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(57) Abstract: In order to suppress the deteriora-
tion of the detection accuracy of' a PM sensor (17),
provided is an exhaust emission purification device
for an internal combustion engine comprising a

NOx catalyst (7) that is provided in an exhaust
channel (3) of an internal combustion engine (1)

and reduces NOx by way of a supplied reducing
agent, a supply device (6) that supplies urea to the
NOx catalyst (7) from the upstream-side of the
NOx catalyst (7), and a PM sensor (17) that detects
the amount of particulate matter in the exhaust
downstream from the NOx catalyst (7), wherein a
control unit (10) is provided that controls the sup-
ply of urea from the supply device (6) when the
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Description

([TITLE OF INVENTION] EXHAUST GAS PURIFICATION APPARATUS
FOR INTERNAL COMBUSTION ENGINE

[TECHNICAL FIELD]

[0001]

The present invention relates to an exhaust gas
purification apparatus for an internal combustion engine.
[BACKGROUND ART]

[0002]

Any discussion of the prior art throughout the
specification should in no way be considered as an
admission that such prior art is widely known or forms part
of common general knowledge in the field.

[0002A]

Patent document 1 describes an NOx selective
reduction catalyst (which will be also referred to simply
as “NOx catalyst” hereinafter) and a PM sensor provided
downstream of a filter for trapping particulate matter
(which will be sometimes referred to as “PM” hereinafter)
in exhaust gas.

(00031

Patent document 2 describes that deposition of PM
contained in exhaust gas on a catalyst deteriorates the
catalytic effect.

[0004]
Patent document 3 describes that when it 1is

determined that a catalyst is in a poiscned condition, a
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determination as to the degree of deterioration of the
catalyst is disabled, or outputting of a result of a
determination as to the degree of deterioration of the
catalyst is disabled.

[0005]

Patent document 4 describes that adhesion of HC, SOF,
and PM etc. to an exhaust gas purification catalyst leads
to a deterioration (poisoning) of the purifying function.
[C006]

Patent document 5 describes that since ligquids such
as condensed water have electrical conductivities higher
than PM, whese main ingredient is carbon, a change in the
capacitance caused by adhesion of condensed water to an
electrode part of an PM sensor is significantly larger than
a change in the capacity caused by adhesion of PM to the
electrode part of the PM sensor.

[0007]

Even 1f & filter is provided upstream of an NOx
catalyst, a certain amcunt of PM pasées through the filter,
and conseguently PM adheres to the NOx catalyst in some
cases. For example, 1f the filter has a crack, a large
amount of PM adheres to the NOx catalyst. If the surface
of the NOx catalyst is covered with PM adhering to the NOx
catalyst, the hydrclysis of wurea is hindered. In
consequence, urea passes through the NOx catalyst without
being used to remove NOx in the NOx catalyst. If such urea
adheres to the PM sensor, the urea affects the output value

of the PM sensor, possibly leading to a deterioration in
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the accuracy of PM detection. In the case where a cover
for protecting a PM sensor element is provided, if reducing
agent adheres to the cover, PM is hard to reach the element,
possibly leading to a deterioration in the accuracy of PM
detection. Although a failure of the filter can be
determined using the PM sensor, adhesion of urea to the PM

sensor makes the determination of filter failure difficult.

[PATENT DOCUMENTS]
[0008]

Patent Document 1: Japanese Patent Application Laid-
Open No. 2010-229857

Patent Document 2: Japanese Patent Application Laid-
Open No. 2002-136842

Patent Document 3: Japanese Patent Application Laid-
Open No. 2010-248952

Patent Document 4: Japanese Patent Application Laid-
Open No. 2000-008840

Patent Document 5: Japanese Patent Application Laid-

Open No. 2010-275917

[SUMMARY OF THE INVENTION]
[PROBLEMS TO BE SOLVED BY THE INVENTION]
r0009]

The present invention has been made in view of the
above-described problems, and its object 1s to seek to
reduce the deterioration in the accuracy of determination

as to a failure of a filter.
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[MEANS FOR SQLVING THE PROBLEMS]
[0010]

To achieve the above object, an exhaust gas
purification apparatus for an internal combustion engine
according to the present invention comprises:

an NOx selective reduction catalyst provided in an
exhaust passage of an internal combustion engine to reduce
NOx by reducing agent supplied to it;

a supplying device that supplies urea to said NOx
selective reduction catalyst from the upstream of said NOx
selective reduction catalyst;

a filter provided in the exhaust passage upstream of
said supplying device tc trap particulate matter in exhaust
gas;

a PM sensor that measures the amount of particulate
matter in exhaust gas in the downstream of said NOx
selective reduction catalyst; and

a disabling part that disables determination as to a
failure of said filter using a measurement value of said PM
sensor when the amount of particulate matter adhering to
said NOx selective reduction catalyst is equal to or larger
than a threshold.

[0011]

Urea supplied by the supplying device to the NOx
catalyst 1is hydrolyzed in the NOx catalyst to become
ammonia. This ammonia is used as reducing agent in the NOX

catalyst. In other words, NOx is reduced by the presence
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of ammonia. The amount of particulate matter (PM) adhering
to the NOx selective reduction catalyst can be estimated or
measured based on, for example, the amount PM discharged
from the internal combustion engine or the amount of PM
measured by a sensor in the upstream of the NOx catalyst.
[0012]

If a large amount PM adheres to the NOx catalyst when
urea 1is supplied by the supplying device, hydrolysis of
urea is hindered by the PM. A portion of the urea that is
not hydrolyzed does not reduce NOx in the NOx catalyst and
flows out downstream of the NOx catalyst. Urea sometimes
passes through the NOxX catalyst in this way to adhere to a
PM sensor. If urea adheres to the PM sensor, values output
from the PM sensor change, making accurate measurement of
PM difficult.

[0013]

A determination as to a failure of the filter can be
made using a measurement value of the PM sensor. Since the
PM measured by the PM sensor 1s the PM having passed
through the filter, the larger the measurement value of the
PM sensor 1is, the highexr the degree of failure of the
filter considered tc be. For example, if the filter has a
crack, the larger the area cf the crack opening is, the
larger the amount of PM passing through the filter is. The
determination as to a failure of the filter may include a
determination as to whether or not the filter is faulty and
a determination as to the degree of failure of the filter.

[0014]



12 Jan 2015

2012380501

When urea adheres to the PM sensor, the measurement
value of the PM sensor changes due to the urea. When this
is the case, making a determination as to a failure of the
filter using a value measured by the PM sensor can lead to
an erroneous determination. However, since the disabling
part disables the determination as to a failure of the
filter using the measurement value of the PM sensor, errors
in the determination as to a failure of the filter can be
reduced.

