the A/F sensor.

"Regeneration of post-exhaust processor"

[0141] Referring to FIG. 9, there is shown a schematic view of an exhaust emission control device of an internal-
combustion engine related to regeneration of a post-exhaust processor of the present invention. The following is a
description of this exhaust emission control device.
[0142] In this case, a straight four-cylinder diesel engine is used as an engine 101, an internal-combustion engine.
[0143] A fuel supply system of the engine 101 is formed of a common rail system, for example. In this system, each
cylinder is provided with an injector (fuel injection nozzle) 106. The injectors 106 are connected to a common rail 104.
Further, each injector 106 is connected to an electronic control unit (ECU) 160. It can open and close a valve in response
to a fuel injection command from the ECU 160 and inject a fuel in the common rail 104 into each combustion chamber
at high pressure with desired timing. More specifically, the injectors 106 can freely carry out post-injection (sub-injection)
of an additional fuel in the expansion or exhaust stroke, as well as main injection of a main fuel. Since the common rail
system is a conventional one, a detailed description of the configuration of this common rail system is omitted herein.
[0144] An intake pipe 108 is connected to the intake port of the engine 101 by means of an intake manifold 110. On
the other hand, an exhaust pipe 120 is connected to the exhaust port by means of an exhaust manifold 112.
[0145] An EGR passage 116 extends from the exhaust manifold 112, and the terminal end of the EGR passage 116
is connected to the intake manifold 110. The EGR passage 116 is fitted with a solenoid-operated EGR valve 118.
[0146] As shown in the same drawing, the exhaust pipe 120 is fitted with a post-exhaust processor 130. The post-
exhaust processor 130 is an exhaust emission control device that is composed of a catalyst converter and a diesel
particulate filter (DPF, exhaust emission control means) for purifying harmful substances (HC, CO, NOx, etc.) and PM
(particulate matter) in exhaust gas. In this case, the post-exhaust processor 130 is formed having an occlusion-type
NOx catalyst 134 on the lower-stream side of a DPF 132.
[0147] The occlusion-type NOx catalyst 134 is a catalyst that occludes NOx if the exhaust A/F is a lean air-fuel ratio
and discharges and reduces the occluded NOx if the exhaust A/F is changed into a rich air-fuel ratio (or theoretical air-
fuel ratio).
[0148] Further, the exhaust pipe 120 is provided with an exhaust flow control device 140 that has the same function
with the exhaust flow control device 40. A butterfly valve 142 similar to the butterfly valve 42 is used as the exhaust flow
control device 140. The exhaust flow control device 140 serves also as an exhaust brake in a valve-closed state.
[0149] An exhaust sensor 122 for detecting O2 and H2 concentrations as specific component concentrations in the
exhaust pipe 120 is provided on the upper-stream side of the DPF 132 on the exhaust pipe 120.
[0150] The ECU 160, like the ECU 60, is a control device that carries out comprehensive control of the exhaust
emission control device of the internal-combustion engine according to the present invention including the engine 101.
[0151] The input side of the ECU 160 is connected with various sensors attached to the engine 101, the exhaust
sensor 122, etc.
[0152] On the other hand, the output side of the ECU 160 is connected with the fuel injection valve 2, the EGR valve
118, an actuator 145 of the exhaust flow control device 140, etc., as well as various devices.
[0153] The following is a description of the operation of the exhaust emission control device of the internal-combustion
engine related to the regeneration of the post-exhaust processor of the present invention constructed in this manner.
[0154] According to regeneration of the post-exhaust processor of the present invention, as described above, the
exhaust pressure is estimated in accordance with the output of the exhaust sensor 122 in consideration of the fact that
the exhaust sensor 122 detects the concentration by utilizing the partial pressures of the O2 and H2 components in the
exhaust gas, whereby clogging of the DPF 132 with the PM is identified (performance lowering identifying means).
[0155] The exhaust sensor 122 that utilizes the partial pressures of the O2 and H2 components may be any of various
sensors such as an O2 sensor, A/F sensor (linear A/F sensor, LAFS), NOx sensor, etc. The following is a description of
embodiments for cases where the O2 sensor and the A/F sensor are used, individually.
[0156] A sixth embodiment will be described first.
[0157] In the case of this sixth embodiment, the A/F sensor is used as the exhaust sensor 122. The aforementioned
pump-current formulas are applied to the case where the A/F sensor is used.
[0158] Referring to FIG. 10, there is shown a flowchart that illustrates a control routine for feedback control (λ-control)
of the injection quantity based on an excess air factor λ of the engine 101, which is executed by the ECU 160. The λ-
control will be described first.
[0159] In Step S110, operation information on the engine 101 is read. More specifically, an engine speed Ne and
engine loads (accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L are read.
[0160] In Step S111, a target value of the excess air factor λ, that is, a target excess air factor λt, is set in accordance
with the engine speed Ne and the engine loads L.
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[0161] In Step S112, a fundamental injection quantity Qf0 is set in accordance with the engine speed Ne, the engine
loads L, or the target excess air factor λt and a new charge flow rate Qa.
[0162] In Step S113, whether or not the excess air factor λ detected from the A/F sensor output and the target value
λ t are equal is determined. If the decision is negative (No), a correction fuel quantity Qfc corresponding to the deviation
between the excess air factor λ detected from the A/F sensor output and the target value λt is calculated in Step S114,
and fuel injection is carried out with the correction fuel quantity Qfc added to the fundamental injection quantity Qf0 in
Step S115. If the decision is positive (Yes), on the other hand, fuel injection is carried out in accordance with the
fundamental injection quantity Qf0 in Step S116.
[0163] In carrying out the λ-control in a diesel engine, in general, the target excess air factor λt is high, and the exhaust
A/F is a lean air-fuel ratio.
[0164] Referring to FIG. 11, moreover, there is shown a flowchart that illustrates a control routine for exhaust reflux
feedback control or EGR control, which is executed by the ECU 160. The following is a description of the BGR control.
[0165] In Step S120, the operation information on the engine 101, that is, the engine speed Ne and the engine loads
(accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L, is read, as in the aforesaid case.
[0166] In Step S121, a target value of an EGR quantity Qegr, that is, a target EGR quantity Qegrt, is set in accordance
with the engine speed Ne and the engine loads L.
[0167] In Step S122, the target value of the excess air factor λ, that is, the target excess air factor λt, is also set in
accordance with the engine speed Ne and the engine loads L.
[0168] In Step S123, whether or not the excess air factor λ detected from the A/F sensor output and the target value
