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(54) Internal combustion engine exhaust gas control apparatus

(57) In an exhaust gas control apparatus, a period of
time from after filter regeneration starts in response to a
command to regenerate a filter (22) until the filter regen-
eration has been completed, and which is a period of
time during which the filter regeneration is not prohibited,
is determined to be a period of time during which the filter
is in a filter regeneration incomplete state. A current du-
ration count value is maintained when the internal com-

bustion engine switches to a state other than a filter re-
generating state while the filter is in that filter regeneration
incomplete state. According to this kind of control, the
counter is not reset even if the combustion mode switches
to a normal combustion mode while the filter is being
regenerated. Instead, the current duration count value is
maintained, so the filter regeneration duration can be ac-
curately counted. As a result, oil dilution can be reliably
suppressed.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an exhaust gas control
apparatus that purifies exhaust gas from an internal com-
bustion engine (hereinafter also simply referred to as "en-
gine"). More particularly, the invention relates to an in-
ternal combustion engine exhaust gas control apparatus
that purifies exhaust gas from a diesel engine using a
particulate filter.

2. Description of the Related Art

[0002] Exhaust gas that is discharged when driving an
internal combustion engine such as a petrol engine or a
diesel engine contains matter that is not desirable to dis-
charge into the atmosphere as it is. In particular, exhaust
gas from a diesel engine contains particulate matter
(hereinafter also simply referred to as "PM") of which car-
bon is the main component, soot, and soluble organic
fraction (SOF), and the like, all of which cause air pollu-
tion.
[0003] One known apparatus that purifies PM in ex-
haust gas is an exhaust gas control apparatus that re-
duces the amount of emissions discharged into the at-
mosphere by providing a particulate filter in an exhaust
passage of a diesel engine and trapping PM in exhaust
gas that passes through the exhaust passage. DPFs
(Diesel Particulate Filters) and DPNR (Diesel Particulate-
NOx Reduction system) catalysts, for example, are used
as particulate filters.
[0004] When trapping PM using a particulate filter
(hereinafter also simply referred to as "filter"), the filter
will become clogged when a large amount of trapped PM
has accumulated. When this happens, pressure loss of
the exhaust gas that passes through the filter increases,
which causes the exhaust gas back pressure in the en-
gine to increase. As a result, engine output and fuel ef-
ficiency both decrease.
[0005] To solve this problem, typically when the
trapped amount (i.e., accumulated amount) of PM that
has been trapped by the filter reaches a predetermined
amount, the filter is regenerated by oxidising (burning off)
the PM on the filter by increasing the catalyst bed tem-
perature. More specifically, the filter is regenerated, for
example, by increasing the temperature of an oxidation
catalyst (i.e., the exhaust gas temperature) upstream of
the filter (i.e., on the upstream side of the exhaust gas
flow) by additionally injecting a small amount of fuel (in
a post injection) after a main fuel injection (a main injec-
tion), and then oxidising (burning off) the PM that has
accumulated on the filter by executing a filter regenerat-
ing post injection (see Japanese Patent Application Pub-
lication No. 2008-202573 (JP-A-2008-202573), for ex-
ample).

[0006] Incidentally, in order to burn off the PM that has
accumulated on the filter by the post injection, high-tem-
perature exhaust gas must be thermally reacted with the
oxidation catalyst and passed through the filter (DPF)
without performing combustion in a combustion chamber
(i.e., in a cylinder) of the engine. Therefore, the injection
timing of the post injection is retarded with respect to the
main fuel injection. As a result, however, some of the fuel
injected by the post injection flows from the piston to an
oil pan, and ends up diluting the oil (i.e., dilution by the
fuel mixing with the engine oil).
[0007] To solve this problem, the filter regeneration du-
ration (i.e., the duration of the post injection) is counted
by a timer/counter, and filter regeneration is prohibited
for a predetermined period of time (more specifically, the
period of time until the fuel that has mixed in with the
engine oil has sufficiently vaporised and the oil has re-
covered from being diluted) when the count value reach-
es a maximum duration (i.e., the duration of the post in-
jection at which the amount of fuel diluting the oil reaches
the allowable limit) (hereinafter, this process may also
be referred to as "regeneration prohibiting control").
[0008] In the regeneration prohibiting control de-
scribed above, when filter regeneration (i.e., the regen-
eration combustion mode) is being executed, the count
of the filter regeneration duration is increased and the
timer/counter is reset with the normal combustion mode
as the reset condition.
[0009] Incidentally, the combustion mode may switch
from the regeneration combustion mode to the normal
combustion mode even if there is a filter regeneration
command. That is, even if there is a filter regeneration
command, the combustion mode will switch from the re-
generation combustion mode to the normal combustion
mode when a PM combustion condition ceases to be
satisfied due to the catalyst temperature not being high
enough, for example. With typical control when the com-
bustion mode has switched to the normal combustion
mode while there is a filter regeneration command, the
timer/counter is reset when the combustion mode switch-
es to the normal combustion mode and the count value
of the filter regeneration duration that has been counted
thus far is canceled. As a result, the relationship between
the actual amount of fuel diluting the oil and the count
value of the filter regeneration duration becomes skewed
(i.e., the count value of the filter regeneration duration
with respect to the actual amount of fuel diluting the oil
is less). If this occurs, filter regeneration will continue
instead of being prohibited even if the actual amount of
fuel diluting the oil exceeds the allowable limit. As result,
it will no longer be possible to suppress oil dilution.