[0015]

The determination as to a failure of the filter may
be made using other methods without using a measurement
value of the PM sensor. The aforementioned threshold is an
amount of PM that hinders hydrolysis of urea in the NOx
catalyst. The threshold may be the amount of PM adhering
to the NOx catalyst at which the amount of urea that passes
through the NOx catalyst exceeds an allowable range.

[0016]

The apparatus according to the present invention may
further include a restriction part that restricts supply of
urea by said supplying device when the amount of
particulate matter adhering to said NOx selective reduction
catalyst 1s equal to or larger than a threshold.

[0017]

The restriction part restricts supply of urea when in
a state in which urea passes through the NOx catalyst.
Specifically, when +the amount of particulate matter

adhering to the NOx catalyst is equal to or larger than the
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threshold, the restriction part restricts supply of urea.
The restriction of supply of urea may include disabling
(suspending) supply of urea and reducing the gquantity of
supplied urea. By restricting supply of urea in this way,
the amount of urea passing through the NOx catalyst can be
decreased, and therefore the adhesion of urea to the PM
sensor can be prevented. In consequence, a decrease in the
accuracy of measurement by the PM sensor can be prevented.
[0018]

The apparatus according to the present invention may
include a removing part that removes particulate matter
adhering to said NOx selective reduction catalyst when the
amount of particulate matter adhering to said NOx selective
reduction catalyst is equal to or larger than the threshold.
[0019]

The PM adhering to the NOx catalyst can be removed by,
for example, raising the temperature of the exhaust gas
flowing into the NOx catalyst or heating the NOx catalyst.
If PM 1s removed from the NOx catalyst, hydrolysis of urea
is promoted, and therefore adhesion of urea to the PM
sensor can be reduced.

[0020]

In the apparatus according to the present invention,
when an integrated wvalue of the amount of particulate
matter passing through said filter is equal to or larger
than a predetermined wvalue, the amount of particulate
matter adhering to said NOx selective reduction catalyst

may be egqual to or larger than the threshold.
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[0021]

In the case where a filter is provided upstream of
the NOx catalyst, PM is trapped by the filter.
Consequently, so long as the filter is normal, the amount
of PM adhering to the NOx catalyst is little. On the
other hand, if a failure such as cracking occurs with the
filter, PM passes through the filter and adheres to the NOx
catalyst. Since the integrated wvalue of the amount of PM
passing through the filter and the amount of PM adhering to
the NOx catalyst correlate with each other, the amount of
PM adhering to the NOx catalyst can be estimated based on
the integrated value of PM passing through the filter.
Therefore, when the integrated value of the amount of PM
passing through the filter is egual to or larger than a
predetermined value, it may be ccncluded that the amount of
PM adhering to the NOx catalyst is equal to or larger than
the threshold. The predetermined value mentioned above 1is
a value at which hydrolysis of urea in the NOx catalyst is
hindered. The predetermined value may be a value at which
the amount of urea passing through the NOx catalyst just
exceeds an allowable range. The amount of PM passing
through the filter may be determined based on an presumed
degree of failure of the filter.

(0022]

In the apparatus according to the present invention,
when a measurement value of sald PM sensor deviates from a
presumed normal range by a margin equal to or larger than a

predetermined value, the amount of particulate matter
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adhering to said NOx selective reduction catalyst may be
equal to or larger than the threshold.
[0023]

The measurement value of the PM sensor changes with
the amount of PM discharged from the internal combustion
engine. The amount of PM discharged from the internal
combustion engine is determined in accordance with the
operation state ¢of the internal combustion engine. In the
case where the apparatus has a filter, the measurement
value of the PM sensor also changes with the amount of PM
passing through the filter. If the PM sensor is neormal,
the measurement values of the PM sensor fall within a
specific range. The presumed normal range is this specific
range. On the other hand, when urea adheres to the PM
sensor, the measurement value of the PM sensor changes due
to effects of urea. Consequently, measurement values of
the PM sensor deviate from the presumed normal range. If
the deviation is equal to or larger than a predetermined
value, 1t is considered that urea adheres to the PM sensor.
In other words, 1t may be concluded that amount of PM
adhering to the NOx catalyst is egual to or larger than the
threshold. The predetermined value mentioned above may be
the smallest absolute wvalue of the difference between the
presumed normal range of the measurement value of the PM
sensor and the measurement values of the PM sensor in the
state in which urea adheres to the PM sensor.

[0024]

In the apparatus according to the present invention,
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said restriction part may estimate the amount of
particulate matter passing through said filter on the
assumption that the degree of failure of said filter is a
predetermined degree.

[0025]

Since the amount of PM passing through the filter
changes in accordance with the degree of failure of the
filter, the amount of PM adhering to the NOx catalyst also
changes. In other words, the degree of failure of the
filter and the amount of PM adhering to the NOx catalyst
correlate with each other. Therefore, on the assumption
that the degree of failure of the filter is & predetermined
degree, the amount of particular matter adhering to the NOx
catalyst can be estimated. The degree of failure of the
filter may be the degree of decrease in the PM trapping
rate, or the crack rate of the filter. The degree of
failure of the filter may be a ratio of the amount of PM
flowing out of the filter to the amount of PM flowing into
the filter 1in a predetermined operation state. The
predetermined value of the degree of failure of the filter
may be specified arbitrary, but it may be determined in the
following manner.

[0026]

Specifically, the apparatus according to the present
invention may be provided with a differential pressure
sensor that measures difference between the pressure in the
exhaust passage upstream of said filter and the pressure in

the exhaust passage downstream of said filter, and the
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predetermined degree of faillure of said filter may be the
lowest degree of failure &at which it is possible to
determine that the £filter 1is faulty by means of the
differential pressure sensor.

[0027]

If the predetermined degree of failure of the filter
is too low, the amount of PM actually adhering to the NOx
catalyst is larger than the estimated amount of PM adhering
to the NOx catalyst in cases where the degree of failure of
the filter is higher than assumed, as is the case, for
examplie, when the filter is removed. Then, the PM sensor
becomes abnormal before supply of urea is disabled. On the
other hand, if the predetermined degree of failure of the
filter is toco high, supply of urea is disabled freguently,
possibly leading to a decrease in the removal rate of NOx.
Moreover, there is a possibility that the number of times
of making a determination as to a failure of the filter may
decrease.