λ t are equal is determined. If the decision is negative (No), a correction value corresponding to the deviation between
the excess air factor λ detected from the A/F sensor output and the target value λt is added to the target EGR quantity
Qegrt, and the opening of the EGR valve 118 is adjusted. If the decision is positive (Yes), on the other hand, the opening
of the EGR valve 118 is adjusted in accordance with the target EGR quantity Qegrt in Step S125.
[0169] In the case where the EGR control is carried out in this manner, the exhaust A/F is a lean air-fuel ratio as long
as the target excess air factor λt has a large value.
[0170] Referring to FIG. 12, there is shown a flowchart that illustrates a DPF regeneration control routine for the case
where the A/F sensor is used. The following is a description of the DPF regeneration control.
[0171] In Step S130, the operation information on the engine 101, that is, the engine speed Ne and the engine loads
(accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L, is read.
[0172] In Step S131, whether or not the exhaust A/F is a lean air-fuel ratio, that is, whether or not the exhaust gas is
in a lean atmosphere, is determined in accordance with information from the A/F sensor. Whether or not the atmosphere
is a lean atmosphere for the case where the A/F sensor is used is thus determined for the following reason. In the case
where the λ-control or the EGR control is carried out in a diesel engine, in general, the air-fuel ratio is a lean air-fuel
ratio. In the case where the lean air-fuel ratio is used, the higher the degree of leanness, the higher the extent of change
of the A/F sensor output that corresponds to the change of the exhaust pressure is. This suits the determination on the
necessity of DPF regeneration. It is to be understood that the necessity of DPF regeneration in a rich atmosphere may
be determined.
[0173] If the decision in Step S131 is negative (No), that is, if the atmosphere is concluded to be a rich atmosphere,
this routine is finished at once. If the decision in Step S131 is positive (Yes), on the other hand, the program advances
to Step S132.
[0174] In Step S132, a target output of the A/F sensor corresponding to a target A/F is obtained in accordance with
the engine speed Ne and the engine loads L, and an output that requires further regeneration is obtained.
[0175] Actually, a plurality of maps are provided in advance for the engine speed Ne and each engine load L, as shown
in FIG. 13. These maps show relations between the target output (broken line) of the A/F sensor for the case where the
exhaust pressure obtained when no PM is deposited on the DPF (or when the DPF is not used) is adjusted to a reference
exhaust pressure, the A/F sensor output (full line) for the case where the exhaust pressure is adjusted to a given high
pressure that requires regeneration of the DPF, and the target A/F (target air-fuel ratio), that is, the target excess air
factor λt. A map that corresponds to the current engine speed Ne and engine loads L is extracted from those maps, and
the target output of the A/F sensor and the A/F sensor output that requires regeneration, that is, a regeneration-requiring
output, are obtained.
[0176] In Step S133, whether or not the deviation between the A/F sensor output and the target output is greater than
the difference between the regeneration-requiring output and the target output of the A/F sensor, that is, a decision value
F1 shown in FIG. 13, is determined (A/F sensor output - target output > F1?) with use of the same engine speed Ne and
engine loads L (same operating conditions) and the same lean atmosphere (same exhaust component concentration).
If the decision is negative (No), that is, if the deviation is concluded to be not greater than the decision value F1, it can
be concluded that the exhaust pressure is not higher than an allowable pressure, and the quantity of deposited PM is
not so large that regeneration of the DPF is required yet. In this case, therefore, this routine is finished without doing
anything.
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[0177] If the decision in Step S133 is positive (Yes), that is, if the deviation is concluded to be greater than the decision
value F1, on the other hand, it can be concluded that the exhaust pressure is higher than the allowable pressure, and
the DPF is just about to reach a PM capture limit, so that regeneration of the DPF is necessary. In this case, therefore,
the program advances to Step S134, whereupon the execution of DPF regeneration is controlled.
[0178] Referring to FIG. 14, there is shown a flowchart that illustrates a control routine for DPF regeneration execution
control. The following is a description of the DPF regeneration execution control.
[0179] In Step S140, the operation information on the engine 101, that is, the engine speed Ne and the engine loads
(accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L, is read.
[0180] In Step S141, an exhaust gas temperature T corresponding to the engine speed Ne and the engine loads L
are calculated on the basis of the engine speed Ne and the engine loads L.
[0181] In Step S142, whether or not the exhaust gas temperature T is lower than a PM combustion temperature Tp
is determined. If the decision is negative (No), that is, if the exhaust gas temperature T is concluded to be not lower than
the PM combustion temperature Tp, the PM is expected to be removed by combustion without any operation, so that
this routine is finished. If the decision in is positive (Yes), that is, if the exhaust gas temperature T is concluded to be
lower than the PM combustion temperature Tp, on the other hand, the program advances to Step S143 and the subsequent
steps, whereupon the post-injection (sub-injection) is carried out.
[0182] In the post-injection, the fuel is additionally supplied in the expansion or exhaust stroke after fuel injection for
main combustion is carried out by means of the injectors 106, and the unburned fuel is discharged into the exhaust pipe
120. Thereupon, the additional fuel reacts with oxygen in the exhaust gas in the exhaust system. The resulting heat of
reaction causes the temperature of the exhaust gas supplied to the DPF to rise, whereupon the PM on the DPF can be
satisfactorily removed by combustion.
[0183] In Step S143, a proper additional fuel quantity is set in accordance with the deviation between the exhaust gas
temperature T and the PM combustion temperature Tp before starting the post-injection.
[0184] In Step S144, a proper injection timing for satisfactory reaction of the additional fuel in the exhaust system is
set in accordance with the exhaust gas temperature T in the expansion or exhaust stroke.
[0185] Then, in Step S145, the post-injection is carried out. More specifically, a proper quantity of additional fuel is
injected from the injectors 106 at a proper time for injection. At the same time, the butterfly valve 142 is closed to restrain
the exhaust flow in the exhaust system, thereby raising the exhaust pressure.
[0186] Thereupon, the relation between the unburned fuel and oxygen in the exhaust gas becomes intimate enough
to accelerate the reaction in the exhaust system, so that exhaust heat-up is achieved rapidly, and the PM on the DPF
is removed early by combustion. Even when the butterfly valve 142 is not closed, moreover, a satisfactory effect can be
