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ABNORMALITY DETECTION SYSTEM AND ABNORMALITY DETECTION

METHOD FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION
1. Field of the Invention |

[0001] The invention relate§ to an abnormality detection system and abnormality
detection method for an internal combustion engine.

2. Description of the Related Art | |

[0002] For example, Japanese Patent Application Publication No. 2004-176719
(JP-A-2004-176719) describes an internal combustion engine in which a NOX selective
catalytic reduction catalyst (hereinafter, referred to ﬁs “NOx SCR catalyst™) is arranged in
an engine exhaust passage, and NOx contained in the exhaust gas is selectively reduced
by ammonia that is generated from an aqueous urea solution that is supplied to the NOx
SCR catalyst. According to JP-A-2004-176719, a sensor that detects, for example,
ammonia generated from the aqueous urea solution is provided in the engine exhaust
passage at a position downstream of the NOx SCR catalyst, and it is determined that an
abnormality has occurred if a signal output from the sensor.changes ini an unexpected
manner when the am,ount of aqueous uréa solution that is supplied to the NOx SCR
catalyst changes.

[0003] However, the Signal output from the sensor changes in an unexpected manner
in either the case where the amount or quality of aqueous urea solution that is supplied to
the NOx SCR catalyst deviates from a regular value or the case where the NOx SCR
catalyst deteriorates. Therefore, according to the above-described method, it is not
possible to détermine whether such an unexpected change has occurred due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx

SCR catalyst or due to deterioration of the NOx SCR catalyst.
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SUMMARY OF THE INVENTION

[0004] The invention provides an abnormality detection system and abnormality
detection method for an internal combustion engine, which makes it possible to
determine whether the NOx discharge amount exceeds a prescribed regulation value due
to deterioration of a NOx selective catalytic reduction catalyst arranged in an engine
exhaust passage of the internal combustion engine or due to an irregularity in the amount
or quality 6f aqueous urea solution that is supplied to the NOx selective catalytic
reduction catalyst.

[0005] A first aspect of the invention relates to an abnormélity detection system for
an internal combustion engine that determines whether the NOx discharge amount
exceeds a prescrchd regulation value due to deterioration of a NOx selective catalytic
reduction catalyst arranged in an exhaust passage of the internal combustion engine or
due to an irregularity in the amount or quality of aqueous urea solution that is supplied to
the NOx selective catalytic reduction catalyst. The abnormality detection system

includes: a determination-required region setting unit that sets a determination-required
| region to a region within which a NOx removal efficiency falls in either a case where the
NOx discharge amount exceeds the regulation value due to deterioration of the NOx
selectivé catalytic reduction catalyst or a case where the NOx discharge amount exceeds
the regulation value due to an irregularity in the amount or quality of aqueous urea
solution that is supplied to the NOx selective catalytic reduction catalyst, and in which
the temperature of the NOx selective catalytic reduction catalyst is within a
predetermined first temperature range; a first abnormality region setting unit that sets a
first abnormality region to a region within which the NOx removal efficiency falls when
the NOx discharge amount exccéds the regulation value due to deterioration of the NOx
selective catalyfic reduction catalyst, within which the NOx removal efficiency does not
fall when the NOx discharge amount exceeds the regulation value due to an irregularity
in the amount or quality of aqueous urea solution that is supplied to the NOx selective
catalytic reduction catalyst, and in which the temperature of the NOx selective catalytic

reduction catalyst is within a predetermined second temperature range having the lower
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limit that is higher than the upper limit of the first temperature range; a second
abnormality region setting unit that sets a second abnormality region to a region within
which the NOx removal efficiency falls when the NOx discharge amount exceeds the
regﬁlation value due to an irregularity in the amount or quality of aqueous urea solution
that is supplied to the NOx selective catalytic reduction catalyst, within whiéh the NOx
removal efficiency does not fall when the NOx discharge amount exceeds the prescribed
regulation value due to deterioration of the NOx selective catalytic reduction catalyst, and
in which the temperature of the NOx selective catalytic reduction catalyst is within the
second temperature range; and an abnormality factor determination unit that determines
that the NOx discharge amount exceeds the regulation value due to deterioratibn of the
NOx selective catalytic reduction catalyst, if it is .determined that the NOx removal
efficiency is within the determination-required region when the temperature of the NOx
selective catalytic reduction catalyst is within the first temperature range and it is then
determined that the NOx removal efficiency falls within the first abnormality region
when the temperature of the NOx selective catalytic reduction catalyst is brought into the
second temperature range; and the abnormality factor determination unit determining that
the NOx discharge amount exceeds the regulation value due to an irregularity in the
amount or quality of aqueous urea solution that is supplied to the NOx selective catalytic
reduction catalyst, if it is determined that the NOx removal efficiency is within the
determination-required region when the temperature of the NOx selective catalytic
reduction catalyst is within the first temperature range and it is then determined that the
NOx removal efficiency falls within the second abnormality region when the temperature
of the NOx selective catalytic reduction catalyst is brought into the second temperature
range.

[0006] A second aspect of the invention relates to an abnormality detection method
for an internal combustion engine, according to which it is determined whether the NOx
discharge amount exceeds a prescribed regulation value due to deterioration of a NOx
selective catalytic reduction catalyst arranged in an exhaust passage .of the internal

combustion engine or due to an irregularity in the amount or quality of aqueous urea
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solution that is supplied to the NOx selective catalytic reduction catalyst. According to
the abnormality detection method, a determination-required region is set to a region
within which a NOx removal efficiency falls in either a case where.the NOx discharge
amount exceeds the regulation value due to deterioration of the NOx selective catalytic
reduction catalyst or a case where the NOx discharge amount.exceeds the regulation
value due to an irregularity in the amount or quality of aqueous urea solution that is
supplied to the NOx selective catalytic reduction catalyst, and in which the témperature
of the NOx selective catalytic reduction catalyst is within a predetermined first
temperature range; a first abnormality region is set to a region within which the NOx
removal efficiency falls when the NOx discharge amount exceeds the regulation value
due to deterioration of the NOx selective catalytic reduction catalyst, within which the
NOx removal efficiency does not fall when the NOx discharge amount exceeds the
regulation value due to an irregularity in the amount or quality of aqueous urea solution
that is supplied to the NOx selective catalytic reduction catalyst, and in which the
- temperature of the NOx selective catalytic reduction catalyst is within a predetermined
second temperature range having the lower limit that is higher than the upper limit of the
first temperature range; and a second abnormality region is set to a region within which
the NOx removal efficiency falls when the NOx discharge amount exceeds the regulation
value due to an irregularity in the amount or quality of aqueous urea solution that is
| supplied to the NOx selective catalytic reduction catalyst, within which the NOx removal
efficiency does not fall when the NOx discharge amount exceeds the prescribed
regulation value due to deterioration of the NOx selective catalytic reduction catalyst, and
in which the temperature of the NOx selective catalytic reduction catalyst is within the
second temperature range. It is determined that the NOx discharge amount exceeds the
regulation value due to deterioration of the NOx selective catalytic reduction catalyst, if it
is determined that the NOx removal efficiency is within the determination-required
region when the temperature of the NOx selective catalytic reduction catalyst is within
the first temperature range and it is then determined that the NOx removal efficiency falls

within the first abnormality region when the temperature of the NOx selective catalytic
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reduction catalyst is brought into the second temperature range. It is determined that the
NOx discharge amount exceeds the regulation value due to an irregularity in the amount
or quality of aqueous urea solution that is supplied to the NOx selective catalytic
reduction catalyst, if it is determined that the NOx removal efficiency is within the
deténnination-required region when the temperature of the NOx selective catalytic
reduction catalyst is within the first temperature range and it is then determined that the
NOx removal efficiency falls within the second abnormality region when the temperature
of the NOx selective catalytic reduction catalyst is brought into the second temperature
range. -