[0028]

When the degree of failure of the filter is low, as
is the case when the filter is has a small crack, the
measurement value of the differential pressure sensor is
almost equal to that in the case where the filter is normal.
Therefore, a failure of the filter can be determined by
means of the differential pressure sensor only when the
degree of failure of the filter is relatively high. On the
other hand, when the degree of failure of the filter is

relatively high, the accuracy of measurement by the PM
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sensor is deteriorated because the amount of urea adhering
to the PM sensor is large.
[0029]

If the predetermined value of faliure of the filter
is the lowest degree of failure at which it is possible to
determine that the filter 1is faulty by means of the
differential pressure sensor, supply of urea can be
prevented from restricted frequently. On the other hand,
in cases where the degree of failure of the filter is high,
as is the case, for example, when the filter is removed, a
determination as to a failure of the filter can be made
using the differential pressure sensor.

[0030]

As above, in the apparatus according to the present
inventicn, when the degree of failure of said filter is
equal to or higher than the predetermined degree, a
determination as to a failure of said filter may be made
based on a measurement value of said differential pressure
sensor, and when the degree of failure of said filter is
lower than the predetermined degree, a determination as to
a failure of said filter may be made based on a measurement
value of said PM sensor.

[0031]

As described above, even when the PM sensor is in
trouble, a determination as to a failure of the filter can
be made by means o¢f the differential pressure sensor.
Therefore, a decrease in the accuracy of determination as

to a failure of the filter may be prevented.
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[ADVANTAGEQUS EFFECT OF THE INVENTION]
[0032]
The present invention may prevent a decrease in the

accuracy of determination as to a failure of & filter.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0033]

Fig. 1 is a diagram showing the general configuration
of an exhaust gas purification apparatus for an internal
combustion engine according to first and second embodiment.

Fig. 2 1is a schematic diagram showing the structure
of a PM sensor.

Fig. 3 1s a time chart showing the change in the
measurement value of the PM sensor over time in a case
where a filter is normal and in a case where the filter is
faulty.

Fig. 4 1is a time chart showing the change in the
measurement value of the PM sensor over time in & case
where it is normal and in a case where it is abnormal.

Fig. 5 is a graph showing a relationship between the
travel time of a vehicle equipped with the internal
combustion engine and the integrated value of the amount of
PM passing through the filter (the passing PM amount).

Fig. 6 1is a flow chart of the ©process of
determination as to a failure of the filter in the first
embodiment .

Fig. 7 is a graph showing the relationship between
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the degree of failure (crack rate} of the filter and the
integrated wvalue of the passing PM amount over a
predetermined time of travel of the wvehicle eguipped with
the internal combustion engine.

Fig. 8 1s a flow chart of the process of
determination as to a failure of the filter in the second

embodiment.

[EMBODIMENTS FOR CARRYING OUT THE INVENTION]
[0034]

In the following, specific embodiments of the exhaust
gas purification apparatus for an dinternal combustion
engine according to the present invention will be described
with reference to the drawings.

[0035]
<Embodiment 1>

Fig. 1 is a diagram showing the general configuration
of an exhaust gas purification apparatus for an internal
combustion engine according to the embodiment. The
internal combustion engine 1 shown in Fig. 1 may be either
a gasoline engine or a diesel engine.

[0036]

The internal combustion engine 1 is connected with an
intake passage 2 and an exhaust passage 3. The intake
passage 2 1s provided with an air flow meter 11 that
measures the quantity of intake air flowing in the intake
passage 2. Cn the other hand, the exhaust passage 3 is

provided with, in order from the upstream of exhaust gas
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flow, an oxidation catalyst 4, a filter 5, an injection
valve 6, an NOx selective reduction catalyst 7 (which will
be hereinafter referred to as the NOx catalyst 7).

[00371]

The oxidation catalyst 4 may be a catalyst having an
oxidative effect. For example, it may be a three way
catalyst. The oxidation catalyst 4 may be supported on the
filter 5.

[0038]

The filter 5 traps PM in the exhaust gas. The filter
5 may support a catalyst. As the filter 5 traps PM, PM is
gradually deposited on the filter 5. The PM deposited on
the filter 5 can be removed by oxidizing it by performing
what is called a filter regeneration process, which is the
processing of forcibly raising the temperature of the
filter 5. For example, the temperature of the filter 5 can
be raised by supplying HC to the oxidation catalyst 4.
Alternatively, the oxidation catalyst 4 may be eliminated,
and equipment for raising the temperature of the filter 5
may be provided. Still alternatively, the temperature of
the filter 5 may be raised by discharging high temperature
gas from the internal combustion engine 1.

{0039]

The injection valve 6 injects agqueous urea solution.
The aqueous urea solution injected through the injection
valve 6 1is hydrolyzed in the NOx catalyst 7 to become
ammonia (NH3), all or a portion of which adheres to the NOx

catalyst 7. This ammonia is used as reducing agent in the
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NOx catalyst 7. 1In this embodiment, the injection valve 6
corresponds to the supplying device in the present
invention. Alternatively, a device that supplies solid
state urea instead of the injected aqueous urea sclution
may be employed.

[0040]

The NOx catalyst 7 reduces NOx in the exhaust gas
when reducing agent is present. Therefore, if ammonia is
adsorbed tco the NOx catalyst 7 beforehand, NOx can be
reduced by ammonia in the NOx catalyst 7.

[0041]

A first exhaust gas temperature sensor 12 that
measures the temperature of the exhaust gas is provided in
the exhaust passage 3 upstream of the oxidation catalyst 4.
A second exhaust gas temperature sensor 13 that measures
the temperature of the exhaust gas is provided in the
exhaust passage 3 downstream of the oxidation catalyst 4
and upstream of the filter 5. A third exhaust gas
temperature sensor 14 that measures the temperature of the
exhaust gas and a first NOx sensor 15 that measures the NOx
concentration in the exhaust gas are provided in the
exhaust passage 3 downstream of the filter 5 and upstream
of the injection wvalve 6. A second NOx sensor 16 that
measures the NOx concentration in the exhaust gas and a PM
sensor 17 that measures the amount of PM in the exhaust gas
are provided in the exhaust passage 3 downstream of the NOx
catalyst 7. Moreover, the exhaust passage 3 is provided

with a differential pressure sensor 20 that measures the
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difference between the pressure in the exhaust passage 3
downstream of the oxidation catalyst 4 and upstream of the
filter 5 and the pressure in the exhaust passage 3
downstream of the filter 5 and the upstream of the NOx
catalyst 7. With the differential pressure sensor 20, the
differential pressure across the filter 5 (which will be
alsc referred to as the filter differential pressure
hereinafter) can be measured. Not all of the above-
described sensors are essential, but they may be provided
as necessary.

