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(54) Control apparatus for internal combustion engine

(57) A control apparatus for an internal combustion
engine handles a plurality of engine control parameters
which influence the emission generation quantity, while
dividing them into a plurality of classes in terms of re-
sponse speed. An empirical formula which obtains the
emission generation quantity by use of the plurality of
parameters as arguments is solved for each parameter,
whereby an equation for obtaining the value of a param-
eter of a class of interest while using parameters of the
remaining classes and the emission generation quantity
as arguments is obtained for each parameter. In each
of the obtained equations, a target value is used as an
argument value of the emission generation quantity, an
actual value is used as an argument value of a param-
eter of a class which is lower in response speed than
the class of interest, and a steady-state adequate values
is used as an argument value of a parameter of a class
which is higher in response speed than the class of in-
terest. The values calculated by these equations are
used as target values of the parameters.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a control apparatus for an internal combustion engine which controls a pre-
determined controlled quantity generated upon operation of the engine, such as the quantities of NOx and particulate
matter (hereinafter referred to as "PM") contained in exhaust gas discharged from an exhaust passage of the engine.

Description of the Related Art

[0002] In an internal combustion engine such as a spark-ignition engine or a diesel engine, the quantity of NOx, PM,
etc. (hereinafter collectively referred to as "emissions") contained in exhaust gas generated upon operation of the
engine or the quantity of combustion noise (hereinafter referred to as "CN") must be effectively reduced.
[0003] However, as has been known, when the quantity of EGR gas is increased in order to reduce the generation
quantity of NOx, in the case of a diesel engine, the generation quantity of PM increases. That is, in order to minimize
the NOx generation quantity in consideration of suppression of an increase in the PM generation quantity and other
factors, the NOx generation quantity is desirably controlled to a predetermined target value corresponding to the op-
eration state of the engine. Meanwhile, in order to accurately control the NOx generation quantity to a predetermined
target value, the NOx generation quantity must be accurately estimated.
[0004] For such accurate estimation, a control apparatus for an internal combustion engine disclosed in Japanese
Patent Application Laid-Open (kokai) No. 2002-371893 detects combustion pressure and intake-gas oxygen concen-
tration by use of a cylinder pressure sensor and an intake-gas oxygen concentration sensor, and estimates the quantity
of NOx generated upon combustion on the basis of combustion temperature and gas mixture concentration calculated
on the basis of the combustion pressure and the intake-gas oxygen concentration, wherein the estimation is performed
by use of the extended Zeldovich mechanism, which is a typical known combustion model. Then, EGR gas quantity
or the like is controlled so that the estimated NOx generation quantity coincides with the predetermined target value.
[0005] Incidentally, the above-mentioned NOx generation quantity is greatly influenced by a plurality of engine control
parameters such as fuel injection timing, fuel injection pressure, and intake-gas oxygen concentration. In other words,
a predetermined correlation exists between the NOx generation quantity and these engine control parameters. Ac-
cordingly, there can be previously obtained a correlation (specifically, a table, mathematical equation, etc.) between
the operation state of the engine and values of a plurality of engine control parameters (hereinafter referred to as
"engine control parameter steady-state adequate values") which make the NOx generation quantity coincident with a
predetermined target value when the engine is in a steady state in the operation state. For example, such correlation
can be obtained through an experiment in which the operation state of the engine is successively changed to and
maintained in a plurality of steady states, and in each steady state, there are obtained the optimal values (optimal
combination of values) of the engine control parameters which make the NOx generation quantity coincident with a
predetermined target value corresponding to the steady state.
[0006] In view of the above, in order to control the NOx generation quantity to the predetermined target value cor-
responding to the operation state of the engine, there can be employed a configuration designed to repeatedly detect
the operation state of the engine; to set, as target values of the engine control parameters, corresponding engine
control parameter steady-state adequate values obtained from the detected operation state and the above-described
previously obtained correlation; and to control the engine control parameters such that the actual values of the engine
control parameters approach (or coincide with) the corresponding target values. This configuration enables controlling
the NOx generation quantity to the predetermined target value corresponding to the operation state of the engine
without estimating the NOx generation quantity as in the apparatus disclosed in the patent publication.
[0007] In this case, in order to accurately control the NOx generation quantity to the predetermined target value
corresponding to the operation state of the engine, all the values (actual values) of the above-described plurality of
engine control parameters must quickly follow the target values (i.e., steady-state adequate values) which change in
accordance with the operation state of the engine.
[0008] However, in actuality, some variation arises in response speed (speed at which an actual value approaches
the corresponding target value) among the engine control parameters. Accordingly, when the engine moves from a
certain steady state to an excessive transition state and then returns to the certain steady state, the actual values of
the plurality of engine control parameters successively coincide with the corresponding target values (i.e., steady-state
adequate values) in descending order of response speed. When the actual value of an engine control parameter having
the lowest response speed coincides with the corresponding target value (i.e., steady-state adequate value), the tran-
sition state substantially ends, and the engine again operates in the steady state (i.e., all the engine control parameter
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actual values coincide with the corresponding target values (steady-state adequate values)), whereby the NOx gen-
eration quantity accurately coincides with the predetermined target value.
[0009] In other words, the NOx generation quantity follows the predetermined target value at the response speed of
an engine control parameter having the lowest response speed. Accordingly, there arises a problem in that when the
engine returns from an excessive transition state to the steady state, during a period in which the transition state
continues (i.e., in a period in which the actual value of the engine control parameter having the lowest response speed
does not coincide with the corresponding target value (steady-state adequate value), a difference may be continuously
produced between the actual value of the engine control parameter having the lowest response speed and the target
value (steady-state adequate value), and as a result the NOx generation quantity may be continuously maintained at
a high level which greatly differs from the predetermined target value.

