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(57) ABSTRACT

An object of the invention is to prevent a situation in which
failure diagnosis for an exhaust system component in an
internal combustion engine cannot be completed from con-
tinuing for an unduly long period of time. A warm-up system
for an exhaust system of an internal combustion engine
according to the invention includes a warm-up control per-
forming unit that performs warm-up control for warming up
an exhaust system component upon start-up of the internal
combustion engine and a failure diagnosis performing unit
that performs failure diagnosis for the exhaust system com-
ponent after the completion of warm-up ofthe exhaust system
component. If a situation in which the operation of the inter-
nal combustion engine is stopped after the start of operation
of the internal combustion engine before the completion of
the failure diagnosis for the exhaust system component per-
formed by the failure diagnosis performing unit has been
repeated for a predetermined period of time, the warm-up
control performing unit changes the warm-up control per-
formed upon start-up of the internal combustion engine after
the predetermined period of time has elapsed to a control that
can raise the temperature of the exhaust system component
more quickly than the warm-up control performed during the
aforementioned predetermined period.
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WARM-UP SYSTEM FOR EXHAUST SYSTEM
OF INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

[0001] The present invention relates to a warm-up system
for an exhaust system of an internal combustion engine for
performing warm-up control of the exhaust system of the
internal combustion engine.

BACKGROUND ART

[0002] Patent Document 1 discloses a pre-warm-up opera-
tion control apparatus for an internal combustion engine,
which controls the operation of the internal combustion
engine until the completion of warm-up or until the tempera-
ture of the exhaust gas purification apparatus provided in the
exhaust system of the internal combustion engine becomes
equal to or higher than an active temperature. The pre-warm-
up operation control apparatus controls the ignition timing in
such a way that the ignition timing is retarded from normal
ignition timing until the completion of warm-up is detected
and keeps the increase rate of the intake air quantity equal to
or lower than a predetermined value without regard to the
operation of the accelerator.

[0003] Patent Document 2 discloses a combustion air-fuel
ratio control apparatus for an internal combustion engine.
When warm-up of an exhaust gas purification catalyst is
requested, the combustion air-fuel ratio control apparatus
makes the combustion air-fuel ratio in the combustion cham-
ber rich and actuates a secondary air supply apparatus to
supply secondary air to the exhaust passage. When warm-up
of'the exhaust gas purification catalyst is requested, the com-
bustion air-fuel ratio control apparatus performs an open con-
trol to make the combustion air-fuel ratio equal to a first
combustion air-fuel ratio at which stable combustion is pos-
sible between the theoretical air-fuel ratio and a combustion
limit air-fuel ratio that is richer than the theoretical air-fuel
ratio, if an exhaust air-fuel ratio sensor provided upstream of
the exhaust gas purification catalyst is in an inactive condi-
tion. If the exhaust air-fuel ratio sensor is in an active condi-
tion, the combustion air-fuel ratio control apparatus performs
a feedback control to make the combustion air fuel ratio equal
to a second combustion air-fuel ratio that is richer than the
aforementioned first air-fuel ratio and close to the combustion
limit air-fuel ratio.

PRIOR ART DOCUMENTS

Patent Documents

[0004] Patent Document 1: Japanese Patent Application
Laid-Open No. 06-146955

[0005] Patent Document 2: Japanese Patent Application
Laid-Open No. 2007-032340

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] An exhaust gas purification apparatus composed of
an exhaust gas purification catalyst (e.g. oxidation catalyst,
three-way catalyst, NOx storage reduction catalyst, or NOx
selective reduction catalyst) and a particulate filter is pro-
vided in an exhaust passage of an internal combustion engine.
In some cases, an air-fuel ratio sensor that measures the
air-fuel ratio of the exhaust gas and various sensors that
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measure the quantity or concentration of specific components
(e.g. O,, HC or PM (Particulate Matter) etc.) in the exhaust
gas are also provided in the exhaust passage of an internal
combustion engine.

[0007] A {failure diagnosis may be performed for exhaust
system components such as the exhaust gas purification appa-
ratus and the sensors. To enable accurate failure diagnosis for
exhaust system components, it is necessary that the exhaust
gas purification catalyst in the exhaust gas purification appa-
ratus and the sensors be sufficiently activated. In other words,
it is necessary that the temperature of the exhaust system
components be sufficiently high and that they have been
already warmed up.

[0008] Therefore, failure diagnosis for exhaust system
components is performed after the warm-up of the exhaust
system components has been completed after the start of
operation of the internal combustion engine. Therefore, if the
operation of the internal combustion engine is stopped in a
short time after the start of operation, the operation of the
internal combustion engine might be stopped before the start
of the execution of failure diagnosis for apparatuses in the
exhaust apparatus or before the completion of failure diagno-
sis even if the execution of failure diagnosis has been started,
in some cases. If such short-time operations of the internal
combustion engine are performed repeatedly, a state in which
failure diagnosis for exhaust system components cannot be
completed might continue for a long period of time.

[0009] The present invention has been made in view of the
above-described problem. An object of the present invention
is to prevent a situation in which failure diagnosis for an
exhaust system component of an internal combustion engine
cannot be completed from continuing for an unduly long
period of time.

Means for Solving the Problems

[0010] In the present invention, if a situation in which the
operation of the internal combustion engine is stopped after
the start of operation of the internal combustion engine before
the completion of failure diagnosis for an exhaust system
component has been repeated for a predetermined period of
time, the warm-up control performed after the predetermined
period of time has elapsed is changed to a control that can
raise the temperature of the exhaust system component more
quickly than the warm-up control performed during the pre-
determined period.