SUMMARY OF THE INVENTION

[0010] The invention therefore provides technology
that makes it possible to accurately count the duration of
the filter regeneration that affects the dilution of oil by fuel
in an exhaust gas control apparatus which executes con-
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trol to count that filter regeneration duration using a coun-
ter, and prohibit filter regeneration based on the count
value of that filter regeneration duration.
[0011] One aspect of the invention relates to an ex-
haust gas control apparatus that is provided with a filter
that is arranged in an exhaust passage of an internal
combustion engine and traps particulate matter in ex-
haust gas, filter regeneration controlling means for per-
forming filter regeneration that removes particulate mat-
ter that has accumulated on the filter by performing a
regeneration fuel injection after a main fuel injection by
controlling the injection timing of the internal combustion
engine, and a counter that counts the duration of the filter
regeneration. The filter regeneration controlling means
determines that a period of time from after there is a com-
mand to regenerate the filter and the filter regeneration
starts until the filter regeneration has been completed,
and which is a period of time during which the filter re-
generation is not prohibited, is a period of time during
which the filter is in a filter regeneration incomplete state.
The filter regeneration controlling means increases the
count of the counter when the filter regeneration is being
executed while the filter is in the filter regeneration in-
complete state. The filter regeneration controlling means
has the counter maintain the current duration count value
when the internal combustion engine switches to a state
other than a filter regenerating state while the filter is in
the filter regeneration incomplete state.
[0012] According to this aspect, after filter regenera-
tion starts in response to a filter regeneration command,
the current count value of the filter duration is maintained
even if the PM combustion condition ceases to be satis-
fied due to the catalyst temperature not being high
enough, for example, and the combustion mode tempo-
rarily switches from the regeneration combustion mode
to the normal combustion mode. As a result, the relation-
ship between the actual amount of fuel diluting the oil
and the filter regeneration duration (i.e., the duration of
the post injection) will not become skewed. Accordingly,
it is possible to correctly determine that the count value
of the filter regeneration duration has reached the max-
imum duration, thus enabling oil dilution to be reliably
suppressed.
[0013] In the aspect described above, the filter regen-
eration controlling means may reset the counter when
the filter is not in the filter regeneration incomplete state.
[0014] According to this structure, in control that counts
the duration of the filter regeneration that affects the di-
lution of the oil by fuel and prohibits filter regeneration
based on the count value of that filter regeneration du-
ration, the filter regeneration duration is able to be accu-
rately counted, such that oil dilution can be reliably sup-
pressed.
[0015] In the foregoing structure, the filter regeneration
controlling means may establish a filter regeneration pro-
hibited period when the count of the counter reaches a
predetermined duration.
[0016] In the foregoing structure, the filter regeneration

controlling means may reset the counter during the filter
regeneration prohibited period.
[0017] The filter regeneration prohibited period may be
established as a period of time until the fuel that is mixed
in with oil that lubricates the internal combustion engine
sufficiently vaporises.
[0018] In the foregoing structure, the state other than
the filter regenerating state may be a state of the internal
combustion engine in which the regeneration fuel injec-
tion is not performed after the main fuel injection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of preferred embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:

