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(54) Fuel injection control device for internal combustion engine

(57) Based on conventional control considering a
smoke concentration, a basic fuel injection quantity QB
or a fuel injection quantity Qsmoke according to smoke
concentration regulation, whichever is smaller, is taken
as an injection quantity Q0. Basically, if the outlet tem-
perature of a DPF (21) detected by a sensor (23b) reach-
es a temperature at which PM can be burned off, a cor-
rection for increasing according to this temperature is

made to the injection quantity Q0 to give an injection
quantity QF. As auxiliary control, if the inlet temperature
of the DPF (21) detected by a sensor (23a) is low even
when the outlet temperature is high, the correction for
increasing, which has been made according to the outlet
temperature, is cancelled, and the injection quantity Q0
is given as the injection quantity QF after correction, be-
cause the entire DPF (21) is in a filter state suitable for
burning off PM.
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Description

[0001] This invention relates to a fuel injection control
device for an internal combustion engine and, more par-
ticularly, to a technique for properly controlling an internal
combustion engine having a diesel particulate filter
(DPF).
[0002] Generally, the output control of an internal com-
bustion engine is exercised based on the smoke concen-
tration (theconcentration mainly ofparticulate matter
(hereinafter referred to as PM) ) in an exhaust gas, in the
light of environmental problems posed in recent years.
That is, the control of output is performed to confine the
smoke concentration to a prescribed value or below, be-
cause the smoke concentration increases as the output
increases.
[0003] As the method of output control in consideration
of the smoke concentration, it is generally common prac-
tice, for example, to give a maximum injection quantity
responsive to a boost pressure by a map, or correct a
basic injection quantity with a boost pressure, since the
smoke concentration in a tailpipe depends on the intake
air quantity of the internal combustion engine.
[0004] The exhaust gas discharged from a diesel en-
gine contains a large amount of PM as well as HC, CO
and NOx. In recent years, therefore, a diesel particulate
filter (hereinafter referred to as DPF), which traps PM
and burns off it, has found practical use as an exhaust
emission control device for the diesel engine.
[0005] As mentioned above, DPF is a filter for trapping
PM, etc. , and a vehicle furnished with such DPFmini-
mally discharges smoke from the tailpipe. With an inter-
nal combustion engine having DPF, therefore, there is
no need for output regulation in accordance with the
smoke concentration from the tailpipe, and it is possible
to set a fuel injection quantity which generates maximum
torque in response to a predetermined intake air quantity.
[0006] Actually, however, smoke is discharged from
the outlet of the internal combustion engine (engine out-
let). Even if the fuel injection quantity generating maxi-
mum torque can be set, continuous operation of the in-
ternal combustion engine in the presence of an excessive
smoke discharge results in a continued increase in PM
buildup or deposition within DPF. The resultant increase
in the filter pressure loss of DPF raises the exhaust pres-
sure, inducing a pumping loss and causing deteriorated
fuel economy or a worse exhaust gas. If PM is exces-
sively accumulated in DPF, self-ignition of PM in a heavy
load operation may damage DPF.
[0007] In response to increased PM accumulation
within DPF, it is conceivable to burn away PM by natural
regeneration of DPF, or to burn off PM forcibly by post-
injection or the like (forced regeneration). However, nat-
ural regeneration cannot be expected greatly from the
diesel engine whose exhaust gas temperature is rela-
tively low. An increased frequency of forced regenera-
tion, on the other hand, poses the problem of aggravating
fuel economy.

[0008] If output control is effected based on the con-
centration of smoke discharged from the outlet of the
internal combustion engine equipped with DPF, the
aforementioned problems due to excessive smoke dis-
charge can be resolved. However, theproblemarises that
output torque is suppressed.
[0009] Japanese Patent Publication No. 1993-34499
describes a technology in which if the temperature of
DPF is higher than the temperature of PM during normal
combustion, a relatively large amount of fuel is supplied
into a combustion chamber to lower the heat of reaction
of an oxidation catalyst provided upstream of DPF and
prevent the abnormal temperature elevation of DPF.
[0010] However, this technology merely shows action
to be taken when DPF is at an abnormally high temper-
ature. An improvement should be achieved in this tech-
nology from the point of view that an increase in the output
torque of the internal combustion engine during normal
use, and the suppression of excessive buildup of PM in
DPF should both be realized at a higher level.
[0011] The present invention has been accomplished
in the light of the above-mentioned circumstances. It is
an object of the present invention to provide a technology
which is concerned with a fuel injection control device for
an internal combustion engine, and which can increase
the output of the internal combustion engine while sup-
pressing excessive buildup of PM in DPF.
[0012] A fuel injection control device for an internal
combustion engine according to the present invention,
aimed at attaining the above-described object, compris-
es:

