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(54) TAIL GAS PURIFICATION SYSTEM AND AUTOMOTIVE VEHICLE

(57) Provided is an exhaust gas-purifying technique
that reduces the possibility that NOx in amount exceeding
a reference value is emitted in actual driving. An exhaust
gas-purifying system according to the present invention
purifies exhaust gas emitted by a combustion engine (50)
mounted on an automotive vehicle and includes an ex-
haust gas-purifying unit (70a) that includes one or more
exhaust gas-purifying catalysts (712, 713, 722), is sup-
plied with the exhaust gas from the combustion engine
(50), and purifies the exhaust gas so that the exhaust
gas can be released to the atmosphere, a sensor (76b)
that detects a concentration of nitrogen oxides contained
in the purified exhaust gas, and a processing section
(810) that makes a judgment with respect to at least one
of the exhaust gas-purifying catalysts (712, 713, 722),
as to whether or not a performance is maintained at a
sufficient level, based on the concentration detected by
the sensor (76b).
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Description

FIELD

[0001] The present invention relates to an exhaust gas-
purifying system and an automotive vehicle.

BACKGROUND

[0002] An automotive vehicle mounted with a combus-
tion engine such as a diesel engine purifies exhaust gas
emitted by the combustion engine using one or more ex-
haust gas-purifying catalysts so that the exhaust gas can
be released to the atmosphere. Therefore, the deterio-
ration in performance of the exhaust gas purifying cata-
lysts causes an increased concentration of harmful com-
ponents in exhaust gas released to the atmosphere, for
example, the concentration of nitrogen oxides (NOx).
[0003] Jpn. Pat. Appln. KOKAI Publication No.
2000-18023 discloses a diagnostic apparatus that eval-
uates a deterioration degree of a NOx-occluded catalyst.
This diagnostic apparatus evaluates a deterioration de-
gree of a NOx-occluded catalyst based on a ratio between
a NOx concentration at an inlet part of the NOx-occluded
catalyst and a NOx concentration at an outlet part of the
NOx-occluded catalyst that is obtained when the NOx
concentration at the outlet part of the NOx-occluded cat-
alyst takes the minimum value during a period between
a rich spike and a next rich spike.
[0004] Jpn. Pat. Appln. KOKAI Publication No.
2012-36856 discloses the diagnostic apparatus config-
ured to evaluate a deterioration degree of a diesel oxi-
dation catalyst for an exhaust gas-purifying system in-
cluding the diesel oxidation catalyst and a selective re-
duction catalyst that is installed on the downstream side
of the diesel oxidation catalyst and reduces NOx to nitro-
gen. This diagnostic apparatus includes a sensor char-
acteristic storage means that stores a relationship be-
tween a ratio of a detection value output from a NOx sen-
sor installed on the downstream side of the selective re-
duction catalyst to the amount of NOx in exhaust gas on
the upstream side of the diesel oxidation catalyst, and a
proportion of NO2 in the exhaust gas on the downstream
side of the selective reduction catalyst.
[0005] In this respect, the amount of NOx in the exhaust
gas on the upstream side of the diesel oxidation catalyst
is a value calculated from both the concentration of NOx
in the exhaust gas on the upstream side of the diesel
oxidation catalyst and an air supply flow rate or an ex-
haust flow rate. Furthermore, the concentration of NOx
in the exhaust gas on the upstream side of the diesel
oxidation catalyst is a value obtained by referring for an
operating condition of a diesel engine, to a map describ-
ing a relationship between the operating condition of the
diesel engine, for example, the accelerator opening and
rotational speed, and the concentration of NOx in the ex-
haust gas on the upstream side of the diesel oxidation
catalyst. The above-mentioned proportion of NO2 indi-

cates a ratio of the amount of nitrogen dioxide (NO2) in
the exhaust gas on the downstream side of the selective
reduction catalyst to the amount of NOx in the exhaust
gas on the downstream side of the selective reduction
catalyst.
[0006] The diagnostic apparatus disclosed in Jpn. Pat.
Appln. KOKAI Publication No. 2012-36856 calculates the
amount of NOx in the exhaust gas on the upstream side
of the diesel oxidation catalyst from an operating condi-
tion of the diesel engine and an air supply flow rate or an
exhaust flow rate, and computes the proportion of NO2
in the exhaust gas on the downstream side of the selec-
tive reduction catalyst by referring a ratio of a detection
value output from NOx sensor to the aforementioned NOx
amount, to a relationship stored in the sensor character-
istic storage means. The diagnostic system then evalu-
ates a deterioration degree of the diesel oxidation cata-
lyst based on this proportion of NO2.
[0007] Jpn. Pat. Appln. KOKAI Publication No.
2012-219740 discloses that an air-fuel ratio is switched
from fuel-lean to fuel-rich, and the decrease in NOx con-
centration over time is determined as a NOx purification
rate for exhaust gas that has passed through a catalyst,
thereby evaluating the exhaust gas-purifying perform-
ance of a catalyst based on this NOx purification rate.