[0007] According to the embodiments of the invention described above, it is possible
to reliably determine whether the NOx discharge amount exceeds the brescribed
regulation value due to deterioration of the NOx selective catalytic reduction catalyst or
due to an irregularity in the amount or quality of aqueous urea solution that is supplied to

the NOx selective catalytic reduction catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and further features and advantages of the invention will
become apparent from the following description of an example embodiment with
reference to the accompanying drawings, wherein the same or corresponding portions
will be denoted by the same reference numerals and wherein:

FIG. 1 is an overall view of a compression ignition internal combustion engine;

FIG. 2 is a graph showing the relationship between a NOx removal efficiency NR and
a catalyst temperature TC, etc; |

FIG. 3 is a graph showing the relationShip between the NOx removal efficiency and
the catalyst temperature TC; |

FIG. 4 is a graph showing a map of an amount NOXA of NOx discharged from the
engine; and

FIG. 5 is a flowchart showing an abnormality detection routine.
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DETAILED DESCRIPTION OF THE EMBODIMENT

[0009] FIG. 1 is an overall view showing a compression ignition internal combustion
engine. As shown in FIG 1, the compression ignition internal combustion engine
includes an engine body 1, combustion chambers 2 of cylinders, and
electronically-controlled fuel injection valves that inject fuel into the combustion
chambers 2, an intake manifold '4, and an exhaust manifold 5. The intake manifold 4 is
éonnected to an outlet of a compressor 7a of an exhaust turbocharger 7 via an intake duct
6, and an inlet of the compressor 7a is connected to an air cleaner 9 via an intake air
amount detector 8. A throttle valve 10 that is driven by a step motor is provided in the
intake duct 6, and a cooling unit 11 that cools the intake air flowing through the intake
duct 6 is provided around the intake duct 6. In an embodiment of the invention shown ‘
in FIG. 1, an engine coolant is introduced into the cooling unit 11, and the intake air is’
cooled by the engine coolant.

[0010] The exhaust manifold 5 is connected to an inlet of an exhaust turbine 7b of
the exhaust turbocharger 7, and an outlet of the exhaust turbine 7b is connected to an inlet
of an oxidation éatalyst 12. A particulate filter 13 that traps particulate métter contained
in the exhaust gas is arranged at a position downstream of and next to the oxidation
catalyst 12. An outlet of the particulate filter 13 is connected to an inlet of a NOx SCR
catalyst 15 via an exhaust pipe 14. An oxidation catalyst 16 is connected to an outlet of
the NOx SCR catalyst 15.

[0011] An aqueous urea solution supply valve 17 is arranged in the exhaust pipe 14
at a position upstream of the NOx SCR catalyst 15, and the aqueous urea solution supply
valve 17 is connected to an aqueous urea solution tank.20 via a supply pipe 18 and a
supply pump 19. The aqueous urea solution stored in the aqueous urea solution tank 20
is injected by the supply pump 19 from the aqueous urea solution supply valve 17 toward
a dispersion plate 14a that is provided in the exhaust pipe 14. NOx that is contained in
the exhaust gas is reduced in the NOx SCR catalyst 15 by the ammonia ((NHz), CO +
H,0O — 2NHj; + CO,) generated from urea.

[0012] The exhaust manifold 5 and the intake manifold 4 are connected to each other
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via an exhaust gas recirculation (hereinafter, referred to as “EGR”) passage 21, and an
electronically-controlled EGR control valve 22 is arranged in the EGR passage 21.  Also,
a cooling unit 23 that cools the EGR gas flowing through the EGR passage 21 is provided
around the EGR passage 21. In the embodiment of the invention shown in FIG. 1, the
engine coolant is introduced into the cooling unit 23, and the EGR gas is cooled by the
_engine coolant. The fuel injection vélves 3 are connected to a common rail 25 via fuel
supply pipes 24, and the common rail 25 is connected to a fuel tank 27 via an
electronically-controlled variable delivery fuel pump 26. The fuel stored in the fuel tank
27 is supplied into the common rail 25 by the fuel pump 26, and the fuel supplied into the
common rail 25 is supplied to the fuel injection valves 3 through the respective fuel
supply pipes 24.

[0013] An electronic control unit 30 is formed of a digital computer, and includes a
ROM (Read Only Memory) 32, a RAM (Random Access Memory) 33, a CPU
(microprocessor) 34, an input port 35 and an output port 36 that are connected to each
other by a bi-directional bus 31. A temperature sensor 28 that detects the temperature of
the NOx SCR catalyst 15 ié provided at a position downstream of the NOx SCR éatalyst
15, and a NOx sensor 29 that detects the NOx concentration in the exhaust gas is
provided at a position downstream of the oxidation catalyst 16. Signals output from the
temperature sensor 28, the NOx sensor 29 and the intake air amount detector 8 are
transmitted to the input port 35 via corresponding A/D converters 37.

[0014] A load sensor 41 that generates an output voltage proportional to a depression
amount L of an accelerator pedal 40 is connected to the accelerator pedal 40, and the

~ output voltage from the load sensor 41 is inpuf in the input port 35 via the A/D converter
37 that is connected to the load sensor 41. A crank angle sensor 42 that generates an
output pulse each time a crankshaft rotates, for example, 15 degrees is connected to the
input port 35. The output port 36 is connected to the fuel injection valves 3, the step
motor that drives the throttle valve 10, the aqueous urea solution supply valve 17, the
supply pump 19, the EGR control valve 22 and the fuel pump 26 via respective drive

circuits 38.
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[0015] The oxidation catalyst 12 supports a precious metal catalyst, for example,
platinum, and the oxidation catalyst 12 has the function of converting NO contained in -
the exhaust gas into NO> and the function of oxidizing HC contained in the exhaust gas.
NO; has an oxidizing property that is higher than that of NO. Therefore, if NO is
converted into NO,, the oxidation reaction of the particulate matter that is trapped on the
particulaté filter 13 is promoted, and the reduction action by ammonia is promoted in the
NOx SCR catalyst 15. If HC is adsorbed onto the NOx SCR catalyst 15, the NOx
removal efficiency decreases because the amount of ammonia adsorbed on the NOx SCR
catalyst 15 decreases. Accordingly, it is possible to suppress decreases in the NOx
removal efficiency by oxidizing HC using the oxidation 'catalyst 12.

[0016] As the particulate filter 13, either a particulate filter that does not support a
catalyst or a particulate filter that supports a precious metal catalyst, for example,
platinum, may be used. The NOx SCR catalyst 15 is formed of ammonia adsorption Fe
zeolite that exhibits a high NOx removal efficiency at a low temperature. The oxidation
catalyst 16 supports a precious metal catalyst formed of, for example, platinum. The
oxidation catalyst 16 oxidizes the ammonia that leaks from the NOx SCR catalyst 15.

[0017] In the embodiment of the invention shown in FIG. 1, the NOx SCR catalyst
15 is activated at a température of approximately 200 °C. After the NOx SCR catalyst
15 is activated, the aqueous urea solution is supplied, in an amount required to reduce
NOx contained in the exhaust gas, from the aqueous urea solution supply valve 17. FIG
2A shows the relationship between the NOx removal efficiency NR and the- temperature
TC of the NOx SCR catalyst 15 when the NOx SCR catalyst 15 has not deteriorated, the
supply amount of the aqueous urea solution is maintained at the regular value that is
required to reduce NOx in the exhaust gas, and the quality of aqueous urea solution is
maintained at the regular quality.