[0011] More specifically, a warm-up system for an exhaust
system of an internal combustion engine according to the
present invention comprises:

[0012] a warm-up control performing unit that performs a
warm-up control for warming up an exhaust system compo-
nent provided in an exhaust passage of an internal combustion
engine upon start-up of the internal combustion engine; and
[0013] a failure diagnosis performing unit that performs
failure diagnosis for said exhaust system after completion of
warm-up of said exhaust system component,

[0014] wherein if a situation in which the operation of the
internal combustion engine is stopped after start of operation
of the internal combustion engine before completion of the
failure diagnosis for the exhaust system component per-
formed by said failure diagnosis performing unit has been
repeated for a predetermined period of time, said warm-up
control performing unit changes the warm-up control that is
performed upon start-up of the internal combustion engine
after said predetermined period of time has elapsed to a con-
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trol that can raise the temperature of said exhaust system
component more quickly than the warm-up control per-
formed during said predetermined period.

[0015] There may be plurality of exhaust system compo-
nents. For example, the exhaust system components may
include the component for which the failure diagnosis is
performed and a component such as a sensor that is used in the
failure diagnosis.

[0016] By changing the warm-up control performed after
the start of operation of the internal combustion engine to a
control that can raise the temperature of the exhaust system
component more quickly, the failure diagnosis for the exhaust
system component can be performed earlier. Thus, according
to the present invention, when the failure diagnosis for the
exhaust system component performed after the start of opera-
tion of the internal combustion engine has not been completed
for a predetermined period of time, the probability that the
failure diagnosis for the exhaust system component is com-
pleted can be made higher after the predetermined period has
elapsed. In consequence, the situation in which the failure
diagnosis for the exhaust system component in the internal
combustion engine cannot be completed can be prevented
from continuing for an unduly long period of time.

[0017] In cases where the warm-up control is performed
using fuel by, for example, retarding of the fuel injection
timing or sub fuel injection performed after main fuel injec-
tion, an increase in the fuel consumption is necessitated in
order to make the speed of rise in the temperature of the
exhaust system component higher. In such cases also, in the
present invention, the fuel consumption in the warm-up con-
trol is prevented from increasing in the predetermined period.
Consequently, a deterioration in fuel economy with the
change of the warm-up control to the control that can raise the
temperature of the exhaust system component more quickly
can be made small.

[0018] Here, in a time period from the completion of the
failure diagnosis for the exhaust system component per-
formed by the failure diagnosis performing unit to a target
failure diagnosis completion time, which is a time at which
the next failure diagnosis for the exhaust system component
should be completed, let a normal warm-up period refer to a
period from the time of completion of the failure diagnosis for
the exhaust system component until the predetermined period
of time elapses, and let an early warm-up period refer to a
period from the time at which the normal warm-up period has
justelapsed to the target failure diagnosis completion time. If
the failure diagnosis for the exhaust system component per-
formed by the failure diagnosis performing unit is not com-
pleted during the normal warm-up period, the warm-up con-
trol performing unit may change the warm-up control in the
early warm-up period to a control that can raise the tempera-
ture of the exhaust system component more quickly than the
warm-up control performed during the normal warm-up
period, thereby shortening the period of time from the start of
operation of the internal combustion engine to the completion
of warm-up of the exhaust system component.

[0019] By this control, the time taken from the start of
operation of the internal combustion engine to the completion
of the failure diagnosis for the exhaust system component
performed by the failure diagnosis performing unit can be
shortened during the early warm-up period. In consequence,
the probability that the failure diagnosis for the exhaust sys-
tem component is completed during the early warm-up period
can further be increased. In other words, the probability that
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the failure diagnosis for the exhaust system component is
completed by the target failure diagnosis completion time can
further be increased.

[0020] The warm-up control performing unit may set the
value of a parameter relating to the speed of warm-up of the
exhaust system component in the warm-up control performed
during the early warm-up period, based on the level of
progress of the failure diagnosis for the exhaust system com-
ponent performed by the failure diagnosis performing unit in
the normal warm-up period. Specifically, in cases where the
operation of the internal combustion engine has been stopped
in a state in which the failure diagnosis for the exhaust system
component has progressed relatively little during the normal
warm-up period, the speed of warm-up of the exhaust system
component in the warm-up control performed in the early
warm-up period may be set higher than that in cases where the
operation of the internal combustion engine has been stopped
in a state in which the failure diagnosis for the exhaust system
component has progressed relatively far during the normal
warm-up period

[0021] By this control, the less the failure diagnosis for the
exhaust system component has progressed during the normal
warm-up period, the more the period of time taken from the
start of operation of the internal combustion engine to the
completion of warm-up of the exhaust system component in
the early warm-up period can be shortened. In consequence,
the probability that the failure diagnosis for the exhaust sys-
tem component is completed during the early warm-up period
can further be increased.

[0022] During the early warm-up period, the warm-up con-
trol performing unit may increase the speed of warm-up of the
exhaust system component in the warm-up control every time
the operation of the internal combustion engine is started,
until the failure diagnosis for the exhaust system component
performed by the failure diagnosis performing unit is com-
pleted. This can further increase the probability that the fail-
ure diagnosis for the exhaust system component is completed
during the early warm-up period.

[0023] Thelength (or duration) of the next normal warm-up
period may be made longer when the failure diagnosis for the
exhaust system component performed by the failure diagno-
sis performing unit is completed early during said early
warm-up period than when the failure diagnosis is completed
late. This can make the normal warm-up period as long as
possible while preventing a situation in which the failure
diagnosis for the exhaust system component in the internal
combustion engine cannot be completed from continuing for
an unduly long period of time.

Advantageous Effect of the Invention

[0024] According to the present invention, a situation in
which the failure diagnosis for the exhaust system component
cannot be completed can be prevented from continuing for an
unduly long period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a diagram showing the general configura-
tion of the exhaust system of an internal combustion engine
according to an embodiment.