SUMMARY

[0008] The regulations on NOx emissions are likely to
become stricter, and eventually NOx emissions in actual
driving will be regulated. The inventors of the present
invention are concerned about the possibility that the
technique described above lets NOx in amount exceed-
ing a reference value be emitted in actual driving.
[0009] In view of this, an object of the present invention
is to provide an exhaust gas-purifying technique that re-
duces the possibility that NOx in amount exceeding a
reference value is emitted in actual driving.
[0010] According to a first aspect of the present inven-
tion, there is provided an exhaust gas-purifying system
that purifies exhaust gas emitted by a combustion engine
mounted on an automotive vehicle, comprising an ex-
haust gas-purifying unit that includes one or more ex-
haust gas-purifying catalysts, is supplied with the exhaust
gas from the combustion engine, and purifies the exhaust
gas so that the exhaust gas can be released to the at-
mosphere; a sensor that detects a concentration of ni-
trogen oxides contained in the exhaust gas purified by
the exhaust gas-purifying unit; and a processing section
that makes a judgment with respect to at least one of the
one or more exhaust gas-purifying catalysts, as to wheth-
er or not a performance is maintained at a sufficient level,
based on the concentration detected by the sensor.
[0011] According to a second aspect of the present
invention, there is provided the exhaust gas-purifying
system according to the first aspect, wherein if the con-
centration detected by the sensor is less than a first set
value or is less than or equal to the first set value, the
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processing section makes a judgment with respect to the
at least one of the one or more exhaust gas-purifying
catalysts, that a performance is maintained at a sufficient
level.
[0012] According to a second aspect of the present
invention, there is provided the exhaust gas-purifying
system according to the first or second aspect, wherein
the processing section calculates an amount of nitrogen
oxides emitted by the automobile vehicle per unit driving
distance from the concentration detected by the sensor
within a time interval, an amount or a flow rate of air sup-
plied to the combustion engine within the time interval or
an amount or a flow rate of the exhaust gas emitted by
the combustion engine within the time interval, and a driv-
ing distance or a driving velocity of the automotive vehicle
within the time interval, and if the calculated amount is
less than a second set value or is less than or equal to
the second set value, makes a judgment with respect to
the at least one of the one or more exhaust gas-purifying
catalysts, that a performance is maintained at a sufficient
level.
[0013] According to a fourth aspect of the present in-
vention, there is provided the exhaust gas-purifying sys-
tem according to any one of the first to third aspects,
wherein the processing section calculates for each of two
or more time intervals, an amount of nitrogen oxides emit-
ted by the automobile vehicle per unit driving distance
from the concentration detected by the sensor within the
time interval, an amount or a flow rate of air supplied to
the combustion engine within the time interval or an
amount or a flow rate of the exhaust gas emitted by the
combustion engine within the time interval, and a driving
distance or a driving velocity of the automotive vehicle
within the time interval, and estimates a cumulative driv-
ing distance at which the amount of nitrogen oxides emit-
ted by the automotive vehicle per unit driving distance
reaches a third set value, from a change in the amount
of nitrogen oxides emitted by the automotive vehicle per
unit driving distance with respect to a cumulative driving
distance of the automotive vehicle.
[0014] According to a fifth aspect of the present inven-
tion, there is provided the exhaust gas-purifying system
according to the fourth aspect, wherein if a difference
between the estimated cumulative driving distance and
an actual cumulative driving distance is less than a fourth
set value or is less than or equal to the fourth set value,
the processing section makes a judgment with respect
to the at least one of the one or more exhaust gas-puri-
fying catalysts that a replacement is necessary or a re-
placement time is approaching.
[0015] According to a sixth aspect of the present in-
vention, there is provided the exhaust gas-purifying sys-
tem according to any one of the first to fifth aspects, fur-
ther comprising an output section that outputs a result of
processing in the processing section.
[0016] According to a seventh aspect of the present
invention, there is provided the exhaust gas-purifying
system according to any one of the first to sixth aspects,

wherein the combustion engine is a diesel engine, and
the one or more exhaust gas-purifying catalysts include
at least one of a storage and reduction catalyst, a urea
selective reduction catalyst, and a hydrocarbon selective
reduction catalyst.
[0017] According to an eighth aspect of the present
invention, there is provided an automotive vehicle com-
prising the exhaust gas-purifying system according to
any one of the first to seventh aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a side view schematically showing an au-
tomotive vehicle according to an embodiment of the
present invention;
FIG. 2 is a view schematically showing an example
of an exhaust gas-purifying system which can be
mounted on the automotive vehicle shown in FIG. 1;
FIG. 3 is a flowchart showing an example of control
performed by the exhaust gas-purifying system
shown in FIG. 2;
FIG. 4 is a graph showing an example of change
over time in the NOx concentration detected by the
sensor included in the exhaust gas-purifying system
shown in FIG. 2;
FIG. 5 is a graph showing another example of change
over time in the NOx concentration detected by the
sensor included in the exhaust gas-purifying system
shown in FIG. 2;
FIG. 6 is a graph showing an example of the NOx
emission amount per unit driving distance;
FIG. 7 is a graph showing another example of the
NOx emission amount per unit driving distance;
FIG. 8 is a graph showing yet another example of
the NOx emission amount per unit driving distance;
FIG. 9 is a graph showing yet another example of
the NOx emission amount per unit driving distance;
FIG. 10 is a perspective view schematically showing
a state in which the exhaust gas-purifying system
shown in FIG. 2 warns a driver that a time to replace
a catalyst is approaching;
FIG. 11 is a graph for illustrating a method of esti-
mating based on the NOx emission amount, a cumu-
lative driving distance at which the amount of nitro-
gen oxides emitted by an automotive vehicle per unit
driving distance reaches the third set value;
FIG. 12 is a flowchart showing a part of another ex-
ample of control performed by the exhaust gas-pu-
rifying system shown in FIG. 2;
FIG. 13 is a flowchart showing the rest of the control
partially shown in FIG. 12;
FIG. 14 is a flowchart showing a part of yet another
example of control performed by the exhaust gas-
purifying system shown in FIG. 2; and
FIG. 15 is a flowchart showing another part of the
control partially shown in FIG. 14.
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DETAILED DESCRIPTION

[0019] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. El-
ements having the same or similar functions are denoted
by the same reference numerals, and redundant expla-
nations will be omitted.
[0020] FIG. 1 is a side view schematically showing an
automotive vehicle according to an embodiment of the
present invention. FIG. 2 is a view schematically showing
an example of an exhaust gas-purifying system which
can be mounted on the automotive vehicle shown in FIG.
1.
[0021] FIG. 1 illustrates a four-wheeled vehicle (here-
inafter referred to as an automobile) 1 as an example of
the automotive vehicle. To facilitate understanding, FIG.
1 and FIG. 2 omit some of the structural elements. In the
following description, the terms "front" and "rear" will be
used on the basis of a travel direction of the automobile
1, while the terms "upstream" and "downstream" will be
used on the basis of a flow of exhaust gas.
[0022] The automobile 1 shown in FIG. 1 is a four-
wheeled drive vehicle in which a diesel engine 50 shown
in FIG. 2 is mounted in front of a passenger room.
[0023] The automobile 1 shown in FIG. 1 includes a
vehicle body. The vehicle body includes a frame (not
shown) and a body 10. The frame and the body 10 may
be integrated. That is, the vehicle body may adopt a un-
ibody construction.
[0024] The frame is mounted with a drive system, a
suspension system, an accelerating system, a brake sys-
tem, a steering system, etc.
[0025] The drive system includes a combustion en-
gine, an air supply system, an exhaust system, a fuel
supply system, a power transmission system, etc.
[0026] The combustion engine corresponds to the die-
sel engine 50 shown in FIG. 2, as described above. FIG.
2 illustrates, as structural elements of the diesel engine
50, a cylinder 51, a piston head 52, a connecting rod 53,
an intake valve 54, an exhaust valve 55, and a fuel in-
jection nozzle 56 only. Herein, the diesel engine 50 is a
four-stroke cycle diesel engine. The diesel engine 50 may
be a two-stroke cycle diesel engine.
[0027] The air supply system includes an air filter, an
air duct, and an air flow meter 60. The air supply system
takes in air from the outside of the vehicle, removes dust,
etc. from the air with an air filter, and then supplies the
air to a combustion chamber of the diesel engine 50
through the air duct. The air flow meter 60 detects a flow
rate of air flowing through the air duct. The air supply
system may further include a supercharger capable of
supplying air increased in pressure to the combustion
chamber.
[0028] The exhaust system corresponds to an exhaust
system 70 shown in FIG. 2. The exhaust system 70 pu-
rifies exhaust gas generated through the combustion of
fuel, in this case, light oil, in the diesel engine 50, and
functions to reduce exhaust note.