FIG. 1 is a block diagram schematically showing an
example of a diesel engine to which the invention is
applied;
FIG. 2 is a block diagram of the structure of a control
system including an ECU and the like;
FIG. 3 is a view of a map for obtaining a PM gener-
ated amount pme;
FIG. 4 is a view of a map for obtaining a PM com-
busted amount pmc;
FIG. 5 is a timing chart showing a change in an es-
timated PM accumulated amount PMs that is esti-
mated based on the engine operating state, and a
change in an estimated PM accumulated amount
PMd that is estimated based on differential pressure;
FIG. 6 is a flowchart illustrating a routine for counting
a filter regeneration duration;
FIG. 7 is a timing chart showing the period during
which the filter is in a filter regeneration incomplete
state; and
FIG. 8 is a timing chart conceptually showing an ex-
ample of the routine for counting the filter regenera-
tion duration.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0020] An example embodiment of the present inven-
tion will be described in greater detail below with refer-
ence to the accompanying drawings.
[0021] The general structure of a diesel engine to
which the invention is applied will now be described with
reference to FIG. 1.
[0022] A diesel engine 1 (hereinafter simply referred
to as "engine 1") according to this example embodiment
is a common rail in-cylinder direct injection four cylinder
engine, for example, in which an injector (i.e., a fuel in-
jection valve) 2 is arranged in a combustion chamber 1a
of each cylinder of the engine 1, and injects fuel for com-
bustion in the combustion chamber 1a. The injector 2 of
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each cylinder is connected to a common rail 11, which
is in turn connected to a supply pump 10.
[0023] The supply pump 10 draws up fuel from a fuel
tank and pressurises it before supplying it to the common
rail 11 via a fuel line 10a. The common rail 11 functions
as an accumulator that maintains (accumulates) the
pressurised fuel supplied from the supply pump 10 at a
predetermined pressure, and distributes this accumulat-
ed fuel to the injectors 2. Each injector 2 is an electro-
magnetically driven on-off valve that opens to inject (i.e.,
supply) fuel into the combustion chamber 1a when a pre-
determined voltage is applied. The opening and closing
(i.e., the fuel injection quantity and the fuel injection tim-
ing) of the injectors 2 is duty-controlled by an ECU (Elec-
tronic Control Unit) 100.
[0024] An intake passage 3 and an exhaust passage
4 are connected to the engine 1. An air cleaner 9, an
airflow meter 33, a compressor impeller 63 of a turbo-
charger 6 that will be described later, an intercooler 8,
and a throttle valve 5 are arranged, in order from up-
stream (i.e., the portion on the upstream side of the intake
air flow) to downstream in the intake passage 3. The throt-
tle opening amount of the throttle valve 5 is adjusted by
a throttle motor 51. The throttle opening amount of the
throttle valve 5 is detected by a throttle opening amount
sensor 41. Incidentally, the intake passage 3 branches
off to each cylinder at an intake manifold 3a that is ar-
ranged downstream of the throttle valve 5.
[0025] The exhaust passage 4 is formed such that
branches leading from the individual cylinders are all
brought together by an exhaust manifold 4a that is con-
nected to the combustion chamber 1a of each cylinder
of the engine 1.
[0026] A CCO (an oxidation catalytic converter) 21 that
purifies HC (hydrocarbons) and CO (carbon monoxide)
in the exhaust gas by purifying them, and a DPF 22 that
traps PM (particulate matter) are arranged in order in the
exhaust passage 4. Exhaust gas generated from com-
bustion in the combustion cylinders 1a is sent into the
exhaust passage 4.
[0027] An A/F sensor 36 and a first exhaust gas tem-
perature sensor 37 are arranged in the exhaust passage
4 upstream (on the upstream side of the exhaust gas
flow) of the CCO 21. The temperature of the exhaust gas
that enters the CCO 21 can be detected from the output
signal of the first exhaust gas temperature sensor 37.
Also, a second exhaust gas temperature sensor 38 is
arranged in the exhaust passage 4 between the CCO 21
and the DPF 22. The temperature of the exhaust gas that
enters the DPF 22 (i.e., the filter temperature (bed tem-
perature)) can be detected from the output signal of the
second exhaust gas temperature sensor 38. Moreover,
a differential pressure sensor 39 that detects the differ-
ential pressure between the pressure upstream of the
DPF 22 and the pressure downstream of the DPF 22 is
also provided.
[0028] The output signals from the A/F sensor 36, the
first exhaust gas temperature sensor 37, the second ex-