obtained, though the exhaust heat-up speed is low.
[0187] In Step S146, completion of the DPF regeneration is determined. In this case, for example, whether or not the
A/F sensor output is smaller than a given value E0 is determined. the given value E0 is previously adjusted to a value
a little higher the target output (broken line) of FIG. 13 with use of the same engine speed Ne and engine loads L (same
operating conditions) and the same lean atmosphere (same exhaust component concentration).
[0188] If the decision in Step S146 is negative (No), it can be concluded that the PM is not satisfactorily removed by
combustion, and the execution of this routine is repeated. If the decision is positive (Yes), on the other hand, it can be
concluded that the PM is satisfactorily removed by combustion to complete the DPF regeneration, whereupon the
execution of this routine is finished.
[0189] Although the completion of the DPF regeneration is determined by comparing the A/F sensor output and the
given value E0 in this case, a given time for the satisfactory removal of the PM by combustion is previously set so that
the completion can be determined depending on whether or not the given time has passed since the start of the DPF
regeneration.
[0190] The following is a description of a seventh embodiment.
[0191] In this seventh embodiment, as in the sixth embodiment, the A/F sensor is used as the exhaust sensor 122,
and the pump-current formulas are applied in the same manner as aforesaid.
[0192] The seventh embodiment differs from the sixth embodiment only in a part of the DPF regeneration control
routine, so that only differences from the sixth embodiment will be described in the following.
[0193] Referring to FIG. 15, there is shown a flowchart that illustrates a DPF regeneration control routine according
to the seventh embodiment using the A/F sensor. The differences from the sixth embodiment will now be mainly described
with reference to this flowchart.
[0194] In Step S132’, that follows Steps S130 and 131, the map that corresponds to the current engine speed Ne and
engine loads L is extracted from the maps of FIG. 13, and the A/F sensor output (full line of FIG. 13) corresponding to
the given high pressure that requires regeneration of the DPF, that is, a regeneration-requiring output H1, is selected
according to the target A/F.
[0195] In Step S133’, whether or not the A/F sensor output is greater than the regeneration-requiring output H1 is
determined with use of the same engine speed Ne and engine loads L (same operating conditions) and the same lean
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atmosphere (same exhaust component concentration). If the decision is negative (No), it can be concluded that the
exhaust pressure is not higher than the allowable pressure, and the quantity of deposited PM is not so large that
regeneration of the DPF is required yet. In this case, therefore, this routine is finished without doing anything.
[0196] If the decision in Step S133’ is positive (Yes), that is, if the A/F sensor output is concluded to be greater than
the regeneration-requiring output H1 (full line of FIG. 13), on the other hand, it can be concluded that the DPF is just
about to reach the PM capture limit, so that regeneration of the DPF is necessary. In this case, therefore, the program
advances to Step S134, whereupon the execution of the DPF regeneration is controlled in the same manner as aforesaid.
[0197] The following is a description of an eighth embodiment.
[0198] Also in this eighth embodiment, as in the seventh embodiment, the A/F sensor is used as the exhaust sensor
122, and the pump-current formulas are applied in the same manner as aforesaid.
[0199] In the case of the eighth embodiment, the DPF is regenerated as the exhaust A/F is adjusted to a rich air-fuel
ratio in order to release and reduce NOx that is occluded by the occlusion-type NOx catalyst 134.
[0200] Referring to FIG. 16, there is shown a flowchart that illustrates a control routine for NOx release control. The
Nox release control will be described first.
[0201] In Step S150, the operation information on the engine 101, that is, the engine speed Ne and the engine loads
(accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L, is read in the same manner
as aforesaid.
[0202] In Step S151, the quantity of NOx occluded by the occlusion-type NOx catalyst 134 is estimated. In this case,
the quantity of occluded NOx increases in proportion to the operating time of the engine 101, for example, so that it is
estimated in accordance with the operating time of the engine 101.
[0203] In Step S152, moreover, whether or not a given quantity of occlusion before saturation is exceeded by the
estimated quantity of occluded NOx is determined. In this case, whether or not a given time corresponding to the given
quantity of occlusion is exceeded by the operating time of the engine 101 is determined. If the decision is negative (No),
this routine is finished. If the decision is positive (Yes), it is concluded that NOx must be released, whereupon the program
advances to Step S153 and the subsequent steps.
[0204] In the case where NOx is released, the aforesaid post-injection is carried out. By doing this, the unburned fuel
is discharged into the exhaust pipe 120 to adjust the exhaust A/F to a rich air-fuel ratio (or theoretical air-fuel ratio), so
that the occlusion-type NOx catalyst 134 is brought into a rich atmosphere, whereupon NOx is released and reduced.
[0205] In Step S153, an additional fuel quantity is set in accordance with information from the A/F sensor in releasing
NOx so that the exhaust A/F is a rich air-fuel ratio. The NOx can be released efficiently if the additional fuel quantity is
set so that the air-fuel ratio is a rich air-fuel ratio for a given period and then a theoretical air-fuel ratio (stoichiometric)
for another given period.
[0206] In Step S154, the exhaust gas temperature T corresponding to the engine speed Ne and the engine loads is
calculated, and a proper injection timing such that the additional fuel can securely reach the occlusion-type NOx catalyst
134 can be set in accordance with the exhaust gas temperature T in the exhaust stroke. More specifically, the injection
timing is set so that the additional fuel is injected as late as possible, e.g., in the latter stage of the exhaust stroke.
[0207] Then, in Step S155, the post-injection is carried out. More specifically, a proper quantity of additional fuel is
injected from the injectors 106 at a proper time for injection. At the same time, the butterfly valve 142 is closed to restrain
the exhaust flow in the exhaust system, thereby raising the exhaust pressure, and the EGR control of FIG. 11 is carried
out to increase the EGR quantity Qegr. Thereupon, the quantity of new charge in the exhaust pipe 120 can be reduced,
and the exhaust A/F can be enriched with ease.
[0208] Thus, NOx that is occluded by the occlusion-type NOx catalyst 134 can be satisfactorily released and reduced
to regenerate the occlusion-type NOx catalyst 134.
[0209] Referring to FIG. 17, there is shown a flowchart that illustrates a routine for DPF regeneration control during
the NOx release control. The following is a description of the DPF regeneration control during the NOx release control.
[0210] In Step S160, the operation information on the engine 101, that is, the engine speed Ne and the engine loads