[0042]

The internal combustion engine 1 having the above-
described construction is equipped with an ECU 10, which is
an electronic control wunit for controlling the internal
combustion engine 1. The ECU 10 controls the internal
combustion engine 1 in response to operation conditions of
the internal combustion engine 1 and driver’s requests.
[(0043]

The ECU 10 is connected through electrical wiring
with an accelerator opening degree sensor 18 that outputs
an electrical signal representing the amount of depression
of the accelerator pedal to enable measurement of the
engine load and a crank position sensor 19 that measures
the engine speed. Signals output from these sensors are
input to the ECU 10. Moreover, the ECU 10 is connected
through electrical wiring with the injection wvalve 6, and
the injection wvalve 6 is controlled by the ECU 10.

[(0044]



12 Jan 2015

2012380501

18

The ECU 10 executes the aforementioned filter
regeneration process when the amount of PM deposited on the
filter 5 reaches or exceeds a predetermined amount. The
filter regeneration process may be performed when the
travel distance of a wvehicle equipped with the internal
combustion engine 1 reaches or exceeds a predetermined
distance. Alternatively, the filter regeneration process
may be performed at regular intervals.

[0045]

The ECU 10 makes a determination as to a failure of
the filter 5 on the basis of the amount of PM measured by
the PM sensor 17. When a failure of the filter 5 such as
cracking occurs, the amount of PM passing through the
filter 5 increases. By detecting this increase in the
amount of PM by the PM sensor 17, a failure of the filter 5
can be determined.

[0046]

For example, a determination as to a failure of the
filter 5 is made by comparing the integrated wvalue of the
amount of PM over a predetermined period of time calculated
based on the measurement wvalue of the PM sensor 17 and the
integrated value of the amount of PM over the predetermined
period of time calculated on the assumption that the filter
5 is in a predetermined condition.

[0047]

Fig. 2 1s a schematic diagram showing the structure

of the PM sensor 17. The PM sensor 17 is a senscor that

outputs an electrical signal representing the amount of PM
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deposited on itself. The PM sensor 17 has a pair of
electrodes 171 and an insulator 172 arranged between the
two electrodes 171. As PM adheres between the two
electrodes 171, the electrical resistance between the two
electrodes 171 changes. Because this change in the
electrical resistance correlates with the amount of PM in
the exhaust gas, the amount of PM in the exhaust gas can be
measured based on the change in the electrical resistance.
This amount of PM may be the mass of PM per unit time.
Alternatively, it may be the mass of PM over a
predetermined time. The structure of the PM sensor 17 is
not limited to the one shown in Fig. 2. What is essential
is that the PM sensor used be one which measures PM and
whose measurement value is changed by effects of urea.
[0048]

The PM sensor 17 is arranged downstream of the filter
5. This means that the PM adhering to the PM sensor 17 is
the PM that has passed through the filter 5 without being
trapped Dby the filter 5. Therefore, the amount o¢f PM
deposited in the PM sensor 17 correlates with the
integrated wvalue of the amount of PM having passed through
the filter 5.

[0049]

Fig. 3 1is a time chart showing the change in the
measurement value of the PM sensor 17 over time in a case
where the filter 5 is normal and in a case where the filter
5 i1s faulty. In the case where the filter 5 is faulty, PM

is deposited on the PM sensor 17 faster, and accordingly
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the time E at which the measurement wvalue starts to
increase is earlier than that in the case where the filter
5 is normal. Therefore, if, for example, the measurement
value at the time when the elapsed time from the start of
the internal combustion engine 1 reaches a predetermined
time F is equal to or larger than a threshold, it may be
determined that the filter 5 is faulty. The predetermined
time F 1s a period of time that does not make the
measurement value of the PM sensor increase in the case
where the filter 5 is normal and makes the measurement
value of the PM sensor increase in the case where the
filter 5 is faulty. The predetermined time F is determined
based on, for example, experiments. The threshold is
determined in advance as the smallest wvalue of the
measurement values of the PM sensor 17 in cases where the
filter 5 1is faulty, on the basis of, for example,
experiments.

[0050]

It might appear that the PM sensor 17 may be provided
downstream of the filter 5 and upstream of the NOx catalyst
7. However, arranging the PM sensor 17 at such a location
makes the distance from the filter 5 to the PM sensor 17
short. If this is the case, there is a possibility that PM
having passed through a cracked portion of the filter 5 may
reach the location around the PM sensor 17 without being
diffused in the exhaust gas. Then, there may be cases,
depending on the location of the crack on the filter 5,

where PM hardly adheres to the PM sensor 17, and PM is not
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detected. This may lead to a deterioration in the accuracy
of the failure determination.
[0051]

In contrast to the above, in this embodiment, since
the PM sensor 17 is arranged downstream of the NOx catalyst
7, the distance from the filter 5 to the PM sensor 17 is
long. Therefore, PM having passed through the filter 5 has
been diffused at the location around the PM sensor 17.
Therefore, it is possible to detect PM irrespective of the
location of the crack on the filter 5.

[0052]

However, since the PM sensor 17 1is provided
downstream of the injection valve 6, there is a possibility
that reducing agent (urea) injected through the injection
valve 6 may adhere to the PM sensor 17. The adhesion of
reducing agent to the PM sensor 17 can cause a change in
the measurement wvalue of the PM sensor 17. If PM adheres
to the NOx catalyst 7, the hydrolysis of urea is hindered
by the PM. A portion of urea that is not hydrolyzed flows
out of the NOx catalyst 7 without reacting in the NOx
catalyst 7. In other words, 1if the NOx catalyst 7 is
covered with PM, urea passes through the NOx catalyst 7.
If such urea adheres to the PM sensor 17, a change in the
measurement value of the PM sensor 17 will result.

[0053]

Fig. 4 1is a time chart showing the change in the

measurement value of the PM senscor 17 over time in a case

where it is normal and in a case where it is abnormal. The
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case where the measurement value is abnormal is a case
where reducing agent adheres to the PM sensor 17 to cause a
change in the measurement value.