SUMMARY OF THE INVENTION

[0010] In view of the foregoing, an object of the present invention is to provide a control apparatus for an internal
combustion engine which controls a controlled quantity (e.g., NOx) generated upon operation of the engine, and which
can cause the actual value of the controlled quantity to accurately follow a target value when the engine is in a transition
state.
[0011] A control apparatus for an internal combustion engine according to the present invention comprises operation
state obtaining means, controlled quantity target value determination means, engine control parameter actual value
obtaining means, engine control parameter steady-state adequate value obtaining means, engine control parameter
target value determination means, and control means, wherein a quantity to be controlled (hereinafter referred to as
"controlled quantity") is controlled such that the actual value of the controlled quantity approaches a target value of the
controlled quantity. The respective means will be described individually.
[0012] The operation state obtaining means obtains operation state of the engine (e.g., engine speed, accelerator
opening, load, etc.) by physically detecting the operation state by use of a sensor or estimating the operation state
through a predetermined calculation.
[0013] The controlled quantity target value determination means determines the target value of the controlled quan-
tity, which is generated upon operation of the engine, from the obtained operation state (and a table or a mathematical
formula which defines the relation between the operation state and the controlled quantity target value). Examples of
the controlled quantity include emission generation quantities (e.g., NOx generation quantity and PM generation quan-
tity), CN quantity, and other quantities, which must be prevented from increasing with operation of the engine.
[0014] The engine control parameter actual value obtaining means obtains actual values of a plurality of engine
control parameters (e.g., fuel injection timing, fuel injection pressure, and intake-gas oxygen concentration) which
influence the actual value of the controlled quantity. With this means, the actual value of each of the engine control
parameters is individually obtained through physical detection by use of a sensor or estimation through a predetermined
calculation. Since the values of the engine control parameters affect the controlled quantity, a predetermined correlation
is present between the controlled quantity and the engine control parameters. Accordingly, the controlled quantity can
be represented by a predetermined mathematical formula (empirical formula, function), whose arguments are the re-
spective values of the engine control parameters.
[0015] The engine control parameter steady-state adequate value obtaining means obtains, as engine control pa-
rameter steady-state adequate values, respective values of the engine control parameters on the basis of the obtained
operation state, the values being necessary for rendering the actual value of the controlled quantity coincident with the
controlled quantity target value when the engine is in a steady state in the obtained operation state . With this means,
the respective steady-state adequate values of the engine control parameters which change depending on the oper-
ation state are individually obtained on the basis of the obtained operation state and through search of a previously
prepared, predetermined table or in accordance with a previously prepared, predetermined mathematical formula or
the like.
[0016] The engine control parameter target value determination means determines the target values of the engine
control parameters which cause the actual value of the controlled quantity to approach the controlled quantity target
value, and will be described later in detail. The control means individually (feedback) controls the engine control pa-
rameters such that the actual values of the engine control parameters approach the target values of the engine control
parameters.
[0017] The engine control parameter target value determination means is configured to handle the engine control
parameters while dividing them into a plurality of classes in accordance with response speed at the time when the
engine control parameters are controlled by means of the control means. Specifically, the engine control parameters
are divided into n classes, where n is at least 2 and not greater the number of the engine control parameters, and each
class may contain a single engine control parameter, or two or more engine control parameters.
[0018] The engine control parameter target value determination means includes class-by-class engine control pa-
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rameter value calculation means. The class-by-class engine control parameter value calculation means calculates,
from the controlled quantity target value and the argument values regarding the engine control parameters other than
an engine control parameter belonging to a class having the highest response speed (hereinafter referred to as the
"fastest class engine control parameter"), at least a value of the fastest class engine control parameter which renders
the actual value of the controlled quantity coincident with the controlled quantity target value when the actual values
of the engine control parameters other than the fastest class engine control parameter are equal to the argument values.
[0019] Specifically, the class-by-class engine control parameter value calculation means can be obtained by substi-
tuting the controlled quantity target value, which is determined by means of the controlled quantity target value deter-
mination means, for the value (argument value) of the controlled quantity in a mathematical formula which can be
obtained by solving the above-described, predetermined mathematical formula (empirical formula, function), which
obtains the controlled quantity while using the values of the engine control parameters as arguments, with respect to
the fastest class engine control parameter (in the case where a plurality of fastest class engine control parameters are
present, each of the fastest class engine control parameters). In the class-by-class engine control parameter value
calculation means obtained in this manner, when corresponding steady-state adequate values are used as the argu-
ment values regarding the engine control parameters other than the fastest class engine control parameter, the value
of the fastest class engine control parameter calculated by this means coincides with the steady-state adequate value
of the fastest class engine control parameter.
[0020] The engine control parameter target value determination means uses, as a target value of the fastest class
engine control parameter, a value of the fastest class engine control parameter which the class-by-class engine control
parameter value calculation means calculates while using corresponding engine control parameter actual values as
(all) the argument values regarding the engine control parameters other than the fastest class engine control parameter.
With this operation, the target value of the fastest class engine control parameter differs from the steady-state adequate
value of the fastest class engine control parameter insofar as the actual values of the engine control parameters other
than the fastest class engine control parameter differ from the corresponding steady-state adequate values.
[0021] As a result of the target value of the fastest class engine control parameter being set in this manner, under
the assumption that the actual values of the engine control parameters other than the fastest class engine control
parameter are maintained constant, the controlled quantity accurately coincides with (follows) the controlled quantity
target value, when the actual value of the fastest class engine control parameter has reached the target value. Further,
the response speed of the fastest class engine control parameter is naturally higher than those of the remaining engine
control parameters. Therefore, when the engine is in a transition state, the controlled quantity can follow the controlled
quantity target value at the response speed of the fastest class engine control parameter (or a response speed close
to the response speed of the fastest class engine control parameter).
[0022] Meanwhile, the engine control parameter target value determination means uses, as target values of the
engine control parameters other than the fastest class engine control parameter, values which are at least based on
the steady-state adequate values of the engine control parameters (e.g., the steady-state adequate values themselves).
Accordingly, in the case where the corresponding steady-state adequate values are always used as the target values
of the engine control parameters other than the fastest class engine control parameter, when the engine returns from
an excessive transition state to the steady state, the actual values of the engine control parameters other than the
fastest class engine control parameter successively coincide with the corresponding target values (i.e., steady-state
adequate values), from the highest response speed to the lowest response speed. At this time, over a period during
which the transition state continues (that is, during a period in which the actual value of the engine control parameter
having the lowest response speed does not coincide with the corresponding target value (steady-state adequate value),
the controlled quantity continues to follow the controlled quantity target value at the response speed of the fastest class
engine control parameter as described above.
[0023] As described above, when the control apparatus for an engine according to the present invention is employed,
the controlled quantity (e.g., the NOx generation quantity) can follow the controlled quantity target value at the response
speed of the fastest class engine control parameter, irrespective of the response speed of the engine control parameter
having the lowest response speed. Therefore, even when the engine is in a transition state, the control apparatus can
cause the actual value of the controlled quantity to accurately follow the target value.
[0024] In this case, preferably, the class-by-class engine control parameter value calculation means is configured to
calculate, for each class of interest, a value of the engine control parameter belonging to the class of interest on the
basis of the controlled quantity target value and the argument values regarding the engine control parameters other
than the engine control parameter belonging to the class of interest, the value making the actual value of the controlled
quantity coincident with the controlled quantity target value when the actual values of the engine control parameters
other than the engine control parameter belonging to the class of interest are equal to the argument values.
[0025] Specifically, the means for calculating the above-mentioned value of the engine control parameter belonging
to the class of interest can be obtained by substituting the controlled quantity target value, which is determined by
means of the controlled quantity target value determination means, for the value (argument value) of the controlled
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quantity in a mathematical formula which can be obtained by solving the above-described, predetermined mathematical
formula, which obtains the controlled quantity while using the values of the engine control parameters as arguments,
with respect to the engine control parameter belonging to the class of interest (in the case where a plurality of engine
control parameters belongs to the class of interest, each of the engine control parameters belonging to the class of
interest). The above-mentioned class-by-class engine control parameter value calculation means can be obtained by
successively changing the class of interest.
[0026] In the class-by-class engine control parameter value calculation means obtained in this manner, when cor-
responding steady-state adequate values are used as all the argument values regarding the engine control parameters
other than the engine control parameter belonging to the class of interest, the value of the engine control parameter
belonging to the class of interest calculated by this means coincides with the steady-state adequate value of the engine
control parameter belonging to the class of interest.
[0027] Moreover, preferably, the engine control parameter target value determination means is configured to use,
for each class of interest, as the target value of the engine control parameter belonging to the class of interest, a value
of the engine control parameter belonging to the class of interest calculated by means of the class-by-class engine
control parameter value calculation means which uses, as an argument value regarding the engine control parameter
belonging to a class having a lower response speed than the class of interest, the corresponding engine control pa-
rameter actual value, and uses, as an argument value regarding the engine control parameter belonging to a class
having a higher response speed than the class of interest, the corresponding engine control parameter steady-state
adequate value.
[0028] By virtue of this configuration, the target value of the engine control parameter belonging to the class having
the lowest response speed always coincides with the steady-state adequate value of the engine control parameter
having the lowest response speed, and the target value of the engine control parameter belonging to the class of
interest differs from the steady-state adequate value of the engine control parameter belonging to the class of interest
insofar as the actual value of the engine control parameter belonging to a class which is lower in response speed than
the class of interest differs from the corresponding steady-state adequate value. Notably, in this case as well, the value
of the fastest class engine control parameter which the class-by-class engine control parameter value calculation
means calculates while using corresponding engine control parameter actual values as (all) the argument values re-
garding the engine control parameters other than the fastest class engine control parameter is used as the target value
of the fastest class engine control parameter. Accordingly, when the engine is in a transition state, the controlled quantity
can always follow the controlled quantity target value at the response speed of the fastest class engine control param-
eter (or a response speed close to the response speed of the fastest class engine control parameter).
[0029] In addition, as a result of the target values of the engine control parameters other than the fastest class engine
control parameter being set in the above-described manner, when the engine returns from an excessive transition state
to the steady state, the target values of the engine control parameters successively coincide with the corresponding
steady-state adequate values. Specifically, when the actual value of the engine control parameter belonging to the
class having the lowest response speed becomes equal to the corresponding steady-state adequate value, the target
value of the engine control parameter belonging to the class having the second lowest response speed coincides with
the corresponding steady-state adequate value. After that, when the actual value of the engine control parameter
belonging to the class having the second lowest response speed becomes equal to the corresponding steady-state
adequate value, the target value of the engine control parameter belonging to the class having the third lowest response
speed coincides with the corresponding steady-state adequate value.
[0030] That is, in this case, the target values (accordingly, the actual values) of the engine control parameters suc-
cessively coincide with the steady-state adequate values from one having the lowest speed toward one having the
highest speed. Accordingly, when the engine is returned from the transition state to the steady state, the target values
of all the engine control parameters, excepting the engine control parameter belonging to the class having the lowest
response speed, are changed from moment to moment. Since the all the engine control parameters, excepting the
engine control parameter belonging to the class having the lowest response speed, substantially function so as to
effect the control of causing the controlled quantity to always follow the controlled quantity target value at the response
speed of the fastest class engine control parameter, the degree of freedom of the control increases.
[0031] In contrast, in the above-described "case where corresponding steady-state adequate values themselves are
always used as the target values of the engine control parameters other than the fastest class engine control parameter,"
since the control of causing the controlled quantity to always follow the controlled quantity target value is performed
at the response speed of the fastest class engine control parameter, only the fastest class engine control parameter
substantially functions, and the degree of freedom of the control decreases in relative terms. That is, by virtue of the
above-described configuration, the degree of freedom of the control increases as compared with the "case where
corresponding steady-state adequate values themselves are always used as the target values of the engine control
parameters other than the fastest class engine control parameter."
[0032] In the control apparatus for an internal combustion engine according to the present invention, when at least
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the generation quantity of an emission (NOx generation quantity, PM generation quantity, etc.) is contained in the
controlled quantity, preferably, the controlled quantity target value determination means comprises requested acceler-
ation degree index value obtaining means for obtaining a requested acceleration degree index value representing the
degree of acceleration requested by a driver of the vehicle on which the engine is mounted; and correction means for
correcting the determined controlled quantity target value in accordance with the requested acceleration degree index
value to thereby determine a final controlled quantity target value to be used in place of the controlled quantity target
value. The requested acceleration degree index value representing the degree of requested acceleration is, for exam-
ple, change speed of accelerator operation amount (opening), and may be corrected in accordance with, for example,
the operation state of the engine.
[0033] In general, as the generation amount of an emission, such as NOx, PM, which is generated upon operation
of the engine is controlled to a smaller value, the response of the engine tends to decrease. Meanwhile, the greater
degree of acceleration requested by the driver means that higher response is demanded by the driver. That is, in the
case where the emission generation amount is always controlled to a predetermined small target value, a sufficient
degree of response cannot be obtained when the degree of acceleration requested by the driver is high, whereby
drivability deteriorates.
[0034] In view of the above, the controlled quantity target value determined from the operation state of the engine
as described above is corrected in accordance with the requested acceleration degree index value (e.g., accelerator
opening change speed) so as to determine the final controlled quantity target value. Thus, the controlled quantity target
value (i.e., emission generation quantity target value) can be corrected to a greater value in accordance with, for
example, accelerator opening change speed. Accordingly, the controlled quantity target value (emission generation
quantity target value) can be set in consideration of response intended by the driver, whereby the above-mentioned
deterioration in drivability can be suppressed.
[0035] In this case, preferably, the controlled quantity target value determination means comprises transition degree
index value obtaining means for obtaining a transition degree index value representing the degree of transition in the
operation state of the engine; and the correction means is configured to correct the determined controlled quantity
target value in accordance with the transition degree index value to thereby determine the final controlled quantity
target value. An example of the transition degree index value representing the degree of transition in the operation
state of the engine is a value based on the deviation of the actual value from the steady-state adequate value of the
intake air quantity taken into a cylinder per intake stroke.
[0036] In general, as the degree of transition in the operation state of the engine decreases, the response tends to
increase. Accordingly, in the case where the degree of transition in the operation state of the engine is sufficiently
small, even when the degree of acceleration requested by the driver is large, the drivability can be secured without
correction (setting) of the target value of the emission generation quantity to a largish value.
[0037] On the basis of the above knowledge, the control apparatus is configured such that the controlled quantity
target value, which has been determined on the basis of the operation state of the engine and corrected in accordance
with the requested acceleration degree index value, is corrected in accordance with the transition degree index value
so as to obtain the final controlled quantity target value. Thus, the degree of correction in accordance with the requested
acceleration degree index value can be reduced in accordance with the degree of transition in the operation state of
the engine. Accordingly, the controlled quantity target value (emission generation quantity target value) is prevented
from being unnecessarily corrected to a largish value, whereby the emission generation quantity can be further reduced.
[0038] In the case where the control apparatus according to the present invention is configured to control a plurality
of controlled quantities (e.g., NOx generation quantity, PM generation quantity, CN quantity, etc.) so that the actual
values of the controlled quantities approach corresponding controlled quantity target values, preferably, the correction
means comprises correction ratio determination means for determining, for each of the controlled quantity target values,
a ratio of degree of the correction in accordance the operation state of the engine, and determines, for each controlled
quantity, the degree of correction of the corresponding controlled quantity target value on the basis of the determined
ratio.
[0039] Examples of the operation state of the engine for determining a ratio of degree of the correction include the
temperature of cooling water of the engine, the state (PM accumulation amount, NOx accumulation amount, etc.) of a
catalyst interposed in the exhaust passage of the engine, and the requested acceleration degree index value repre-
senting the degree of acceleration requested by the driver of the vehicle.
[0040] Even when the controlled quantity target value is corrected in accordance with the degree of acceleration
requested by the driver, depending on the operation state of the engine, the degree of correction must be changed
among the plurality of controlled quantity target values. For example, in the case where the PM generation quantity is
contained as one of the controlled quantities and the operation state of the engine is such that a large amount of PM
has accumulated in the catalyst, the PM generation quantity must be controlled to a smallish value so as to protect the
catalyst.
[0041] Accordingly, when the control apparatus is configured as described above such that, for each controlled quan-