[0029] The exhaust system 70 includes catalytic con-
verters 71 and 72, a muffler 73, a muffler cutter 74, pipes
75a, 75b, 75c and 75d, and sensors 76a and 76b. The
catalytic converters 71 and 72 and the pipe 75b constitute
an exhaust gas-purifying unit 70a that purifies exhaust
gas so that the exhaust gas can be released to the at-
mosphere. The muffler 73, the pipe 75d, and the muffler
cutter 74 constitute a muffler unit 70b.
[0030] The catalytic converter 71 includes a converter
body 711, an exhaust gas-purifying catalyst 712, and a
diesel particulate filter (DPF) 713.
[0031] The converter body 711 is made of, for example,
a metal or alloy. The converter body 711 has a hollow
structure provided with an inlet port and an outlet port.
The inlet port of the converter body 711 is connected to
piston chambers of the diesel engine 50 via the pipe 75a
and an exhaust manifold (not shown). One end of the
pipe 75b is connected to the outlet port of the converter
body 711.
[0032] The exhaust gas-purifying catalyst 712 is a
monolith catalyst of a straight flow type. The exhaust gas-
purifying catalyst 712 is contained in the converter body
711 so that the exhaust gas supplied to the inlet port of
the converter body 711 passes through through-holes of
the exhaust gas-purifying catalyst 712 and is then sup-
plied to the diesel particulate filter 713.
[0033] According to an example, the exhaust gas-pu-
rifying catalyst 712 is a diesel oxidation catalyst (DOC).
According to another example, the exhaust gas-purifying
catalyst 712 is a NOx storage and reduction (NSR) cat-
alyst.
[0034] The exhaust gas-purifying catalyst 712 includes
a monolith honeycomb substrate and a catalytic layer
provided on partition walls of the monolith honeycomb
substrate.
[0035] The monolith honeycomb substrate is, for ex-
ample, a column provided with through-holes each ex-
tending from one of the bases to the other of the bases.
The monolith honeycomb substrate is made of, for ex-
ample, ceramics such as cordierite and silicon carbide.
[0036] The catalytic layer is provided on the partition
walls of the monolith honeycomb substrate. The catalytic
layer may have a single-layer structure or a multi-layer
structure.
[0037] When the exhaust gas-purifying catalyst 712 is
a diesel oxidation catalyst, the catalytic layer includes,
for example, a first carrier and a first precious metal el-
ement.
[0038] The first carrier is particles made of a refractory
material such as alumina. The first carrier carries the first
precious metal element. The first carrier increases the
surface area of the first precious metal and dissipates
the heat generated by the catalytic reaction so as to sup-
press sintering of the first precious metal.
[0039] The first precious metal element is, for example,
an element of platinum group such as platinum and pal-
ladium. The catalytic layer may include only a single pre-
cious metal element or a plurality of precious metal ele-
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ments as the first precious metal element.
[0040] The first precious metal element promotes ox-
idation of carbon monoxide (CO) and hydrocarbons (HC)
in exhaust gas. By the action of the first precious metal
element, the concentration of carbon monoxide (CO) and
hydrocarbons (HC) in exhaust gas is lowered, and the
particulate matter (PM) made of high-boiling hydrocar-
bons or sulfides is partially removed from the exhaust
gas.
[0041] When the exhaust gas-purifying catalyst 712 is
a NOx storage and reduction catalyst, the catalytic layer
includes, for example, a second carrier, a second pre-
cious metal element, and a NOx storage material.
[0042] The second carrier is particles made of a refrac-
tory material such as alumina. The second carrier carries
the second precious metal element and optionally, the
NOx storage material. The second carrier increases the
surface area of the second precious metal and dissipates
the heat generated by the catalytic reaction so as to sup-
press sintering of the second precious metal.
[0043] The second precious metal element is, for ex-
ample, an element of platinum group such as platinum,
palladium, and rhodium. The second precious metal el-
ement promotes the reduction reaction of NOx in the ex-
haust gas. By the action of the second precious metal
element, the concentration of NOx in the exhaust gas is
lowered.
[0044] The NOx storage material is, for example, a
compound in a form of carbonate or oxide that includes
at least one of barium, potassium, lithium, and cerium,
or a combination of such compounds. The NOx storage
material stores NOx under an oxidizing atmosphere and
releases NOx under a reducing atmosphere.
[0045] The diesel particulate filter 713 is a monolith
catalyst of a wall flow type. The diesel particulate filter
713 is contained in the converter body 711 so that the
exhaust gas that has passed through the through-holes
of the exhaust gas-purifying catalyst 712 penetrates
through the partition walls of the diesel particulate filter
713 and is then emitted from the outlet port of the con-
verter body 711 to the outside of the catalytic converter
71. The diesel particulate filter 713 removes the particu-
late matter from the exhaust gas.
[0046] The diesel particulate filter 713 includes a filter
substrate. The filter substrate includes, for example, a
honeycomb structure and plugs.
[0047] The honeycomb structure is, for example, a col-
umn provided with through-holes each extending from
one of the bases to the other of the bases. The honey-
comb structure includes porous partition walls that con-
stitute side walls of the through-holes, that is, separate
the adjacent through-holes. The porous partition walls
allow the exhaust gas to pass through without allowing
almost all of the particulate matter carried by the exhaust
gas to penetrate therethrough.
[0048] As a material of the honeycomb structure, for
example, ceramics such as cordierite and silicon carbide
can be used. A nonwoven fabric made of metal may be