fuel injection means for supplying a fuel to the inter-
nal combustion engine;
a filter, provided in an exhaust passage of the internal
combustion engine, for trapping particulate matter in
an exhaust gas;
filter state detection means for detecting an index
correlating with capacity of the filter to burn off the
particulate matter discharged from the internal com-
bustion engine;
operating state detection means for detecting an op-
erating state of the internal combustion engine; and
injection control means for controlling the fuel injec-
tion means in accordance with a target fuel injection
quantity corresponding value determined by a de-
tection output of the operating state detection
means, and
is characterized in that the injection control means
corrects the target fuel injection quantity correspond-
ing value so as to be increased, based on a detection
output of the filter state detection means.

[0013] According to the present invention, the fuel in-
jection quantity can be increased according to the capac-
ity of the filter to remove PM, and the output torque of
the internal combustion engine can be increased while
suppressing excessive buildup of PM in the filter.
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[0014] The index correlating with the capacity of the
filter to burn off the particulate matter refers, for example,
to a DPF temperature (the temperature of the exhaust
gas), or an oxygen concentration in the exhaust gas,
which determines the capacity of DPF to burn and re-
move PM. If DPF is found, based on any such index, to
have a surplus capacity to remove PM, the fuel injection
quantity is not kept at the target fuel injection quantity,
but is corrected to be increased, thereby attempting to
increase output.
[0015] In a preferred mode of the present invention,
for attaining the above object,

the filter state detection means detects an index cor-
relating with the temperature of the filter, and
the injection control means carries out the above cor-
rection for increasing, if the filter is found, based on
the above index, to be able to burn off the particulate
matter.

[0016] According to this preferred mode, the ability of
the filter to burn and remove the particulate matter is
judged by the index correlating with the temperature of
the filter, and a correction for increasing is unerringly per-
formed. This can prevent excessive accumulation of PM
in the filter as a result of the fuel injection quantity being
increased under a situation where it is uncertain whether
the particulate matter can be burned off.
[0017] In another preferred mode of the present inven-
tion, for attaining the object,

the injection control means sets the increase correc-
tion to be larger as the index is on a higher temper-
ature side.

[0018] According to this preferredmode, the correction
for a fuel increase corresponding to the PM removing
capacity of the filter can be achieved, and the output
torque of the internal combustion engine can be in-
creased efficiently.
[0019] In another preferred mode of the present inven-
tion, for attaining the object,

the filter state detection means detects exhaust tem-
perature downstream of the filter, and
the injection control means sets the increase correc-
tion to be large in accordance with the exhaust tem-
perature downstream of the filter if the exhaust tem-
perature downstream of the filter is a first predeter-
mined temperature or higher.

[0020] According to this preferred embodiment, PM
can be prevented from being excessively accumulated
in the filter as a result of the fuel injection quantity being
increased under a situation where it is uncertain whether
the particulate matter can be burned off. Moreover, the
correction for a fuel increase corresponding to the PM
removing capacity of the filter can be achieved, and the

output torque of the internal combustion engine can be
increased efficiently.
[0021] In another preferred mode of the present inven-
tion, for attaining the object,

the filter state detection means detects exhaust tem-
perature upstream of the filter and exhaust temper-
ature downstream of the filter, and
the injection control means makes the correction for
increasing on conditions that the exhaust tempera-
ture downstream of the filter is a first predetermined
temperature or higher, and the exhaust temperature
upstream of the filter is a second predetermined tem-
perature or higher.