EP 1 568 873 A1

5

10

15

20

25

30

35

40

45

50

55

7

tity, the degree of correction of the corresponding controlled quantity target value is determined on the basis of the
corresponding ratio of the degree of correction determined on the basis of the operation state of the engine, a plurality
of more proper controlled quantity target values can be individually set in accordance with the operation state of the
engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

FIG. 1 a schematic diagram showing the overall configuration of a system in which an engine control apparatus
according to an embodiment of the present invention is applied to a four-cylinder internal combustion engine (diesel
engine);
FIG. 2 is a functional block diagram of the CPU shown in FIG. 1 when the CPU obtains a deterioration ratio dis-
tribution coefficient for each emission;
FIG. 3 shows time charts showing example changes in accelerator opening, accelerator opening change speed
absolute value, and a response coefficient which is calculated by means of the response coefficient obtaining
means shown in FIG. 2;
FIG. 4 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to obtain engine control
parameter actual values, steady-state adequate values, etc.;
FIG. 5 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to obtain a response
coefficient;
FIG. 6 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to obtain deterioration ratios
of the controlled quantities;
FIG. 7 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to calculate respective
target values of the engine control parameters;
FIG. 8 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to control the manner of
fuel injection;
FIG. 9 is a table to which the CPU shown in FIG. 1 refers when it executes the routine of FIG. 8;
FIG. 10 is a flowchart showing a routine which the CPU shown in FIG. 1 executes so as to control the engine
control parameters.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0043] A control apparatus for an internal combustion engine (diesel engine) according to an embodiment of the
present invention will be described with reference to the drawings.
[0044] FIG. 1 schematically shows the overall configuration of a system in which such an engine control apparatus
is applied to a four-cylinder internal combustion engine (diesel engine) 10. This system comprises an engine main
body 20 including a fuel supply system; an intake system 30 for introducing gas to combustion chambers (cylinder
interiors) of individual cylinders of the engine main body 20; an exhaust system 40 for discharging exhaust gas from
the engine main body 20; an EGR apparatus 50 for performing exhaust circulation; and an electronic control apparatus
60.
[0045] Fuel injection valves (injection valves, injectors) 21 are disposed above the individual cylinders of the engine
main body 20. The fuel injection valves 21 are connected via a fuel line 23 to a fuel injection pump 22 connected to
an unillustrated fuel tank. The fuel injection pump 22 is electrically connected to the electronic control apparatus 60.
In accordance with a drive signal from the electronic control apparatus 60, the fuel injection pump 22 pressurizes fuel
in such a manner that the actual injection pressure (discharge pressure) Pcr of fuel becomes equal to a fuel injection
pressure target value Pcrt, which will be described later.
[0046] Thus, fuel pressurized to the fuel injection pressure target value Pcrt is supplied from the fuel injection pump
22 to the fuel injection valves 21. Moreover, the fuel injection valves 21 are electrically connected to the electronic
control apparatus 60. In accordance with a drive signal from the electronic control apparatus 60, each of the fuel
injection valves 21 opens for a predetermined period of time so as to inject a predetermined amount of fuel directly to
the combustion chamber of the corresponding cylinder. In the present embodiment, a predetermined amount of fuel
is injected portionwise into a cylinder to which fuel is to be injected (hereinafter referred to as a "fuel injection cylinder")
in two stages. The injection in the first stage is called "pilot injection," and the injection in the second stage is called
"main injection."
[0047] The intake system 30 includes an intake manifold 31, which is connected to the respective combustion cham-
bers of the individual cylinders of the engine main body 20; an intake pipe 32, which is connected to an upstream-side
branching portion of the intake manifold 31 and constitutes an intake passage in cooperation with the intake manifold
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31; a throttle valve 33, which is rotatably held within the intake pipe 32; a throttle valve actuator 33a for rotating the
throttle valve 33 in accordance with a drive signal from the electronic control apparatus 60; an intercooler 34, which is
interposed in the intake pipe 32 to be located on the upstream side of the throttle valve 33; a compressor 35a of a
turbocharger 35, which is interposed in the intake pipe 32 to be located on the upstream side of the intercooler 34; and
an air cleaner 36, which is disposed at a distal end portion of the intake pipe 32.
[0048] The exhaust system 40 includes an exhaust manifold 41, which is connected to the individual cylinders of the
engine main body 20; an exhaust pipe 42, which is connected to a downstream-side merging portion of the exhaust
manifold 41; a turbine 35b of the turbocharger 35 interposed in the exhaust pipe 42; and a diesel particulate filter
(catalyst, hereinafter referred to as "DPNR") 43, which is interposed in the exhaust pipe 42. The exhaust manifold 41
and the exhaust pipe 42 constitute an exhaust passage.
[0049] The DPNR 43 is a filter unit which accommodates a filter 43a formed of a porous material such as cordierite
and which collects, by means of a porous surface, the particulate matter contained in exhaust gas passing through the
filter. In the DPNR 43, at least one metal element selected from alkaline metals such as potassium K, sodium Na,
lithium Li, and cesium Cs; alkaline-earth metals such as barium Ba and calcium Ca; and rare-earth metals such as
lanthanum La and yttrium Y is carried, together with platinum, on alumina serving as a carrier. Thus, the DPNR 43 also
serves as a storage-reduction-type NOx catalyst unit which, after absorption of NOx, releases the absorbed NOx and
reduces it.
[0050] The EGR apparatus 50 includes an exhaust circulation pipe 51, which forms a passage (EGR passage) for
circulation of exhaust gas; an EGR control valve 52, which is interposed in the exhaust circulation pipe 51; and an
EGR cooler 53. The exhaust circulation pipe 51 establishes communication between an exhaust passage (the exhaust
manifold 41) located on the upstream side of the turbine 35b, and an intake passage (the intake manifold 31) located
on the downstream side of the throttle valve 33. The EGR control valve 52 responds to a drive signal from the electronic
control apparatus 60 so as to change the quantity of exhaust gas to be circulated (exhaust-gas circulation quantity,
EGR-gas flow rate).
[0051] The electronic control apparatus 60 is a microcomputer which includes a CPU 61, ROM 62, RAM 63, backup
RAM 64, an interface 65, etc., which are connected to one another by means of a bus. The ROM 62 stores a program
to be executed by the CPU 61, tables (lookup tables, maps), constants, etc. The RAM 63 allows the CPU 61 to tem-
porarily store data when necessary. The backup RAM 64 stores data in a state in which the power supply is on, and
holds the stored data even after the power supply is shut off. The interface 65 contains A/D converters.
[0052] The interface 65 is connected to a hot-wire-type airflow meter 71, which serves as air flow rate (new air flow
rate) measurement means, and is disposed in the intake pipe 32; an intake gas temperature sensor 72, which is
provided in the intake passage to be located downstream of the throttle valve 33 and downstream of a point where the
exhaust circulation pipe 51 is connected to the intake passage; an intake pipe pressure sensor 73, which is provided
in the intake passage to be located downstream of the throttle valve 33 and downstream of the point where the exhaust
circulation pipe 51 is connected to the intake passage; a crank position sensor 74; an accelerator opening sensor 75;
an intake-gas oxygen concentration sensor 76 provided in the intake passage to be located downstream of the throttle
valve 33 and downstream of the point where the exhaust circulation pipe 51 is connected to the intake passage; a fuel
injection pressure sensor 77 provided in the fuel pipe 23 to be located in the vicinity of the discharge port of the fuel
injection pump 22; a water temperature sensor 78; a catalyst upstream pressure sensor 79 provided in the exhaust
passage on the upstream side of the DPNR 43; and a catalyst downstream pressure sensor 81 provided in the exhaust
passage on the downstream side of the DPNR 43. The interface 65 receives respective signals from these sensors,
and supplies the received signals to the CPU 61. Further, the interface 65 is connected to the fuel injection valves 21,
the fuel injection pump 22, the throttle valve actuator 33a, the EGR control valve 52, and an unillustrated radiator flow
rate control valve for controlling the flow rate of cooling water flowing through an unillustrated radiator; and outputs
corresponding drive signals to these components in accordance with instructions from the CPU 61.
[0053] The hot-wire-type airflow meter 71 measures the mass flow rate of intake air (new air) passing through the
intake passage (intake new air quantity per unit time), and generates a signal indicating the mass flow rate Ga (intake
new air flow rate Ga). The intake gas temperature sensor 72 detects the temperature of intake gas, and generates a
signal representing the intake gas temperature Tb. The intake pipe pressure sensor 73 measures the pressure of intake
gas (i.e., intake pipe pressure), and generates a signal representing the intake pipe pressure Pb.
[0054] The crank position sensor 74 detects the absolute crank angle of each cylinder, and generates a signal rep-
resenting the crank angle CA and engine speed NE; i.e., rotational speed of the engine 10. The accelerator opening
sensor 75 detects an amount by which an accelerator pedal AP is operated, and generates a signal representing the
accelerator pedal operated amount (opening) Accp. The intake-gas oxygen concentration sensor 76 detects the oxygen
concentration of intake gas (i.e., intake-gas oxygen concentration), and a signal representing intake-gas oxygen con-
centration RO2in.
[0055] The fuel injection pressure sensor 77 detects the pressure of fuel within the fuel pipe 23 (fuel injection pres-
sure), and generates a signal representing the fuel injection pressure Pcr. The water temperature sensor 78 detects
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the temperature of cooling water, and generates a signal representing the cooling water temperature THW. The catalyst
upstream pressure sensor 79 detects the pressure of exhaust gas in the exhaust passage on the upstream side of the
DPNR 43, and generates a signal representing the catalyst upstream exhaust pressure Pup. The catalyst downstream
pressure sensor 81 detects the pressure of exhaust gas in the exhaust passage on the downstream side of the DPNR
43, and generates a signal representing the catalyst downstream exhaust pressure Pdown.