haust gas temperature sensor 38, and the differential
pressure sensor 39 are input to the ECU 100.
[0029] The engine 1 is provided with a turbocharger 6.
This turbocharger 6 includes a turbine wheel 62 and a
compressor impeller 63 that are coupled together via a
rotor shaft 61.
[0030] The compressor impeller 63 is arranged facing
the inside of the intake passage 3, and the turbine wheel
62 is arranged facing the inside of the exhaust passage
4. This kind of turbocharger 6 supercharges the intake
air by using the exhaust flow (i.e., exhaust pressure) on
the turbine wheel 62 to rotate the compressor impeller
63. The turbocharger 6 in this example embodiment is a
variable nozzle turbocharger, in which a variable nozzle
vane mechanism 64 is provided on the turbine wheel 62
side, and the boost pressure of the engine 1 can be ad-
justed by adjusting the opening amount of this variable
nozzle vane mechanism 64. Incidentally, the intake air
that has been heated by the supercharging in the turbo-
charger 6 is forcibly cooled by the intercooler 8 arranged
in the intake passage 3.
[0031] The engine 1 is also provided with an EGR sys-
tem 7. This EGR system 7 is a system that circulates
some of the exhaust gas that flows through the exhaust
passage 4 to the intake passage 3 and lowers the com-
bustion temperature by supplying that recirculated ex-
haust gas into the combustion chambers 1a of the cylin-
ders, thereby reducing the amount of NOx that is gener-
ated. The EGR system 7 includes an EGR passage 71
that connects the intake manifold 3a with the exhaust
manifold 4a. An EGR cooler 73 for cooling the EGR gas
that flows (is circulated) through the EGR passage 71,
and an EGR valve 72 are provided, in order from the
upstream side of the EGR gas flow, in the EGR passage
71. The amount of EGR gas (i.e., the amount of recircu-
lated exhaust gas) introduced into the intake passage 3
(i.e., the intake manifold 3a) from the exhaust passage
4 (i.e., the exhaust manifold 4a) can be adjusted by ad-
justing the opening amount of this EGR valve 72.
[0032] The ECU 100 includes a CPU 101, ROM 102,
RAM 103, backup RAM 104, and a timer/counter 110
and the like.
[0033] Various control programmes and maps that are
referenced when executing those various control pro-
grammes and the like are stored in the ROM 102. The
CPU 101 performs calculations based on the various
control programmes and maps stored in the ROM 102.
Also, the RAM 103 is memory that temporarily stores the
calculation results of the CPU 101 and data and the like
that has been input from various sensors, and the backup
RAM 104 is non-volatile memory that stores data and the
like that is to be saved when the engine 1 is stopped.
The timer/counter 110 counts (times), for example, a filter
regeneration duration, which will be described later, and
the control time when various controls of the engine 1
are executed.
[0034] The CPU 101, the ROM 102, the RAM 103, the
backup RAM 104, and the timer/counter 110 are all con-
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nected together, as well as to an input interface 105 and
an output interface 106, via a bus 107.
[0035] Various sensors are connected to the input in-
terface 105. Some of these sensors include an engine
speed sensor 31 that detects the rotation speed of a
crankshaft that is an output shaft of the engine 1, a coolant
temperature sensor 32 that detects the coolant temper-
ature of the engine (i.e., the coolant temperature), the
airflow meter 33, an intake air temperature sensor 34 that
is arranged in the intake manifold 3a and detects the
temperature of intake air, an intake air pressure sensor
35 that is arranged in the intake manifold 3a and detects
the pressure of intake air, the A/F sensor 36, the first
exhaust gas temperature sensor 37, the second exhaust
gas temperature sensor 38, the differential pressure sen-
sor 39, a rail pressure sensor 40 that detects the pressure
of pressurised fuel in the common rail 11, a throttle open-
ing amount sensor 41, an accelerator operation amount
sensor 42, and a vehicle speed sensor 43. Signals from
these sensors are input to the ECU 100.
[0036] The injectors 2, the supply pump 10, the throttle
motor 51 of the throttle valve 5, the variable nozzle vane
mechanism 64 of the turbocharger 6, and the EGR valve
72 and the like are connected to the output interface 106.
[0037] The ECU 100 executes various controls of the
engine 1, including opening amount control of the throttle
valve 5, and fuel injection quantity and injection timing
control (i.e., opening / closing control of the injectors 2)
of the engine 1, based on the output signals from the
various sensors described above. Furthermore, the ECU
100 executes DPF regeneration control and control for
selecting a process for estimating the amount of PM (in-
cluding a process for determining a filter regeneration
incomplete state), which will be described later.
[0038] Control of the exhaust gas control apparatus of
the invention may also be realised by a programme ex-
ecuted by the ECU 100 described above.
[0039] The ECU 100 estimates the amount of accu-
mulated PM by the two processes (1) and (2) below.
[0040] (1) Process for estimating the PM amount
based on the engine operating state
In this example, an estimated amount of accumulated
PM (also simply referred to as the "estimated PM accu-
mulated amount") PMs is calculated using the amount of
generated PM (also simply referred to as the "PM gen-
erated amount") pme and the amount of combusted PM
(also simply referred to as the "PM combusted amount)
pmc.
[0041] The PM generated amount pme is the amount
of PM that is discharged from all of the combustion cham-
bers of the engine per unit of time (for example, during
one control cycle of the estimating process). This PM
generated amount pme is obtained referencing the map
in FIG. 3 based on the engine speed NE obtained from
the output signal from the engine speed sensor 31, and
the fuel injection quantity Qv (a command value).
[0042] The PM combusted amount pmc is the amount
of PM accumulated on the DPF 22 that is oxidised and