(accelerator opening, rack position for the case of a pre-stroke fuel injection pump, etc.) L, is read.
[0211] In Step S161, whether or not the NOx release control is being executed is determined. If the decision is negative
(No), this routine is finished. If the decision is positive (Yes), on the other hand, the program advances to Step S162.
[0212] In Step S162, whether or not the exhaust A/F is a rich air-fuel ratio, that is, whether or not the exhaust gas is
in a rich atmosphere, is determined in accordance with information from the A/F sensor. If the decision is negative (No),
this routine is finished. If the decision is positive (Yes), on the other hand, the program advances to Step S163.
[0213] In Step S163, the target output of the A/F sensor corresponding to the target A/F is obtained in accordance
with the engine speed Ne and the engine loads L, and the output that requires further regeneration is obtained.
[0214] Thus, as mentioned before, the map that corresponds to the current engine speed Ne and engine loads L is
extracted from the maps shown in FIG. 13, and the target output of the A/F sensor and the A/F sensor output that requires
regeneration, that the regeneration-requiring output, are obtained.
[0215] In Step S164, whether or not the deviation between the A/F sensor output and the target output of the A/F
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sensor is greater than the difference between the regeneration-requiring output and the target output, that is, a decision
value G1 shown in FIG. 13, is determined (target output - A/F sensor output > G1?) with use of the same engine speed
Ne and engine loads L (same operating conditions) and the same rich atmosphere (same exhaust component concen-
tration). If the decision is negative (No), that is, if the deviation is concluded to be not greater than the decision value
G1, it can be concluded that the exhaust pressure is not higher than the allowable pressure, and the quantity of deposited
PM is not so large that regeneration of the DPF is required yet. In this case, therefore, this routine is finished without
doing anything.
[0216] In the case where the butterfly valve 142 is closed during the NOx release control, the closed state of the
butterfly valve 142 should preferably be added to the same operating conditions and the same exhaust component
concentration as setting conditions for the decision value G1.
[0217] If the decision in Step S164 is positive (Yes), that is, if the deviation is concluded to be greater than the decision
value G1, on the other hand, it can be concluded that the exhaust pressure is higher than the allowable pressure, and
the DPF is just about to reach the PM capture limit, so that regeneration of the DPF is necessary. In this case, therefore,
the program advances to Step S165, whereupon the execution of the aforesaid DPF regeneration is controlled.
[0218] The following is a description of a ninth embodiment.
[0219] In the case of this ninth embodiment, the O2 sensor is used as the exhaust sensor 122. The aforementioned
Nernst formula is applied to the case where the O2 sensor is used.
[0220] In the case of the ninth embodiment, the DPF is regenerated by means of the O2 sensor as the exhaust A/F
is adjusted to a rich air-fuel ratio in order to release and reduce NOx that is occluded by the occlusion-type NOx catalyst
134.
[0221] Referring to FIG. 18, there is shown a flowchart that illustrates a control routine for NOx release control that
resembles the one shown in FIG. 16. The NOx release control will be described first. Differences from the one shown
in FIG. 16 will now be described in the main.
[0222] After Steps S150, S151 and S152 are executed, the post-injection is carried out in the same manner as aforesaid
in Step S153’ and the subsequent steps. By doing this, the unburned fuel is discharged into the exhaust pipe 120 to
adjust the exhaust A/F to a rich air-fuel ratio (or theoretical air-fuel ratio), so that the occlusion-type NOx catalyst 134 is
brought into a rich atmosphere, whereupon NOx is released and reduced.
[0223] In Step S153’, an additional fuel quantity is set in accordance with information from the O2 sensor in releasing
NOx so that the exhaust A/F is a rich air-fuel ratio. In this case, as in the aforesaid case, the NOx can be released
efficiently if the additional fuel quantity is set so that the air-fuel ratio is a rich air-fuel ratio for a given period and then a
theoretical air-fuel ratio (stoichiometric) for another given period.
[0224] Then, a proper injection timing is set in the exhaust stroke in Step S154, and the post-injection is carried out
in Step S155. More specifically, the proper quantity of additional fuel is injected from the injectors 106 at the proper time
for injection. At the same time, as in the aforesaid case, the butterfly valve 142 is closed to restrain the exhaust flow in
the exhaust system, thereby raising the exhaust pressure, and the EGR control of FIG. 11 is carried out to increase the
EGR quantity Qegr. Thereupon, the quantity of new charge in the exhaust pipe 120 can be reduced, and the exhaust
A/F can be enriched with ease.
[0225] Thus, NOx that is occluded by the occlusion-type NOx catalyst 134 can be satisfactorily released and reduced
to regenerate the occlusion-type NOx catalyst 134.
[0226] Referring to FIG. 19, there is shown a flowchart that illustrates a routine for DPF regeneration control during
the NOx release control that resembles the one shown in FIG. 17. The following is a description of the DPF regeneration
control during the NOx release control for the case where the O2 sensor is used. Differences from the one shown in
FIG. 17 will now be described in the main.
[0227] After Steps S160, S161 and S162 are executed, the program advances to Step S163’. In the case where the
O2 sensor is used, the execution of the NOx release control and the rich atmosphere are determined for the following
reason. If the exhaust A/F is a rich air-fuel ratio, the H2 partial pressure increases so that the O2 sensor output is enhanced
as the exhaust pressure rises. In the O2 sensor, the extent of this change is higher than that of the change of the O2
partial pressure with a lean air-fuel ratio, and is suited for the determination on the necessity of DPF regeneration. It is
to be understood that the necessity of DPF regeneration in a lean atmosphere may be determined.
[0228] In Step S163’, a map that corresponds to the current engine speed Ne and engine loads L is extracted from a
plurality of maps (not shown) that are set in advance for the engine speed Ne and each engine load L and shown in
FIG. 20, and a given output E1 corresponding to the given high pressure that requires regeneration of the DPF is obtained.
[0229] In Step S164’, whether or not the O2 sensor output is greater than the given output E1 is determined with use
of the same engine speed Ne and engine loads L (same operating conditions) and the same lean atmosphere (same
exhaust component concentration). If the decision is negative (No), it can be concluded that the exhaust pressure is not
higher than the allowable pressure, and the quantity of deposited PM is not so large that regeneration of the DPF is
required yet. In this case, therefore, this routine is finished without doing anything.
[0230] If the decision in Step S164’ is positive (Yes), that is, if the O2 sensor output is concluded to be greater than