Outline of Control of Controlled Quantities

[0056] Next, there will be described an outline of control of controlled quantities performed by the engine control
apparatus having the above-described configuration (hereinafter may be referred to as the "present apparatus"). In
the present embodiment, the controlled quantities generated upon operation of the engine 10 include a NOx generation
quantity, a PM generation quantity, and a CN quantity, which must be prevented from increasing with the operation of
the engine 10. Accordingly, the present apparatus feedback-controls the NOx generation quantity, the PM generation
quantity, and the CN quantity such that the NOx generation quantity actual value NOxa, the PM generation quantity
actual value PMa, and the CN quantity actual value CNa approach an NOx generation quantity (final) target value
NOxt, a PM generation quantity (final) target value PMt, and a CN quantity (final) target value CNt, respectively, which
are set in a manner as described below. This feedback control will be described below in more detail. Notably, in the
present embodiment, not only NOx and PM, but also CN may be called "emissions."
[0057] The NOx generation quantity, the PM generation quantity, and the CN quantity (hereinafter, these may be
collectively referred to as the "emission generation quantities") are greatly influenced by various parameters which are
necessary for control of the engine 10 (engine control parameters). That is, a certain correlation is present between
the actual value of each emission generation quantity and the actual values of the engine control parameters. Therefore,
in order to perform feedback control of the emission generation quantities, target values of the engine control param-
eters for causing the emission generation quantity actual values to approach the emission generation quantity target
values are individually obtained in a manner as described below; and the engine control parameters are feedback-
controlled such that the actual values of engine control parameters approach the corresponding target values.
[0058] In the present embodiment, the engine control parameters (actual values thereof) subjected to the above-
described feedback control include pilot fuel injection start timing (crank angle) Aig, injection interval (crank angle) Aint
between pilot fuel injection start timing and main fuel injection start timing, pilot injection quantity qfinp, the above-
mentioned fuel injection pressure Pcr, the above-mentioned intake-gas oxygen concentration RO2in, intake air quantity
per intake stroke Gcyl, and the above-mentioned cooling water temperature THW.

<Method of Obtaining Target Values of Engine Control Parameters>

[0059] Now, a method of obtaining target values Aigt, Aintt, qfinpt, Pcrt, RO2int, Gcylt, and THWt of the above-
mentioned seven engine control parameters will be described. As described above, a certain correlation is present
between the actual values of emission generation quantities and the actual values of the engine control parameters.
Therefore, the actual values of the emission generation quantities can be represented by predetermined mathematical
formulas (experimental formulas, predetermined functions) whose arguments are respective actual values of the engine
control parameters; i.e., by the following Equations (1) to (3). In Equations (1) to (3), f, g, and h are functions which
use the actual values of the engine control parameters as arguments so as to obtain the NOx generation quantity actual
value NOxa, the PM generation quantity actual value PMa, and the CN quantity actual value CNa per unit quantity of
injected fuel and per combustion cycle.

[0060] The present apparatus handles the above-mentioned seven engine control parameters while dividing them
into five classes in terms of response speed (speed at which an actual value follows a target value in feedback control).
Now, the response speeds of the seven engine control parameters will be considered. First, control of the pilot fuel
injection start timing Aig, control of the injection interval Aint, and control of the pilot injection quantity qfinp are accom-
plished through control of the fuel injection valve 21, and their target values (i.e., instruction values) can be considered

NOxa = f(Aig, Aint, qfinp, Pcr, RO2in, Gcyl, THW) (1)

PMa = g(Aig, Aint, qfinp, Pcr, RO2in, Gcyl, THW) (2)

CNa = h(Aig, Aint, qfinp, Pcr, RO2in, Gcyl, THW) (3)
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to be their actual values. Therefore, these three parameters have similar, considerably high response speeds.
[0061] Control of the fuel injection pressure Pcr is accomplished through control of the discharge pressure of the
fuel injection pump 22. Control of the intake-gas oxygen concentration RO2in is accomplished through control of the
EGR control valve 52. Control of the intake air quantity Gcyl is accomplished through control of the throttle valve
actuator 33a. Control of the cooling water temperature THW is accomplished through control of the radiator flow rate
control valve. The order of these four parameters from highest response speed to lowest response speed is generally
such that the fuel injection pressure Pcr → the intake-gas oxygen concentration RO2in → the intake air quantity Gcyl
→ the cooling water temperature THW.
[0062] In view of the above, the engine control parameters belonging to the five classes will be called parameters
Lv1 to Lv5, in descending order of response speed. The present apparatus selects the pilot fuel injection start timing
Aig, the injection interval Aint, and the pilot injection quantity qfinp as parameters Lv1, and selects the fuel injection
pressure Pcr, the intake-gas oxygen concentration RO2in, the intake air quantity Gcyl, and the cooling water temper-
ature THW as parameters Lv2 to Lv5, respectively.
[0063] The pilot fuel injection start timing (actual value) Aig, the injection interval (actual value) Aint, and the pilot
injection quantity (actual value) qfinp, which are the parameters Lv1, can be obtained from the combination of Equations
(1) to (3), and can be represented by the following Equations (4) to (6) by use of functions p, q, and r, whose arguments
are the NOx generation quantity actual value NOxa, the PM generation quantity actual value PMa, the CN quantity
actual value CNa, and the actual values of the parameters Lv2 to Lv5.

[0064] The fuel injection pressure (actual value) Pcr, which is the parameter Lv2, can be obtained by solving Equation
(1) for the fuel injection pressure Pcr, and can be represented by the following Equation (7) by use of a function s,
whose arguments are the NOx generation quantity actual value NOxa and the actual values of the parameters Lv1,
Lv3, Lv4, and Lv5.

[0065] The intake-gas oxygen concentration (actual value) RO2in, which is the parameter Lv3, can be obtained by
solving Equation (1) for the intake-gas oxygen concentration RO2in, and can be represented by the following Equation
(8) by use of a function t, whose arguments are the NOx generation quantity actual value NOxa and the actual values
of the parameters Lv1, Lv2, Lv4, and Lv5.

[0066] The intake air quantity (actual value) Gcyl, which is the parameter Lv4, can be obtained by solving Equation
(1) for the intake air quantity Gcyl, and can be represented by the following Equation (9) by use of a function u, whose
arguments are the NOx generation quantity actual value NOxa and the actual values of the parameters Lv1, Lv2, Lv3,
and Lv5.