[0018] As shown iﬁ FIG. 2A, when the temperature TC of the NOx SCR catalyst 15
increases to the activation temperature,v the NOx removal efficiency rapidly increases to a
peak vaiue. When the temperature TC of the NOx SCR catalyst 15 further increases, the

NOx removal efficiency NR is maintained at ‘the peak value. When the catalyst
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temperature TC is relatively low, the aqueous urea solution suﬁplied from the aqueous
urea solution supply valve 17 is once adsorbed onto the NOx SCR catalyst 15 in the form
of ammonia, and NOx in the ex.haust gas reacts with the ammonia adsorbed on the NOx
SCR catalyst 15 to be reduced.

[0019] On the other hand, when the catalyst temperature TC increases, ammonia is
no longer adsorbed onto the NOx SCR catalyst 15.. At this time, NOx in the exhaust gas
reacts with the ammonia generated from the aqueous urea solution in the gas phase to be
reduced. FIG. 2B schematically shows this phenomenon. That is, as shown in FIG. 2B,
as the catalyst temperature TC increases, the ratio of the amount of NOx that is reduced
due to reaction with the ammonia adsorbed on the NOx SCR catalyét 15 to the entire
amount of NOx that is reduced due to reaction with ammonia decreases while the ratio of
the amount of 4NOx that is reduced due to reaction with the ammonia in the gas phase to
the entire amount of NOx that is reduced due to reaction with ammonia increases.

[0020] The NOx discharge standard varies with each country or region. In this case,
the total amount of NOx that is discharged when a vehicle is driven in a prescribed mode
is usually used as the standard for the NOx discharge amount. The NOx discharge
standérd is set in such a manner that the standard is met if the NOx discharge amount
after the vehicle is used for a predetermined duration of time is equal to or smaller than a
NOx discharge standard amount.

[0021] In addition to this discharge standard, a discharge regulation is set.
| According to the discharge regulation, the NOx discharge amount must not exceed a.

prescribed regulation value. Although the regulation value varies with each country or
region, the regulation value is two or three times as large as the NOx discharge standard
amount. In some countries, it is compulsory to illuminate an alarm lamp that indicates
the location of abnormality if the NOx discharge amount exceeds the regulation value.
[0022] In the embodiment of the invention, deterioration of the NOx SCR catalyst 15
and an jrregularity in the amount or quality of aqueous urea solution that is supplied to
the NOx SCR catalyst 15 are regarded as the factors of an abnormal increase in the NOx

discharge amount. According to the embodiment of the invention, it is determined
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whether the NOx discharge amount exceeds a prescribed regulation value due to
d’eterioration of the NOx SCR catalyst 15 or due to an irregularity in the amount or
quality of aqueous urea solution that is ‘supplied to the NOx SCR catalyst 15.

[0023] Next, the.manner for performing the above-described determination will be
described with reference to FIGs. 2C, 3A and 3B. FIGs. 2C, 3A and 3B show the case
in which the regulation value is two times as large as the NOx discharge standard amount.
In FIGs. 2C, 3A and 3B, a dashed line A indicates the NOx removal efficiency NR when
the NOx discharge amount matches the NOx discharge standard amount. In other words,
if the vehicle is driven in a prescribed mode in the state where the NOx removal
efficieﬁcy NR changes with respect to the catalyst temperature TC in a manner indicated
by the dashed line A shown in FIGs. 2C, 3A and 3B, the NOx discharge amount matches
the NOx discharge standard amount. Hereinafter, the NOx .rcmoval efficiency NR
indicated by the dashed line A will be referred to as “standard NOx removal efficiency
A”.

[0024] In FIG 2C, a solid line B1 indicates the NOx removal efficiency NR when
the NOx discharge amount reaches the regulation value, which is two times as large as
the NOx discharge standard amount, due to deterioration of the NOx SCR catalyst 15,
and a solid line B2 indicates the NOx removal efficiency NR when the catalysi.s of the
NOx SCR catalyst 15 is completely lost. The fact that the NOx discharge amount
reaches the value that is two times as large as the NOx discharge standard amount means
that the NOx removal efficiency decreases to 50% of the standard NOx removal
efficiency A. Therefore, the solid line B1 indicates the case in which the NOx removal
efficiency NR is 50% of the standard NOx removal efficieﬁcy A.

[0025] The ammonia adsorption action of the NOx SCR catalyst 15 and the NOx
reduction action of the ammonia adsorbed on the NOx SCR catalyst 15 are governed by
the activity of the catalyst. Therefore, as shown in FIG. 2B, when the NOx reduction
action of the adsorbed ammonia is dominant, that is, when the catalyst temperature TC is
relatively low, if the NOx SCR catalyst 15 deteriorates, the NOx removal efficiency NR

drastically decreases as indicated by the solid lines B1 and B2 in FIG. 2C.
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[0026] In contrast, when the NOx reduction action is performed in the gas phase, the
NOx reduction action is hardly gévemed by the activity of the catalyst. Therefore, as
shown in FIG. 2B, when the NOx reduction action in the gas phase is dominant, that is,
when the catalyst temperature TC is relatively high, even if the NOx SCR catalyst 15
deteriorates, the NOx removal efficiency NR does not decrease significantly as shown by
the solid lines B1 and B2 in FIG. 2C.

[0027] That is, as indicated by the solid line B1, when the NOx removal efficiency is
decreased to 50% of the standard NOx removal efficiency A due to deterioration of the
NOx SCR catalyst 15, lthe NOx removal efficiency NR increases as the catalyst
température TC increases. When the catélyst temperature TC is equal to or higher than
450 °C, the NOx removal efficienéy NR is close to the standard NOx removal efficiency
A. . As indicated by the solid line B2, even when the catalysis of the NOx SCR catalyst
15 is completely lost, the NOx removal efficiency NR increases as the catalyst
temperature TC increases. When the catalyst terﬁ\l)erature TC is equal to or higher than
500 °C, The NOx removal efficiency NR is cquél to or higher than -50% of the standard
NOx removal efficienéy A.

[0028] Next, the case in which the NOx removal efficiéncy NR decreases due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15 will be described. The amount of aqueous urea solution that is supplied
to the NOx SCR catalyst 15 is set in advance based on the engine operating state.
However, if the supply amount of aqueous urea solution becomes less than the regular
value due to, for example, clogging of a nozzle outlet of the aqueous urea solution supply
valve 17, the NOx removal efficiency.' decreases. Also, if a substandard aqueous urea
solution having a low ammonia concentration is used instead of the regular aqueous urea
solution, or if another solution, for example, water is supplied into the aqueous urea
solution tank 20, the NOx removal efficiency NR decreases.

[0029] A solid line C in FIG. 3A indicates the NOx removal efficiency NR when the
NOx discharge amount reaches the regulation value that is two times as large as the NOx

discharge standard amount due to an irregularity in the amount or quality of aqueous urea
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solutjon that is supplied to the NOx SCR catalyst 15. As described above, the fact that
the NOx discharge amount is two times as large as the NOx discharge standard amount -
means that the NOx removal efficiency NR decreases to 50% of the standard NOx
removal efficiency A. Therefore, the solid line C indicates the case in which the NOx
_removal efficiency NR is 50% of the standard NOx removal efficiency A.

[0030] If the nozzle outlet of the aqueous urea solution supply valve 17 clogs or the
ammonia concentration in the aqueous urea solution decreases, the amount of ammonia
that can be used to reduce NOx decreases at a constant rate independently of the supply
amount of aqueous urea solution. Accordingly, as indicated by the solid line C in FIG.
3A, the NOx removal efficiency NR decreases with respect to the standard NOx removal
efficiency A at a constant rate independently of the catalyst temperaturé TC.

[0031] A comparison between FIG. 2C and FIG. 3A shows that the pattern in which
the NOx removal efficiency NR changes with respect to the catalyst temperature TC
differs between when the NOx SCR catalyst 15 deteriorates and when an irregularity
occurs in the amount or quality of aqueous urea solution that is supplied to the NOx SCR
catalyst 15. Therefore, it is possible to determine whether the NOx .SCR catalyst 15
deteriorates or'an irregularity occurs in the amount or quality of aqueous urea solution
that is supplied to the NOx SCR catalyst 15 using the difference in the pattern in which
the NOX removal efficiency NR changes.