incorporated in the honeycomb structure.
[0049] Some of the plugs plug some of holes of the
honeycomb structure on the downstream side. The plugs
that plug holes on the downstream side and the porous
partition walls that constitute the side walls of these holes
form upstream cells that open on the upstream side.
[0050] The remaining plugs plug the remaining holes
of the honeycomb structure on the upstream side. The
plugs that plug holes on the upstream side and the porous
partition walls that constitute the side walls of these holes
form downstream cells that open on the downstream
side.
[0051] These plugs are disposed in a manner such that
a hole whose downstream side is plugged with a plug
and a hole whose upstream side is plugged with a plug
are adjacent to each other with the porous partition wall
interposed therebetween. That is, the upstream cells and
the downstream cells are adjacent to each other with the
porous partition wall interposed therebetween.
[0052] As a material of the plugs, for example, ceram-
ics such as cordierite and silicon carbide can be used.
[0053] The exhaust gas that has passed through the
through-holes of the exhaust gas-purifying catalyst 712
first flows into the upstream cells of the diesel particulate
filter 713. Then, the exhaust gas penetrates through the
porous partition walls separating the upstream cells and
the downstream cells, thereby flowing into the down-
stream cells. At this time, the particulate matter is re-
moved from the exhaust gas.
[0054] In addition to the function as a filter, the diesel
particulate filter 713 may further have other functions.
That is, the diesel particulate filter 713 may further include
a catalytic layer provided on the honeycomb structure
and/or the plugs.
[0055] For example, the diesel particulate filter 713
may have, in addition to the function as a filter, a function
as a selective catalytic reduction (SCR) catalyst, for ex-
ample, a function of promoting the reduction of NOx to
nitrogen by the reaction with hydrocarbons or ammonia.
That is, the diesel particulate filter 713 may further have
a function as a urea selective reduction catalyst or a hy-
drocarbon selective reduction catalyst.
[0056] When the diesel particulate filter 713 is given a
function as a urea selective reduction catalyst, for exam-
ple, its catalytic layer can include, as an active compo-
nent, zeolite in which alkali metal ions such as sodium
ions and potassium ions are partially exchanged with
transition metal ions such as iron ions and copper ions.
Alternatively, as such an active component, oxides of
base metals such as tungsten and vanadium can also
be used.
[0057] When the diesel particulate filter 713 is given a
function as a urea selective reduction catalyst, the ex-
haust system 70 is further provided with a first injector
that injects an aqueous urea solution into exhaust gas
on the upstream side with respect to the diesel particulate
filter 713.
[0058] As described above, one end of the pipe 75b is
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connected to the outlet port of the converter body 711.
A sensor 76a is installed on the pipe 75b. The sensor
76a detects the concentration of NOx in the exhaust gas
emitted by the catalytic converter 71. For example, output
of the sensor 76a is used to control the injection amount
of ammonia or its precursor, e.g., urea aqueous solution,
into the exhaust gas.
[0059] The catalytic converter 72 includes a converter
body 721 and an exhaust gas-purifying catalyst 722.
[0060] The converter body 721 is made of, for example,
metal or alloy. The converter body 721 has a hollow struc-
ture provided with an inlet port and an outlet port. An inlet
port of the converter body 711 is connected to an outlet
port of the converter body 711 via the pipe 75b. One end
of the pipe 75c is connected to the outlet port of the con-
verter body 721.
[0061] The exhaust gas-purifying catalyst 722 is a
monolith catalyst of a straight flow type. The exhaust gas-
purifying catalyst 722 is contained in the converter body
721 so that the exhaust gas supplied to the inlet port of
the converter body 721 passes through through-holes of
the exhaust gas-purifying catalyst 722 and is then emitted
from the outlet port of the converter body 721 to the out-
side of catalytic converter 72.
[0062] According to an example, the exhaust gas-pu-
rifying catalyst 722 has a function as a selective reduction
catalyst and a function as an ammonia slip catalyst
(ASC).
[0063] The exhaust gas-purifying catalyst 722 includes
a monolith honeycomb substrate and a catalytic layer
provided on partition walls of the monolith honeycomb
substrate.
[0064] The monolith honeycomb substrate is, for ex-
ample, a column provided with through-holes each ex-
tending from one of the bases to the other of the bases.
The monolith honeycomb substrate is made of, for ex-
ample, ceramics such as cordierite and silicon carbide.
[0065] The catalytic layer is provided on the partition
walls of the monolith honeycomb substrate. The catalytic
layer may have a single-layer structure or a multi-layer
structure.
[0066] When the exhaust gas-purifying catalyst 712
has a function as a selective reduction catalyst and a
function as an ammonia slip catalyst, the catalytic layer
may adopt, for example, a structure including a first layer
and a second layer, in which the first layer is located on
the partition walls of an upstream part of the substrate
and has a function as a selective reduction catalyst, and
the second layer is located on the partition walls of a
downstream part of the substrate and has a function as
an ammonia slip catalyst. Alternatively, in this case, the
catalytic layer may adopt a multilayer structure including
a first layer that has a function as a selective reduction
catalyst, and a second layer that is interposed between
the first layer and the partition walls of the substrate and
has a function as an ammonia slip catalyst.
[0067] As an active component of the first layer having
a function as a selective reduction catalyst, for example,

zeolite in which alkali metal ions such as sodium ions
and potassium ions are partially exchanged with transi-
tion metal ions such as iron ions and copper ions can be
used. Alternatively, as such an active component, oxides
of base metals such as tungsten and vanadium can also
be used.
[0068] The ammonia slip catalyst is an oxidation cat-
alyst and promotes oxidation of unreacted ammonia. Al-
though oxidation of ammonia produces nitrogen oxides,
the amount of nitrogen oxides produced in the ammonia
slip catalyst is small because the amount of the unreacted
ammonia is small, too. Thus, the ammonia slip catalyst
decreases the concentration of ammonia in the exhaust
gas without causing a significant increase in the concen-
tration of nitrogen oxides in the exhaust gas.
[0069] The second layer having a function as an am-
monia slip catalyst contains, for example, a third carrier
and a third precious metal element.
[0070] The third carrier is particles made of a refractory
material such as alumina. The third carrier carries the
third precious metal element. The third carrier increases
the surface area of the third precious metal and dissipates
the heat generated by the catalytic reaction so as to sup-
press sintering of the third precious metal.
[0071] The third precious metal element is, for exam-
ple, an element of platinum group such as platinum and
palladium. The third precious metal element promotes
oxidation of ammonia. The second layer may include only
a single precious metal element or a plurality of precious
metal elements as the third precious metal element. As
the second precious metal element, for example, the sec-
ond layer may include only platinum, or both platinum
and palladium.
[0072] Assume that the exhaust gas-purifying catalyst
722 has both a function as a selective reduction catalyst
and a function as an ammonia slip catalyst. In this case,
when the diesel particulate filter 713 is not given a func-
tion as a selective reduction catalyst, the exhaust system
70 is, for example, not provided with the first injector but
is provided with only a second injector that injects am-
monia or its precursor, e.g., urea aqueous solution, into
the exhaust gas at a position between the diesel partic-
ulate filter 713 and the exhaust gas-purifying catalyst
722.
[0073] Also, when the diesel particulate filter 713 is giv-
en a function as a selective reduction catalyst, for exam-
ple, part of the ammonia or its precursor injected into the
exhaust gas by the first injector may not be entirely con-
sumed in the catalytic converter 71 and may be supplied
to the catalytic converter 72. Accordingly, in the case
where the exhaust gas-purifying catalyst 722 has both a
function as a selective reduction catalyst and a function
as an ammonia slip catalyst and the diesel particulate
filter 713 is given a function as a selective reduction cat-
alyst, the exhaust system 70 may or may not be provided
with the second injector described above.
[0074] As described above, one end of the pipe 75c is
connected to the outlet port of the converter body 721.
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The sensor 76b is installed on the pipe 75c. The sensor
76b detects the concentration of NOx in the exhaust gas
emitted by the catalytic converter 72. Output of the sensor
76b is used, for example, to make a judgment with re-
spect to at least one of exhaust gas-purifying catalysts
included in the exhaust gas-purifying unit 70a as to
whether or not the performance is maintained at a suffi-
cient level. Output of the sensor 76b can also be used to
control the injection amount of ammonia or its precursor,
e.g., urea aqueous solution, into the exhaust gas.
[0075] The muffler 73 is made of, for example, a metal
or alloy. The muffler 73 is provided with an inlet port and
an outlet port, and has a hollow structure whose inside
is divided into a plurality of chambers. The muffler 73
functions to reduce exhaust note. The inlet port of the
muffler 73 is connected to the outlet port of the converter
body via the pipe 75c. One end of the pipe 75d is con-
nected to the outlet port of the muffler 73.
[0076] The muffler cutter 74 is made of, for example,
a metal or alloy. The muffler cutter 74 has a hollow struc-
ture provided with an inlet port and an outlet port. The
inlet port of the muffler cutter 74 is connected to the other
end of the pipe 75d. The muffler cutter 74 can be omitted.
[0077] The fuel supply system includes a fuel tank, a
fuel injection pump, and a fuel pipe. The fuel supply sys-
tem operates the fuel injection pump, thereby sending
light oil contained in the fuel tank to the fuel injection
nozzle 56 via the fuel pipe. The automobile 1 shown in
FIG. 1 controls the operation of the fuel injection pump,
thereby adjusting the output of the diesel engine 50
shown in FIG. 2.
[0078] The power transmission system includes a
transmission, a drive shaft, a differential, and axles. The
power transmission system transmits, for example, rota-
tional motion of the diesel engine 50 to the axles via the
transmission, the drive shaft, and the differential.
[0079] The suspension system includes suspensions,
wheels, and tires 20 shown in FIG. 1. The suspensions
are fixed to the frame and rotatably support axles for front
and rear wheels. The wheels are connected to the axles
and support the tires 20 inside them.
[0080] The accelerating system includes an accelera-
tor pedal. The accelerating system changes the amount
of light oil injected by the fuel injection nozzle 56 shown
in FIG. 2 in accordance with, for example, the displace-
ment of the accelerator pedal.
[0081] The brake system includes a brake pedal and
brake bodies. The brake bodies are, for example, disc
brakes each including a brake caliper attached to the
suspension and a brake disc attached to the axle. The
brake system changes braking force of the brake bodies
in accordance with, for example, the displacement of the
brake pedal.
[0082] The steering system includes a steering wheel,
a steering arm, a steering gear, a pitman arm, and a tie
rod. The steering system changes the direction of the
front wheels according to the rotation angle of the steer-
ing.