combusted per unit of time (for example, during one con-
trol cycle of the estimating process). This PM combusted
amount pmc is obtained referencing the map in FIG. 4
(a PM oxidation rate map) based on the exhaust gas
temperature Theg (which corresponds to the filter tem-
perature) obtained from the output signal of the second
exhaust gas temperature sensor 38, and the intake air
amount Ga obtained from the output signal of the airflow
meter 33.
[0043] Then the estimated PM accumulated amount
PMs is sequentially calculated (integrated) using the PM
generated amount pme and the PM combusted amount
pmc based on the operational expression PMs = PMs
(last value) + pme - pmc. Here, the PMs (last value) when
filter regeneration starts is a value that corresponds to a
start-regeneration determining value Thpmss (see FIG.
5). Also, the PMs (last value) when starting the normal
combustion mode after the filter regeneration has been
completed (also including when starting the normal com-
bustion mode the first time when the filter regeneration
has not been executed) is an initial value of "0".
[0044] The map shown in FIG. 3 is a map of the values
of the PM generated amount pme obtained through test-
ing and calculation or the like, with the engine speed NE
and the fuel injection quantity Qv as parameters. This
map is stored in the ROM 102 of the ECU 100. Inciden-
tally, in the map shown in FIG. 3, the PM generated
amount pme is calculated by interpolation when the en-
gine speed NE and the fuel injection quantity Qv are val-
ues that are between points on the map.
[0045] The map shown in FIG. 4 is a map of the values
of the PM combusted amount pmc obtained through test-
ing and calculation or the like, with the exhaust gas tem-
perature Theg and the intake air amount Ga as param-
eters. This map is also stored in the ROM 102 of the ECU
100. Incidentally, in the map shown in FIG. 4, the PM
combusted amount pmc is calculated by interpolation
when the exhaust gas temperature Theg and the intake
air amount Ga are values that are between points on the
map.
[0046] (2) Process for estimating the PM amount
based on the differential pressure
First, in the exhaust gas control apparatus, as more and
more PM accumulates on the DPF 22, that accumulated
PM impedes the flow of exhaust gas, causing the exhaust
gas flow resistance to increase. As the exhaust gas flow
resistance increases, so too does the differential pres-
sure ∆P between the exhaust gas pressure upstream of
the DPF 22 and the exhaust gas pressure downstream
of the DPF 22 in the exhaust passage 4. The differential
pressure ∆P of the exhaust gas pressures in front and in
back of the DPF 22 decreases as the PM accumulated
on the DPF 22 is burned off (i.e., removed) and the PM
accumulated amount that is accumulated on the DPF 22
decreases. In this way, there is a correlation between the
differential pressure ∆P of the exhaust gas pressures in
front and in back of the DPF 22 and the PM accumulated
amount that is accumulated on the DPF 22. Thus, the
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PM accumulation amount of the DPF 22 can be estimated
from the differential pressure ∆P.
[0047] Using this process (2), in this example embod-
iment, the amount of accumulated PM trapped in the DPF
22 (i.e., the estimated PM accumulated amount PMd)
can be estimated referencing a map based on the differ-
ential pressure ∆P obtained from the output signal from
the differential pressure sensor 39 provided in the ex-
haust passage 4 (i.e., the DPF 22).
[0048] Incidentally, the map used to calculate the es-
timated PM accumulated amount is a map of compatible
values obtained through testing and calculation or the
like, taking into account the correlation between the dif-
ferential pressure ∆P of the exhaust gas pressures in
front and in back of the DPF 22 and the PM accumulated
amount described above. This map is stored in the ROM
102 of the ECU 100.
[0049] When the engine 1 is in the normal combustion
mode, the ECU 100 estimates the estimated PM accu-
mulated amount PMs and the estimated PM accumulated
amount PMd by the processes described above, i.e., the
process for estimating the PM amount based on the en-
gine operating state and the process for estimating the
PM amount based on the differential pressure. The esti-
mated PM accumulated amount PMs and the estimated
PM accumulated amount PMd increase over time. The
ECU 100 determines whether the increasing estimated
PM accumulated amount PMs has increased to a value
at which a determination is made to start regeneration
(also simply referred to as a "start-regeneration deter-
mining value"; this value corresponds to a limit PM ac-
cumulated amount) Thpmss, or the increasing estimated
PM accumulated amount PMd has increased to a value
at which a determination is made to start regeneration
(also simply referred to as a "start-regeneration deter-
mining value"; this value corresponds to a limit PM ac-
cumulated amount) Thpmds (see FIG. 5). The ECU 100
determines that it is time to start regenerating the DPF
22 when the estimated PM accumulated amount PMs
reaches the start-regeneration determining value
Thpmss or the estimated PM accumulated amount PMd
reaches the stait-regeneration determining value Thp-
mds.
[0050] For example, as shown in FIG. 5, if the estimat-
ed PM accumulated amount PMd reaches the start-re-
generation determining value Thpmds first, the ECU 100
determines that it is time to start regenerating the DPF
22 at that time, and thus generates a command for filter
regeneration. Filter regeneration then starts in response
to that filter regeneration command (see FIG. 7). Inciden-
tally, in the normal combustion mode, both of the esti-
mated PM accumulated amounts PMs and PMd are ini-
tialised (set to "0") when the estimated PM accumulated
amount PMs reaches the start-regeneration determining
value Thpmss or the estimated PM accumulated amount
PMd reaches the start-regeneration determining value
Thpmds.
[0051] During filter regeneration, a CCO temperature-