[0054]

When normal, the measurement value increases with the
iapse of time. Specifically, the measurement value
increases with the amount of PM adhering to the PM sensor
17. On the other hand, when abnormal, the measurement
value may not only increase but decrease in some cases.
Moreover, when e&bnormal, it may take some time for .the
measurement value to start to increase in some cases. If
urea adheres to the PM sensor 17 and the deposited amount
thereof reaches or exceeds a predetermined amount, the
measurement value of the PM sensor 17 increases in the same
manner as in the case where PM is deposited on it. However,
since urea evaporates at a temperature lower than PM. In
consegquence, the urea adhering to the PM senscr 17
evaporates when the temperature of the exhaust gas of the
internal combustion engine 1 is high. Then, the deposited
amount of urea decreases, leading to a decrease in the
measurement value of the PM sensor 17. This phenomenon
will not occur when only PM is deposited on the PM sensor
17.

[0055]

If adhering urea 1s deposited on the cover of the PM
sensor 17, holes provided on the cover may be stopped in
some cases. If the holes are stopped, PM cannot reach the

pair of electrodes 171, so that PM is not detected. Then,



12 Jan 2015

2012380501

23

it takes some time for the measurement value to start to
increase.
[0056]

As described above, if urea passes through the NOx
catalyst 7 because of the adhesion of PM to the NOx
catalyst 7, the measurement value of the PM sensor 17
changes to make the determination as to a failure of the
filter 5 difficult. In view of this, in this embodiment,
the amount of PM adhering to the NOx catalyst 7 {which will
alsoc be referred to as the PM deposition amocunt
hereinafter} 1is estimated or measured, and if the PM
deposition amount reaches or exceeds a threshold, it is
concluded that the urea passes through the NOx catalyst 7
because of the PM adhering to the NOx catalyst 7. The PM
deposition amount correlates with the integrated wvalue of
the amount of PM passing through the filter 5 (which will
also be referred to as the passing PM amount). Therefore,
the passing PM amount is estimated or measured, and if the
integrated wvalue of the passing PM amount reaches or
exceeds a predetermined value, it is concluded that the PM
deposition amount is equal to or higher than the threshold.
[0057]

Referring to Fig. 4, if the actual measurement value
of the PM sensor 17 deviates from a presumed normal range
by a margin equal to or larger than a predetermined value,
it may be concluded that the amount of PM adhering to the
NOx catalyst 7 is egual to or larger than the threshold.

The presumed normal range may be determined based on the
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amount of PM discharged from the internal combustion engine
1. The predetermined value mentioned above may be set to
be the smallest absolute value of the difference between
the presumed ncrmal range of the measurement value of the
PM sensor 17 and the measurement values of the PM sensor 17
in the state in which urea adheres to the PM sensor 17. As
seen from Fig. 4, when urea adheres to the PM sensor 17,
the measurement value of the PM sensor 17 can decrease.
Therefore, if the measurement wvalue of the PM sensor 17
decreases, it may be concluded that the measurement wvalue
of the PM sensor 17 deviates from the presumed normal range
by a margin equal to or larger than the predetermined value.
[0058]

Moreover, when the PM deposition amount is equal to
or larger than the threshold, the determination as to a
failure of the filter 5 using the measurement value of the
PM sensor 17 is disabled. Then, in addition, injection of
agqueous urea sclution through the injection valve 6 may be
restricted. Alternatively, use of the measurement value of
the PM senscor 17 may be disabled. The restriction of
injecticn of aqueous urea solution through the injection
valve 6 may include disabling injection of agqueous urea
solution or reducing the quantity of injected aqueous urea
solution. In the case where the PM deposition amount is
equal to or larger than the threshold, if the amount of
reducing agent adsorbed in the NOx catalyst 7 is large
enough to allow removal of NOx, injection of agueous urea

solution through the injection valve 6 may be disabled. If
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the amount of reducing agent adsorbed in the NOx catalyst 7
is not large enough to allow removal of NOx, the
determination as to a failure of the filter 5 may be
disabled while enabling injection of aqueous urea solution
through the injection valve 6.

[0059]

The PM deposition amount increases in accordance with
the integrated wvalue of the passing PM amount. Therefore,
it is assumed that the PM deposition amount exceeds an
allowable range when the integrated value of the passing PM
amount reaches a predetermined value. The allowable range
of the PM deposition amount is determined in such a way
that the amount of urea passing through the NOx catalyst 7
falls within an allowable range. The integrated value of
the passing PM amount is estimated in the following way.
[0060]

Firstly, the passing PM amount is estimated on the
assumption that the filter 5 has a failure such as crack.
The passing PM amount as such is calculated by multiplying
the amount of PM discharged from the internal combusticn
engine 1, which can be determined based on the operation
state of the internal combustion engine 1, by a
predetermined wvalue. The predetermined value mentioned
above 1s a ratio of the amount of PM flowing out of the
filter 5 to the amount of PM flowing into the filter 5 in a
state in which the filter 5 is faulty. This ratio will be
hereinafter referred to as the “passing rate”.

[0061]
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The passing rate changes in accordance with the size
of the crack of the filter 5 or the degree of cracking
(which will be hereinafter referred to as the crack rate)
of the filter 5. The crack rate is a value representing
the degree of failure of the filter 5 and can be determined
based on the PM trapping efficiency. For example, when the
filter 5 is in a brand new condition, the crack rate is 0%,
and when the filter 5 cannot trap PM at all, the crack rate
is 100%. Moreover, when the filter 5 is removed, the crack
rate may be assumed to be 100%.

[0062]

In this embodiment, the passing PM amount 1is
specified on the assumption that the filter 5 has a
predetermined crack rate. The passing PM amount is
calculated by multiplying the amount of PM discharged from
the internal combustion engine 1 by the passing rate.
Since the amount of PM discharged from the internal
combustion engine 1 correlates with the engine speed and
the fuel injection quantity, the relationship between them
is determined by, for example, experiments and prepared in
advance as a map. The amount of PM discharged from the
internal combustion engine 1 is calculated from the engine
speed and the fuel injection quantity using this map.

[0063]

The passing rate changes in conjunction with the
filter differential pressure or the quantity of exhaust gas
flowing into the filter 5. Therefore, the relationship

between the passing rate and the filter differential
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pressure or the relationship between the passing rate and
the quantity of exhaust gas flowing into the filter 5 1is
determined by, for example, experiments and prepared in
advance as a map, which is stored in the ECU 10. For
example, when the crack rate of the filter 5 is somewhat
large, the higher the filter differential pressure is, the
larger the passing rate 1is. The quantity of exhaust gas
can be calculated based on the intake air quantity of the
internal combustion engine 1 and the gquantity of fuel
supplied to the internal combustion engine 1. The
integrated value of the passing PM amount can be obtained
by calculating the passing PM amount per a predetermined
time repeatedly and adding up the results.