[0083] The vehicle body further includes a control sec-
tion 80 shown in FIG. 2. The control section 80 makes a
judgment with respect to at least one of exhaust gas-
purifying catalysts as to whether or not the performance
is maintained at a sufficient level, based on the concen-
tration of NOx in the exhaust gas detected by the sensor
76b.
[0084] The control section 80 includes a processing
section 810 and a storage section 820. The control sec-
tion 80, together with the exhaust gas purifying unit 70a,
constitutes an exhaust gas-purifying system.
[0085] The processing section 810 includes a central
processing unit (CPU).
[0086] The processing section 810 is connected to the
sensors 76a and 76b and the injector described above.
The processing section 810 controls the operation of the
injector based on the concentration of NOx in the exhaust
gas detected by the sensors 76a and 76b.
[0087] The processing section 810 is further connect-
ed to the air flow meter 60, the storage section 820, and
the speedometer 90 and the display section 100, which
will be described later. Instead of connecting the speed-
ometer 90, a distance meter may be connected to the
processing section 810. Alternatively, the processing
section 810 may be connected to a sensor connected to
the speedometer 90 or the distance meter.
[0088] The processing section 810 makes a judgment
with respect to at least one of exhaust gas purifying-cat-
alysts as to whether or not the performance is maintained
at a sufficient level, based on the outputs of the sensor
76b, the air flow meter 60, and the speedometer 90. Then,
the processing section 810 outputs the result of this judg-
ment to the display section 100. The operation of the
processing section 810 will be described in detail later.
[0089] The storage section 820 is connected to the
processing section 810. The storage section 820 in-
cludes a nonvolatile memory that stores a program read
by the processing section 810 and data supplied from
the processing section 810.
[0090] The vehicle body further includes seats 30 and
a dashboard 40 shown in FIG. 1. The dashboard 40 sep-
arates an engine room in which the diesel engine 50, the
air supply system, etc., are arranged, and a passenger
room in which the seats 30 are arranged. On the dash-
board 40, a speed indicator, a warning light, etc., are
installed.
[0091] Furthermore, the display section 100 shown in
FIG. 2 is installed on the dashboard 40. The display sec-
tion 100 is an example of an output section that outputs
a result of judgment made by the processing section 810
regarding the performance of an exhaust gas-purifying
catalyst. The display section 100 displays a result of judg-
ment made by the processing section 810 regarding the
performance of an exhaust gas-purifying catalyst so that,
for example, a driver or a mechanic or inspector can per-
ceive the result. The display section 100 may be installed
at a position other than the dashboard 40.
[0092] The display section 100 is, for example, a direct
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view display, a projection display such as a head-up dis-
play, a warning light, or a combination of them. As the
display section 100, for example, a liquid crystal display,
an organic electroluminescent display, a light-emitting di-
ode, or a combination of them can be used.
[0093] The display section 100 can be omitted.
[0094] For example, in the case where the control sec-
tion 80 is provided with a communication section that
enables wired or wireless communications, a result of
judgment made by the processing section 810 regarding
the performance of an exhaust gas purifying catalyst may
be displayed on a device such as a smart phone through
communications between this device and the control sec-
tion 80. In this case, the communication section corre-
sponds to the aforementioned output section.
[0095] Alternatively, instead of adopting a configura-
tion in which a driver or a mechanic or inspector is notified,
through display, of a result of judgment made by the
processing section 810 regarding the performance of an
exhaust gas-purifying catalyst, a configuration in which
such a person is notified of such a result through warning
sound such as buzzer, voice guidance, etc., may be
adopted. In this case, a buzzer or a voice guidance device
corresponds to the aforementioned output section.
[0096] Next, the operation of the automobile 1 shown
in FIG. 1, in particular, control performed by the exhaust
gas-purifying system shown in FIG. 2 will be described
with reference to FIGS. 1 to 11.
[0097] FIG. 3 is a flowchart showing an example of
control performed by the exhaust gas-purifying system
shown in FIG. 2. FIG. 4 is a graph showing an example
of change over time in the NOx concentration detected
by the sensor included in the exhaust gas-purifying sys-
tem shown in FIG. 2. FIG. 5 is a graph showing another
example of change over time in the NOx concentration
detected by the sensor included in the exhaust gas-pu-
rifying system shown in FIG. 2. FIG. 6 is a graph showing
an example of the NOx emission amount per unit driving
distance. FIG. 7 is a graph showing another example of
the NOx emission amount per unit driving distance. FIG.
8 is a graph showing yet another example of the NOx
emission amount per unit driving distance. FIG. 9 is a
graph showing yet another example of the NOx emission
amount per unit driving distance. FIG. 10 is a perspective
view schematically showing a state in which the exhaust
gas-purifying system shown in FIG. 2 warns a driver that
a time to replace a catalyst is approaching. FIG. 11 is a
graph for illustrating a method of estimating based on the
NOx emission amount, a cumulative driving distance at
which the amount of nitrogen oxides emitted by an auto-
motive vehicle per unit driving distance reaches the third
set value.
[0098] An increase in cumulative driving distance of
the automobile 1 shown in FIG. 1 involves change in per-
formance of at least one of exhaust gas-purifying cata-
lysts included in the exhaust gas purifying unit 70a shown
in FIG. 2. A significant decrease in performance of the
exhaust gas-purifying unit 70a generates a possibility