increasing fuel injection (a post injection) is executed af-
ter a main fuel injection (i.e., a main injection) that is a
fuel injection performed to operate the engine (i.e., an
injection of fuel into the combustion chambers 1a from
the injectors 2). The fuel injected from the injectors 2 by
this CCO temperature-increasing fuel injection is deliv-
ered into the exhaust passage 4 and reaches the CCO
21. When the fuel component reaches the CCO 21, an
oxidation reaction takes place in the exhaust gas and on
the catalyst with the components such as HC and CO
and the like. This oxidation reaction generates heat which
increases the temperature of the CCO 21 (i.e., the ex-
haust gas), which in turn causes the temperature of the
DPF 22 to increase. Then after performing this kind of
CCO temperature-increasing fuel injection, a DPF regen-
eration fuel injection is executed at a predetermined tim-
ing, which bums off the PM that has accumulated on the
DPF 22, thereby reducing the amount of PM accumulated
on the DPF 22.
[0052] In this kind of filter regeneration, the ECU 100
selects the process for estimating the PM amount based
on the engine operating state and estimates the estimat-
ed PM accumulated amount PMs [PMs = PMs (last value)
+ pme - pmc]. When this estimated PM accumulated
amount PMs has decreased to a value at which it is de-
termined that regeneration is to end (also referred to as
an "end-regeneration determining value") thpmse (see
FIG. 5), the ECU 100 determines that regeneration of the
DPF 22 has been completed (i.e., filter regeneration com-
plete) and filter regeneration ends. Incidentally, as de-
scribed above, the initial value [PMs (last value)] of the
estimated PM accumulated amount PMs during filter re-
generation is a value that corresponds to the start-regen-
eration determining value Thpmss.
[0053] Here, in this example embodiment, filter regen-
eration is executed by the post injection, so oil dilution
(i.e., fuel mixed into the engine oil) progresses with the
injection of fuel from that post injection. Therefore, a limit
is placed on the maximum duration of the filter regener-
ation. Once this maximum duration is reached, filter re-
generation is prohibited (i.e., filter regeneration prohibit-
ed) until the fuel mixed into the oil sufficiently vaporises,
even if there is still a command for filter regeneration.
[0054] More specifically, the ECU 100 counts the du-
ration of filter regeneration using the timer/counter 110
while the filter is being regenerated (i.e., in a specific
combustion mode that affects the oil dilution), and pro-
hibits filter regeneration for a fixed period of time when
a count value Ti of that filter regeneration duration reach-
es the maximum duration (i.e., the duration of the post
injection at which the amount of fuel diluting the oil reach-
es the allowable limit). When the filter is in this kind of
filter regeneration prohibited state, the timer/counter 110
is reset (count value Ti = 0), as will be described later.
[0055] Incidentally, the period for which filter regener-
ation is prohibited is established by obtaining, through
testing and calculation or the like, the period of time dur-
ing which the fuel that is mixed in with the engine oil
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sufficiently vaporises (i.e., the time that it takes to recover
from the oil dilution well enough for filter regeneration to
be able to be executed), and setting a compatible value
based on the results.
[0056] Also, even when there is a filter regeneration
command, the ECU 100 will switch the combustion mode
of the engine 1 from the regeneration combustion mode
to the normal combustion mode when the PM combustion
condition ceases to be satisfied. More specifically, when
the engine has been idling or the vehicle has been run-
ning at a low speed for an extended period of time, for
example, the CCO 21 does not heat up so even if a post
injection is executed, the filter temperature will not in-
crease sufficiently, making it difficult to combust PM. In
this case, it is determined that the PM combustion con-
dition is not satisfied, so the ECU 100 switches the com-
bustion mode from the regeneration combustion mode
to the normal combustion mode.
[0057] In this way, even if the combustion mode is
switched from the regeneration combustion mode to the
normal combustion mode during filter regeneration, the
timer/counter 110 is not reset if the filter is in a filter re-
generation incomplete state, which will be described lat-
er. Instead, the count value of the timer/counter 110 is
maintained at the current value. This will be described
later.
[0058] Next, an example of control for counting the fil-
ter regeneration duration using the timer/counter 110 will
be described with reference to the flowchart in FIG. 6.
The routine in FIG. 6 is repeatedly executed in predeter-
mined cycles (such as approximately every several mil-
liseconds to every several tens of milliseconds) in the
ECU 100.
[0059] In step ST101, the ECU 100 determines wheth-
er the filter regeneration has been completed (i.e., filter
regeneration complete) based on the current PM accu-
mulated amount PMs estimated according to the process
for estimating the PM amount based on the engine op-
erating state described above. If the determination is yes,
the ECU 100 determines that the current PM accumula-
tion state of the DPF 22 is a filter regeneration complete
state (step ST102). If the determination in step ST101 is
no (i.e., filter regeneration not complete), the process pro-
ceeds on to step ST103.
[0060] In step ST103, the ECU 100 determines wheth-
er there is no filter regeneration command and the com-
bustion mode is the normal combustion mode. If the de-
termination is yes, the process proceeds on to step
ST108. If the determination in step ST103 is no, (i.e., if
there is a filter regeneration command and the combus-
tion mode is not the normal combustion mode), the proc-
ess proceeds on to step ST104.
[0061] In step ST104, the ECU 100 determines wheth-
er the current state is a filter regeneration prohibited state.
If this determination is no, the ECU 100 determines that
the current state is a filter regeneration incomplete state
(step ST105). If the determination in step ST104 is yes
(i.e., if the current state is the filter regeneration prohibited