EP 1 365 137 B9

18

5

10

15

20

25

30

35

40

45

50

55

the given output E1, on the other hand, it can be concluded that the DPF is just about to reach the PM capture limit, so
that regeneration of the DPF is necessary. In this case, therefore, the program advances to Step S165, whereupon the
execution of the DPF regeneration is controlled in the same manner as aforesaid.
[0231] In this case, whether or not the O2 sensor output is greater than the given output E1 is determined in the DPF
regeneration control. Even in the case where the O2 sensor is used, however, whether or not the deviation between the
O2 sensor output and the target output of the O2 sensor is greater than the difference (decision value E2) between the
regeneration-requiring output and the target output may be determined as in the case of the sixth embodiment where
the A/F sensor is used.
[0232] In the case where the butterfly valve 142 is closed during the NOx release control, the closed state of the
butterfly valve 142 should preferably be added to the same operating conditions and the same exhaust component
concentration as setting conditions for the decision value E1.
[0233] The exhaust emission control device of the internal-combustion engine related to the regeneration of the post-
exhaust processor of the present invention also comprises the exhaust flow control device 140 that has the same function
with the foregoing exhaust flow control device 40 and the butterfly valve 142 that resembles the butterfly valve 42.
Accordingly, fault diagnosis on the butterfly valve 142 can be carried out together with the determination on the necessity
of DPF regeneration in accordance with information from the exhaust sensor 122.
[0234] Where technical features mentioned in any claim are followed by reference signs, those reference signs have
been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such reference signs do
not have any limiting effect on the interpretation of each element identified by way of example by such reference signs.

Claims

1. An exhaust emission control device of an internal-combustion engine, comprising;

exhaust emission control means (40, 140) located in an exhaust passage (20, 120) of the internal-combustion
engine (1, 101) and including one of a catalyst converter and a post-exhaust processor (30, 130), said exhaust
emission controle means (40, 140) being) to capable of reducing harmful substances in exhaust gas under a
given exhaust pressure condition;
an exhaust sensor (22, 122) (located upstream of the catalyst converter or the post-exhaust processor (30,
130), for detecting the concentration of a specific exhaust component in said exhaust gas by utilizing the partial
pressure of the specific exhaust component ; and
performance lowering identifying means (22, 60, 122, 160, 50 S14-S16, S22-S24, S32-S34) for Identifying
lowering of the performance of said exhaust emission control means (40,140) by detecting a failure to fulfill said
given exhaust pressure condition in accordance with the output of said exhaust sensor (22,122).

2. An exhaust emission control device of an internal-combustion engine according to claim 1, wherein said exhaust
emission control means (40) includes an exhaust flow control valve (42) capable of adjusting the flow area of the
exhaust passage (20), and said performance lowering identifying means (20, 60, S14-S16) identifies something
abnormal about said exhaust flow control valve (42).

3. An exhaust emission control device of an internal-combustion engine according to claim 1, wherein said performance
lowering identifying means (20,60,50,922,S32) identifies lowering of the performance of said exhaust emission
control means (40) comparing the output from said exhaust sensor (22) and a target output with the same exhaust
component concentration under a reference pressure (S22, S32).

4. An exhaust emission control device of an internal-combustion engine-according to claim 1, wherein said performance
lowering identifying means (22, 60, S42, S46) identifies lowering of the performance of said exhaust emission control
means (40) in accordance with relations between a plurality of outputs with different exhaust component concen-
trations from said exhaust sensor (22) and a plurality of target outputs with said individual exhaust component
concentrations under the reference pressure (S45, S47).

5. An exhaust emission control device of an internal-combustion engine according to claim 1, wherein said exhaust
sensor (22) has a characteristic to detect two or more exhaust component concentrations and is adapted to detect
the concentration of at least one specific exhaust component when the exhaust air-fuel ratio is a lean air-fuel ratio
and to detect the respective concentrations of other specific exhaust components when the air-fuel ratio is a rich
air-fuel ratio.
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6. An exhaust emission control device of an internal-combustion engine according to claim 1, wherein said exhaust
emission control means (140) is a post-exhaust processor (130), and said performance lowering identifying means
(122, 160) determines the necessity of regeneration of said post-exhaust processor.