that NOx in amount exceeding a regulation value is emit-
ted. If the control shown in FIG. 3 is performed, such a
possibility can be reduced.
[0099] Under the control shown in FIG. 3, the first to
fourth set values are stored in advance in the storage
section 820 shown in FIG. 2. In this respect, the first set
value is a threshold related to the concentration of NOx
in the exhaust gas just before it is released to the atmos-
phere. The second set value is a threshold related to the
NOx emission amount per unit driving distance. Herein,
as an example, the first set value is 200 ppm, while the
second set value is greater than 0.11 g/km and less than
0.20 g/km. Furthermore, the third set value is a threshold
related to the NOx emission amount per unit driving dis-
tance, and is a value less than the second set value. The
fourth set value is a threshold related to a difference ΔD1
between a cumulative driving distance D1 at which the
NOx emission amount reaches the third set value and an
actual cumulative driving distance D.
[0100] As described above, the sensor 76b, the speed-
ometer 90, and the air flow meter 60 are connected to
the processing section 810 shown in FIG. 2. The sensor
76b detects a NOx concentration C1 in the exhaust gas.
The speedometer 90 measures a driving velocity V1 of
the automobile 1 shown in FIG. 1. The air flow meter 60
detects a flow rate F1 of the air flowing into the diesel
engine 50. The processing section 810 shown in FIG. 2
obtains signals related to the NOx concentration C1, the
driving velocity VI, and the air flow rate F1, from the sen-
sor 76b, the speedometer 90, and the air flow meter 60,
respectively (step S1 in FIG. 3).
[0101] The processing section 810 calculates an
amount E1 of NOx emitted by the automobile 1 per unit
driving distance, from: the NOx concentration C1 detect-
ed by the sensor 76b between time t1 and time t2, that
is, within a time interval Δt (= t2-tl); the amount or the flow
rate F1 of air supplied to the diesel engine 50 within this
time interval Δt or the amount or the flow rate of exhaust
gas emitted by the diesel engine 50 within this time in-
terval Δt; and a driving distance ΔD or the driving velocity
V1 of the automobile 1 within this time interval Δt.
[0102] Furthermore, the processing section 810 calcu-
lates a driving distance D at time t2, from the driving dis-
tance ΔD or the driving velocity V1 of the automobile 1
within the aforementioned time interval Δt and a past driv-
ing distance D0 stored in the storage section 820.
[0103] For example, the processing section 810 calcu-
lates the NOx emission amount E1 per unit driving dis-
tance and the driving distance D from signals corre-
sponding to the NOx concentration C1, the driving veloc-
ity, and the air flow rate F1 (step S2 in FIG. 3). The storage
section 820 stores the NOx emission amount E1 and the
driving distance D (step S3 in FIG. 3).
[0104] The NOx emission amount E1 per unit driving
distance is calculated, for example, using the following
equation.
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[0105] In the above, "t1" and "t2" represent time. The
difference (time interval Δt) between the time t2 and the
time t1 corresponds to a fixed time or a time required to
drive a fixed distance. Herein, as an example, the differ-
ence between time t2 and time t1 is fixed.
[0106] Furthermore, "MNOx" is an average molecular
weight of NOx, and is a constant in this example. For
example, in the case of NOx being a mixture that contains
nitrogen oxide (NO) having a molecular weight of 30 and
nitrogen dioxide (NO2) having a molecular weight of 46
in a molar ratio of 1:1, the average molecular weight of
NOx is 38.
[0107] In the above equation, the NOx concentration
C1 corresponds to a volume concentration (volume/vol-
ume). Furthermore, the units of the NOx emission amount
E1, the driving velocity V1, and the air flow rate F1 are
"g/km", "km/sec", and "g/sec", respectively.
[0108] Next, the processing section 810 compares the
NOx concentration C1 with the first set value (step S4 in
FIG. 3). As shown in FIG. 4, in the case where the NOx
concentration C1 is less than the first set value or is less
than or equal to the first set value, the processing section
810 makes a judgment with respect to the exhaust gas-
purifying unit 70a, in particular, at least one, for example,
all of the exhaust gas-purifying catalysts 712 and 722
and the diesel particulate filter 713, that the performance
is maintained at a sufficient level. In this case, the control
section 80 repeats the sequence including steps S1 to
S4 shown in FIG. 3.
[0109] As shown in FIG. 5, when the NOx concentration
C1 is greater than or equal to the first set value or exceeds
the first set value, the processing section 810 compares
the NOx emission amount E1 with the second set value
(step S5 shown in FIG. 3). As shown in FIGS. 6 to 8,
when the NOx emission amount E1 is less than the sec-
ond set value or is less than or equal to the second set
value, the processing section 810 makes a judgment with
respect to the exhaust gas-purifying unit 70a, in particu-
lar, at least one, for example, all of the exhaust gas-pu-
rifying catalysts 712 and 722 and the diesel particulate
filter 713, that the performance is maintained at a suffi-
cient level. In this case, the controlling section 80 repeats
the sequence including step S1 and the subsequent
steps shown in FIG. 3.
[0110] As shown in FIG. 9, when the NOx emission
amount E1 is greater than or equal to the second set
value or exceeds the second set value, the controlling
section 80 outputs a video signal corresponding to the
first warning information to the display section 100. The
display section 100 notifies a driver of the first warning
information, for example, by displaying it as a character
string, such as shown in FIG. 10 (step S6 in FIG. 3). The
display section 100 may display the first warning infor-