[0022] According to this preferred mode, the filter state
is grasped from the temperature of the exhaust gas pass-
ing through DPF, and an unerring judgment for the cor-
rection for increasing is made. As a result, the situation
where PM is stably burned off by the filter can be detected
unerringly. This can prevent excessive accumulation of
PM in the filter as a result of the fuel injection quantity
being increased under a situation where it is uncertain
whether the particulate matter can be burned off.
[0023] In another preferred mode of the present inven-
tion, for attaining the object,

the filter state detection means detects exhaust tem-
perature upstream of the filter and exhaust temper-
ature downstream of the filter, and
the injection control means makes the correction for
increasing in accordance with the exhaust temper-
ature downstream of the filter and the exhaust tem-
perature upstream of the filter.

[0024] DPF, which has a predetermined length in the
flowing direction of the exhaust gas, may have a nonu-
niform temperature in its interior. Furthermore, the PM
removing capacity of DPF depends on the DPF temper-
ature. According to this preferred mode, therefore, cor-
rection for increasing in accordance with the exhaust
temperature downstream of the filter and the exhaust
temperature upstream of the filter is performed, whereby
the filter state is grasped unerringly, and an unerring cor-
rection for increasing is made. Thus, the correction for a
fuel increase unerringly corresponding to the PM remov-
ing capacity of the filter can be achieved, and the output
torque of the internal combustion engine can be in-
creased efficiently.
[0025] In another preferred mode of the present inven-
tion, for attaining the object,

the target fuel injection quantity corresponding value
is restricted such that the concentration of smoke
discharged from the internal combustion engine is a
predetermined value or lower.

[0026] A predetermined control value may be set for
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the smoke concentration in the exhaust gas under laws
and regulations and from the viewpoint of appearance of
the exhaust gas while the vehicle is driving. If fuel injec-
tion control for fulfilling this control value is exercised for
all operating states, the problem of an inadequate engine
output occurs. According to this preferred mode, there-
fore, insufficiency in output, which is caused by exercis-
ing conventional fuel injection control in consideration of
the smoke concentration in all operating states, is elim-
inated, and the surplus capacity of DPF to remove PM
is effectively used, whereby engine output can be in-
creased.
[0027] In another preferred mode of the present inven-
tion, for attaining the object,

the injection control means sets the target fuel injec-
tion quantity corresponding value within limits corre-
sponding to the boost pressure of the internal com-
bustion engine, and corrects the target fuel injection
quantity corresponding value, based on the detec-
tion output of the filter state detection means, so as
to be increased beyond the limits.

[0028] According to this preferred mode, engine output
can be efficiently increased by making effective use of
the PM purifying capacity of DPF, with smoke discharged
from the internal combustion engine being controlled ap-
propriately.
[0029] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not limitative of
the present invention, and wherein:

FIG. 1 is a schematic configurational drawing show-
ing a fuel injection control device for an internal com-
bustion engine according to an embodiment of the
present invention;
FIG. 2 is a graph showing the relationshipbetween
the temperature of DPF and changes over time in
pre-DPF/post-DPF differential pressure obtained
from tests;
FIG. 3 is a graph showing PM buildup within DPF in
terms of the relationship between the concentration
of smoke discharged from engine and the tempera-
ture of DPF; and
FIG. 4 is a view showing the method of control in the
fuel injection control device for the internal combus-
tion engine according to the embodiment of the
present invention.

[0030] An embodiment of the present invention will
now be described in detail with reference to the accom-
panying drawings, but this embodiment does not limit the
present invention. FIG. 1 is a schematic configurational
drawing showing a fuel injection control device for an
internal combustion engine according to the embodiment
of the present invention.