[0026] FIG. 2 is a diagram showing the basic construction
of'a sensor element of a PM sensor according to the embodi-
ment.
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[0027] FIG. 3 is a graph showing the relationship between
the amount of PM depositing in the PM sensor versus the
electrical resistance between the electrodes of the PM sensor
and the output of the PM sensor in the embodiment.

[0028] FIG. 4 is a time chart showing the level of progress
offailure diagnosis for a filter after the start of operation of the
internal combustion engine, in an exemplary case.

[0029] FIG. 5 is a diagram showing the level of progress
Lobd of the failure diagnosis for the filter for every occasion
of driving of the vehicle on which the internal combustion
engine is mounted, in an exemplary case.

[0030] FIG. 6 is a diagram showing the relationship
between a target failure diagnosis completion time, a normal
warm-up period, and an early warm-up period according to
the embodiment.

[0031] FIG.7is a part of a flow chart of a process of setting
the warm-up control for an exhaust system component
according to the embodiment.

[0032] FIG. 8 is a part of the flow chart of the process of
setting the warm-up control for the exhaust system compo-
nent according to the embodiment.

[0033] FIG. 9 is a part of the flow chart of the process of
setting the warm-up control for the exhaust system compo-
nent according to the embodiment.

[0034] FIG.10adiagram showing the relationship between
the driving count of the vehicle and an early warm-up param-
eter aq according to the embodiment.

[0035] FIG. 11 is a diagram showing the relationship
between the average of the level of progress Lobd of the
failure diagnosis for the filter for the occasions of driving of
the vehicle during the normal warm-up period and the initial
value aq0 of the early warm-up parameter in the early warm-
up period, according to the embodiment.

[0036] FIG. 12 is a diagram showing the relationship
between the time of completion of the failure diagnosis for the
filter during the early warm-up period of this time and the
length of the next normal warm-up period Cnormal.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0037] In the following, a specific embodiment of the
present invention will be described with reference to the
drawings. The dimensions, materials, shapes and relative
arrangements etc. of the components that will be described in
connection with the embodiments are not intended to limit the
technical scope of the present invention only to them, unless
particularly stated.

Embodiment

[0038] In the following, a case in which the exhaust gas
purification apparatus for an internal combustion engine
according to the present invention is applied to a diesel engine
for driving a vehicle will be described. However, the internal
combustion engine to which the present invention is applied is
notlimited to a diesel engine, but it may be a gasoline or other
type of engine.

[General Configuration of Exhaust System of Internal
Combustion Engine]

[0039] FIG. 1 is a diagram showing the general configura-
tion of the exhaust system of an internal combustion engine
according to the embodiment. The internal combustion
engine 1 is a diesel engine for driving a vehicle. An exhaust
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passage 2 is connected to the internal combustion engine 1.
The arrows in FIG. 1 indicate the direction of flow of the
exhaust gas.

[0040] Intheexhaustpassage 2,there are provided, in order
from the upstream of the exhaust gas flow, an oxidation cata-
lyst 3, a particulate filter (which will be simply referred to as
the “filter” hereinafter) 4, and an NOx storage reduction
catalyst 5. The filter 4 traps particulate matter (which will be
hereinafter referred to as “PM”) in the exhaust gas. A catalyst
such as an oxidation catalyst, NOx storage reduction catalyst,
or NOx selective reduction catalyst may be supported on the
filter 4. The NOx selective reduction catalyst 5 is a catalyst
that reduces NOx in the exhaust gas using ammonia as a
reducing agent.

[0041] A fuel addition valve 6 is provided in the exhaust
passage 2 upstream of the oxidation catalyst 3. A urea addi-
tion valve 7 is provided in the exhaust passage 2 between the
filter 4 and the NOx selective reduction catalyst 5. The urea
addition valve 7 adds or supplies aqueous solution of urea to
the exhaust gas. A urea tank (not shown) that contains aque-
ous solution of urea is connected to the urea addition valve 7.
Aqueous solution of urea is supplied from the urea tank to the
urea addition valve 7. With the addition of aqueous solution of
urea through the urea addition valve 7, ammonia is supplied to
the NOx selective reduction catalyst 5. Urea supplied to the
NOx selective reduction catalyst 5 is once adsorbed by the
NOx selective reduction catalyst 5. Then, the adsorbed urea is
hydrolyzed to generate ammonia. Ammonia thus generated
acts as a reducing agent to reduce NOx in the exhaust gas.
[0042] A PM sensor 8 is provided in the exhaust passage 2
downstream of the NOx selective reduction catalyst 5. The
PM sensor 8 is a sensor that outputs an electrical signal
indicative of the amount of PM depositing in itself.

[0043] Here, details of the PM sensor 8 will be described
with reference to FIGS. 2 and 3. FIG. 2 illustrates the basic
construction of a sensor element of the PM sensor 8. FIG. 3 is
a graph showing the relationship between the amount of PM
depositing in the PM sensor 8 versus the electrical resistance
between the electrodes 8a, 86 of the PM sensor 8 and the
output of the PM sensor 8. In FIG. 3 the horizontal axis
represents the amount of PM depositing in the PM sensor 8,
the vertical axis in the lower graph represents the electrical
resistance between the electrodes 8a, 85 of the PM sensor 8,
and the vertical axis in the upper graph represents the output
of the PM sensor 8.

[0044] As shown in FIG. 2, the sensor element of the PM
sensor 8 has a pair of comb-shaped electrodes 8a, 85. PM
(particulate matter) in the exhaust gas adheres to the PM
sensor 8 and the adhering PM deposits gradually. As the
amount of PM depositing in the PM sensor 8 increases, the
amount of PM existing between the electrodes 8a, 8b
increases.

[0045] Therefore, the larger the amount of PM depositing
in the PM sensor 8 is, the lower the electrical resistance
between the electrodes 8a, 86 is, as shown in FIG. 3. The
lower the electrical resistance between the electrodes 8a, 85
is, the higher the output of the PM sensor 8 is. Therefore, the
output of the PM sensor 8 has a value representing the amount
of PM depositing in the PM sensor 8.