[0067] The cooling water temperature (actual value) THW, which is the parameter Lv5, can be obtained by solving
Equation (1) for the cooling water temperature THW, and can be represented by the following Equation (10) by use of
a function v, whose arguments are the NOx generation quantity actual value NOxa and the actual values of the pa-
rameters Lv1, Lv2, Lv3, and Lv4.

Aig = p(NOxa, PMa, CNa, Pcr, RO2in, Gcyl, THW) (4)

Aint = q(NOxa, PMa, CNa, Pcr, RO2in, Gcyl, THW) (5)

qfinp = r(NOxa, PMa, CNa, Pcr, RO2in, Gcyl, THW) (6)

Pcr = s(NOxa, Aig, Aint, qfinp, RO2in, Gcyl, THW) (7)

RO2in = t(NOxa, Aig, Aint, qfinp, Pcr, Gcyl, THW) (8)

Gcyl = u(NOxa, Aig, Aint, qfinp, Pcr, RO2in, THW) (9)
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[0068] When the NOx generation quantity actual value NOxa, the PM generation quantity actual value PMa, and the
CN quantity actual value CNa in the above-described equations (4) to (10) are replaced with the NOx generation
quantity target value NOxt, the PM generation quantity target value PMt, and the CN quantity target value CNt, the
following Equations (11) to (17) can be obtained.

[0069] Each of the values Aigc, Aintc, qfinpc, Pcrc, RO2inc, Gcylc, and THWc calculated by Equations (11) to (17)
is a value obtained from the emission generation quantity target value(s), and argument values regarding engine control
parameters other than the engine control parameter(s) belonging to the class of interest, and serves as a value of the
engine control parameter belonging to the class of interest for making the emission generation quantity actual value
coincident with the emission generation quantity target value when the actual values of the engine control parameters
other than the engine control parameter(s) belonging to the class of interest are equal to the argument values. That
is, Equations (11) to (17) correspond to the class-by-class engine control parameter value calculation means.
[0070] Subsequently, the present apparatus successively obtains the target values Aigt, Aintt, qfinpt, Pert, RO2int,
Gcylt, and THWt of the above-described seven engine control parameters in accordance with the following Equations
(18) to (24), which are obtained from Equations (11) to (17) by using the actual values (Aig, Aint, qfinp,) Pcr, RO2in,
Gcyl, and THW as they are as the argument values for the engine control parameters belonging to class(es) lower in
response speed than a class of interest, and using steady-state adequate values AigTA, AintTA, qfinpTA, PcrTA,
R02inTA, GcylTA (and THWTA) as the argument values regarding the engine control parameters belonging to class
(es) higher in response speed than the class of interest. According, in particular, the target values Aigt, Aintt, and qfinpt
of the parameters Lv1 can be obtained from the actual values of the parameters Lv2 to Lv5, as can be understood
from Equations (18) to (20); and the target value THWt of the parameter Lv5 can be obtained from the steady-state
adequate values of the parameters Lv1 to Lv4, as can be understood from Equation (24).

THW = v(NOxa, Aig, Aint, qfinp, Pcr, RO2in, Gcyl) (10)

Aigc = p(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (11)

Aintc = q(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (12)

qfinpc = r(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (13)

Pcrc = s(NOxt, Aig, Aint, qfinp, RO2in, Gcyl, THW) (14)

RO2inc = t(NOxt, Aig, Aint, qfinp, Pcr, Gcyl, THW) (15)

Gcylc = u(NOxt, Aig, Aint, qfinp, Pcr, RO2in, THW) (16)

THWc = v(NOxt, Aig, Aint, qfinp, Pcr, RO2in, Gcyl) (17)

Aigt = p(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (18)

Aintt = q(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (19)

qfinpt = r(NOxt, PMt, CNt, Pcr, RO2in, Gcyl, THW) (20)

Pcrt = s(NOxt, AigTA, AintTA, qfinpTA, RO2in, Gcyl, THW) (21)



EP 1 568 873 A1

5

10

15

20

25

30

35

40

45

50

55

12

[0071] The engine control parameter steady-state adequate values can be obtained as follows. As described previ-
ously, a predetermined correlation exists between the actual value of each emission generation quantity and the actual
values of the engine control parameters. Accordingly, there can be performed an experiment in which the operation
state of the engine 10 is successively changed to and maintained in a plurality of steady states, and in each steady
state, there are determined the optimal values (the optimal combination of values) of the engine control parameters
required for making the emission generation quantity actual values NOxa, PMa, and CNa coincident with the above-
mentioned target values NOxt, PMt, and CNt corresponding to the steady state are determined. Adequate values which
are determined in accordance with the operation condition of the engine 10 through such an experiment or the like
serve as engine control parameters steady-state adequate values.
[0072] Accordingly, through performance of the above-described experiment or the like, a table (map) which repre-
sents the correlation between the operation state of the engine 10 and the engine control parameters steady-state
adequate values can be obtained. In the present apparatus, a previously formed table which defines the relation be-
tween a load index value LOAD of the engine 10, which is one operation state of the engine 10, and the above-described
seven engine control parameters steady-state adequate values AigTA, AintTA, qfinpTA, PcrTA, R02inTA, GcylTA, and
THWTA is stored in the ROM 62 for each engine control parameter. The load index value LOAD represents the degree
of load of the engine 10, and can be determined on the basis of engine speed NE, accelerator opening Accp, etc.
[0073] Therefore, when the load index value LOAD of the engine 10 is iteratively obtained, the seven engine control
parameters steady-state adequate values are successively obtained with reference to the respective tables. The means
which obtains the seven engine control parameters steady-state adequate values in this manner corresponds to the
engine control parameters steady-state adequate value obtaining means. Further, the means which obtains the load
index value LOAD of the engine 10 corresponds to the operation state obtaining means.
[0074] As described above, among the actual values of the seven engine control parameters, the actual values of
the pilot fuel injection start timing Aig, the injection interval Aint, and the pilot injection quantity qfinp are the same as
the corresponding instruction values. Therefore, the actual values of these three engine control parameters can be
obtained from the corresponding instruction values. The fuel injection pressure actual value Pcr, the intake-gas oxygen
concentration actual value R02in, and the cooling water temperature actual value THW can be detected by means of
the fuel injection pressure sensor 77, the intake-gas oxygen concentration sensor 76, and the water temperature sensor
78, respectively, as described above.
[0075] The intake air quantity actual value Gcyl can be obtained in accordance with Equation (25), which is based
on the state equation of gas at the time when an unillustrated piston has reached compression bottom dead center
(hereinafter referred to as "ATDC-180°").

[0076] In Equation (25), Pa0 is bottom-dead-center cylinder interior gas pressure; i.e., cylinder interior gas pressure
at ATDC-180°. At ATDC-180°, the cylinder interior gas pressure is considered to be substantially equal to the intake
pipe pressure Pb. Therefore, the bottom-dead-center cylinder interior gas pressure Pa0 can be obtained from the intake
pipe pressure Pb detected by means of the intake pipe pressure sensor 73 at ATDC-180°. Va0 is bottom-dead-center
combustion chamber volume; i.e., combustion chamber volume at ATDC-180°. The combustion chamber volume Va
can be represented as a function of the crank angle CA on the basis of the design specifications of the engine 10.
Therefore, the bottom-dead-center combustion chamber volume Va0 can be obtained on the basis of the function. Ta0
is bottom-dead-center cylinder interior gas temperature; i.e., cylinder interior gas temperature at ATDC-180°. At ATDC-
180°, the cylinder interior gas temperature is considered to be substantially equal to the intake gas temperature Tb.
Therefore, the bottom-dead-center cylinder interior gas temperature Ta0 can be obtained from the intake gas temper-
ature Tb detected by means of the intake gas temperature sensor 72 at ATDC-180°. R is the gas constant of the
cylinder interior gas. In the above-described manner, the actual values of the seven engine control parameters can be
obtained. The means which obtains the actual values of the seven engine control parameters corresponds to the engine
control parameter actual value obtaining means.

RO2int = t(NOxt, AigTA, AintTA, qfinpTA, PcrTA, Gcyl, THW) (22)

Gcylt = u(NOxt, AigTA, AintTA, qfinpTA, PcrTA, R02inTA, THW) (23)

THWt = v(NOxt, AigTA, AintTA, qfinpTA, PcrTA, RO2inTA, GcylTA) (24)