[0031] As shown in FIG. 1, an engine 1, which is an
internal combustion engine, is, for example, a common-
rail type in-line four-cylinder diesel engine. In the com-
mon-rail type engine 1, an electromagnetic fuel injection
nozzle 3 (fuel injection means) facing a combustion
chamber 2 is provided in each cylinder, and each fuel
injection nozzle 3 is connected to a common rail 5 by a
high pressure pipe 4. The common rail 5 is connected to
a fuel tank 8 via a high pressure pipe 6 having a high
pressure pump 7 interposed therein. Since the engine 1
is a diesel engine, a light oil is used as a fuel.
[0032] An electromagnetic intake throttle valve 10 is
provided in an intake passage 9 for the engine 1. An EGR
passage 13 extends from an upstream portion of an ex-
haust passage 12, and the terminating end of the EGR
passage 13 is connected to a portion of the intake pas-
sage 9 downstream of the intake throttle valve 10. An
electromagnetic EGR valve 14 is interposed in the EGR
passage 13.
[0033] An exhaust emission control device is inter-
posed in a downstream portion of the exhaust passage
12. The exhaust emission control device is constructed
by providing an oxidation catalyst (DOC) 20 upstream of
a diesel particulate filter (DPF) 21. The exhaust emission
control device is designed to produce an oxidizing agent
(NO2) in the oxidation catalyst 20, and constantly and
uninterruptedly oxidize and remove particulate matter
(PM) accumulated in the downstream DPF 21 by the re-
sulting oxidizing agent.
[0034] To the input side of an electronic controller
(ECU) 15 (operating state detection means), there are
connected various sensors, such as an air flow sensor
11 for detecting an intake air quantity Qa, a pre-DPF tem-
perature sensor 23a and a post-DPF temperature sensor
23b (filter state detection means) for detecting the tem-
peratures of exhaust gases upstream of and downstream
of the DPF 21, an accelerator opening sensor 17 for de-
tecting the depression amount of an accelerator pedal
16, namely, an accelerator opening APS, a sensor for
detecting the rotational speed Ne of the engine 1, and a
sensor for detecting the pressure PB of an intake mani-
fold. To the output side of the electronic controller 15
(ECU), various devices, such as the fuel injection nozzle
3, the high pressure pump 7, the intake throttle valve 10,
and the EGR valve 14, are connected.
[0035] Thus, the various devices are controlled based
on various pieces of input information, so that the engine
1 is appropriately operated and controlled. The fuel in-
jection control device for the internal combustion engine
according to the present embodiment has the function of
controlling the target fuel injection quantity of the fuel
injection nozzle 3, for example, based on the operating
state of the engine 1. This fuel injection control device is
designed to control the target fuel injection quantity re-
strictively so that the concentration of smoke discharged
from the engine 1 is not higher than a predetermined
concentration if the temperature of the DPF 21 is lower
than a predetermined temperature. If the temperature of
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the DPF 21 is not lower than the predetermined temper-
ature, on the other hand, the fuel injection control device
is adapted to correct the target fuel injection quantity to
be increased in accordance with the temperature of the
DPF 21.
[0036] Whether the temperature of the DPF 21 is lower
than the predetermined temperature, or is the predeter-
mined temperature or higher, makes a difference in the
type of control of the target fuel injection quantity. The
predetermined temperature set here is an example of an
index corresponding to the capacity of the DPF 21 to burn
off accumulated PM. That is, the PM removing capacity
of the DPF 21 depends on the temperature of the DPF
21. For example, the lower limit value of the temperature,
which ensures a filter state where the DPF 21 can com-
pletely continue to remove PM accumulated as the en-
gine 1 is operated, namely, continuous regeneration of
the filter is possible, is set as the predetermined temper-
ature.
[0037] Assume that the temperature of the DPF 21 is
lower than the predetermined temperature, and PM can-
not completely be removed, but keeps deposited within
the DPF 21. Under these conditions, the target fuel in-
jection quantity is restrictively controlled so that the
smoke concentration becomes the predetermined con-
centration or lower. By so doing, discharge of smoke is
suppressed, and the problem of PM accumulation within
the DPF 21 is resolved.
[0038] Assume, on the other hand, that the tempera-
ture of the DPF 21 is the predetermined temperature or
higher, and continuous regeneration of the DPF 21 is
possible. Under these conditions, the target fuel injection
quantity is corrected to be increased. By this measure,
the output of the engine 1 can be increased with the ef-
fective use of the surplus capacity of the DPF 21 to re-
move PM. At the predetermined temperature or higher,
the DPF 21 has the capacity to remove the amount of
PM in excess of the amount of discharged PM determined
by the target fuel injection quantity. Even if the injection
quantity is increased to raise the smoke concentration,
PM in the smoke is dealt with within the DPF 21, and
smoke regulation is complied with. Thus, control effected
in the above-described manner can increase the output
of the engine 1 while suppressing smoke discharge.
[0039] FIG. 2 is a graph showing the relationship be-
tween the temperature of DPF and changes over time in
pre-DPF/post-DPF differential pressure obtained from
tests. In this graph, the vertical axis represents a differ-
ential pressure (in KPa) as a difference between the pres-
sure of an exhaust gas upstream of DPF and the pressure
of an exhaust gas downstream of DPF, and the horizontal
axis represents time (in seconds). The graph shows
changes with the passage of time in the pre-DPF/post-
DPF differential pressure at the DPF temperature of
426°C, 556°C and 647°C upon discharge of an exhaust
gas having a smoke concentration of 20% from the en-
gine.
[0040] DPF is a filter having a predetermined length in