[0032] Therefore, according to the embodiment of the invention, it is determined,
using the difference in the pattern in which the NOx removal efficiency changes, whether
the NOx discharge amount exceeds the prescribed regulation value due to deterioration of
the NOx SCR catalyst 15 or due to an irregularity in the amount or quality of aqueous
urea solution that is sﬁpplicd to the NOx SCR catalyst 15. This will be described with
reference to FIG. 3B that is obtained by combining FIG. 2C with FIG. 3A.

[0033] FIG. 3B shows, as a typical example, the case iﬁ which it is determined
whether the NOx rembval efficiency NR is decreased to a value equal to or lower than
50% of the standard NOx. removal efficiency A due to deterioration of the NOx SCR

catalyst 15 or due to an irregularity in the amount or quality of aqueous urea solution that
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is supplied to the NOx SCR catalyst 15.

[0034] Such a determination is made according to FIG. 3B on the assumption that
although slight deterioration of the NOx SCR catalyst 15 and a minor irregularity in the
amount or quality of aqueous urea solution may occur at the same time, deterioration of
the NOx SCR catalyst 15 that d¢creases the NOx removal efficiency to a value equal to
or lower than 50% of the standard NOx removal efficiency A and an irregularity in the
amount or quality of aqueous urea solution that decreases the NOx removal efficiency to
a value equal to or loWer than 50% of the standard NOx removal efficiency do not occur
at the same time. / |

[0035] First, with reference to FIG. 3B, description will be provideci coﬂceming the
case bin which the catalyst temperature TC is equal to or higher than an activation
temperature TCo and lower than a catalyst temperature TCa that is the catalyst
temperature at the intersecting point of the curve B1 and the curve C.  When the NOx
removal éfficiency is decreased to a value equal to or lower than 50% of the standard
NOx removal efficiency A due to deterioration of the NOx SCR catalyst 15, the NOx
removal efficiency NR at any given cafalyst temperature TC is a value on or below the
curve B1. When the NOx removal efficiency is decreased to a value equal to or lower
than 50% of the standard NOx removal efficiency A due to an irregularity in the amount
or quality of aqueous urea solution that is suppiied to the NOx SCR catalyst 15, the NOx
removal efficiencly NR at any given catalyst temperature TC is on or below the curve C.

[0036] As described above, when the NOx removal efficiency is decreased to a value
equal to or lower than 50% of the standard NOx removal efficiency A due to deterioration
of the NOx SCR catalyst 15, the NOx removal efficiency NR at any given catalyst
tefnperature TC is a value on or below the curve B1. Therefore, when the NOx removal
efficiency NR is within a region that is above the curve B1 and below the curve C, that is,
a hatched region X; shown in FIG. 3B, the NOx removal efficiency NR is decreased to a
value equal to or lower than 50% of the standard NOx removal efficiency A due to an

irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx

SCR catalyst 15.
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[0037] When the NOx removal efficiency NR is within the region Xj, it is confirmed
that the NOx removal efficiency NR is decreased to a value equal to or lower than 50% of
the standard NOx removal efficiency A due to an irregularity in the amount or quality of

‘A aqueous urea solution that is supplied to the NOx SCR catalyst 15. Therefore, the
region X; will be referred to as “irregularity confirmed region™.

[0038] On the other hand, when the NOx removal efficiency NR is within a region
below the curve B, that is, a hatched region X, shown in 'FIG. 3B, it is not possible to
determine whether the NOx removal efficiency NR is decreased to a value equal to or
lower than 50% of the standard NOx removal efficiency A due to deterioration of the .
NOx SCR catalyst 15 or due to an irregularity in the amount or quality of aqueous urea
solution that is supplied to the NOx SCR catalyst 15.

[0039] Therefore, in this case, it is necessary to determine whether the NOx removal
efficiency NR is decreased to a value equal to or lower than 50% of the standard NOx
removal efficiency A due to deterioration of the NOx SCR catalyst 15 Aor due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15. Accordingly, the hatched region X, will be referred to as
“determination-required region”.

[0040] In an example shown in FIG. 3B, the determination is performed when the
catalyst temperature TC becomes higher than a catalyst temperature TC; that is the
catalyst temperature at the intersecting point of the curve B2 and the curve C. When the
catalyst temperature TC is higher than the catalyst temperature TC,, if the NOx removal
efficiency is décreased to a value equal to or lower than 50% of the standard NOx
removal efficiency A due to deterioration of the NOx SCR catalyst 15, the NOx removal
efficiency NR at any. given catalyst température TC is within a hatched region Y;
between the curve Bl and the curve B2. If the NOx removal efficiency NR is decreased
to a value equal to or lower than 50% of the standard NOx removal efficiency A due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15, the NOx removal efficiency NR at any given catalyst temperature TC is

within a hatched region Y; below the curve C.
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[0041] When the NOx removal efficiency is decreased to a value equal to or lower
than 50% of the standard NOx removal efficiency A due to deterioration of the NOx SCR
catalyst 15, the NOx removal efficiency NR is within the hatched region Y; and is not
brought to the region Y,. Accordingly, if the NOx removal efficiency NR is within the
region Yy, it is determined that the NOx removal efficiency is decreased to a value equal
to or lower than 50% of the standard NOx removal efficiency A due to deterioration of
the NOx SCR catalyst 15. The region Y; will be referred to as “first abnormality
region”.

[0042] On the other hand, when the NOx removal efficiency is decreaséd to a value
equal to. or lower than 50% of the standard NOx removal efficiency A due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15, the NOx removal efficiency NR is within the region Y, and is never
within the region Y;. Therefore, when the NOx removal efficiency NR is within the
region Y, the NOx removal efficiency is decreased to a value equal to or lower than 50%
of the standard NOx removal efficiency A due to an irregularity in the amount or quality
of aqueous urea solution that is supplied to the NOx SCR catalyst 15. The region Y»
will be referred to as “second abnormality region”. | |

[0043] As describéd above, in the example shown in FIG. 3B, if the NOx removal
efficiency NR is withinr the determination-required region X, when the catalyst
temperature TC is low and is brought into the first abnormality region Y; when the
catalyst temperature TC is increased, it is determined that the NOx removal efficiency is
decreased to a value equal to or lower than 50% of the standard NOx removal efficiency
A due to deterioration of the NOx SCR catalyst 15. On the other hand, if the NOx
removal efficiency NR is within the determination-required region X, when the catalyst
temperature TC is low and is brought into the second abnormality region Y, when the
catalyst temperature TC is increased, it is determined that the NOx removal efficiency is
decreased to a value equal to or lower th_an 50% of the standard NOx removal efficiency
A due to an irregularity in the amount or quality of aqueous urea solution that is supplied

to the NOx SCR catalyst 15.



WO 2009/071994 PCT/IB2008/003681
16

[0044] While the invention has "been described with reference to the example
embodiment shbwn in FIG. 3B, generalized description on the invention will be provided
below.