mation in a form other than characters, such as a mark.
[0111] Next, the processing section 810 estimates the
cumulative driving distance D1 at which the NOx emis-
sion amount E1 reaches the third set value (step S7 in
FIG. 3).
[0112] For example, the processing section 810 calcu-
lates the amount of nitrogen oxides emitted by the auto-
mobile per unit driving distance for each of two or more
time intervals Δt from: the NOx concentration C1 detected
by the sensor 76b within the time interval Δt; the amount
or the flow rate F1 of air supplied to the diesel engine 50
within the time interval Δt or the amount or the flow rate
of exhaust gas emitted by the diesel engine 50 within the
time interval Δt; and the driving distance or the driving
velocity V1 of the automobile 1 within the time interval
Δt. The processing section 810 estimates the cumulative
driving distance D1 at which the amount E1 of NOx emit-
ted by the automobile 1 per unit driving distance reaches
the third set value, from the change in the amount E1 of
nitrogen oxides emitted by the automobile 1 per unit driv-
ing distance with respect to the cumulative driving dis-
tance D of the automobile 1.
[0113] According to an example, the processing sec-
tion 810 determines a relationship between the NOx
emission amount E1 and the driving distance D from two
or more sets of data already stored in the storage section
820, in which each of the sets includes the NOx emission
amount E1 and the driving distance D, as shown in FIG.
11. The processing section 810 then estimates by ex-
trapolation the cumulative driving distance D1 at which
the NOx emission amount E1 reaches the third set value.
[0114] Next, the processing section 810 calculates the
difference ΔD1 between the estimated cumulative driving
distance D1 and the actual cumulative driving distance
D (step S8 in FIG. 3).
[0115] The processing section 810 then compares the
difference ΔD1 with a fourth set value (step S9 in FIG.
3). If the difference ΔD1 is greater than or equal to the
fourth set value or exceeds the fourth set value, the con-
trolling section 80 repeats the sequence including step
S1 and the subsequent steps shown in FIG. 3.
[0116] If the difference ΔD1 is less than the fourth set
value or is less than or equal to the fourth set value, the
controlling section 80 makes a judgment with respect to
the components included in the exhaust gas-purifying
unit 70a, in particular, at least one of the exhaust gas-
purifying catalysts 712 and 722 and the diesel particulate
filter 713, that the replacement is necessary or the re-
placement time is approaching. In this case, the control-
ling section 80 outputs a video signal corresponding to
the second warning information to the display section
100. The display section 100 notifies a driver of the sec-
ond warning information by displaying it (step S10 in FIG.
3).
[0117] The first warning information and the second
warning information may be identical or different. If the
first warning information and the second warning infor-
mation are identical, for example, the first warning infor-
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mation is continuously displayed and the second warning
information is displayed in a blinking manner so that the
first warning information and the second warning infor-
mation can be distinguished from each other.
[0118] In the automobile 1 described above, the sensor
76b detects the concentration C1 of NOx contained in
the exhaust gas purified by the exhaust gas-purifying unit
70a that purifies exhaust gas so that the exhaust gas can
be released to the atmosphere. That is, the measurement
of the NOx concentration C1 is performed on the exhaust
gas having passed through the last exhaust gas-purifying
catalyst. Based on this NOx concentration C1, the
processing section 80 makes a judgment with respect to
at least one of the exhaust gas-purifying catalysts 712
and 722 and the diesel particulate filter 713, as to whether
or not the performance is maintained at a sufficient level.
Therefore, there is a low possibility that the NOx in
amount exceeding a reference value is emitted in actual
driving of this automobile 1.
[0119] In this automobile 1, the amount E1 of NOx emit-
ted by the automobile 1 per unit driving distance is cal-
culated from the NOx concentration C1, the air flow rate
F1, and the driving velocity V1. In this automobile 1, fur-
thermore, the NOx emission amount E1 is compared with
the second set value to make a judgment with respect to
at least one of the exhaust gas-purifying catalysts 712
and 722 and the diesel particulate filter 713, as to whether
the performance is maintained at a sufficient level. There-
fore, there is a lower possibility that the NOx in amount
exceeding a reference value is emitted in actual driving
of the automobile 1.
[0120] This automobile 1 estimates the cumulative
driving distance D1 at which the NOx emission amount
E1 reaches the third set value, compares the difference
ΔD1 between the estimated cumulative driving distance
D1 and the actual cumulative driving distance D with the
fourth set value, and makes a judgment with respect to
at least one of the exhaust gas-purifying catalysts 712
and 722 and the diesel particulate filter 713, as to whether
the replacement is necessary or the replacement time is
approaching. Therefore, there is an even lower possibility
that the NOx in amount exceeding a reference value is
emitted in actual driving of the automobile 1.
[0121] In addition, as a result of the comparison be-
tween the NOx emission amount E1 and the second set
value, if a judgment that the performance is maintained
at a sufficient level is not made with respect to at least
one of the exhaust gas-purifying catalysts 712 and 722
and the diesel particulate filter 713, the automobile 1 no-
tifies a driver, etc., of the first warning information. Fur-
thermore, as a result of the comparison between the dif-
ference ΔD1 and the fourth set value, if a judgment that
the replacement is necessary or the replacement time is
approaching is made with respect to at least one of the
exhaust gas-purifying catalysts 712 and 722 and the die-
sel particulate filter 713, the automobile 1 notifies a driver,
etc., of the second warning information. Accordingly, a
driver, etc., can be aware in advance of the replacement