[0046] As the amount of PM existing between the elec-
trodes 8a, 85 changes, electrical properties other than electri-
cal resistance, such as the current flowing between the elec-
trodes 8a, 85, also change. Therefore, the PM sensor 8 may be
adapted to output a signal representing the amount of PM
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depositing in it based on an electrical property other than the
electrical resistance. The PM sensor according to this
embodiment is not limited to a sensor that outputs a signal
representing the amount of PM depositing in it, but it may be
a sensor that outputs a signal representing the quantity (or
flow rate) of PM in the exhaust gas.

[0047] An electronic control unit (ECU) 10 is annexed to
the internal combustion engine 1. The ECU 10 is a unit that
controls of the operating state etc. of the internal combustion
engine 1. Various sensors including the PM sensor 8 and a
crank angle sensor 11 are electrically connected to the ECU
10. The crank angle sensor 11 measures the crank angle ofthe
internal combustion engine 1. Signals output from the sensors
are input to the ECU 10. The ECU 10 calculates the engine
speed of the internal combustion engine 1 based on the mea-
surement value of the crank angle sensor 11.

[0048] A fuel addition valve 6 and the urea addition valve 7
are electrically connected to the ECU 10. These components
are controlled by the ECU 10.

[0049] In this embodiment, the oxidation catalyst 3, the
filter 4, the NOx selective reduction catalyst 5 and the PM
sensor 8 are exhaust system components in the context of the
present invention. However, the exhaust system components
in the context of the present invention are not limited to them,
but they may include other exhaust gas purification catalyst(s)
and other sensor(s) (sensor(s) that measures the quantity or
concentration of specific component (s) in the exhaust gas).

[Filter Failure Diagnosis]

[0050] PM trapped by the filter 4 gradually deposits in it. In
this embodiment, what is called a filter regeneration process
is performed, in which the temperature of the filter 4 is raised
to a temperature at which PM can be oxidized, to remove the
depositing PM. The filter regeneration process is imple-
mented by adding fuel to the exhaust gas through the fuel
addition valve 6. The fuel added through the fuel addition
valve 6 is oxidized in the oxidation catalyst 3. The tempera-
ture of the exhaust gas flowing into the filter 4 is raised by the
oxidation heat generated by the oxidation of fuel. In conse-
quence, the temperature of the filter 4 rises, and PM is oxi-
dized and removed.

[0051] Asdescribed above, the execution of the filter regen-
eration process makes the temperature of the filter 4 high.
Then, a failure in the filter 4, such as break or melting, might
result in some cases. In view of this, in this embodiment,
failure diagnosis for determining whether or not there is a
failure in the filter 4 is performed by the ECU 10. The failure
diagnosis for the filter 4 in this embodiment is performed
based on the value of the output of the PM sensor 8.

[0052] When a failure such as break or melting of the filter
4 occurs, the quantity of PM passing through the filter 4
becomes larger as compared to that at the time when the filter
4 is in a normal condition. Consequently, the quantity of PM
depositing in the PM sensor 8 per unit time becomes larger.
Therefore, if the change in the value of the output of the PM
sensor 8 during a predetermined diagnosis period exceeds a
predetermined threshold value, the ECU 10 determines that a
failure of filter 4 occurs.

[0053] The predetermined diagnosis period is a period dur-
ing which the amount of PM depositing in the PM sensor 8
can be considered to increase so much that it can be deter-
mined whether or not a failure of the filter 4 occurs. This
period is determined in advance based on, for example, an
experiment. The predetermined threshold value is also deter-
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mined in advance based on, for example, an experiment. The
predetermined threshold value may be varied during the pre-
determined diagnosis period, based on the operation state of
the internal combustion engine.

[0054] Inorder to determine whether or not a failure of the
filter 4 occurs with high accuracy in the failure diagnosis for
the filter 4, it is necessary that the PM sensor 8 have been
sufficiently activated. Specifically, it is necessary that the
warm-up of the PM sensor 8 have been completed.

[0055] Inthe embodiment, warm up control for the exhaust
system components including the PM sensor 8 is imple-
mented by retarding the fuel injecting timing in the internal
combustion engine 1 from the fuel injection timing in the
normal case, which is near the top dead center (i.e. after the
completion of warm-up control) after the start of operation of
the internal combustion engine 1, and increasing the fuel
injection quantity as compared to the fuel injection quantity
in the normal case. Controlling the fuel injection timing and
the fuel injection quantity in this way can cause a rise in the
temperature of the exhaust gas while maintaining the output
torque of the internal combustion engine 1. Consequently,
warm-up of the exhaust system components can be promoted.
[0056] The implementation of warm-up control for the
exhaust system components according to the present inven-
tion is not limited to that described above. The temperature of
the exhaust gas may be raised by, for example, executing sub
fuel injection at a time after main fuel injection in the internal
combustion engine 1. Alternatively, the warm-up control may
be implemented by using an electric heater or the like.
[0057] The failure diagnosis for the filter 4 is performed
after the warm-up of the PM sensor 8 has been completed
after the start of operation of the internal combustion engine
1. Therefore, it takes some time from the start of operation of
the internal combustion engine 1 until the failure diagnosis
for the filter 4 is started. In particular, since the PM sensor 8
is located downstream of the NOx selective reduction catalyst
5 in the exhaust passage 2 in this embodiment, the tempera-
ture of the PM sensor 8 is hard to rise. Consequently, it takes
time for the warm-up of the PM sensor 8 to be completed. It
also takes some time from the start of the failure diagnosis for
the filter 4 to the completion of the failure diagnosis. There-
fore, if the operation of the internal combustion engine 1 is
stopped in a short time after the start of operation, the opera-
tion of the internal combustion engine 1 might be stopped
before the start of execution of the failure diagnosis for the
filter 4 or before the completion of the failure diagnosis, even
if the execution of the failure diagnosis is started.