Gcyl = (Pa0·Va0)/(R·Ta0) (25)
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[0077] By virtue of the above operation, steady-state adequate values and actual values can be successively ob-
tained for all the seven engine control parameters. Accordingly, the present apparatus can successively obtain the
target values Aigt, Aintt, qfinpt, Pcrt, RO2int, Gcylt, and THWt of the seven engine control parameters in accordance
with the above-described Equations (18) to (24) by iteratively obtaining the load index value LOAD of the engine 10,
and using the NOx generation quantity target value NOxt, the PM generation quantity target value PMt, and the CN
quantity target value CNt, which are determined and obtained as described below. That is, the above-described Equa-
tions (18) to (24) correspond to the engine control parameter target value determination means.
[0078] Subsequently, the present apparatus controls the fuel injection valve 21, the fuel injection pump 22, the EGR
control valve 52, the throttle valve actuator 33a, and the radiator flow rate control valve, respectively, such that the
actual values Aig, Aint, qfinp, Pcr, RO2in, Gcyl, and THW of the seven engine control parameters approach (coincide
with) the corresponding target values Aigt, Aintt, qfinpt, Pcrt, RO2int, Gcylt, and THWt. The means which controls the
seven engine control parameters in this manner corresponds to the control means.
[0079] Next, operation for obtaining the target values of the seven engine control parameters according to the above-
described Equations (18) to (24) will be described. In Equations (18) to (24), when all the argument values regarding
the engine control parameters coincide with the corresponding steady-state adequate values, all the target values
obtained from Equations (18) to (24) coincide with the corresponding steady-state adequate values. In other words,
as can be understood from Equation (24), the target value THWt of the parameter Lv5 belonging to the class of the
lowest response speed always coincides with the steady-state adequate value THWTA.
Also, as can be understood from Equations (18) to (23), each of the target values of the parameters Lv1 to Lv4 assumes
a value which differs from the corresponding steady-state adequate value insofar as the actual value(s) of an engine
control parameter(s) belonging to class(es) which is lower in response speed than the corresponding class differs from
the corresponding steady-state adequate value.
[0080] The respective target values of the engine control parameters are set in this manner; therefore, in the case
where the engine 10 returns from an excessive transition state to the steady state, when the actual value THW of the
parameter Lv5 belonging to the class having the lowest response speed coincides with the steady-state adequate
value THWTA, the target value Gcylt of the parameter Lv4 coincides with the corresponding steady-state adequate
value GcylTA. Subsequently, when the actual value Gcyl of the parameter Lv4 coincides with the steady-state adequate
value GcylTA, the target value RO2int of the parameter Lv3 coincides with the corresponding steady-state adequate
value R02inTA. Subsequently, when the actual value R02in of the parameter Lv3 coincides with the steady-state ad-
equate value RO2inTA, the target value Pcrt of the parameter Lv2 coincides with the corresponding steady-state ad-
equate value PcrTA.
When the actual value Pcr of the parameter Lv2 coincides with the steady-state adequate value PcrTA, the target
values Aigt, Aintt, qfinpt of the parameters Lv1 coincide with the corresponding steady-state adequate values AigTA,
AintTA, qfinpTA, respectively. After that, when the actual values Aig, Aint, qfinp of the parameters Lv1 coincide with
the steady-state adequate values AigTA, AintTA, qfinpTA, respectively, the transition state ends, and the engine 10
returns to the steady state.
[0081] Specifically, in this case, the target values (accordingly, actual values) of the engine control parameters suc-
cessively coincide with the corresponding steady-state adequate values, from the parameter Lv5 to the parameters
Lv1. Accordingly, when the engine 10 is returned from the transition state to the steady state, the target values of all
the engine control parameters, excepting the parameter Lv5, are changed from moment to moment.
[0082] Moreover, under the assumption that the actual values of the parameters Lv2 to Lv5; i.e., all the engine control
parameters, excepting the parameter Lv1, are maintained constant in the above-mentioned transition state, as can be
understood from Equations (18) to (20), the actual values of the emission generation quantities accurately coincide
with (follow) the corresponding target values, respectively, when the actual values of the parameters Lv1 have reached
the corresponding target values. Further, the response speed of the parameters Lv1 is naturally higher than these of
other parameters Lv2 to Lv5. Therefore, when the engine 10 is in a transition state (that is, the actual values of the
engine control parameters differ from the steady-state adequate values), the emission generation quantity actual values
NOxa, PMa, and CNa can follow the emission generation quantity target values NOxt, PMt, and CNt, respectively, at
the response speed of the parameters Lv1 (or a response speed close to the response speed of the parameters Lv1).
[0083] In order to perform the control of causing the emission generation quantity actual values to follow the emission
generation quantity target values at the response speed of the parameters Lv1, all the engine control parameters other
than the parameter Lv5 function substantially. Therefore, the degree of freedom of control increases. The above is the
outline of the method of obtaining the target values of the engine control parameters, and feedback control of the
engine control parameters.

<Method for Obtaining Target Values of Emission Generation Quantities>

[0084] Next, a method for obtaining the emission generation quantity target values NOxt, PMt, and CNt will be de-
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scribed. As described previously, in principle, the emission generation quantity target values are determined in accord-
ance with the operation state of the engine 10. In the present apparatus, a previously formed table which defines the
relation between the above-mentioned load index value LOAD, representing the operation state of the engine 10, and
the emission generation quantity base target values NOxtbase, PMtbase, and CNtbase, which are respective base
values of the emission generation quantity target values, is stored in the ROM 62 for the individual emissions. The
present apparatus iteratively obtains the load index value LOAD of the engine 10, and successively determines the
emission generation quantity base target values NOxtbase, PMtbase, and CNtbase with reference to the corresponding
tables.
[0085] As described previously, in order to suppress deterioration in drivability, which would otherwise be caused by
deterioration in response of the engine 10, the emission generation quantity target values must be corrected in ac-
cordance with the degree of acceleration requested by the driver and the degree of transition in the operation state of
the engine 10. Moreover, depending on the operation state of the engine 10, the degree of such correction must be
changed on an emission-by-emission basis.
[0086] In view of the above, the present apparatus iteratively obtains deterioration ratios, each representing a degree
of correction, (an NOx deterioration ratio KNOx, a PM deterioration ratio KPM, and a CN deterioration ratio KCN) for
the individual emissions in a manner as described later, and successively determines emission generation quantity
final target values NOxt, PMt, and CNt, which are the final values of the emission generation quantity target values.
The means which corrects the emission generation quantity base target values in accordance with the following Equa-
tions (26) to (28) corresponds to the correction means, and the means which determines the emission generation
quantity final target values in accordance with the following Equations (26) to (28) corresponds to the controlled quantity
target value determination means.

[0087] Now, a method for obtaining the NOx deterioration ratio KNOx, the PM deterioration ratio KPM, and the CN
deterioration ratio KCN will be described with reference to FIG. 2, which is a functional block diagram of the present
apparatus when it obtains the respective deterioration ratios. As shown in FIG. 2, the present apparatus obtains the
emission deterioration ratios by use of means A1 to A13. These means will be described individually.
[0088] First, at computation intervals, accelerator opening change speed obtaining means A1 obtains the accelerator
opening (current value) Accp from the accelerator opening sensor 75, and calculates an accelerator opening change
speed dAccp/dt, which is the first derivative of the accelerator opening Accp with respect to time, in accordance with
the following Equation (29). In Equation (29), Accpb represents the accelerator opening (previous value) obtained at
the previous computation time, and ∆t represents the computation intervals.

[0089] Response coefficient obtaining means A2 obtains, at the computation intervals, a response coefficient (current
value) Res, which serves as a requested acceleration degree index value representing the degree of acceleration
requested by the driver, from the accelerator opening Accp and the latest accelerator opening change speed dAccp/
dt obtained by means of the accelerator opening change speed obtaining means A1. Specifically, the response coef-
ficient obtaining means A2 calculates the response coefficient Res in accordance with the following Equation (30).

[0090] In Equation (30), Resbase represents a response coefficient base quantity, and Reshis represents a response
coefficient historical quantity. In principle, the response coefficient base quantity Resbase is calculated in accordance
with the following Equation (31). In Equation (31), Kres represents a positive proportionality constant. Therefore, in
principle, the response coefficient base quantity Resbase is calculated as a value which is in proportion to the accel-
erator opening change speed absolute value |dAccp/dt|.

NOxt = NOxtbase(1 + KNOx) (26)

PMt = PMtbase(1 + KPM) (27)

CNt = CNtbase(1 + KCN) (28)

dAccp/dt = (Accp - Accpb)/∆t (29)

Res = Resbase + Reshis (30)
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[0091] In principle, the response coefficient historical quantity Reshis is calculated in accordance with the following
Equation (32) on the basis of a response coefficient previous value Resb calculated in the previous computation time
in accordance with Equation (30). In Equation (32), grad represents a monotonously increasing function for obtaining
a historical gradient, and the greater the value of the response coefficient previous value Resb, the greater the value
of the function grad(Resb).