[0064]

Fig. 5 is a graph showing a relationship between the
travel time of the vehicle equipped with the internal
combustion engine 1 and the integrated value of the amount
of PM passing through the filter 5 {the passing PM amount).
The travel time of the vehicle may be replaced by the
travel distance of the vehicle. The integrated value of
the passing PM amount correlates with the amount of PM
adhering to the NOx catalyst 7. The relationship between
them can be determined 1in advance by, for example,
experiments. When the integrated wvalue of the passing PM
amount reaches or exceeds the predetermined wvalue, the
amount of PM adhering to the NOx catalyst 7 reaches or
exceeds the threshold. Then, processing for removing the

PM adhering to the NOx catalyst 7 1is carried out. For
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example, a heater may be attached to the NOx catalyst 7,
and PM may be removed by raising the temperature of the NOx
catalyst 7. Alternatively, the temperature of the exhaust
gas flowing into the NOx catalyst 7 may be ralsed, as is
the case with the regeneration process for the filter 5.
Stili alternatively, the temperature of the exhaust gas
flowing into the NOx catalyst 7 may be raised by performing
the regeneration process for the filter 5. As the PM
adhering to the NOx catalyst 7 is removed, the integrated
value of the passing PM amount decreases to zero. In this
embodiment, the ECU 1C that executes the process of
removing PM from the NOx catalyst 7 corresponds to the
removing part in the present invention.

[0065]

When the integrated value of the passing PM amount is
larger than the predetermined wvalue, and when the process
of removing PM from the NOx catalyst 7 is performed, the
determination as to a failure of the filter 5 using the
measurement value of the PM sensor 17 is disabled. Moreover,
the quantity of supplied urea is restricted, or use of the
measurement value of the PM sensor 17 is disabled.

[0066]

Fig. 6 1is a flow <chart of the ©process of
determination as to a failure of the filter 5 in this
embodiment. This routine is executed at regular intervals
by the ECU 10.

[0067]

In step S101, it is determined whether or not the
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regeneration process for the filter 5 has been performed.
Performing the regeneration process for the filter 5
removes PM adhering to the NOx catalyst 7 and urea adhering
to the PM sensor 17. In other words, this process makes
the integrated value of the passing PM amount equal to zero.
This condition is a precondition.

[0068]

If the determination made in step 5101 is affirmative,
the process proceeds to step S102. On the other hand, if
the determination is negative, this routine is terminated,
because the precondition is not met.

[0069]

In step 5102, the passing PM amount is integrated.
The passing PM amount is calculated as a value correlating
with the amount of PM adhering to the NOx catalyst 7 (i.e.
the PM deposition amount). The passing PM amount is
calculated by multiplying the amount of PM discharged from
the internal combustion engine 1 by the passing rate. The
integrated wvalue of the passing PM amount is obtained by
calculating the passing PM amount per a predetermined time
repeatedly and adding up the results. After the completion
of the processing of step 5102, the process proceeds to
step S103.
{0070]

In step-SlO3, it is determined whether or not the
integrated value of the passing PM amount is smaller than a
predetermined wvalue. This predetermined value is

determined in advance as the smallest integrated value of
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such a passing PM amount that prevents hydrolysis of urea
by, for example, experiments. In other words, what is
determined in this step is whether or not hydrolysis of
urea normally proceeds in the NOx catalyst 7. If the
determination made in step S103 is affirmative, the process
proceeds to step S104. On the other hand, if the

determination is negative, the process proceeds to step

S105.
[0071]

In step 5104, a determination as to a failure of the
filter 5 is made using the PM sensor 17. At this time,

supply of urea is enabled. After the completion of the
processing of step S104, this routine is terminated.
[0072]

In step S105, processing for removing the PM adhering
to the NOx catalyst 7 is executed. For example, HC 1is
supplied to the oxidation catalyst 4 to raise the
temperature of the exhaust gas flowing into the NOx
catalyst 7, thereby oxidizing the PM. At this time,
detection of failure of the filter 5 1is disabled, and
supply of urea through the injection valve 6 is restricted.
After the completion of the processing of step $105, the
process returns to step S102. In this embodiment, the ECU
10 that executes the processing of step S105 corresponds
the restriction part or the disabling part in the present
inventicn.

[0073]

As described above, in this embodiment, when there is
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a possibility that the accuracy of the measurement value of
the PM sensor 17 is decreased by urea passing through the
NOx catalyst 7, it is possible to restrict supply of urea,
disable the determination as to a failure of the filter 5
using the measurement value of the PM sensor 17, and/or
disable use of the measurement value of the PM sensor 17.
In consequence, a decrease in the accuracy of measurement
by the PM sensor 17 can be prevented, or an erroneous
determination can be prevented from being made in the
determination as to a failure of the filter 5. In other
words, the accuracy of the determination as to a failure of
the filter 5 can be prevented from being deteriorated.
[0074]

This embodiment can also be applied to the case where
the system does not have a filter 5. In the case where the
system does not have a filter 5, the passing PM amount may
be considered to be equal to the amount of PM discharged
from the internal combustion engine 1. Alterneatively, the
passing rate and the crack rate may be considered to be
equal to 100%.
<Embodiment 2>

This embodiment employs a method of specifying the
passing rate different from the method employved in the
first embodiment. Moreover, the differential pressure
sensor 20 is additionally used in the determination as to a
failure of the filter 5. The other features such as the
apparatus wused are the same as those in the first

empbodiment and will not be described accordingly.
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[0076]

In this embodiment, the passing rate oxr the passing
PM amount is specified on the assumption that the degree of
failure (crack rate}) of the filter 5 is the lowest degree
of failure (crack rate) at which it i1s possible to
determine that the filter 5 is faulty by means of the
differential pressure sensor 20. When the crack rate is
low, the change in the differential pressure is small, and
therefore, the crack of the filter 5 cannot be detected by
means of the differential pressure sensor 20. If the
passing rate 1s specified on the assumption that the crack
rate of the filter 5 1s at the boundary between an
allowable range and an unallowable range, the actual
passing rate is higher than the estimated passing rate in
cases where the a large amount of PM reaches the NOx
catalyst 7 and the PM sensor 17, as 1s the case, for
example, when the filter 5 is removed by a user. Then, the
measurement wvailue of the PM sensor 17 becomes abnormal
before the determination as to a failure of the filter 5 is
disabled. This can lead to a deterioration in the accuracy
of the determination as to a failure of the filter 5.