[0058] FIG. 4 is a time chart showing the level of progress
of'the failure diagnosis for the filter 4 after the start of opera-
tion of the internal combustion engine 1 in an exemplary case.
In FIG. 4, the horizontal axis represents the elapsed time t
after the start of operation of the internal combustion engine
1, and the vertical axis represents the level of progress Lobd
of'the failure diagnosis for the filter 4. In FIG. 4, Lc indicates
the level of completion of the failure diagnosis for the filter 4.
In other word, if the level of progress Lobd of the failure
diagnosis for the filter 4 reaches level of completion L, it is
determined that the failure diagnosis for the filter 4 is com-
pleted.

[0059] In FIG. 4, the operation of internal combustion
engine is started at time t0 (IGNITION (IG) ON). The time
period Atw from t0 to t1 is the warm-up period for the exhaust
system components. Then, the failure diagnosis for the filter
4 is started from the time t1 of completion of warm-up of the
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PM sensor 8. Thereafter, the operation of the internal com-
bustion engine 1 is stopped at time t2 (IGNITION (IG) OFF).
In the case shown in FIG. 4, the level of progress Lobd of the
failure diagnosis for the filter 4 has not reached the level of
completion Lc at time t2. This means that the operation of the
internal combustion engine 1 is stopped before completion of
the failure diagnosis for the filter 4.

[0060] FIG. 5 shows the level of progress Lobd of the
failure diagnosis for the filter 4 for every occasion of driving
of the vehicle on which the internal combustion engine is
mounted (i.e. every occasion of operation of the internal
combustion engine 1) in an exemplary case. In FIG. 5, the
horizontal axis represents the number of times of driving of
the vehicle, and the vertical axis represents the level of
progress Lobd of the failure diagnosis for the filter 4. In the
case shown in FIG. 5, the level of progress Lobd of the failure
diagnosis for the filter 4 does not reach the level of completion
Lc in any occasion of driving. Putting it differently, FIG. 5§
shows a case in which a situation in which the operation of the
internal combustion engine 1 is stopped after the start of
operation of the internal combustion engine 1 before comple-
tion of the failure diagnosis for the filter 4 has been repeated
continuously.

[Warm-Up Control for Exhaust System Components|

[0061] If such a short-time operation of the internal com-
bustion engine 1 is performed repeatedly over along period of
time, the situation in which the failure diagnosis for the filter
4 cannot be completed might continue for a long period of
time. In this embodiment, in order to prevent the situation in
which the failure diagnosis for the filter 4 cannot be com-
pleted from continuing for a long period of time, the warm-up
speed in the warm-up control for the exhaust system compo-
nents after the start of operation of the internal combustion
engine 1 is controlled.

[0062] FIG. 6 is a diagram showing the relationship
between the target failure diagnosis completion time, a nor-
mal warm-up period, and an early warm-up period, which
will be described later. In this embodiment, at the time when
the failure diagnosis for the filter 4 of this time is completed,
atarget failure diagnosis completion time, which is the time at
which the next failure diagnosis for the exhaust system com-
ponent should be completed is set. The length of the time
period from the completion of the failure diagnosis for the
filter 4 to the next target failure diagnosis completion time is
determined in advance based on, for example, an experiment.
In addition, a predetermined time period from the time of
completion of the failure diagnosis for the filter 4 to a certain
time point earlier than the next target failure diagnosis
completion time is set as the normal warm-up period. Fur-
thermore, a time period from the time at which the normal
warm-up period has just elapsed since the time of completion
of'the failure diagnosis for the filter 4 to the next target failure
diagnosis completion time is set as the early warm-up period.
As shown in FIG. 6, in this embodiment, the length ofthe time
period from the time of completion of the failure diagnosis for
the filter 4 to the next target failure diagnosis completion time,
the length of the normal warm-up period, and the length of the
early warm-up period are expressed in units of the number of
times of driving of the vehicle. Alternatively, the lengths of
these periods may be expressed in units of the elapsed time.
[0063] After the failure diagnosis for the filter 4 is once
completed, if a short time operation of the internal combus-
tion engine 1 is repeated in the normal warm-up period to
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leave the next failure diagnosis for the filter 4 uncompleted,
the warm-up control is changed in the early warm-up period
to a control with a warm-up speed higher than that in the
warm-up control performed during the normal warm-up
period. Specifically, in the warm-up control in the early
warm-up period, the fuel injection timing in the internal com-
bustion engine 1 is retarded from the fuel injection timing in
the warm-up control in the normal warm-up period, and the
fuel injection quantity is made larger than the fuel injection
quantity in the warm-up control in the normal warm-up
period. This control can make the temperature of the exhaust
gas higher during the execution of the warm-up control in the
early warm-up period than that during the execution of the
warm-up control in the normal warm-up period while main-
taining the output torque of the internal combustion engine 1.
Higher exhaust gas temperatures enable faster temperature
rises of the exhaust system components including the PM
sensor 8. Hereinafter, the warm-up control performed in the
normal warm-up period will be referred to as normal warm-
up control, and the warm-up control performed in the early
warm-up period will be referred to as early warm-up control.
[0064] In the early warm-up period, warm-up of the PM
sensor 8 can be completed earlier by changing the warm-up
control to the early warm-up control. In consequence, the
failure diagnosis for the filter 4 can be performed earlier.
Thus, the time taken from the start of operation of the internal
combustion engine 1 to the completion of the failure diagno-
sis for the filter 4 can be made shorter in the early warm-up
period than in the normal warm-up period. Therefore, accord-
ing to this embodiment, in cases where the failure diagnosis
for the filter 4 has not been completed in the normal warm-up
period after the start of operation of the internal combustion
engine 1, the probability that the failure diagnosis for the filter
4 is completed in the early warm-up period can be increased.
In other words, the probability that the next failure diagnosis
for the filter 4 is completed by the target failure diagnosis
completion time can be increased. Therefore, the situation in
which the failure diagnosis for the filter 4 cannot be com-
pleted can be prevented from continuing for an unduly long
period of time.