[0045] According to the invention, the determination-required region X; is set to a
region, within which the NOx removal efficiency NR falls in either the case where the
NOx discharge amount exceeds the prescribed regulation value due to deterioration of the
NOx SCR catalyst 15 or the case where the NOx discharge amount exceeds the
regulation value due to an irregularity in the amount or qu_ality of aqueous urea solution
that is supplied to the NOx SCR catalyst 15, and in which the catalyst temperature TC of
the NOx SCR catalyst 15 is within a predetermined first temperature range. The first
abnormality region Y, is set to a region, within which the NOx removal efficiency NR
falls when the NOx discharge amount exceeds the regulation value due to deterioration of
the NOx SCR catalyst 15, within which the NOx removal efficiency NR does not fall
when the NOx discharge amount exceeds the prescribed regulation value due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15, and in which the catalyst temperature TC of the NOx SCR catalyst 15 is
within a predetermined second temperature range having the lower limit that is higher
than the upper limit of the first temperature range. The second abnormality region Y. is
set to a region, within which the NOx removal efficiency NR falls when thé NOx
discharge amount exceeds the regulation value due to an irregularity in the amount or
quality of aqueous urea solution that is supplied to the NOx SCR catalyst 15, within
which the NOx removal efficiency NR does not fall wh;an the NOx discharge amoﬁnt
exceeds the prescribed regulation value due to deterioration of the NOx SCR catalyst 15,
and in which the catalyst temperature TC is within the predetermined second temperature
range. If it is determined that the NOx removal efficiency NR is within the
determination-required region X, when the temperature TC of the NOx SCR catalyst 15
is within the first temperature range and it is then determined that the NOx removal
efficiency NR falls within the first abnormality region Y; when the temperature TC of the

NOx SCR catalyst 15 is brought into the second temperature range, it is determined that
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the NOx discharge amount exceeds the regulation value due to deterioration of the NOx
SCR catalyst 15. On the other hand, if it is determined that the NOx rerhoval efficiency
NR is within thé determination-required region X, when the temperature TC of the NOx
SCR catalyst 15 is within the first temperature range and it is then detérmined that the
NOx removal efficiency NR falls within the second abnormality region Y, when the
temperature TC of the NOx SCR catalyst 15 is brought into the second temperaturé range,
it is determined that the NOx discharge amount exceeds the regulation value due to an
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
SCR catalyst 15.

[0046] According to the invention, the irregularity confirmed region X; is set to a
region, within which the NOx removal efficiency NR falls when the NOx discharge
amount exceeds the regulation value due to an irregularity in the amount or quality of
aqueous urea solution that is supplied to the NOx SCR catalyst 15, within which the NOx
removal efficiency NR does not fall when the NOx discharge amount exceeds the
- regulation value due to deterioration of the NOx SCR catalyst 15, and in which the
catalyst temperature TC of the NOx SCR catalyst 15 is within the predetefmined first
temperature range. If it is determined that the NOx removal efficiency NR is within the
irregularity confirmed region X; when the temperature TC of the NOx SCR catalyst 15 is
within the first temperature range, it is determined that the NOx discharge amount
exceeds the regulation value due to an irregularity in the amount or quality of aqueous
urea solution that is supplied to the NOx SCR catalyst 15.

[0047] As can be seen from FIG. 3B, the irregularity confirmed region X is a region
that is adjacent to the determination-required region X,. At any given catalyst
temperature TC, the NOx removal efficiency NR is higher in the irregularity confirmed
region X, than in the determination-required region X,. Also, as can be seen from FIG.
3B, at any given catalyst temperature TC, the NOx removal efficiency NR is higher in the
first abnormality region Y than in the second abnormality region Y.

[0048] Next, the curves B1, B2 and C will be defined using generalized expressions,

and the regions Xj, Xz, Y; and Y, will be defined by the curves By, B, and C that are
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defined using the generalized expressions.

t0049] That is, as can be seen from FIG. 3B, when the NOx discflarge amount
reaches the regulation value due to deterioration of the NOx SCR catalyst 15, the NOx
removal efficiency NR increases toward the standard NOx removal efficiency A as the
temperature TC of the NOx SCR catalyst 15 increases after activation of the NOx SCR
catalyst 15, as indicated by the curve B1. In contrast, when the NOx discharge amount
reaches the regulation value due to an irregularity in the amount or quality of aqueous
urea solution that is supplied to the NOx SCR catalyst 15, the NOx removai efficiency
NR decreases at a constant rate with respect to the standard NOx removal efficieﬂcy A
independently of the temperature TC of the NOx SCR catalyst 15, as indicated by the
curve C. |

[0050] In this case, as shown in FIG. 3B, the NOx removal effiéiency NR when the
NOx discharge amount reaches the regulation value due to deterioration of the NOx SCR
catalyst 15 matches the NOx removal efficiency NR when the NOx discharge amount
reaches the regulation value due to an irregularity in the arhount or quality of aqueous
urea solution that is supplied to the NOx SCR catalyst 15, at a specific temperature TCa
of the NOx SCR catalyst 15 after activation of the NOx SCR catalyst 15.

[0051] The above-described first temperature range is set to a range between the
activation temperature TCy of the NOx SCR catalyst 15 and the specific temperature TCa
of the NOx SCR catalyst 15.

[0052] Also, as can be seen from FIG 3B, at any given catalyst temperature TC
within the first temperature range, the NOx removal efficiency NR when the NOx
discharge amount reaches the regulation value due to deterioration of the NOx SCR
catalyst 15 (indicated by the curve B1) is lower than the NOx removal efficiency NR
when the NOx discharge amount reaches the regulation value due to an irregularity in the
amount or quality of aqueous urea solution that is supplied to the NOx SCR catalyst 15
(indicated by the curve C). The determination-required region X, is set to a region
which is within the first temperature range, and in which the NOx removal efficiency NR

is lower, at any given catalyst temperature TC, than the NOx removal efficiency NR
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when the NOx discharge amount reaches the regulation value due to deterioration of the
NOx SCR catalyst 15 (indicated by the curve B1).

[0053] Also, as indicated by the curve B2 in FIG. 3B, even when t_he catalysis of the
NOx SCR catalyst 15 is completely lost, the NOx removal efficiency NR increases as the
temperature.TC of the NOx SCR catalyst 15 increases. The NOx removal efficiency
NR when the catalysis of the NOx SCR catalyst 15 is completely lost matches the NOx |
removal efficiency NR when the NOx discharge amount reaches the regulation value due
to an irregularity in the amount or quality of aqueous ureé solution that is supplied to the
NOx SCR catalyst 15 (indicated by the curve C), at the certain temperature TC; of the
NOx SCR catalyst 15 that is higher than the specific temperature TCa of the NOx SCR
catalyst 15. B

[0054] The second t'einperature range is set within a temperature region having the
lower limit that is higher than the certain temperature TC; of the NOx SCR catalyst 15.
In the concrete example shown in FIG. 3B, the lower limit of the second temperature
range matches the certain catalyst temperature TC,.

[0055] As can be seen from FIG. 3B, within the sécond temperature range, the first
abnormality region Yl.'is set to a region between the cufve B1 that indicates the NOx
removal efficiency NR. when the NOx discharge amount reaches the regulation value due
to deterioration of the NOx SCR catalyst 15 and the curve B2 that indicates the NOx
removal efficiency NR when the catalybsis of the NOx SCR catalyst 15 is complete\ly lost.
Within the second temperature range, the second abnormality region Y is set to a region
in which the NOx removal efficiency NR is lower, at any given catalyst temperature TC,
than the NOx removal efficiency NR when the NOx discharge amount reaches the
regulation value due to an irregularity in the amount or quality of aqueous urea solution
that is supplied to the NOx SCR catalyst 15 (indicated by the curve C).

[0056] An abnormality determination in the second temperature range is performed
after the catalyst temperature TC is brought into the second temperature range due to a
change in the operating state. However, the catalyst temperature TC sometimes does

not increase to a value within the second temperature range. In this case, an
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abnormality determination in the second temperature range cannot be performed.

| [0057] Therefore, according to the embodiment of the invention, if it is determined
that the NOx removal efficiency NR is within the determination-required region X2 when
the temperature TC of the NOx SCR'catalyst 15 is within the first temperature range, and
the temperature TC of the NOx SCR catalyst 15 is not brought into the second
temperature range within a prescribed period, the NOx SCR catalyst 15 is heated until the
temperature TC of the NOx SCR catalyst 15 is brought into the second.temperature
range.