[0077]

On the other hand, i1f the passing rate is specified
taking the removal of the filter 5 etc. into consideration,
the passing PM amount is estimated to be large. Then, the
integrated wvalue of the estimated passing PM amount reaches
the predetermined amount frequently, and therefore supply

of urea is restricted frequently. Supply of urea is



12 Jan 2015

2012380501

33

restricted when the integrated value of the passing PM
amount is larger than the predetermined value as shown in
Fig. 5 and when the process of removing PM from the NOx
catalyst 7 is performed. Moreover, 1f the integrated value
of the passing PM amount exceeds the predetermined value
frequently, the opportunities of making the determination
as to a failure of the filter 5 decrease.

[0078]

In view of the above, in this embodiment, the passing
rate and the passing PM amount are estimated on the
assumption that the degree of failure {(crack rate) of the
filter 5 is the lowest degree of failure {crack rate) at
which it is possible to determine that the filter 5 is
faulty by means of the differential pressure sensor 20.
The passing rate and the passing PM amount can be
determined based on a map in the same manner as in the
first embodiment.

[(0079]

Fig. 7 is a graph showing the relationship between
the degree cf failure (crack rate} of the filter 5 and the
integrated wvalue of the passing PM amount over a
predetermined time of travel of the vehicle equipped with
the internal combustion engine 1. As will be seen, the
higher the degree of failure of the filter 5 is, the larger
the integrated wvalue of the passing PM amount is. The
crack rate of the filter 5 indicated as A is a regulation
value or the upper bound of an allowable range. When the

actual crack rate exceeds the crack rate of the filter 5
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indicated as A, it is necessary that a determination that
the filter 5 is faulty be made. The crack rate of the
filter 5 indicated as B is the lowest crack rate at which
it is possible to determine that the filter 5 is faulty by
means of differential pressure sensor 20,
[0080]

When the actual crack rate of the filter 5 is equal
to or higher than A and lower than B, although the filter 5
is faulty, it is not possible to determine that the filter
5 is faulty by means of the differential pressure sensor 20.
Therefore, when the crack rate of the filter 5 is equal to
or higher than A and lower than B, a determination as to a
failure of the filter 5 is made using the measurement value
of the PM sensor 17. On the other hand, when the crack
rate of the filter 5 is equal to or higher than B, the
integrated value of the actual passing PM amount is larger
than the integrated value of the estimated passing PM
amount. Consequently, there 1s a possibility that the
measurement value of the PM sensor 7 may be abnormal. In
this case, the accuracy of the failure determination can be
improved by making a determination as to a failure of the
filter 5 using the differential pressure sensor 20 instead
of the PM sensor 17.
[0081]

As above, since the estimated value of the passing PM
amount is smaller than that in the case where the passing
rate is specified taking removal of filter 5 etec. into

consideration, supply of urea can be prevented from being
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restricted frequently. In addition, the determination as
to a failure of the filter 5 can be prevented from being
disabled frequently. Moreover, the measurement value of
the PM sensor 17 is less liable to become abnormal due to
adhesion of a large amount of urea to the PM sensor 17.
Furthermore, 1f a crack larger than expected such as
removal of the filter 5 occurs, the failure of the filter 5
can be determined by means of the differential pressure
sensor 20.

[0082]

As above, 1f the passing rate is specified on the
assumption that the degree of failure of the filter 5 is
the lowest degree of failure at which it 1s possible to
determine that the filter 5 is faulty by means of the
differential pressure sensor 20, a failure of the filter 5
can be determined by means of the differential pressure
sensor 20 even if the actual passing rate is higher than
the passing rate as specified. Specifically, if the crack
rate of the filter 5 is so large that it is possible to
determine that the filter 5 is faulty by means of the
differential pressure sensor 20, the actual passing PM
amount is larger than the estimated passing PM amount, and
consequently the amount of PM adhering to the NOx catalyst
7 is larger than estimated. In consequence, urea passes
through the NOx catalyst 7 to adhere to the PM sensor 17,
thereby deteriorating the accuracy of measurement by the PM
senscr 17. Even in this case, the failure of the filter 5

can be determined by means of the differential pressure
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sensor 20 because the crack rate is high.
[0083]

If the actual crack rate is lower than the lowest
crack rate at which it is possible to determine that the
filter 5 is faulty by means of differential pressure sensor
20, the actual passing PM amount 1s smaller than the
estimated passing PM amount. Conseguently, the integrated
value of the actual passing PM amount reaches the
predetermined value after the integrated value of the
estimated passing PM amount reaches the predetermined value.
Moreover, since the process of removing the PM adhering to
the NOx catalyst 7 is performed at the time when the
integrated value of the estimated passing PM amount reaches
the predetermined wvalue, the PM adhering to the NOx
catalyst 7 is removed before the actual passing PM amount
reaches the predetermined value. In other words, PM can be
removed from the NOx catalyst 7 before the measurement
value of the PM sensor 17 becomes abnormal due to hindrance
of hydrolysis of urea by effects of PM adhering to the NOx
catalyst 7. In consequence, the accuracy of the
determination as to a failure of the filer 5 can be
improved.

[C084]

Furthermore, when the integrated wvalue of the
estimated passing PM amount is equal to or larger than the
predetermined value, supply ©f urea is restricted.
Consequently, the passing of urea through the NOx catalyst

7 can be controlled, and therefore the adhesion of urea to
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the PM sensor 17 can be controlled. In consequence, the
accuracy of the determination as to a failure of the filter
5 can be improved.

(0085]

Moreover, the determination as to a failure of the
filter 5 that is made using the PM sensor 17 may be
disabled when the integrated value of the estimated passing
PM amount is equal to or larger than the predetermined
value. This can prevent an erroneous determination from
being made. The determination as to a failure of the
filter 5 may be disabled when the integrated value of the
estimated passing PM amount is equal to or larger than the
predetermined wvalue. This can prevent &an erroneous
determination from beiné made.