[0092] FIG. 3 shows time charts showing example changes in the accelerator opening Accp, the accelerator opening
change speed absolute value |dAccp/dt|, and the response coefficient Res calculated in accordance with Equations
(30) to (32). As shown in FIG. 3, every time the accelerator opening change speed absolute value |dAccp/dt| assumes
a value other than zero (i.e., positive value) because of a change in the accelerator opening Accp, the response co-
efficient Res increases, because the response coefficient base quantity Resbase assumes a value other than zero (i.
e., positive value) (see times t3, t5, and t10).
[0093] Meanwhile, once the response coefficient Res assumes a value other than zero (i.e., positive value), the
response coefficient historical quantity Reshis assumes a value which gradually decreases to zero from a value other
than zero, even when the accelerator opening Accp becomes constant, and thus the value of the response coefficient
base quantity Resbase becomes zero (see times t4, t6, t7, t8, t9, t11, and t12). Accordingly, the value of the response
coefficient Res is prevented from becoming zero immediately after the accelerator opening Accp becomes constant.
[0094] Moreover, as described above, the historical gradient grad, which determines the decreasing gradient of the
response coefficient historical quantity Reshis, increases with the response coefficient previous value Resb. Therefore,
for example, even when the response coefficient base quantity Resbase repeatedly assumes a (positive) value other
than zero because of repetitive, stepwise increase of the accelerator opening Accp, the response coefficient Res is
reliably prevented from diverging to a large value. The response coefficient obtaining means A2 corresponds to the
requested acceleration degree index value obtaining means.
[0095] Load index value obtaining means A3 obtains, at the computation intervals, the above-described load index
value LOAD, representing the degree of load of the engine 10, on the basis of the engine speed NE, the accelerator
opening Accp, etc., as previously described. Specifically, the load index value obtaining means A3 includes a table
(map) which defines the relation between the load index value LOAD and the engine speed NE, the accelerator opening
Accp, etc. and which is stored in the ROM 62, and obtains the load index value LOAD from the engine speed NE, the
accelerator opening Accp, etc. and the table.
[0096] Intake air quantity steady-state adequate value obtaining means A4 obtains, at the computation intervals, an
intake air quantity steady-state adequate value GcylTA from the latest load index value LOAD obtained by means of
the load index value obtaining means A3 and the table which defines the relation between the load index value LOAD
and the intake air quantity steady-state adequate value GcylTA.
[0097] Intake air quantity actual value obtaining means A5 obtains, every time the crank angle CA of the fuel injection
cylinder reaches ATDC-180°, the intake air quantity actual value Gcyl from the bottom-dead-center cylinder interior
gas pressure Pa0 and the bottom-dead-center cylinder interior gas temperature Ta0, and in accordance with the above-
described Equation (25). As described above, the bottom-dead-center cylinder interior gas pressure Pa0 can be ob-
tained from the intake pipe pressure Pb detected by means of the intake pipe pressure sensor 73, and the bottom-
dead-center cylinder interior gas temperature Ta0 can be obtained from the intake gas temperature Tb detected by
means of the intake gas temperature sensor 72.
[0098] Emission total deterioration ratio obtaining means A6 obtains, at the computation intervals, an emission total
deterioration ratio Kall, which is a transition degree index value representing the degree of transition in the operation
state of the engine 10, from the latest intake air quantity steady-state adequate value GcylTA obtained by means of
the intake air quantity steady-state adequate value obtaining means A4 and the latest intake air quantity actual value
Gcyl obtained by means of the intake air quantity actual value obtaining means A5. Specifically, the emission total
deterioration ratio obtaining means A6 calculates the emission total deterioration ratio Kall in accordance with the
following Equation (33). Therefore, the emission total deterioration ratio Kall assumes a value corresponding to the
difference between the intake air quantity steady-state adequate value GcylTA and the intake air quantity actual value
Gcyl, and can serve as a proper value which represents the degree of transition in the operation state of the engine
10. The emission total deterioration ratio obtaining means A6 corresponds to the transition degree index value obtaining
means.

Resbase = Kres · |dAccp/dt| (31)

Reshis = Resb - grad(Resb) · ∆t (32)
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[0099] Final emission deterioration ratio obtaining means A7 obtains, at the computation intervals, a final emission
deterioration ratio Kallfin from the latest response coefficient Res obtained by means of the response coefficient ob-
taining means A2 and the latest emission total deterioration ratio Kall obtained by means of the emission total deteri-
oration ratio obtaining means A6, and in accordance with the following Equation (34). The final emission deterioration
ratio Kallfin represents a degree of the correction for the case where the degree of correction is uniformly set among
the emission generation quantity target values.

[0100] Engine state obtaining means A8 obtains, at the computation intervals, the state of the engine 10 (engine
state) from the cooling water temperature THW detected by the water temperature sensor 78 or the like. Catalyst state
obtaining means A9 obtains, at the computation intervals, the state of the DPNR 43 (catalyst state), including the
quantity of PM accumulated in the DPNR 43, from the catalyst upstream exhaust pressure Pup detected by the catalyst
upstream pressure sensor 79, the catalyst downstream exhaust pressure Pdown detected by the catalyst downstream
pressure sensor 81, etc.
[0101] Deterioration ratio distribution means A10 calculates, at the computation intervals, deterioration ratio distri-
bution coefficients RatioNOx, RatioPM, and RatioCN (RatioNOx + RatioPM + RatioCN = 1) for the individual emissions
so as to change, for the individual emissions, the degree of the above-mentioned correction corresponding to the final
emission deterioration ratio Kallfin. Specifically, the deterioration ratio distribution means A10 calculates the deterio-
ration ratio distribution coefficients RatioNOx, RatioPM, and RatioCN from the engine state obtained by means of the
engine state obtaining means A8, the catalyst state obtained by means of the catalyst state obtaining means A9, and
the latest value of the response coefficient Res. More specifically, the deterioration ratio distribution means A10 includes
tables for the individual emissions, each of which defines the relation between the corresponding deterioration ratio
distribution coefficient and the engine state, the catalyst state, and the response coefficient Res, and is stored in the
ROM 62. The deterioration ratio distribution means A10 obtains the respective deterioration ratio distribution coeffi-
cients from the engine state, the catalyst state, the response coefficient Res, and the respective tables.
[0102] With this operation, for example, when the amount of PM accumulated in the DPNR 43 is equal to or greater
than a predetermined value, the value of RatioPM is set to a smallish value. As a result, the degree of correction of
the PM generation quantity target value PMt (i.e., the degree of increase of the target value) is set to a smallish value,
so that the PM generation quantity actual value PMa is controlled to a smallish value to thereby protect the DPNR 43.
Also, when the response coefficient Res is equal to or greater than a predetermined value, the value of RatioPM is set
to a smallish value. As a result, the quantity of PM which becomes more likely to be generated during abrupt acceleration
can be reduced. The deterioration ratio distribution means A10 corresponds to the correction ratio determination means.
[0103] A multiplier A11 outputs, at the computation intervals, an NOx deterioration ratio KNOx, which is obtained by
multiplying the latest final emission deterioration ratio Kallfin obtained by means of the final emission deterioration ratio
obtaining means A7 by the latest deterioration ratio distribution coefficient RatioNOx for NOx obtained by means of
the deterioration ratio distribution means A10. Similarly, a multiplier A12 outputs, at the computation intervals, a PM
deterioration ratio KPM, which is obtained by multiplying the latest final emission deterioration ratio Kallfin by the latest
deterioration ratio distribution coefficient RatioPM for PM. A multiplier A13 outputs, at the computation intervals, a CN
deterioration ratio KCN, which is obtained by multiplying the latest final emission deterioration ratio Kallfin by the latest
deterioration ratio distribution coefficient RatioCN for CN.
[0104] In the above-described manner, the emission deterioration ratios KNOx, KPM, and KCN are obtained by
means of the multipliers A11 to A13 at the computation intervals. Subsequently, the emission generation quantity final
target values NOxt, PMt, and CNt are successively determined by use of the above-described Equations (26) to (28).
Above is the outline of the method for obtaining the emission generation quantity target values.

Actual Operation

[0105] Next, actual operation of the engine control apparatus having the above-described configuration will be de-
scribed. The CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG. 4 and
adapted to obtain engine control parameter actual value, steady-state adequate values, etc. Therefore, when a pre-
determined timing has been reached, the CPU 61 starts the processing from step 400, and then proceeds to step 405
so as to obtain the engine speed actual value NE, the accelerator opening actual value Accp, the fuel injection pressure
actual value Pcr, the intake-gas oxygen concentration actual value RO2in, and the cooling water temperature actual

Kall = (GcylTA - Gcyl)/GcylTA (33)