[0058] In the embodiment of the invention, it is necessary to detect the NOx removal
efficiency NR achieved by the NOx SCR catalyst 15. Therefore, the amount of NOx
that is discharged from the engine per unit time (hereinafter, referred to as “NOx amount
NOXA) is stored in advance in the ROM 32 in the form of a map indicating a function of
a required torque TQ aﬂd an engine speed N. The amount of NOx discharged from the
NOx SCR catalyst 15 per unit time is determined based on the NOx concentration
detected by the NOx sensor 29 and the exhaust gas amount, that is, the intake air amount.
Accordingly, the NOx removal efficiency NR is determined based on the NOx amount
NOXA shown in FIG. 4 and the value detected by the NOx sensor 29.

[0059] Next, an abnormality detection routine will be described with reference to
FIG. 5. This routine is executed in an interruption manner at predetermined time
intervals. As shown in FIG. 5, it is first dete@incd in step 50 whether a completion flag,
which indicates that an abnormality detection that is perfdrmed every time the vehicle is
driven is completed, is set. When it is determined that the completion flag is set, the
routine ends. On the other hand, when it is determined that the completion flag is not
set, step 51 is executed. In sfep 51, it is determined whether the cétalsfst temperature TC
exceeds the activation temperature TCp. I it is determined that the catalyst témperature ‘
TC exceeds the activation temperature TCy, step 52 is executed to start abnormality
detection. ‘

[0060] In step 52, a predetermined time AM is added to M. Therefore, ZM

indicates the time that has elapsed after the catalyst temperature TC exceeds the
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activétion temperature TCp. In this case, instead of the predetermined time, an intake air
amount, a fuel injection amount or a vehicle speed may be used as AM. In step 53, it is
determined whether a determination flag is set. When step 53 is executed for the first
time, the determination flag is not set. Accordingly, step 54 is executed.

[0061] In step 54, it is determined whether the catalyst temperature TC becomes
equal to a predetermined temperature TC, within the first temperature range shown in
FIG. 3B. When the catalyst temperature TC matches the predetermined témpe’rature TC;,
step 55 is executed. In step 55, the NOx removal efficiency NR is calculated based on
the map shown in FIG. 4 and a signal output from the NOx sensor 29. Next, it is
determined in step 56 whether the NOx removal efficiency NR is within the
determination-required region X,. When it is determined that the NOx removal
efficiency NR is not within the determination—fequired region X», step 58 is executed.
In step 58, it is determined whether the NOx removal efficiency NR is within the
irregularity confirmed region X;. When it is determined that the NOx removal
efficiency NR is not within the irregularity confirmed region X, the routine ends.

[0062] On the other hand, when it is determined in step 56 that the NOx removal
efficiency NR is within the determination-required region X», step 57 is executed. In
stép 57, the- determination flag is set. After the determination ﬁag is set, in the
subsequent routine, step 59 is executed after step 53. In step 59, it is determined
whether the elapsed time 3M exceeds the predetemiined time MX. When it is
determined that the elapsed time =M is equal to or shorter than the predetermined time
MX, step 61 is executed without executing step 60. In Stcp 61,. it is determined whether
the catalyst temperature TC exceeds the predetermined temperature TC; shown in FIG.
3B. When it is determined that the catalyst temperature TC exceeds the predetermined
temperature TC;, step 62 is executed to perform an abnormality determination.

[0063] On the other hand, when the catalyst temperature TC is not increased to the
predetermined temperature TC; and it is determined in step 59 that the elapsed time =M
is longer than the predetermined time MX, step 60 is executed. In sfep-60, control for

increasing the temperature of the NOx SCR catalyst 15 is executed. The temperature of

¢
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the NOx SCR catalyst 15 is increased, for example, by retarding the fuel injection timing
to increase the temperature of the exhaust gas or by supplying additional fuel toward a
portion upstream of the oxidation catalyst 12. After the control for increasing the
temperature is started, if it is determined in step 61 that the catalyst temperature TC is
higher than the predetermined catalyst temperature TC, step 62 is executed. In step 62,
the control for increasing the temperature of the NOx SCR catalyst 15 is stopped. As a
matter of course, when the catalyst temperature TC becomes higher than the
predetermined catalyst temperature TC, without executing the control for increasing the
temperature of the NOx SCR catalyst 15, no control is executed in step 62.

[0064] Next, in step 63, the NOx removal efficiency NR is calculated based on the
map shown in FIG. 4 and a signal output from the NOx sensor 29. Next, it is
determined in step 64 whether the NOx removal efficiency NR is within the first
abnormality region Y;. When the NOx removal efficiency NR is not within the first
atinormality region Y, step 67 is executed without executing steps 65 and 66. In step
67, it is determined whether the NOx removal efficiency NR is within the second
abnormality region Y». When it is determined that the NOx removal efficiency NR is
not within the second abnormality region Y, the routine ends. |

[0065] On the other hand, when it is determined in step 64 that the NOx removal
efficiency NR is within the first abnormality region Y, step 65 is executed. In step 65,
an alarm that indicates the fact that the NOx discharge amount exceeds the regulation
value due to deterioration of the NOx SCR catalyst 15 is issued. In step 66, the
completion flag is set.

[0066] On the other hand, when it is determined in step 67 that the NOx removal
efficiency NR is within the second abnormality region Y>, step 68 is executed. Also,
when it is determined in -st‘ep 58 that the NOx removal efficiency NR is within the
abnormality determination-required region X, step 68 is executed. In step 68, an alarm
that indicates the fact that the NOx discharge amount exceeds the regulation value due to
an irregularity in the amount or quality of aqueous urea solution that is supplied to the

NOx SCR catalyst 15 is issued. Next, in step 69, the completion flag is set.
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CLAIMS (PCT)

1. An abnormality detection system for an internal combustion éngine that determines
whether a NOx discharge amount exceeds a prescribed regulation value due to
deterioration of a NOx selective catalytic reduction catalyst arranged in an exhaust
passage of the internal combustion engine or due to an irregularity in an amount or
quality of aqueous urea solution that is supplied to the NOx selective catalytic reduction
catalyst, comprising: |

a determination—required region setting unit that sets a determination-required region
to a region within which a NOx removal efficiency falls in either a case where the NOx
discharge amount exceeds the regulation value due to deterioration of the NOx selective
catalytic reduction catalyst or a case where the NOx discharge amount exceeds the
regulation value due to an irregularity in the amount or quality of aqueous urea solution
that is supplied to the NOx selective catalytic reduction catalyst, and in which a
temperature of the NOx selective catalytic reduction catalyst is within a predetermined
first temperature range;

a first abnormality region setting unit that sets a first abnormality rcgion.to a region
within which the NOx removal efficiency falls when the NOx discharge amount exceeds
the regulation value due to deterioration of the NOx selective catalytic reduction catalyst,
within which the NOx removal efficiency does not fall when the NOx discharge amount
exceeds the regulation value due to an irregularity in the amount or quality of aqueous
urea solution that is supplied to the NOx selective catalytic reduction catalyst, and in
which the temperature of the NOx selective catalytic reduction catalyst is within a
pfedetermined second temperature range having a lower limit that is higher than an upper
limit of the first temperature range;

a second abnormality region setting unit that sets a second abnormality region to a
region within which the NOx removal efficiency falls when the NOx discharge amount
exceeds the regulation value due to an irregularity in the amount or quality of aqueous

urea solution that is supplied to. the NOx selective catalytic reduction catalyst, within
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which the NOx removal efficiency does not fall when the NOx discharge amount exceeds
the prescribed regulation value due to deterioration of the NOx selective catalytic
reduction catalyst, and in which the temperature of the NOx selective catalytic reduction
catalyst is within the second temperature range; and
an abnormality factor determination unit that determines that the NOx discharge
amount exceeds the regulation value due to deterioration of the NOx selective catalytic
reduction catalyst, if it is determined that the NOx removal efficiency is within the
determination-required region when the temperature of the NOx selective catalytic
reduction catalyst is within the first temperature range and it is then determined that the
NOx removal efficiency falls within the first abnormality region when the temperature of
the NOx selective catalytic reduction catalyst is brought into the second terﬁperature
range; and the abnormality factor determination unit determining that the NOx discharge
amount exceeds the regulation value due to an irregularity in the amount or quality of
aqueous urea solution that is supplied to the NOx selective catalytic reduction catalyst, if
it is determined that the NOx removal efficiency is within the determination-required
region when the temperature of the NOx selective catalytic reduction catalyst is within
| the first temperature range and it is then determined that the NOx removal efficiency falls
within the second abnormality region when the temperature of the NOx selective catalytic

reduction catalyst is brought into the second temperature range.