state), the process proceeds on to step ST108.
[0062] Here, the filter regeneration incomplete state
will be described with reference to FIG. 7.
[0063] First, as shown in FIG. 7, when there is a filter
regeneration command at time t1, filter regeneration
starts in response to that regeneration command. At time
t2 when filter regeneration starts, the filter regeneration
incomplete state turns on. This filter regeneration incom-
plete state continues as long as the filter regeneration
prohibited state does not turn on. While the filter is in this
filter regeneration incomplete state, the filter regenera-
tion incomplete state will continue without turning off even
if the PM combustion condition ceases to be satisfied
and the combustion mode of the engine 1 switches from
the regeneration combustion mode to the normal com-
bustion mode (during the period between t3 and t4). How-
ever, the filter regeneration incomplete state turns off dur-
ing the period between t5 and t6 when the filter regener-
ation prohibited state is on.
[0064] In this way, the filter regeneration incomplete
state is a state in which there is a filter regeneration com-
mand, during a period after filter regeneration starts until
filter regeneration has been completed and filter regen-
eration is not being prohibited.
[0065] Returning to the flowchart in FIG. 6, the count-
ing process will now be described. In step ST106, the
ECU 100 determines whether the combustion mode is a
mode other than a specific combustion mode (being the
combustion mode that affects oil dilution, the combustion
mode for increasing the bed temperature of the CCO 21,
or the filter regeneration combustion mode). If the deter-
mination in step ST106 is no (i.e., if the combustion mode
is the specific combustion mode), the process proceeds
on to step ST107, and the ECU 100 increases the count
of the timer/counter 110 (Ti = Ti-1 + 1). Then the process
returns.
[0066] On the other hand, if the determination in step
ST106 is yes (i.e., if the combustion mode is the normal
combustion mode), the process proceeds on to step
ST108. In step ST108 the ECU 100 determines whether
the current state is the filter regeneration incomplete
state.
[0067] If the determination in step ST108 is yes, then
the current state is the filter regeneration incomplete
state, so even if the combustion mode temporarily switch-
es from the regeneration combustion mode to the normal
combustion mode, there is a possibility that the combus-
tion mode will soon return to the regeneration combustion
mode. Therefore, the ECU 100 determines that the state
is not one that will cause the fuel mixed into the engine
oil to vaporise, and maintains the current count value Ti
of the filter regeneration duration (Ti = Ti-1) (step ST109)
instead of resetting the timer/counter 110. Then the proc-
ess returns.
[0068] If the determination in step ST108 is no, the
current state is not the filter regeneration prohibited state
and the combustion mode is the normal combustion
mode (either the normal combustion mode from after filter
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regeneration has been completed until filter regeneration
starts or the normal combustion mode in the filter regen-
eration prohibited state), such that fuel mixed in with the
engine oil will vaporise. Therefore, the ECU 100 resets
the timer/counter 110 (step ST110) and initialises the
count value Ti of the filter regeneration duration (i.e., Ti
= 0). Then the process returns.
[0069] Next, the example of the counting process of
the filter regeneration duration described above will be
described with reference to FIG. 8.
[0070] First, until time t2 when filter regeneration starts,
i.e., while the filter is in the filter regeneration complete
state, the combustion mode is the normal combustion
mode when the filter is not in the filter regeneration in-
complete state, so the timer/counter 110 is reset.
[0071] Next, when there is a command for filter regen-
eration at time t2, the state of the filter in the exhaust gas
control apparatus changes to the filter regeneration in-
complete state and the count of the timer/counter 110
starts to be increased.
[0072] Here, if the PM combustion condition ceases to
be satisfied while the filter is being regenerated, the com-
bustion mode switches from the regeneration combus-
tion mode to the normal combustion mode (t3). At this
time, with typical control, the timer/counter 110 is reset
such that count value Ti of the filter regeneration duration
becomes "0" at time t3 when the combustion mode
switches to the normal combustion mode. In contrast,
with the control in this example, when the condition that
the filter be in the filter regeneration incomplete state is
satisfied, the timer/counter 110 maintains the current
count value Ti of the filter regeneration duration (Ti = Ti-1),
so the relationship between the actual amount of fuel
diluting the oil and the filter regeneration duration (i.e.,
the duration of the post injection) will not become skewed.
Then the timer/counter 110 starts to increase the count
again at time t4 when the combustion mode returns to
the regeneration combustion mode.
[0073] At time t5 when the count value Ti of the counter/
timer 110 reaches the maximum duration, the ECU 100
prohibits filter regeneration for a fixed period of time (t5
to t6). The timer/counter 110 is reset while the state is
the filter regeneration prohibited state. Next, the timer/
counter 110 starts to increase the count due to the filter
of the exhaust gas control apparatus being in the filter
regeneration incomplete state at time t6 after a period of
time during which the fuel that is mixed in with the engine
oil sufficiently vaporises (i.e., the time that it takes to re-
cover from the oil dilution well enough for filter regener-
ation to be able to be executed) has passed after time t5
when the filter regeneration prohibited state starts. Then,
at time tn when regeneration of the filter of the exhaust
gas control apparatus is completed, the filter regenera-
tion incomplete state is turned off, the combustion mode
switches to the normal combustion mode, and the timer/
counter 110 is reset.
[0074] Incidentally, in this example embodiment, the
ECU 100 may also determine whether a value obtained