[0065] Performing the early warm-up control makes the
fuel consumption with the execution of the warm-up control
larger as compared to that with the execution of the normal
warm-up control. However, in this embodiment, during the
normal warm-up period the normal warm-up control is per-
formed. Only in cases where the failure diagnosis for the filter
4 is not completed in the normal warm-up period, the early
warm-up control is performed during the early warm-up
period. Therefore, deterioration in the fuel economy can be
made smaller than that in the case where the early warm-up
control is always performed as the warm-up control (namely,
in the case where the early warm-up control is performed also
during the normal warm-up period).

[0066] In the following, the process of setting of warm-up
control for an exhaust system component according to this
embodiment will be described with reference to the flow chart
of FIGS. 7 to 9. This process is stored in the ECU and
executed by the ECU 10 every time the vehicle on which the
internal combustion engine 1 is mounted is driven.

[0067] Firstly in step S101 of this process, it is determined
whether or not an early warm-up flag is ON. If the early
warm-up flag is ON, the early warm-up control is selected as
the warm-up control. On the other hand, if the early warm-up
flag is OFF, the normal warm-up control is selected as the
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warm-up control. If the determination in step S101 is nega-
tive, the processing of step S102 is executed next. If the
determination is affirmative, the processing of step S109 is
executed next.

[0068] In step S102, the level of progress Lobd of the fail-
ure diagnosis for the filter 4 in the present driving of the
vehicle is calculated. The level of progress Lobd of the failure
diagnosis for the filter 4 may be calculated as the length of the
time from the time at which the operation of the internal
combustion engine 1 is started or the time at which warm-up
of exhaust system components is completed to the time at
which operation of the internal combustion engine 1 is
stopped. In cases where failure diagnosis for exhaust system
components other than the filter 4 is additionally performed,
the level of progress Lobd of the failure diagnosis may be
calculated as the number of items, among the items of the
failure diagnosis, for which the failure diagnosis has been
completed until the operation of the internal combustion
engine 1 is stopped.

[0069] Theninstep S103, the count of driving ofthe vehicle
(i.e. the number of times of driving of the vehicle since the last
completion of the failure diagnosis for the filter 4) is incre-
mented by one. Then in step S104, it is determined whether or
not the level of progress Lobd of the failure diagnosis for the
filter 4 calculated in step S102 is lower than the level of
completion Lc of the failure diagnosis for the filter 4.

[0070] If the determination in step S104 is affirmative, it
may be concluded that in the driving of the vehicle of this
time, the operation of the internal combustion engine 1 was
stopped at a time when the failure diagnosis for the filter 4 had
not been completed yet. In this case, the processing of step
S105 is executed next. On the other hand, if the determination
in step S104 is negative, it may be concluded that in the
driving of the vehicle of this time, the operation of the internal
combustion engine 1 was stopped after the failure diagnosis
for the filter 4 had been completed. In this case, the processing
of step S115 is executed next.

[0071] In step S105, the average of the level of progress
Lobd of the failure diagnosis for the filter 4 is calculated for
the occasions of driving of the vehicle during the time period
from the time of last completion of the failure diagnosis for
the filter 4 to the present (namely, during the normal warm-up
period). Next in step S1086, it is determined whether or not the
driving count of the vehicle at the present time exceeds the
normal warm-up period Cnormal.

[0072] If the determination in step S106 is affirmative, the
early warm-up flag is changed to ON next in step S107. In this
case, the early warm-up control will be performed as the
warm-up control on the next occasion of driving of the
vehicle. Furthermore, an affirmative determination will be
made in step S101 in the next execution of this process. On the
other hand, if the determination in step S105 is negative, the
early warm-up flag is maintained to be OFF next in step S108.
In this case, the normal warm-up control will be performed as
the warm-up control on the next occasion of driving of the
vehicle as with the present control. Furthermore, a negative
determination will be made in step S101 in the next execution
of this process.

[0073] Instep S109, the value of an early warm-up param-
eter aq used in the early warm-up control executed at this
time is calculated. The early warm-up parameter aq is a
parameter that relates to the speed of warm-up of the exhaust
system components. The larger the value of the early warm-
up parameter aq is, the higher the speed of warm-up of the
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exhaust system components during the execution of the early
warm-up control is. Specifically, the larger the value of the
early warm-up parameter aq is, the more the fuel injection
timing is retarded and the more the fuel injection quantity is
increased in the early warm-up control. In consequence, the
temperature of the exhaust gas discharged from the internal
combustion engine 1 will become higher, and the speed of
warm-up of the exhaust system components will become
higher consequently.