2. The abnormality detection system according to claim 1, further comprising:

an irregularity-confirmed region setting unit that sets an irregularity-confirmed region
to a region within which the NOx removal efficiency falls when the NOx discharge
amount exceeds the regulation value due to an irregularity in the amount'or quality of
aqueous urea solution that is supplied to the NOx selective catalytic reduction catalyst,
within which the NOx removal efficiency does not fall when the NOx discharge amount
exceeds the regulation value due to deterioration of the NOx selective catalytic reduction
catalyst, and in which the tempe.rature of the NOx selective cataiytic reduction catalyét is

within the first temperature range,



WO 2009/071994 PCT/IB2008/003681
25

wherein if it is determined that the NOx removal efficiency is within the
irregularity-confirmed region when the temperature of the NOx selective catalytic
reduction catalyst is within the first temperature range, the abnormality factor
determination unit determines that the NOx. discharge amount exceeds the regulation
value due to an irregularity in the amount or quality of aqueous urea solution that is

supplied to the NOx selective catalytic reduction catalyst.

3. The abnormality detection system according to clairﬁ 2, wherein the
irregularity-confirmed region setting unit sets the irregularity-confirmed region to a
region which is adjacent to the determination-required region, and in which the NOx
removal éfficiency is higher than the NOx removal efficiency in the

determination-required region at any given catalyst temperature.

4. The abnormality detection system according to claim 1, wherein the first abnormality
region setting unit sets the first abnormality region to a region in which the NOx removal
efficiency is higher than the NOx removal efficiency in the second abﬁormality region at

any given catalyst temperature.

5. The abnormality detection system according to-claim 1, wherein:

when the NOx discharge amount reaches the regulation value due to deterioration of
the NOx selective catalytic reduction catalyst, as the temperature of the NOx selective
catalytic reduction catalyst increases after activation of the NOx selective catalytic
reduction catalyst, the NOx removal efficiency increases due to an increase in a ratio of
an amount of NOx that is reduced by reaction with ammonia in a gas phase to-an entire
amount of NOX that is reduced by reaction with ammonia;

when the NOx discharge amount reaches the regulation value due to an irregularity in
the amount or quality of aqueous urea solution that is supplied to the NOx selective
catalytic reduction catalyst, the NOx removal efficiency decreases at a constant rate after

activation of the NOx selective catalytic reduction cataiyst independently of the
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temperature of the NOx selective cataljrtic reduction catalyst;

the NOx removal efficiency when the NOx discharge amount reaches the regulation
value due to deterioration of the NOx selective catalytic reduction catalyst matches the
NOx removal efficiency when the NOx discharge amount reaches the regulation value
due to an irregularity in the amount or quality of aqueous urea solution that is supplied to
the NOx selective catalytic reduction catalyst, at a specific temperature of the NOx
selective catalytic reduction catalyst after activation of the NOx selective catalytic
reduction catalyst; and

the first temperature range is set to a range between an activation temperature of the
NOx selective catalytic reduction catalyst and the specific temperature of the NOx

selective cafalytic reduction catalyst.

6. The abnormality detection system according to claim 5, wherein:

at any given catalyst temperature within the first temperature range, the NOx removal
efficiency when the NOx discharge amount reaches the regulation value due to
deterioration of the NOx selective catalytic reduction catalyst is lower than the NOx
removal efficiency when the NOx discharge amount reaches the regulation value due to
an irregularity in the amount or quality of aqueous urea solution that is supplied to the
NOx selective catalytic reduction catalyst; and

the determination-required region setting unit sets the determination-required region to
a region in which the NOx removal efficiency is lower, at any given catalyst temperature,
than the NOx removal efficiency when the NOx discharge amount reaches the regulation

value due to deterioration of the NOx selective catalytic reduction catalyst.

7. The abnormality detection system according to claim 6, wherein:

when catalysis of the NOx selective catalytic reduction catalyst is completely lost, as
the temperature of the NOx selective catalytic reduction catalyst increases, the NOx
removal efficiency increases due to the increase in the ratio of the amount of NOx that is

reduced by the reaction with the ammonia in the gas phase to the entire amount of NOx
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that is reduced by the reaction with the ammonia;

the NOx removal efficiency when the catalysis of the NOx selective catalytic
reduction catalyst is completely lost matches the NOx removal efficiency when the NOx
discharge amount reaches the regulation value due to an irregularity in the amount or
quality of aqueous urea solution that is supplied to the NOx selective cataiytic reduction
catalyst, at a certain temperature of the NOx selective catalytic reduction catalyst that is
higher than the specific temperature of the NOx selective catalytic reduction catalyst; and

the second temperature range is set within a temperature region that has a lower limit
which is higher than the certain temperature of the NOx selective catalytic reduction

catalyst.

8. The abnormality detection system according to claim 7, wherein:-

the first abnormality region setting unit sets the first abnormality region to a region
which is within the second temperature range and which is between the NOx removal
efficiency when the NOx discharge amount reaches the regulation value due to
deterioration of the NOx selective catalytic reduction catalyst and the NOx removal
efficiency when the catalysis of the NOx selective catalytic reduction catalyst is
completely lost; and

the second abnormality region setting unit sets thev second abnormality region to a
region which is within the second temperature range and in which the NOx removal
efficiency is lower, at any given catalyst temperature, than the NOx removal efficiency
when the NOx discharge amount reaches the regulation value due to an irregularity in the
émount or quality of aqueous urea solution that is supplied to the NOx selective catalytic

reduction catalyst.

9. The abnormality detection system according to claim 1, wherein if it is determined that
the NOx removal efficiency is within the determination-required region when the
temperature of the NOx selective catalytic reduction catalyst is within the first

temperature range, and the temperature of the NOx selective catalytic reduction catalyst
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is not brought into the second temperature range within a prescribed period, the NOx
selective catalytic reduction catalyst is heated until the temperature of the NOx selective

catalytic reduction catalyst is brought into the second temperature range.

10. The abnormality detection system according to claim 1, further comprising:
a NOx sensor that is arranged in the exhaust passage of the internal combustion engine
at a position downstream of the NOx selective catalytic reduction catalyst in order to

obtain the NOx removal efficiericy.