by multiplying one control cycle (time) of the calculation
process by the count value Ti of the timer/counter 110
has reached the maximum duration. Alternatively, the
ECU 100 may determine whether the count value Ti of
the timer/counter 110 itself has reached a maximum
count value that corresponds to the maximum duration.
[0075] As described above, the current duration count
value Ti is maintained even if the PM combustion condi-
tion ceases to be satisfied due to the catalyst temperature
not being high enough, for example, after filter regener-
ation starts in response to a filter regeneration command
(i.e., while the filter is in the filter regeneration incomplete
state), and the combustion mode temporarily switches
from the regeneration combustion mode to the normal
combustion mode. Therefore, the relationship between
the actual amount of fuel diluting the oil and the count
value Ti of the filter regeneration duration (i.e., the dura-
tion of the post injection) will not become skewed. As a
result, the ECU 100 can correctly determine that the
count value Ti of the filter regeneration duration has
reached the maximum duration, so oil dilution can be
reliably suppressed.
[0076] In the example embodiment described above,
a DPF is used as the particulate filter, but the invention
is not limited to this. For example, the invention may also
be applied to an exhaust gas control apparatus that uses
a DPNR catalyst.
[0077] In the example embodiment described above,
an example is described in which the exhaust gas control
apparatus of the invention is applied to an in-cylinder
direct injection four cylinder diesel engine, but the inven-
tion is not limited to this. For example, the invention may
also be applied to a diesel engine with an arbitrary
number of cylinders, such as an in-cylinder direct injec-
tion six cylinder diesel engine.
[0078] Furthermore, the exhaust gas control appara-
tus of the example embodiment described above may
also be applied to a lean-burn petrol engine in which the
operating range where the engine is operated by supply-
ing a mixture with a high air-fuel ratio (i.e., a lean atmos-
phere) accounts for the majority of the entire operating
range. Also, the invention is not limited to being applied
to an engine of a vehicle, but may also be applied to an
engine used for another purpose.
[0079] While the invention has been described with ref-
erence to example embodiments thereof, it is to be un-
derstood that the invention is not limited to the described
embodiments or constructions. To the contrary, the in-
vention is intended to cover various modifications and
equivalent arrangements. In addition, while the various
elements of the disclosed invention are shown in various
example combinations and configurations, other combi-
nations and configurations, including more, less or only
a single element, are also within the scope of the ap-
pended claims.
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Claims

1. An exhaust gas control apparatus provided with a
filter (22) that is arranged in an exhaust passage (4)
of an internal combustion engine (1) and traps par-
ticulate matter in exhaust gas, filter regeneration
controlling means (100) for performing filter regen-
eration that removes particulate matter (PM) that has
accumulated on the filter (22) by performing a regen-
eration fuel injection after a main fuel injection by
controlling the injection timing of the internal com-
bustion engine (1), and a counter (110) that counts
the duration of the filter regeneration, the exhaust
gas control apparatus characterised in that:

the filter regeneration controlling means (100)
determines that a period of time from after there
is a command to regenerate the filter (22) so that
the filter regeneration starts until the filter regen-
eration has been completed, and which is a pe-
riod of time during which the filter regeneration
is not prohibited, is a period of time during which
the filter (22) is in a filter regeneration incomplete
state;
the filter regeneration controlling means (100)
increases the count of the counter (110) when
the filter regeneration is being executed while
the filter (22) is in the filter regeneration incom-
plete state; and
the filter regeneration controlling means (100)
has the counter (110) maintain the current du-
ration count value when the internal combustion
engine (1) switches to a state other than a filter
regenerating state while the filter (22) is in the
filter regeneration incomplete state.

2. The exhaust gas control apparatus according to
claim 1, wherein the filter regeneration controlling
means (100) resets the counter (110) when the filter
(22) is not in the filter regeneration incomplete state.

3. The exhaust gas control apparatus according to
claim 1 or 2, wherein the filter regeneration control-
ling means (100) establishes a filter regeneration
prohibited period when the count of the counter (110)
reaches a predetermined duration.

4. The exhaust gas control apparatus according to
claim 3, wherein the filter regeneration controlling
means (100) resets the counter (110) during the filter
regeneration prohibited period.

5. The exhaust gas control apparatus according to
claim 4, wherein the filter regeneration prohibited pe-
riod is established as a period of time until the fuel
that is mixed in with oil that lubricates the internal
combustion engine (1) sufficiently vaporises.

6. The exhaust gas control apparatus according to any
one of claims 1 to 5, wherein the state other than the
filter regenerating state is a state of the internal com-
bustion engine

(1) in which the regeneration fuel injection is not
performed after the main fuel injection.
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