time of the exhaust gas-purifying catalysts, etc., thereby
reducing the possibility of missing the replacement time.
[0122] The exhaust gas-purifying system shown in
FIG. 2 may perform control to be described below, in-
stead of the control described with reference to FIG. 3.
[0123] FIG. 12 is a flowchart showing a part of another
example of control performed by the exhaust gas-purify-
ing system shown in FIG. 2. FIG. 13 is a flowchart show-
ing the rest of the control partially shown in FIG. 12.
[0124] The control shown in FIGS. 12 and 13 is similar
to the control described with reference to FIG. 3 except
for the following points. That is, under the control shown
in FIGS. 12 and 13, the controlling section 80 executes
steps S11 to S13 between step S4 and step S5, and
executes steps S14 to S16 between step S6 and step
S7. Steps S11 to S13 are the same as steps S1 to S3,
respectively. Steps S14 to S16 are the same as steps
S1 to S3, respectively. If the processing section 810
makes a judgment of "Yes" in step S5, the controlling
section 80 executes again the sequence including steps
S11 to S13 and S5. If the processing section 810 makes
a judgment of "Yes" in step S9, the controlling section 80
executes again the sequence including steps S14 to S16
and S7 to S9.
[0125] Under the control shown in FIG. 3, if judgment
results in steps S5 and S9 are "Yes", the operations re-
turn to step S1. On the other hand, under the controls
shown in FIGS. 12 and 13, if judgment results in steps
S5 and S9 are "Yes", the operations return to steps S11
and S14, respectively, without returning to step S1. That
is, in the latter control, if a judgment result in step S4 is
"No", step S4 is not executed again, and if a judgment
result in step S5 is "No", step S5 is not executed again.
Even the case where such control is performed can pro-
duce the same effect as in the case where the control
described with reference to FIG. 3 is performed.
[0126] FIG. 14 is a flowchart showing a part of yet an-
other example of control performed by the exhaust gas-
purifying system shown in FIG. 2. FIG. 15 is a flowchart
showing another part of the control partially shown in
FIG. 14.
[0127] The control shown in FIGS. 14 and 15 is similar
to the control described with reference to FIGS. 12 and
13 except that the steps shown in FIGS. 14 and 15 are
executed instead of the steps shown in FIG. 13.
[0128] That is, under the control shown in FIGS. 14
and 15, the controlling section 80 first executes steps
S17 to S19 after step S10. Steps S17 to S19 are the
same as steps S1 to S3 described above, respectively.
[0129] Next, the controlling section 80 executes steps
S20 to S22.
[0130] Step S20 is the same as step S7 except that a
cumulative driving distance D2 is estimated instead of
the cumulative driving distance D1 using a fifth set value
instead of the third set value. The fifth set value may be
equal to or different from the third set value. In the latter
case, the fifth set value may be less or greater than the
third set value. Herein, as an example, the fifth set value
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is equal to the third set value.
[0131] Step S21 is the same as step S8 except that a
difference ΔD2 (= D2-D) is calculated instead of the dif-
ference ΔD1 using the cumulative driving distance D2
instead of the cumulative driving distance D1.
[0132] Step S22 is the same as step S9 except that
the difference Δ2 and a sixth set value are used instead
of the difference ΔD1 and the fourth set value, respec-
tively. The sixth set value is a value less than the fourth
set value. Herein, as an example, the fourth set value is
20,000 km and the sixth set value is 10,000 km.
[0133] If the processing section 810 makes a judgment
of "Yes" in step S22, the controlling section 80 executes
again the sequence including steps S17 to S22. If the
processing section 810 makes a judgment of "No" in step
S22, the controlling section 80 outputs a video signal
corresponding to third warning information to the display
section 100. The display section 100 notifies a driver of
the third warning information by displaying it (step S23
in FIG. 15).
[0134] Next, the controlling section 80 executes steps
S24 to S26. Steps S24 to S26 are the same as steps S1
to S3 described above, respectively.
[0135] Next, the controlling section 80 executes step
S27. Step S27 is the same as step S5 except that a sev-
enth set value is used instead of the second set value.
The seventh set value is a value greater than the second
set value.
[0136] If the processing section 810 makes a judgment
of "Yes" in step S27, the controlling section 80 executes
again the sequence including steps S24 to S27. If the
processing section 810 makes a judgment of "No" in step
S27, the controlling section 80 outputs a video signal
corresponding to fourth warning information to the dis-
play section 100. The display section 100 notifies a driver
of the fourth warning information by displaying it (step
S28 in FIG. 15). The fourth warning information is, for
example, information indicating that at least one of the
exhaust gas-purifying catalysts 712 and 722 and the die-
sel particulate filter 713 should be replaced.
[0137] According to this control, more warning images
are displayed on the display section 100 as compared to
the control described with reference to FIG. 3 and the
control described with reference to FIGS. 12 and 13. Ac-
cordingly, when the above control is performed on auto-
mobile- 1, not only a possibility that the NOx in amount
exceeding a reference value is emitted in actual driving
is further reduced but also a possibility that the replace-
ment time of an exhaust gas-purifying catalyst, etc., is
missed is further reduced.
[0138] Described as an example above is the case in
which the combustion engine is a diesel engine; however,
the combustion engine may be another type of internal
combustion engine such as a gasoline engine, or may
be an external combustion engine. In the above example,
output of the combustion engine is used as a propulsive
force. However, output of the combustion engine may be
used to generate electric power, and output of another

device driven by the generated electric power, such as
output of a motor may be used as a propulsive force.
[0139] In the above description, a four-wheeled vehicle
has been described as an example of the automotive
vehicle; however, the automotive vehicle may be a vehi-
cle other than the four-wheeled vehicle, for example, a
two-wheeled vehicle, a multi-wheeled vehicle with five or
more wheels, a mobile heavy machine, a railway vehicle,
a ship, or an airplane.

Claims

1. An exhaust gas-purifying system that purifies ex-
haust gas emitted by a combustion engine mounted
on an automotive vehicle, comprising:

an exhaust gas-purifying unit that includes one
or more exhaust gas-purifying catalysts, is sup-
plied with the exhaust gas from the combustion
engine, and purifies the exhaust gas so that the
exhaust gas can be released to the atmosphere;
a sensor that detects a concentration of nitrogen
oxides contained in the exhaust gas purified by
the exhaust gas-purifying unit; and
a processing section that makes a judgment with
respect to at least one of the one or more ex-
haust gas-purifying catalysts, as to whether or
not a performance is maintained at a sufficient
level, based on the concentration detected by
the sensor.

2. The exhaust gas-purifying system according to claim
1, wherein if the concentration detected by the sen-
sor is less than a first set value or is less than or
equal to the first set value, the processing section
makes a judgment with respect to the at least one
of the one or more exhaust gas-purifying catalysts,
that a performance is maintained at a sufficient level.

3. The exhaust gas-purifying system according to claim
1 or 2, wherein the processing section calculates an
amount of nitrogen oxides emitted by the automobile
vehicle per unit driving distance from the concentra-
tion detected by the sensor within a time interval, an
amount or a flow rate of air supplied to the combus-
tion engine within the time interval or an amount or
a flow rate of the exhaust gas emitted by the com-
bustion engine within the time interval, and a driving
distance or a driving velocity of the automotive ve-
hicle within the time interval, and if the calculated
amount is less than a second set value or is less
than or equal to the second set value, makes a judg-
ment with respect to the at least one of the one or
more exhaust gas-purifying catalysts, that a perform-
ance is maintained at a sufficient level.

4. The exhaust gas-purifying system according to any
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one of claims 1 to 3, wherein the processing section
calculates for each of two or more time intervals, an
amount of nitrogen oxides emitted by the automobile
vehicle per unit driving distance from the concentra-
tion detected by the sensor within the time interval,
an amount or a flow rate of air supplied to the com-
bustion engine within the time interval or an amount
or a flow rate of the exhaust gas emitted by the com-
bustion engine within the time interval, and a driving
distance or a driving velocity of the automotive ve-
hicle within the time interval, and estimates a cumu-
lative driving distance at which the amount of nitro-
gen oxides emitted by the automotive vehicle per
unit driving distance reaches a third set value, from
a change in the amount of nitrogen oxides emitted
by the automotive vehicle per unit driving distance
with respect to a cumulative driving distance of the
automotive vehicle.

5. The exhaust gas-purifying system according to claim
4, wherein if a difference between the estimated cu-
mulative driving distance and an actual cumulative
driving distance is less than a fourth set value or is
less than or equal to the fourth set value, the process-
ing section makes a judgment with respect to the at
least one of the one or more exhaust gas-purifying
catalysts that a replacement is necessary or a re-
placement time is approaching.

6. The exhaust gas-purifying system according to any
one of claims 1 to 5, further comprising an output
section that outputs a result of processing in the
processing section.

7. The exhaust gas-purifying system according to any
one of claims 1 to 6, wherein the combustion engine
is a diesel engine, and the one or more exhaust gas-
purifying catalysts include at least one of a storage
and reduction catalyst, a urea selective reduction
catalyst, and a hydrocarbon selective reduction cat-
alyst.

8. An automotive vehicle comprising the exhaust gas-
purifying system according to any one of claims 1 to
7.
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