11. An abnormality detection method for an internal combustion engine, according to
which it is determined whether a NOx discharge amount exceeds a prescribed regulation
value due to deterioration of a NOx selective catalytic reduction catalyst arranged in an
exhaust passage of the internal combustion engine or due to an irregularity in an amount
_or Quality of aqueous urea solution that is supplied to the NOx selective catalytic
reduction catalyst, comprising;:

setting a determination-required region to a region within which a NOx removal -
efficiency falls in either a case where the NOx discharge amount exceeds the regulation
value due to deterioration of the NOx selective catalytic reduction cz;talyst or a case
where the NOx discharge amount éxceeds the regulation value due to an irregularity in
the amount or quality of aqueous urea solution that is supplied to the NOx selective
catalytic reduction catalyst, and in which a temperature of the NOx selective catalytic
reduction catalyst is within a predetermined first temperature range;

setting a first abnormality region to a region within which the NOx removal efficiency
falls when the NOx discharge amount exceeds the regulation value due to deterioration of
the NOx selective catalytic reduction catalyst, within which the NOx removal efficiency
does not fall when the NOx dischargé amount exceeds the regulation value due to an
_irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
selective catalytic reduction catalyst, and in which the temperature of the NOx selective

catalytic reduction catalyst is within a predetermined second temperature range having a
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lower limit that is higher than an upper limit of the first temperature range;

setting a second abnormality region to a region within which the NOx removal
effiéiency falls when the NOx discharge amount exceeds the regulation value due to an
irregularity in the amount or quality of aquéous urea solution that is supplied to the NOx
selective catalytic reduction catalyst, within which the NOx removal efficiency does not
fall when the NOx discharge amount exceeds the prescribed regulation value due to
deterioratibn of the NOx selective catalytic reduction catalyst, and in which the
temperature of the NOx selective | catalytic reduction catalyst is within the second
temperature range;

determining that the NOx discharge amount exceeds the regulation value due to
deterioration of the NOx selectivé catalytic reduction catalyst, if it is determined that the
NOx removal efficiency is within the determination-requiréd region when the
temperature of the NOx selective catalytic reduction catalyst is within the first
temperature range and it is then determined that the NOx removal efficiency falls within
the first abnormality region when the temperature of the NOx selective catalytic
reduction catalyst is brought into the second temperature range; and

determining that the NOx discharge amount exceeds the regulation value due to an.
irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
selective catalytic reduction catalyst, if it is determined that the NOx removal efficiency
is within the determination-required region when the temperature of the NOx selective
catalytic reduction catalyst is within the first temperature range and it is then determined
that the NOx removal efficiency falls within the second abnormality region when the
temperature of the NOx selective catalytic reduction catalyst is brought into the second

temperature range.

12. The abnormality detection method according to claim 11, further comprising:
setting an irregularity-confirmed region to a region within which the NOx removal
efficiency falls when the NOx discharge amount exceeds the regulation value due to an

irregularity in the amount or quality of aqueous urea solution that is supplied to the NOx
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selective catalytic reduction catalyst, within which the NOx removal efficiencyvdoe.s not
fall when the NOx discharge amount exceeds the regulation value due to deterioration of
the NOx selective catalytic reductioﬁ catalyst, and in which the temperature of the NOx
selective catalytic reduction catalyst is within the first temperature range,

wherein if it is determined that the NOx removal efficiency is within the
irregularity-confirmed region when the temperature of the NOx selective. catalytic
reduction catalyst is within the first temperature range, it is determined that the NOx
discharge amount exceeds the regulation value due to an irregularity in the amount or
quality of aqueous urea solution that is supplied to the NOx selective catalytic reduction

catalyst.

13. The abnormality detection method according to claim 12, wherein the
irregularity-confirmed region is set to a region which is adjacent to the
determination-required region, and in which the NOx removal efficiency is higher than
the NOx removal efficiency in the determination-required region at any given catalyst

temperature.

14. The abnormality detection method according to claim 11, wherein the first
abnormality region is set to a region in which the NOx removal efficiency is higher than
the NOx removal efficiency in the second abnormality region at any given catalyst

temperature.

15. The abnormality detection method according to claim 11, wherein:

when the NOx discharge amount reaches the regulation value due to deterioration of
the NOx selective catalytic reduction catalyst, as the temperature of the NOx selective
catalytic reduction catélyst increases after activation of the NOx selective catalytic
reduction catalyst, the NOx removal efficiency increases due to an increase in a ratio of
an amount of NOx that is reduced by reaction with ammonia in a gas phase to an entire

amount of NOx that is reduced by reaction with ammonia;
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when the NOx discharge amount reaches the regulation value due to an irregularity in
the amount or quality of aqueous urea solution that is supplied to the NOx selective
catalytic reduction catalyst, the NOx removal efficiency decreases at a constant rate after
activation of the NOx selective catalytic reduction catalyst independently of the
temperature of the NOx selective catalytic reduction catalyst; |

the NOx removal efficiency when the NOx discharge amount reaches the regulation
value due to deterioration of the NOx selective catalytic reduction catalyst matches the
NOx removal efficiency when the NOx discharge amount reaches the regulation value
due to an irregularity in the amount or quality.of aqueous urea solution that is supplied to
the NOx selective catalytic reduction catalyst, at a specific temperature of the NOx
selective catalytic reduction catalyst after activation of the NOx selective catalytic
reduction catalyst; and

the first temperature range is set to a range betwéen an activﬁtion temperature of the
NOx selective catalytic reduction catalyst and the specific temperature of the NOx

selective catalytic reduction catalyst.

16. The abnormality detection method according to claim 15, wherein:

at any given catalyst temperature within the first temperature raﬁge, the NOx removal
efficiency when the NOx discharge amount reaches the regulation value due to
deterioration of the NOx selective catalytic reduction catalyst is lower than the NOx
removal efficiency when the NOx discharge amount reaches the regulation value due to
an irregularity in the amount or quality of aqueous urea solution that is supplied to the
NOx selective catalytic reduction catalyst; and

the detcrmination—required region is set to a region in which the NOx removal
efficiency is lower, at any given catalyst temperature, than the NO)% removal efficiency
when the NOx discharge amount reaches the regulation value due to deterioration of the

NOx selective catalytic reduction catalyst.

17. The abnormality detection method according to claim 16, wherein:
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when catalysis of the NOx selective catalytic reduction catalyst is completely lost, as

the temperature of the NOx selective catalytic reduction catalyst increases, the NOx
removal efficiency increases due to the incréase in the ratio of the amount of NOx that is
reduced by the reaction with the ammonia in the gas phase to the entire amount of NOx
that is reduced by the reaction with the ammonia;

the NOx removai efficiency when the catalysis of the NOx selective catalytic
reduction catalyst is completely lost matches the NOx removal efficiency when the NOx
discharge amount reaches the regulation value due to an irregularity in the amount or
quality of aqueous urea solution that is supplied to the NOx selective catalytic reduction
catalyst, at a certain temperature of the NOx selective catalytic reduction catalyst that is
higher than the specific temperature of the NOx selective catalytic reduction catalyst; and

the second temperature range is set within a temperature region that has a lower limit
which‘is higher than the certain temperature of the NOx selective catalytic reduction

catalyst.

18. The abnormality detection method according to claim 17, wherein:

the first abnormality region is set to a :egibn which is within the second temperature
range and which is between the NOx removal efficieﬁcy when the NOx discharge amount
reaches the regulation value due to deterioration of the NOx selective catalytic reduction
catalyst and the NOx removal efficiency when the catalysis of the NOx selective catalytic
reduction catalyst is completely lost; and

the second abnormality region is set to a region which is within the second
temperature range and in which the NOx removal efficiency is lower, at any given
catalyst temperature, than the NOx removal efficiency when the NOx discharge amount
reaches the regulation value due to an irregularity in the amount or quality of aqueous

urea solution that is supplied to the NOx selective catalytic reduction catalyst.

19. The abnormality detection method according to claim 11, wherein if it is

determined that the NOx removal efficiency is within the determination-required region
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when the temperature of the NOx selective catalytic reduction catalyst is within the first
temperature range, and the temperature of the NOx selective catalytic reduction catalyst
is not brought into the second temperature range within a prescribed period, the NOx
selective catalytic reduction catalyst is heated until the temperature of the NOx selective

catalytic reduction catalyst is brought into the second temperature range.

20. The abnormality detection method according to claim 11, further comprising:
the NOx removal efficiency is obtained by a NOx sensor that is arranged in the
exhaust passage of the internal combustion engine at a position downstream of the NOx

selective catalytic reduction catalyst.
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