the flowing direction of the exhaust gas. There may be a
case in which the temperature at the entrance to the DPF
and the temperature at the exit of DPF are different from
each other. However, the inlet temperature and the outlet
temperature of DPF were set at the same value for exe-
cution of tests, by rendering the operating state a steady
state.
[0041] As FIG. 2 shows, when the temperature of DPF
is 426°C, the pre-DPF/post-DPF differential pressure is
seen to increase over time. This is because the temper-
ature of DPF is relatively low, so that PM in a concentra-
tion of 20% contained in the exhaust gas cannot be com-
pletely burned off, and PM continues to accumulate with-
in DPF. Since the degree of PM accumulation is remark-
able, the differential pressure is presumed to increase
markedly.
[0042] When the temperature of DPF is 556°C or
647°C, by contrast, the pre-DPF/post-DPF differential
pressure is found to be stable. This is because the tem-
perature of DPF is relatively high, so that PM in a con-
centration of 20% contained in the exhaust gas can be
completely burned off. That is, when PM flows into DPF,
PM can be burned off at the same time. Even if PM ac-
cumulates in DPF, its accumulation is not excessive, and
is to such a degree as not to influence the pre-DPF/post-
DPF differential pressure.
[0043] FIG. 3 is a graph showing PM buildup or accu-
mulation within DPF in terms of the relationship between
the concentration of smoke discharged from the engine
and the temperature of DPF. In this drawing, the amount
of PM (g/h) accumulating per unit time in DPF is plotted
on a map, with the vertical axis representing the concen-
tration (%) of smoke in the exhaust gas discharged from
the engine, and the horizontal axis representing the tem-
perature (°C) of DPF. As in FIG. 2, the inlet temperature
and the outlet temperature of DPF were set at the same
value for execution of tests, by rendering the operating
state a steady state.
[0044] An example of how FIG. 3 should be seen is
shown. Let the temperature of DPFbe 650°C, for exam-
ple. Inflow of the exhaust gas having a smoke concen-
tration of 20% results in an accumulation rate of 0 g/h,
because the amount of PM flowing in and the amount of
PM being burned off in DPF are equal. When the exhaust
gas having a smoke concentration of 35% is flowed in,
the accumulation rate is 10 g/h, because the amount of
PM flowing in is larger than the amount of PM being
burned off in DPF. When the exhaust gas having a smoke
concentration of less than 20% is flowed in, the accumu-
lation rate is 0 g/h, because the amount of PM flowing in
is smaller than the amount of PM being burned off in
DPF. These findings are proof that under such condi-
tions, DPF has a surplus capacity to remove PM (contin-
uous regeneration region).
[0045] When the exhaust gas having a smoke concen-
tration of 20% is flowed in, the accumulation rate is as
follows: The accumulation rate is 0 g/h, if the temperature
of DPF is 650°C, because the amount of PM flowing in
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is equal to the amount of PM being burned off in DPF;
the accumulation rate is 10 g/h, if the temperature of DPF
is 575°C, because the amount of PM flowing in is larger
than the amount of PM being burned off in DPF; the ac-
cumulation rate is 0 g/h, if the temperature of DPF is
higher than 650°C, because the amount of PM flowing
in is smaller than the amount of PM being burned off in
DPF. These findings are proof that under such condi-
tions, DPF has a surplus capacity to remove PM (contin-
uous regeneration region).
[0046] FIG. 3 shows, in particular, the presence of a
beneficial region downward of a region representing con-
ditions under which the amount of PM flowing in is equal
to the amount of PM being burned off in DPF and the
accumulation rate of PM is 0 g/h, namely, a continuous
regeneration region in which DPF has a surplus PM re-
moving capacity and, even if the output of the engine is
enhanced to increase the smoke concentration, the
smoke regulation can be cleared, with the problems due
to PM accumulation within DPF being resolved.
[0047] Even under conditions under which the amount
of PM flowing in is larger than the amount of PM being
burned off in DPF and the accumulation rate of PM is
several grams/h, if the accumulation rate does not affect
the pre-DPF/post-DPF differential pressure, there is like-
wise such a region in which even if the output of the en-
gine is enhanced to increase the smoke concentration,
the smoke regulation can be cleared, with the problems
due to PM accumulation within DPF being resolved.
[0048] In the present embodiment, the above-de-
scribed beneficial region is utilized in exercising control
for increasing the output of the internal combustion en-
gine while suppressing the excessive accumulation of
PM in DPF. FIG. 4 is a view showing the method of control
in the fuel injection control device for the internal com-
bustion engine according to the present embodiment.
[0049] As shown in FIG. 4, a basic fuel injection quan-
tity QB (numeral 31) is determined by the accelerator
opening APs and the rotational speed Ne of the engine
1. Separately, a fuel injection quantity Qsmoke (numeral
32) according to the smoke concentration regulation is
determined by the boost pressure PB of the intake man-
ifold and the rotational speed Ne of the engine 1. The
smaller of these injection quantities is taken as an injec-
tion quantity Q0 (numeral 33).
[0050] In detail, if the engine 1 is operated with the
basic fuel injection quantity QB, the concentration of
smoke discharged from the engine 1 may be higher than
the predetermined concentration. Thus, regulation is ef-
fected by the fuel injection quantity Qsmoke determined
by the map including the boost pressure PB and the en-
gine rotational speed Ne. The method of control over the
internal combustion engine based on the so obtained in-
jection quantity Q0 is the conventional method of output
control in consideration of the smoke concentration.
[0051] According to the present embodiment, if the
temperature of the DPF 21 is lower than the predeter-
mined temperature, the engine 1 is controlled based on