[0074] FIG. 10 is a diagram showing the relationship
between the driving count of the vehicle and the early warm-
up parameter a.q. In FIG. 10 the horizontal axis represents the
driving count of the vehicle, and the vertical axis represents
the early warm-up parameter aq. FIG. 11 is a diagram show-
ing the relationship between the average of the level of
progress Lobd of the failure diagnosis for the filter 4 calcu-
lated in step S105 for the occasions of driving of the vehicle
during the normal warm-up period and the initial value a.q0 of
the early warm-up parameter in the early warm-up period (i.e.
the value of the early control parameter used in the early
warm-up control executed on the first occasion of driving of
the vehicle in the early warm-up period). In FIG. 11 the
horizontal axis represents the average of the level of progress
Lobd of the failure diagnosis for the filter 4 for the occasions
of driving of the vehicle during the normal warm-up period,
and the vertical axis represents the initial value aqO of the
early warm-up parameter in the early warm-up period.
[0075] As shown in FIG. 11, the initial value aq0 of the
early warm-up parameter in the early warm-up period is
calculated based on the average of the level of progress Lobd
of the failure diagnosis for the filter 4 for the occasions of
driving of the vehicle during the normal warm-up period. The
smaller the average of the level of progress Lobd of the failure
diagnosis for the filter 4 for the occasions of driving of the
vehicle during the normal warm-up period is, the larger the
initial value aq0 of the early warm-up parameter in the early
warm-up period is calculated to be. In other words, the lower
the level of progress of the failure diagnosis for the filter 4
during the normal warm-up period is, the higher the speed of
warm-up of the exhaust system components in the early
warm-up control executed on the first occasion of driving of
the vehicle in the early warm-up period is made. With this
control, the lower the level of progress of the failure diagnosis
for the filter 4 during the normal warm-up period is, the
shorter the time taken from the start of the internal combus-
tion engine 1 on the first occasion of driving of the vehicle in
the early warm-up period to the completion of warm-up ofthe
exhaust system components can be made.

[0076] During the early warm-up period, the value of the
early warm-up parameter aq is made larger as the driving
count increases, as shown in FIG. 10. Specifically, during the
early warm-up period, the speed of warm-up of the exhaust
system components in the early warm-up control is increased
every time the vehicle is driven (i.e. every time the operation
of'the internal combustion engine 1 is started), until the failure
diagnosis for the filter 4 is completed. This can shorten the
time taken from the start of operation of the internal combus-
tion engine 1 to the completion of warm-up of the exhaust
system components every time the vehicle is driven during
the early warm-up period, until the failure diagnosis for the
filter 4 is completed.

[0077] The shorter the time from the start of operation of
the internal combustion engine 1 to the completion of warm-
up of the exhaust system components is, the higher the prob-
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ability that the failure diagnosis for the filter 4 is completed
before the operation of the internal combustion engine 1 is
stopped is. Therefore, by setting the early warm-up parameter
aq used in the early warm-up period in the above described
manner, the probability that the failure diagnosis for the filter
4 is completed during the early warm-up period can be made
higher.

[0078] In this embodiment, the relationship shown in FIG.
10 between the driving count of the vehicle and the early
warm-up parameter o.q and the relationship shown in FIG. 11
between the average of the level of progress Lobd of the
failure diagnosis for the filter 4 for the occasions of driving of
the vehicle during the normal warm-up period and the initial
value aq0 of the early warm-up parameter in the early warm-
up period are stored in the ECU 10 as maps or functions. In
step S109, the value of the early warm-up parameter aq is
calculated using the maps or functions.

[0079] The value of the early warm-up parameter aq does
not necessarily need to be set in the above-described manner.
For instance, the value of the early warm-up parameter cq in
the early warm-up period may be set to be constant regardless
of the driving count of the vehicle. In this case also, the
smaller the average of the level of progress Lobd of the failure
diagnosis for the filter 4 for the occasions of driving of the
vehicle during the normal warm-up period is, the larger the
value of the early warm-up parameter cq is made, whereby
the probability that the failure diagnosis for the filter 4 is
completed during the early warm-up period can be made
higher. However, setting the value of the early warm-up
parameter aq in the above-described manner can make the
probability that the failure diagnosis for the filter 4 is com-
pleted during the early warm-up period even higher and can
make the fuel consumption with the execution of the early
warm-up control smaller.

[0080] After the processing of step S109, the processing of
step S110 is executed. In step S110, the level of progress Lobd
of the failure diagnosis for the filter 4 in the driving of the
vehicle of this time is calculated. Next in step S111, the
driving count of the vehicle is incremented by one. Next in
step S112, itis determined whether or not the level of progress
Lobd of the failure diagnosis for the filter 4 calculated in step
S110 is lower than the level of completion LC of the failure
diagnosis for the filter 4.

[0081] If the determination in step S112 is affirmative, it
may be concluded that the operation of the internal combus-
tion engine 1 was stopped before completion of the failure
diagnosis for the filter 4 in the driving of the vehicle of this
time. In this case, the processing of step S113 is executed
next. In step S113, the early warm-up flag is maintained to be
ON. Consequently, the early warm-up control will be per-
formed as the warm-up control on the next occasion of driving
of the vehicle as with the present control. Furthermore, an
affirmative determination will be made in step S101 in the
next execution of this process.

[0082] On the other hand, if the determination in step S112
is negative, it may be concluded that the operation of the
internal combustion engine 1 was stopped after the failure
diagnosis for the filter 4 had been completed in the driving of
the vehicle of this time. In this case, the processing of step
S114 is executed next. In step S114, the length (or duration)
of the next normal warm-up period Cnormal is calculated.
[0083] FIG. 12 is a diagram showing the relationship
between the time of completion of the failure diagnosis for the
filter 4 during this early warm-up period and the length of the
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next normal warm-up period Cnormal. In FIG. 12, the hori-
zontal axis represents the time of completion of the failure
diagnosis for the filter 4 during this early warm-up period, and
the vertical axis represents the length of the next normal
warm-up period Cnormal.

[0084] As shown in FIG. 12, the length of the next normal
warm-up period Cnormal is calculated based on the time of
completion of the failure diagnosis for the filter 4 during this
early warm-up period. In the calculation, the earlier the time
of completion of the failure diagnosis for the filter 4 during
this early warm-up period is, the longer the next normal
warm-up period Cnormal is calculated to be. The reason for
the above is that if the time of completion of the failure
diagnosis for the filter 4 during this early warm-up period is
relatively early, making the probability that the failure diag-
nosis for the filter 4 is completed at an early time after the shift
to the early warm-up period higher, even if the next normal
warm-up period is made longer and the failure diagnosis for
the filter 4 has not been completed during the normal warm-
up period.