[0086]

Fig. 8 1is a flow chart of the process of
determination as to a failure of the filter 5 in this
embodiment. This routine is executed at regular intervals
by the ECU 10. The steps in which processing the same as
that in the flow chart of Fig. 6 is executed are denoted by
the same step numbers and will not be described further.
[0087]

If the determination made in step S101 is affirmative,
the process proceeds to step S8201. In step 85201, a
determination as to a failure of the filter 5 is made using
the differential pressure sensor 20. In this step, a
determination as to a failure of the filter 5 is made using

the differential pressure sensor 20. In the case where the
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differential pressure sensor 20 is used, a failure of the
filter 5 cannot be determined unless the crack rate of the
filter 5 is relatively high. Therefore, what is determined
in this step 1is whether or not the filter 5 has a
relatively large crack. In this step, the situation in
which the filter 5 has been removed i1s also determined as a
failure of the filter 5. After the completion o¢f the
processing of step S201, the process proceeds to step $S202.
[0088]

In step S202, it is determined whether or not the
filter 5 is normal. In other words, it is determined
whether or not it has been concluded that the filter 5 is
normal in step S5201. When the crack rate of the filter 5
is relatively low, it is determined in step 5201 that the
filter 5 1is normal. Therefore, a determination as to a
failure of the filter 5 using the measurement value of the
PM sensor 17 1is executed 1in a later step. If the
determination made in step $202 is affirmative, the process
proceeds to step S102. On the other hand, 1if the
determination 1is negative, which means that it is
determined that the filter 5 is faulty, this routine is
terminated.

[0089]

If the determination made in step S$103 is negative,
the process proceeds to step S203. In step 5203, the
execution of the determination as to a failure of the
filter 5 using the PM sensor 17 is disabled. Alternatively,

use of the measurement wvalue of the PM sensor 17 may be
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disabled. Moreover, supply of urea through the injection
valve 6 1is restricted. 1In this case, the determination as
to a failure of the filter 5 wusing the differential
pressure sensor 20 has already been made in steps $201 and
5202. Therefore, even if the filter 5 is faulty, its crack
rate is low. Then, if PM is removed from the NOx catalyst
7, urea may be supplied and the determination as to a
failure of the filter 5 using the PM sensor 17 may be made.
For example, after the regeneration process for the filter
5 is carried out, supply of urea may be enabled, or the
determination as to a failure of the filter 5 using the PM
sensor 17 may be enabled. Moreover, removal of PM may be
carried out in the same manner as step S8105. In this
embodiment, the ECU 10 that executes the processing of step
5203 corresponds to the restriction part or the disabling
part in the present invention.

[0090]

As described in the foregeoing, in this embodiment, a
determinaticn as to a failure of the filter 5 can be made
selectively using the differential pressure sensor 20 and
the PM sensor 17. Furthermore, the passing rate 1is
specified on the assumption that the degree of failure
(crack rate) of the filter 5 is the Ilowest degree of
failure (crack rate) at which it 1is possible to determine
that the filter 5 is faulty by means of the differential
pressure sensor 20, This can prevent supply of urea from
being restricted frequently or prevent the determination as

to a fallure of the filter 5 from being disabled frequently.
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Furthermore, the determination as to a failure of the
filter 5 can be prevented from being performed in a state

in which PM sensor 17 is abnormal.
[0091]

Unless the context clearly requires otherwise, throughout
the description and the claims, the words “comprise”,
“comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not

limited to”.

[DESCRIPTION OF THE REFERENCE SIGNS]
[0092]

1l: internal combustion engine

2: intake passage

3: exhaust passage

4: oxidation catalyst

5: filter

6: injection wvalve

7: NOx selective reduction catalyst

10: ECU

11: air flow meter

12: first exhaust gas temperature sensor
13: second exhaust gas temperature sensor
14: third exhaust gas temperature sensor
15: first NOx sensor

16: second NOxX sensor
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19:

20:
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PM sensor
accelerator opening degree sensor
crank position sensor

differential pressure sensor
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Claims

[Claim 1] An exhaust gas purification apparatus for an
internal combustion engine comprising:

én NOx selective reduction catalyst provided in an
exhaust passage of an internal combustion engine to reduce
NOx by reducing agent supplied to it;

a supplying device that supplies urea to said NOx
selective reduction catalyst from the upstream of said NOx
selective reduction catalyst;

a filter provided in the exhaust passage upstream of
said supplying device to trap particulate matter in exhaust
gas;

a PM sensoxr that measures the amount of particulate
matter in exhaust gas in the downstream of said NOx
selective reducticn catalyst; and

a disabling part that disables determinaticn as to a
failure of said filter using a measurement value of said PM
sensor when the amount of particulate matter adhering to
said NOx selective reduction catalyst is equal to or larger

than a threshold.

[Claim 2] An exhaust gas purification apparatus for an
internal combustion engine according to claim 1, comprising
a restriction part that restricts supply of urea by said
supplying device when the amount of particulate matter
adhering to said NOx selective reduction catalyst is equal

to or larger than a threshold.
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[Claim 3] An exhaust gas purification apparatus for an
internal combustion engine acceording to claim 1 or c¢laim 2,
comprising a removing part that removes particulate matter
adhering to said NOx selective reduction catalyst when the
amount of particulate matter adhering to said NOx selective

reduction catalyst is equal to or larger than the threshold.

[Claim 4] An exhaust gas purification apparatus for an
internal combustion engine according to any one of claims 1
to 3,

wherein when anr integrated value of the amount of
particulate matter passing through said filter is equal to
or larger than a predetermined value, the amount of
particulate matter adhering to saild NOx selective reduction

catalyst is equal to or larger than the threshold.

[Claim 5] An exhaust gas purification apparatus for an
internal combustion engine according to any one of claims 1
to 3, wherein when a measurement value of said PM sensor
deviates from a presumed normal range by a margin equal to
or larger than a predetermined wvalue, the amount of
particulate matter adhering to said NOx selective reduction

catalyst is egual to or larger than the threshold.

[Claim 6] An exhaust gas purification apparatus for an
internal combustion engine according to claim 4, wherein
said restriction part estimates the amount of particulate

matter passing through said filter on the assumption that
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the degree of failure of said filter 1is a predetermined

degree.

Claim 7] An exhaust gas purification apparatus for an
internal combustion engine according to claim 6,
comprising:

a differential pressure Sensor that measures
difference between the pressure in the exhaust passage
upstream of said filter and the pressure in the exhaust
passage downstream of said filter,

wherein the predetermined degree of failure of said
filter is the lowest degree of failure at which it is
possible to determine that the filter is faulty by means of

the differential pressure sensor.

[Claim B8] An exhaust gas purification apparatus for an
internal combustion engine according to claim 7, wherein

when the degree of failure of said filter is equal to
or higher than the predetermined degree, a determination as
to a failure of said filter 1s made based on a measurement
value of said differential pressure sensor, and

when the degree of failure of saild filter is lower
than the predetermined degree, a determination as to a
failure of said filter is made based on a measurement value

of said PM sensor.
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[FIG. 6]
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