the injection quantity Q0. If the temperature of the DPF
21 is the predetermined temperature or higher, however,
a correction for increasing (numeral 34) according to the
DPF temperature is made to the injection quantity Q0 for
control of the engine 1.
[0052] The correction for increasing, made to the in-
jection quantity Q0 according to the temperature of the
DPF 21, is made in the following manner: Basically, the
correction for increasing (numeral 34) is made based on
the outlet temperature (numeral 35) of the DPF 21 de-
tected by the sensor 23b. That is, if the DPF outlet tem-
perature reaches a temperature at which PM can be
burned off, the correction for increasing according to this
temperature is made to the injection quantity Q0 to obtain
an injection quantity QF.
[0053] The reason behind this procedure is as follows:
If the DPF outlet temperature is high, the DPF inlet tem-
perature is also generally high, so that the entire DPF 21
is in a filter state suitable for burning off PM. On the other
hand, there is a case where the inlet temperature is high,
while the outlet temperature is low. In this case, there is
a possibility that PM cannot be removed in a low-tem-
perature portion of the DPF 21.
[0054] As an auxiliary way of control, a correction is
made (numeral 34) based on the inlet temperature (nu-
meral 36) of the DPF 21 detected by the sensor 23a. This
is because there is a case where the DPF outlet temper-
ature is high, while the inlet temperature is low. Such a
filter state does not mean that the entire DPF 21 is in a
filter state suitable for burning off PM. Thus, the correction
for increasing, which has been made according to the
outlet temperature, is cancelled, and the injection quan-
tity Q0 is given as the injection quantity QF after correc-
tion.
[0055] A concrete correction for increasing will be ex-
plained. If the temperature of the DPF 21 was 680°C
(both outlet temperature and inlet temperature), for ex-
ample, the conventional control considering the smoke
concentration used a smoke concentration not higher
than the permissible smoke concentration of 30% (PM
accumulation rate: 0 g/h), for example, a smoke concen-
tration of 15%. Thus, the fuel injection quantity is correct-
ed to be increased so that the smoke concentration will
increase from 15% to 30%, whereby the engine output
is increased.
[0056] In the above-mentioned case, the permissible
smoke concentration may be set at 30% or higher, at an
accumulation rate which does not influence the pre-DPF/
post-DPF differential pressure of the DPF 21. In this case,
the engine output can be increased further.
[0057] While the present invention has been described
in the foregoing fashion, it is to be understood that the
invention is not limited thereby, but may be varied in many
other ways. In the above-described present embodiment,
for example, fuel control is exercised based on the injec-
tion quantity QF, which has been obtained by making a
correction according to the temperature of the DPF 21
to the injection quantity Q0 obtained according to the
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smoke regulation. However, fuel control may be effected
based on an injection quantity obtained by direct temper-
ature-dependent correction on the smoke concentration
regulation injection quantity Qsmoke, or the basic fuel in-
jection quantity QB, whichever is smaller. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to
be included within the scope of the appended claims.