7. An exhaust emission control device of an internal-combustion engine according to claim 6 wherein said performance
lowering identifying means (122, 160) sets a decision value for determining the necessity of regeneration of said
post-exhaust procesor (130) in accordance with the operating conditions of the internal-combustion engine and said
specific exhaust component concentration, and determines the necessity of regeneration of said post-exhaust proc-
essor (130) by comparing the output of said exhaust sensor (122) and said decision value using the same operating
conditions and the same exhaust component concentration.

8. An exhaust emission control device of an internal-combustion engine according to claim 6, wherein said exhaust
sensor (122) is an O2 sensor, said post-exhaust processor (130) includes an occlusion-type NOx catalyst (134),
and said performance lowering identifying means (122, 160, S162, S152) determines the necessity of regeneration
of said post-exhaust processor when the exhaust air-fuel ratio is adjusted to a rich air-fuel ratio in order to release.
NOx from said occlusion-type NOx catalyst (S162, S164)’

9. An exhaust emission control device of an internal-combustion engine according to claim 6 wherein said performance
lowering identifying means (122, 160, S132) sets, in accordance with the operating conditions of the internal-com-
bustion engine (101), a target output under a reference exhaust pressure with said post-exhaust processor (130)
nonoperating, sets a decision value for determining the necessity of regeneration of said post-exhaust processor
(130) in accordance with the exhaust component concentration, and concludes that regeneration of said post-
exhaust processor (130) is necessary if the deviation between the output of said exhaust sensor (122) and said
target output exceeds said decision value with the same operating conditions and the same exhaust component
concentration (S133).

10. An exhaust emission control device of an internal-combustion engine according to claim 6, wherein said exhaust
sensor (122) is a linear air-fuel ratio sensor, and said performance lowering identifying means (122, 160, 5132,
5133) means determines the necessity of regeneration of said post-exhaust processor when the exhaust air-fuel
ratio is a lean air-fuel ratio during injection quantity feedback control using said linear air-fuel ratio sensor and based
on the excess air factor of the internal-combustion engine (S131, S133, S135).

11. An exhaust emission control device of an internal-combustion engine according to claim 6, wherein said exhaust
sensor (122) is a linear air-fuel ratio sensor, and said performance lowering identifying means (122, 160, S132,
S133) determines the necessity of regeneration of said post-exhaust processor (130) when the exhaust air-fuel ratio
is a lean air-fuel ratio during exhaust reflux feedback control using said linear air-fuel ratio sensor (S131, S133, S133’).

12. An exhaust emission control device of an internal-combustion engine according to claim 6 , wherein said exhaust
sensor (122) is a linear air-fuel ratio sensor, said post-exhaust processor (130) includes an occlusion-type NOx
catalyst (134), and said performance lowering identifying means (122, 160, S162, S164) determines the necessity
of regeneration of said post-exhaust processor (130) when the exhaust air-fuel ratio is adjusted to a rich air-fuel
ratio in order to release NOx from said occlusion-type NOx catalyst (5162, 5164)

Patentansprüche

1. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine, die folgendes umfasst:

ein Abgasreinigungsmittel (40, 140), das sich in einem Abgaskanal (20, 120) der Brennungskraftmaschine (1,
101) befindet und eines von einem Abgaskatalysator und einer Abgasnachbearbeitungsvorrichtung (30, 130)
einschließt, wobei die Abgasreinigungsvorrichtung (40, 140) in der Lage ist, schädliche Substanzen im Abgas
unter einer gegebenen Abgasdruckbedingung zu reduzieren;
ein Abgas-Sensor (22, 122), der sich stromaufwärts von dem Abgaskatalysator der Abgasnachbearbeitungs-
vorrichtung (30, 130) befindet, zum Detektieren der Konzentration einer speziellen Abgaskomponente in dem
Abgas unter Nutzung des Partialdrucks der speziellen Abgaskomponente; und
ein Leistungsminderungserkennungsmittel (22, 60, 122, 160, 50, S14-S16, S22-S24, S32-S34) zum Feststellen
der Minderung der Leistung des Abgasreinigungsmittels (40, 140) durch Detektieren eines Versagens, die
gegebene Abgasdruckbedingung gemäß der Ausgabe des Abgas-Sensors (22, 122) zu erfüllen.
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2. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 1, worin das Abgasreinigungs-
mittel (40) ein Abgasströmungssteuerventil (42) einschließt, das in der Lage ist, den Strömungsquerschnitt des
Abgaskanals (20) einzustellen, und das Leistungsminderungserkennungsmittel (20, 60, S14-S16) stellt irgendetwas
Anomales an dem Abgasströmungssteuerventil (42) fest.

3. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 1, worin das Leistungsminde-
rungserkennungsmittel (20, 60, 50, S22, S32) eine Minderung der Leistung des Abgasreinigungsmittels (40) feststellt,
durch Vergleich der Ausgabe des Abgas-Sensors (22) und einer Ziel-Ausgabe bei der gleichen Abgaskomponenten-
Konzentration unter einem Referenz-Druck (S22, S32).

4. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 1, worin das Leistungsminde-
rungserkennungsmittel (22, 60, S42, S46) eine Minderung der Leistung des Abgasreinigungsmittels (40) feststellt
in Übereinstimmung mit Verhältnissen zwischen einer Vielzahl von Ausgaben des Abgas-Sensors (22) bei verschie-
denen Abgaskomponenten-Konzentrationen und einer Vielzahl von Ziel-Ausgaben bei diesen einzelnen Abgas-
komponenten-Konzentrationen unter dem Referenz-Druck (S45, S47).

5. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 1, worin der Abgas-Sensor (22)
ein Merkmal aufweist zum Detektieren von zwei oder mehr Abgaskomponenten-Konzentrationen und angepasst
ist, die Konzentration von mindestens einer speziellen Abgaskomponente zu detektieren, wenn das Abgas-Luft-
Kraftstoff-Verhältnis ein mageres Luft-Kraftstoff-Verhältnis ist, und die entsprechenden Konzentrationen von ande-
ren speziellen Abgaskomponenten zu detektieren, wenn das Luft-Kraftstoff-Verhältnis ein fettes Luft-Kraft-Verhältnis
ist.

6. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 1, worin das Abgasreinigungs-
mittel (140) eine Abgasnachbearbeitungsvorrichtung (130) ist und das Leistungsminderungserkennungsmittel (122,
160) die Notwendigkeit einer Regeneration der Abgasnachbearbeitungsvorrichtung feststellt.

7. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin das Leistungsminde-
rungserkennungsmittel (122, 160) einen Entscheidungswert zum Bestimmen der Notwendigkeit einer Regeneration
der Abgasnachbearbeitungsvorrichtung (130) einstellt in Übereinstimmung den Betriebszuständen der Brennungs-
kraftmaschine und der speziellen Abgaskomponenten-Konzentration, und die Notwendigkeit einer Regeneration
der Abgasnachbearbeitungsvorrichtung (130) bestimmt, durch Vergleich der Ausgabe des Abgas-Sensors (122)
und des Entscheidungswerts bei Verwendung der gleichen Betriebszustände und der gleichen Abgaskomponenten-
Konzentration.

8. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin der Abgas-Sensor (122)
ein O2-Sensor ist, worin die Abgasnachbearbeitungsvorrichtung (130) ein NOx-Katalysator vom Absorptionstyp
(134) ist und worin das Leistungsminderungserkennungsmittel (122, 160, S162, S152) die Notwendigkeit einer
Regeneration der Abgasnachbearbeitungsvorrichtung bestimmt, wenn das Abgas-Luft-Kraftstoff-Verhältnis auf ein
fettes Luft-Kraftstoff-Verhältnis eingestellt ist, um NOx von dem NOx-Katalysator vom Absorptionstyp freizusetzen
(S162, S164’).

9. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin das Leistungsminde-
rungserkennungsmittel (122, 160, S132) in Übereinstimmung mit den Betriebszuständen der Brennungskraftma-
schine (101) eine Ziel-Ausgabe bei einem Referenz-Abgasdruck einstellt, wobei die Abgasnachbearbeitungsvor-
richtung (130) nicht in Betrieb ist, einen Entscheidungswert zum Bestimmen der Notwendigkeit einer Regeneration
der Abgasnachbearbeitungsvorrichtung (130) einstellt in Übereinstimmung mit der Abgaskomponenten-Konzentra-
tion, und folgert, dass eine Regeneration der Abgasnachbearbeitungsvorrichtung (130) notwendig ist, falls die Ab-
weichung zwischen der Ausgabe des Abgas-Sensors (122) und der Ziel-Ausgabe den Entscheidungswert bei den
gleichen Betriebsbedingungen und der gleichen Abgaskomponenten-Konzentration überschreitet (S133).

10. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin der Abgas-Sensor (122)
ein linearer Luft-Kraftstoff-Verhältnis-Sensor ist und das Leistungsminderungserkennungsmittel (122, 160, S132,
S133) die Notwendigkeit einer Regeneration der Abgasnachbearbeitungsvorrichtung bestimmt, wenn das Abgas-
Luft-Kraftstoff-Verhältnis ein mageres Luft-Kraftstoff-Verhältnis ist, während Einspritzmengen-Rückkopplungsrege-
lung unter Verwendung des linearen Luft-Kraftstoff-Verhältnis-Sensors und beruhend auf dem Luftüberschuss-
Faktor der Brennungskraftmaschine (S131, S133, S133’).
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11. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin der Abgas-Sensor (122)
ein linearer Luft-Kraftstoff-Verhältnis-Sensor ist und das Leistungsminderungserkennungsmittel (122, 160, S132,
S133) die Notwendigkeit einer Regeneration der Abgasnachbearbeitungsvorrichtung (130) bestimmt, wenn das
Abgas-Luft-Kraftstoff-Verhältnis ein mageres Luft-K-raft-Verhältnis ist, während Abgas-Rückfluss-Rückkopplungs-
regelung unter Verwendung des linearen Luft-Kraftstoff-Verhältnis-Sensors (S131, S133, S133’).

12. Eine Abgasreinigungsvorrichtung einer Brennungskraftmaschine gemäß Anspruch 6, worin der Abgas-Sensor (122)
ein linearer Luft-Kraftstoff-Verhältnis-Sensor ist, die Abgasnachbearbeitungsvorrichtung (130) einen NOx-Kataly-
sator vom Absorptionstyp (134) einschließt und das Leistungsminderungserkennungsmittel (122, 160, S162, S164)
die Notwendig einer Regeneration der Abgasnachbearbeitungsvorrichtung (130) bestimmt, wenn das Abgas-Luft-
Kraftstoff-Verhältnis auf ein fettes Luft-Kraftstoff-Verhältnis eingestellt ist, um NOx von dem NOx-Katalysator vom
Absorptionstyp freizusetzen (S162, S164).

Revendications

1. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne, comportant :

des moyens de commande d’émission de gaz d’échappement (40, 140) positionnés dans un passage d’échap-
pement (20, 120) du moteur à combustion interne (1, 101) et incluant un élément parmi un convertisseur de
catalyseur et un dispositif de traitement de post-échappement (30, 130), lesdits moyens de commande d’émis-
sion de gaz d’échappement (40, 140) étant capables de réduire des substances nocives dans un gaz d’échap-
pement sous une condition de pression d’échappement donnée,
un capteur de gaz d’échappement (22, 122) positionné en amont du convertisseur de catalyseur ou du dispositif
de traitement de post-échappement (30, 130) pour détecter la concentration d’un composant d’échappement
spécifique dans ledit gaz d’échappement en utilisant la pression partielle du composant d’échappement spé-
cifique, et
des moyens d’identification d’une baisse de performance (22, 60, 122, 160, 50, S14 à S16, S22 à S24, S32 à
S34) pour identifier une baisse de la performance desdits moyens de commande d’émission de gaz d’échap-
pement (40, 140) en détectant un non-respect de ladite condition de pression d’échappement donnée en fonction
de la sortie dudit capteur d’échappement (22, 122).

2. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
1, dans lequel lesdits moyens de commande d’émission de gaz d’échappement (40) incluent une soupape de
régulation d’écoulement d’échappement (42) capable d’ajuster la section d’écoulement du passage d’échappement
(20) et lesdits moyens d’identification d’une baisse de performance (22, 60, S14 à S16) identifient une anomalie
sur ladite soupape de régulation d’écoulement d’échappement (42).

3. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
1, dans lequel lesdits moyens d’identification d’une baisse de performance (20, 60, 50, S22, S32) identifient une
baisse de la performance desdits moyens de commande d’émission de gaz d’échappement (40) en comparant la
sortie dudit capteur d’échappement (22) et une sortie ciblée avec la même concentration en composants d’échap-
pement sous une pression de référence (S22, S32).

4. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
1, dans lequel lesdits moyens d’identification d’une baisse de performance (22, 60, S42, S46) identifient une baisse
de la performance desdits moyens de commande d’émission de gaz d’échappement (40) en fonction de relations
entre une pluralité de sorties ayant différentes concentrations en composants d’échappement provenant dudit cap-
teur d’échappement (22) et une pluralité de sorties ciblées avec lesdites concentrations individuelles en composants
d’échappement sous la pression de référence (S45, S47).

5. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
1, dans lequel ledit capteur d’échappement (22) a une caractéristique pour détecter deux concentrations en com-
posants d’échappement ou plus et est adapté pour détecter la concentration d’au moins un composant d’échappe-
ment spécifique lorsque le rapport air d’échappement-carburant est un rapport air-carburant pauvre et pour détecter
les concentrations respectives d’autres composants d’échappement spécifiques lorsque le rapport air-carburant est
un rapport air-carburant riche.
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6. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
1, dans lequel lesdits moyens de commande d’émission de gaz d’échappement (140) sont un dispositif de traitement
de post-échappement (130), et lesdits moyens d’identification d’une baisse de performance (122, 160) déterminent
la nécessité d’une régénération dudit dispositif de traitement de post-échappement (130).

7. Dispositif de commande d’émission de gaz 5d’échappement d’un moteur à combustion interne selon la revendication
6, dans lequel lesdits moyens d’identification d’une baisse de performance (122, 160) fixent une valeur de décision
pour déterminer la nécessité d’une régénération dudit dispositif de 0traitement de post-échappement (130) en
fonction des conditions de fonctionnement du moteur à combustion interne et de ladite concentration en composants
d’échappement spécifiques, et déterminent la nécessité d’une régénération dudit dispositif de traitement de post-
échappement (130) en comparant la sortie dudit capteur d’échappement (122) et ladite valeur de décision en utilisant
les mêmes conditions de fonctionnement et la même concentration en composants d’échappement.

8. Dispositif de commande d’émission de gaz d’ échappement d’un moteur à combustion interne selon la revendication
6, dans lequel ledit capteur d’échappement (122) est un capteur de O2, ledit dispositif de traitement de post-échap-
pement (130) inclut un catalyseur de NOx de type à occlusion (134), et lesdits moyens d’identification d’une baisse
de performance (122, 160, S162, S152) déterminent la nécessité d’une régénération dudit dispositif de traitement
de post-échappement lorsque le rapport air d’échappement-carburant est ajusté à un rapport air-carburant riche
afin de libérer des NOx à partir dudit catalyseur de NOx de type à occlusion (S162, S164’).

9. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
6, dans lequel lesdits moyens d’identification d’une baisse de performance (122, 160, S132) établissent, en fonction
des conditions de fonctionnement du moteur à combustion interne (101), une sortie ciblée sous une pression
d’échappement de référence lorsque ledit dispositif de traitement de post-échappement (130) ne fonctionne pas,
une valeur de décision pour déterminer la nécessité d’une régénération dudit dispositif de traitement de post-
échappement (130) en fonction de la concentration en composants d’échappement, et concluent qu’une régénération
dudit dispositif de traitement de post-échappement (130) est nécessaire si la déviation entre la sortie dudit capteur
d’échappement (122) et ladite sortie ciblée dépasse ladite valeur de décision dans les mêmes conditions de fonc-
tionnement et avec la même concentration en composants d’échappement (S133).

10. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
6, dans lequel ledit capteur d’échappement (122) est un capteur de rapport air-carburant linéaire, et lesdits moyens
d’identification d’une baisse de performance (122, 160, S132, S133) déterminent la nécessité d’une régénération
dudit dispositif de traitement de post-échappement lorsque le rapport air d’échappement-carburant est un rapport
air-carburant pauvre pendant un asservissement de la quantité d’injection en utilisant ledit capteur de rapport air-
carburant linéaire et sur la base du facteur d’excès d’air du moteur à combustion interne (S131, S133, S133’).

11. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
6, dans lequel ledit capteur d’échappement (122) est un capteur de rapport air-carburant linéaire, et lesdits moyens
d’identification d’une baisse de performance (122, 160, S132, S133) déterminent la nécessité d’une régénération
dudit dispositif de traitement de post-échappement (130) lorsque le rapport air d’échappement-carburant est un
rapport air-carburant pauvre pendant un asservissement du reflux d’échappement en utilisant ledit capteur de rapport
air-carburant linéaire (S131, S133, S133’).

12. Dispositif de commande d’émission de gaz d’échappement d’un moteur à combustion interne selon la revendication
6, dans lequel ledit capteur d’échappement (122) est un capteur de rapport air-carburant linéaire, ledit dispositif de
traitement de post-échappement (130) inclut un catalyseur de NOx de type à occlusion (134), et lesdits moyens
d’identification d’une baisse de performance (122, 160, S162, S164) déterminent la nécessité d’une régénération
dudit dispositif de traitement de post-échappement (130) lorsque le rapport air d’échappement-carburant est ajusté
à un rapport air-carburant riche afin de libérer des NOx à partir dudit catalyseur de NOx de type à occlusion (S162,
S164).
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