[0085] By setting the next normal warm-up period Cnormal
in the above-described fashion, the normal warm-up period
can be made as long as possible while preventing a situation
in which the failure diagnosis for the filter 4 cannot be com-
pleted by the target failure diagnosis completion time from
occurring. The longer normal warm-up period makes the
probability that the failure diagnosis for the filter 4 is com-
pleted during the normal warm-up period higher. Thus, it is
possible to reduce the occasions in which the early warm-up
control is performed. In consequence, deterioration of fuel
economy, which might be caused by performing the early
warm-up control, can be reduced.

[0086] In this embodiment, the relationship shown in FIG.
12 between the time of completion of the failure diagnosis for
the filter 4 during the early warm-up period of this time and
the length of the next normal warm-up period Cnormal is
stored as a map or function in the ECU 10. In step S114, the
length of the next normal warm-up period Cnormal is calcu-
lated using the map or function.

[0087] After the processing of step S114, the processing of
step S115 is executed. In step S115, the driving count is once
reset to zero. This is because the failure diagnosis for the filter
4 has been completed. Next in step S116, the early warm-up
flag is changed to OFF. Thus, the next normal warm-up period
starts from the time when the failure diagnosis for the filter 4
of'this time is completed.

[0088] By the above-described process, deterioration of
fuel economy caused by performing the warm-up control can
be made as small as possible while preventing a situation in
which the failure diagnosis for the filter 4 cannot be com-
pleted by the target failure diagnosis completion time from
continuing for an unduly long period of time.

[0089] While an embodiment in which the present inven-
tion is applied to filter failure diagnosis has been described in
the foregoing, the present invention can also be applied to
failure diagnosis for other exhaust system components such
as an exhaust gas purification catalysts and sensors. In cases
where failure diagnosis for other exhaust system components
is performed upon start-up of the internal combustion engine
also, it is necessary that warm-up of the exhaust system com-
ponents has been completed before performing the failure
diagnosis. Therefore, in cases where failure diagnosis is per-
formed for other exhaust system components also, warm-up
control of the exhaust system components is performed in a
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similar manner as with the case where the above described
filter failure diagnosis is performed. This can make deterio-
ration of fuel economy caused by performing the warm-up
control as small as possible while preventing a situation in
which failure diagnosis for another exhaust system compo-
nent that is a subject of the failure diagnosis cannot be com-
pleted from continuing for an unduly long period of time.

DESCRIPTION OF THE REFERENCE SIGNS

[0090] 1: internal combustion engine
[0091] 2: exhaust passage

[0092] 3: oxidation catalyst

[0093] 4: particulate filter (filter)

[0094] 5: NOx selective reduction catalyst
[0095] 6: fuel addition valve

[0096] 7: urea addition valve

[0097] 8: PM sensor

[0098] 10: ECU

[0099] 11: crank angle sensor

1. A warm-up system for an exhaust system of an internal

combustion engine comprising:

a warm-up control performing unit that performs a warm-
up control for warming up an exhaust system component
provided in an exhaust passage of an internal combus-
tion engine upon start-up of the internal combustion
engine; and

a failure diagnosis performing unit that performs failure
diagnosis for said exhaust system component after
completion of warm-up of said exhaust system compo-
nent,

wherein if a situation in which the operation of the internal
combustion engine is stopped after start of operation of
the internal combustion engine before completion of the
failure diagnosis for the exhaust system component per-
formed by said failure diagnosis performing unit has
been repeated for a predetermined period of time, said
warm-up control performing unit changes the warm-up
control that is performed upon start-up of the internal
combustion engine after said predetermined period of
time has elapsed to a control that can raise the tempera-
ture of said exhaust system component more quickly
than the warm-up control performed during said prede-
termined period.

2. A warm-up system for an exhaust system of an internal

combustion engine according to claim 1, wherein in a time
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period from completion of the failure diagnosis for said
exhaust system component performed by said failure diagno-
sis performing unit to a target failure diagnosis completion
time, which is a time at which next failure diagnosis for said
exhaust system component should be completed, let a normal
warm-up period refer to a period from the time of completion
of the failure diagnosis for said exhaust system component
until said predetermined period of time elapses, and let an
early warm-up period refer to a period from the time at which
the normal warm-up period has just elapsed to said target
failure diagnosis completion time, and wherein if the failure
diagnosis for said exhaust system component performed by
said failure diagnosis performing unit is not completed during
said normal warm-up period, said warm-up control perform-
ing unit changes the warm-up control in said early warm-up
period to a control that can raise the temperature of said
exhaust system component more quickly than the warm-up
control performed during said normal warm-up period,
thereby shortening the period of time from start of operation
of'said internal combustion engine to completion of warm-up
of said exhaust system component.

3. A warm-up system for an exhaust system of an internal
combustion engine according to claim 2, wherein said warm-
up control performing unit sets the value of a parameter
relating to the speed of warm-up of said exhaust system
component in the warm-up control performed during said
early warm-up period, based on the level of progress of failure
diagnosis for said exhaust system component performed by
said failure diagnosis performing unit in said normal warm-
up period.

4. A warm-up system for an exhaust system of an internal
combustion engine according to claim 2, wherein during said
early warm-up period, said warm-up control performing unit
increases the speed of warm-up of said exhaust system com-
ponent in the warm-up control every time the operation of the
internal combustion engine is started, until the failure diag-
nosis for said exhaust system component performed by said
failure diagnosis performing unit is completed.

5. A warm-up system for an exhaust system of an internal
combustion engine according to claim 2, wherein the length
of the next normal warm-up period is made longer when the
failure diagnosis for said exhaust system component per-
formed by said failure diagnosis performing unit is completed
early during said early warm-up period than when the failure
diagnosis is completed late.
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