Claims

1. A fuel injection control device for an internal com-
bustion engine, comprising:

fuel injection means (3) for supplying fuel to the
internal combustion engine (1);
a filter (21), provided in an exhaust passage (12)
of the internal combustion engine (1), for trap-
ping particulate matter in an exhaust gas;
filter state detection means (23a, 23b) for de-
tecting an index correlating with capacity of the
filter (21) to burn off the particulate matter dis-
charged from the internal combustion engine
(1);
operating state detection means (15) for detect-
ing an operating state of the internal combustion
engine (1); and
injection control means (15) for controlling the
fuel injection means (3) in accordance with a
target fuel injection quantity corresponding val-
ue determined by a detection output of the op-
erating state detection means (15), and

wherein the injection control means (15) corrects the
target fuel injection quantity corresponding value so
as to be increased, based on a detection output of
the filter state detection means (23a, 23b).

2. The fuel injection control device for an internal com-
bustion engine according to claim 1, characterized
in that

the filter state detection means (23a, 23b) de-
tects an index correlating with temperature of
the filter (21), and
the injection control means (15) carries out the
correction for increasing, if the filter (21) is found,
based on the index, to be able to burn off the
particulate matter.

3. The fuel injection control device for an internal com-
bustion engine according to claim 2, characterized
in that

the injection control means (15) sets the in-
crease correction to be larger as the index is on

a higher temperature side.

4. The fuel injection control device for an internal com-
bustion engine according to claim 1, 2, or 3,
characterized in that

the filter state detection means (23a, 23b) de-
tects exhaust temperature downstream of the
filter (21), and
the injection control means (15) sets the in-
crease correction to be large in accordance with
the exhaust temperature downstream of the fil-
ter (21) if the exhaust temperature downstream
of the filter (21) is a first predetermined temper-
ature or higher.

5. The fuel injection control device for an internal com-
bustion engine according to claim 1, 2, or 3,
characterized in that

the filter state detection means (23a, 23b) de-
tects exhaust temperature upstream of the filter
(21) and exhaust temperature downstream of
the filter (21), and
the injection control means (15) makes the cor-
rection for increasing on conditions that the ex-
haust temperature downstream of the filter (21)
is a first predetermined temperature or higher,
and the exhaust temperature upstream of the
filter (21) is a second predetermined tempera-
ture or higher.

6. The fuel injection control device for an internal com-
bustion engine according to claim 1, 2, or 3,
characterized in that

the filter state detection means (23a, 23b) de-
tects exhaust temperature upstreamof the filter
(21) and exhaust temperature downstream of
the filter (21), and
the injection control means (15) makes the cor-
rection for increasing in accordance with the ex-
haust temperature downstream of the filter (21)
and the exhaust temperature upstream of the
filter (21).

7. The fuel injection control device for an internal com-
bustion engine according to any of claims 1 to 6,
characterized in that

the target fuel injection quantity corresponding
value is restricted such that a concentration of
smoke discharged from the internal combustion
engine (1) is a predetermined concentration or
lower.

8. The fuel injection control device for an internal com-
bustion engine according to any of claims 1 to 7,
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characterized in that

the injection control means (15) sets the target
fuel injection quantity corresponding value with-
in limits corresponding to boost pressure of the
internal combustion engine (1), and corrects the
target fuel injection quantity corresponding val-
ue, based on a detection output of the filter state
detection means (23a, 23b), so as to be in-
creased beyond the limits.
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