Kallfin = Res · Kall (34)
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value THW.
[0106] Next, the CPU 61 proceeds to step 410 so as to determine whether the crank angle CA of the fuel injection
cylinder coincides with ATDC-180°. When the CPU 61 makes a "No" determination in step 410, it proceeds directly to
step 425. Meanwhile, when the CPU 61 makes a "Yes" determination in step 410, it proceeds to step 415 so as to
obtain, as bottom-dead-center (BDC) cylinder interior gas temperature Ta0, the intake gas temperature Tb detected
by means of the intake gas temperature sensor 72, and obtain, as bottom-dead-center (BDC) cylinder interior gas
pressure Pa0, the intake pipe pressure Pb detected by means of the intake pipe pressure sensor 73. Subsequently,
the CPU 61 obtains the intake air quantity actual value Gcyl in accordance with the above-described Equation (25) in
step 420, and then proceeds to step 425.
[0107] In step 425, the CPU 61 obtains the above-mentioned load index value LOAD from the engine speed NE, the
accelerator opening Accp, etc. at the present point in time, and through searching of predetermined tables. Subse-
quently, the CPU 61 proceeds to step 430 so as to determine steady-state adequate values AigTA, AintTA, qfinpTA,
PcrTA, RO2inTA, GcylTA of the engine control parameters on the basis of the obtained load index value LOAD and
through searching of predetermined tables, and then proceeds to step 495 so as to end the current execution of the
present routine. Through repeated execution of the present routine, the actual values (excepting the intake air quantity
actual value Gcyl) of the engine control parameters, the steady-state adequate values, and the load index value LOAD
are obtained at the computation intervals.
[0108] Further, the CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG.
5 and adapted to calculate a response coefficient. Therefore, when a predetermined timing has been reached, the
CPU 61 starts the processing from step 500, and then proceeds to step 505 so as to determine whether the accelerator
opening current value Accp obtained in the previously described step 405 and the accelerator opening previous value
Accpb updated in step 550, which will be described later, during the previous execution of the present routine are both
not greater than a predetermined value Accpref.
[0109] When the CPU 61 makes a "No" determination in step 505, it proceeds to step 510 so as to obtain the accel-
erator opening change speed dAccp/dt in accordance with the above-described Equation (29). In this step, the latest
value obtained in the previously described step 405 is used as the accelerator opening current value Accp, and the
latest value obtained in step 550, which will be described later, is used as the accelerator opening previous value
Accpb. Subsequently, the CPU 61 proceeds to step 515 so as to calculate the response coefficient base quantity
Resbase in accordance with the above-described Equation (31). In this step, the latest value obtained in step 510 is
used as the accelerator opening change speed dAccp/dt
[0110] Meanwhile, when the CPU 61 makes a "Yes" determination in step 505, the CPU 61 proceeds to step 520 so
as to set the value of the response coefficient base quantity Resbase to zero. By virtue of this setting, when the accel-
erator opening Accp changes under the predetermined value Accpref, the driver is considered not to request acceler-
ation.
[0111] Subsequently, the CPU 61 proceeds to step 525 so as to calculates the historical gradient grad on the basis
of the function grad and the response coefficient previous value Resb updated in step 555, which will be described
later, during the previous execution of the present routine. Subsequently, the CPU 61 proceeds to step 530 so as to
calculate the response coefficient historical quantity Reshis in accordance with the above-described Equation (32).
[0112] Next, the CPU 61 proceeds to step 535 so as to determine whether the calculated response coefficient his-
torical quantity Reshis is negative. When the CPU 61 makes a "No" determination in step 535, it proceeds directly to
step 545. Meanwhile, when the CPU 61 makes a "Yes" determination in step 535, it proceeds to step 540 so as to set
the value of the response coefficient historical quantity Reshis to zero, and then proceeds to step 545. With this setting,
the response coefficient historical quantity Reshis is always set to a value equal to or greater than 0.
[0113] In step 545, the CPU 61 calculates the response coefficient (current value) Res from the response coefficient
base quantity Resbase obtained in step 515 (or step 520), the response coefficient historical quantity Reshis obtained
in step 530 (or step 540), and the above-described Equation (30). The CPU 61 then proceeds to step 550 so as to
store, as the accelerator opening previous value Accpb, the accelerator opening current value Accp (obtained in step
405), and proceeds to step 555 so as to store, as the response coefficient previous value Resb, the response coefficient
current value Res obtained in step 545. After that, the CPU 61 proceeds to step 595 so as to end the current execution
of the present routine. Through repeated execution of the present routine, the response coefficient Res is obtained at
the computation intervals.
[0114] Further, the CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG.
6 and adapted to calculate respective deterioration ratios of the emission generation quantities. Therefore, when a
predetermined timing has been reached, the CPU 61 starts the processing from step 600, and then proceeds to step
605 so as to calculate the emission total deterioration ratio Kall from the intake air quantity steady-state adequate value
GcyITA obtained in the previously described step 430, the latest intake air quantity actual value Gcyl obtained in the
previously described step 420, and the above-mentioned Equation (33).
[0115] Next, the CPU 61 proceeds to step 610 so as to calculate the final emission deterioration ratio Kallfin from
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the response coefficient Res obtained in the previously described step 545, the emission total deterioration ratio Kall
obtained in the previously described step 605, and the above-mentioned Equation (34).
[0116] Subsequently, the CPU 61 proceeds to step 615 so as to determine the respective deterioration ratio distri-
bution coefficients RatioNOx, RatioPM, and RatioCN of the above-described emissions from the engine state based
on the cooling water temperature THW, etc. at the present point in time, the catalyst state based on the catalyst upstream
exhaust pressure Pup and the catalyst downstream exhaust pressure Pdown, etc. at the present point in time, and the
latest response coefficient Res obtained in the previously described step 545.
[0117] Subsequently, the CPU 61 proceeds to step 620 so as to determine the respective deterioration ratios KNOx,
KPM, and KCN of the emissions from the determined deterioration ratio distribution coefficients RatioNOx, RatioPM,
and RatioCN, the final emission deterioration ratio Kallfin calculated in the previously described step 610, and the
above-described Equations (26) to (28). After that, the CPU 61 proceeds to step 695 so as to end the current execution
of the present routine. Through repeated execution of the present routine, the respective deterioration ratios KNOx,
KPM, and KCN of the emissions are obtained at the computation intervals.
[0118] Further, the CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG.
7 and adapted to calculate respective target values of the engine control parameters. Therefore, when a predetermined
timing has been reached, the CPU 61 starts the processing from step 700, and then proceeds to step 705 so as to
determine the emission generation quantity base target values NOxtbase, PMtbase, and CNtbase on the basis of the
load index value LOAD obtained in the previously described step 425 and through searching of the predetermined
tables.
[0119] Next, the CPU 61 proceeds to step 710 so as to calculate the emission generation quantity final target values
NOxt, PMt, and CNt from the determined emission generation quantity base target values NOxtbase, PMtbase, and
CNtbase, the emission deterioration ratios KNOx, KPM, and KCN calculated in the previously described step 620, and
the above-described Equations (26) to (28).
[0120] Subsequently, the CPU 61 proceeds to step 715 so as to calculate target values Aigt, Aintt, qfinpt, Pcrt, RO2int,
Gcylt, and THWt of the engine control parameters from the emission generation quantity final target values NOxt, PMt,
and CNt calculated in step 710, the latest engine control parameter actual values Pcr, RO2in, Gcyl, and THW obtained
in the previously described steps 405 and 420, and the latest engine control parameter steady-state adequate values
AigTA, AintTA, qfinpTA, PcrTA, R02inTA, and GcylTA obtained in the previously described step 430, and the above-
described Equations (18) to (24). After that, the CPU 61 proceeds to step 795 so as to end the current execution of
the present routine. Through repeated execution of the present routine, the engine control parameter target values are
obtained at the computation intervals.
[0121] Further, the CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG.
8 and adapted to control the fuel injection manner (injection quantity and injection timing). Therefore, when a prede-
termined timing has been reached, the CPU 61 starts the processing from step 800, and then proceeds to step 805
so as to obtain the fuel injection quantity instruction value qfint from the accelerator opening Accp, the engine speed
NE, and a table (map) Mapqfint shown in FIG. 9. The table Mapqfint defines the relation between the fuel injection
quantity instruction value qfint and the accelerator opening Accp and the engine speed NE, and is stored in the ROM
62. The fuel injection quantity instruction value qfint is the total of a pilot injection quantity instruction value and a main
injection quantity instruction value.
[0122] Next, the CPU 61 proceeds to step 810 so as to determine whether the value of a pilot injection execution
flag PILOT is 0. The pilot injection execution flag PILOT indicates that the pilot injection has been performed when it
value is 1, and that the pilot injection has not yet been performed when it value is 0.
[0123] Here, it is assumed that the pilot injection has not yet been performed and the pilot injection start timing has
not come yet. In this case, since the value of the pilot injection execution flag PILOT is 0, the CPU 61 makes a "Yes"
determination in step 810, and then proceeds to step 815 so as to monitor and determine whether the crank angle CA
of the fuel injection cylinder coincides with the latest pilot injection start timing target value (instruction value) Aigt
calculated in the previously described step 715.
[0124] At the present point in time, the crank angle CA of the fuel injection cylinder does not coincide with the latest
pilot injection start timing target value (instruction value) Aigt. Therefore, the CPU 61 makes a "No" determination in
step 815, and then proceeds to step 895 so as to end the current execution of the present routine. After that, the CPU
61 repeatedly executes the processing of steps 800, 805, 810, 815, and 895 until the pilot injection start timing comes.
[0125] When the crank angle CA of the fuel injection cylinder has reached the latest pilot injection start timing target
value (instruction value) Aigt, the CPU 61 makes a "Yes" determination when its proceeds to step 815, and then pro-
ceeds to step 820 so as to instruct the fuel injection valve 21 of the fuel injection cylinder to inject fuel in an amount
corresponding to the latest pilot injection quantity target value (instruction value) qfinpt calculated in the previously
described step 715.
[0126] Subsequently, the CPU 61 proceeds to step 825, and stores, as a main injection quantity target value (in-
struction value) qfinmt, a value obtained through subtraction of the latest pilot injection quantity target value (instruction
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value) qfinpt from the fuel injection quantity instruction value qfint determined in the previously described step 805.
Next, the CPU 61 proceeds to step 830 so as to store, as an injection interval control value Ainttc, the latest value of
the injection interval target value (instruction value) Aintt calculated in the previously described step 715. The CPU 61
then proceeds to step 835 so as to store, as an injection timing control value Aigtc, the latest value of the pilot injection
start timing target value (instruction value) Aigt. Subsequently, the CPU 61 proceeds to step 840 so as to set the value
of the pilot injection execution flag PILOT to 1, and then proceeds to step 895 so as to end the current execution of
the present routine.
[0127] After this point in time, since the value of the pilot injection execution flag PILOT has been set to 1, the CPU
61 makes a "No" determination when it proceeds to step 810, and then proceeds to step 845. In step 845, the CPU
61 monitors and determines whether the crank angle CA of the fuel injection cylinder coincides with a value obtained
through addition of the above-mentioned injection interval control value Ainttc to the above-mentioned injection timing
control value Aigtc (i.e., whether the main injection start timing has come). When the CPU 61 makes a "No" determi-
nation in step 845, it proceeds directly to step 895. After that, the CPU 61 repeatedly executes the processing of steps
800, 805, 810, 845, and 895 until the main injection start timing comes.
[0128] When the main injection start timing has come, the CPU 61 makes a "Yes" determination when it proceeds
to step 845, and then proceeds to step 850. In step 850, the CPU 61 instructs the fuel injection valve 21 of the fuel
injection cylinder (i.e., the fuel injection valve 21 which has performed the pilot injection at step 820) to inject fuel in an
amount corresponding to the main injection quantity target value (instruction value) qfinmt calculated in the previously
described step 825.
[0129] Subsequently, the CPU 61 proceeds to step 855 so as to set the value of the pilot injection execution flag
PILOT to 0, and then proceeds to step 895 so as to end the current execution of the present routine. After this point
in time, since the value of the pilot injection execution flag PILOT has been set to 0, the CPU 61 again makes a "Yes"
determination when it proceeds to step 810, and monitors the pilot injection start timing for the next fuel injection
cylinder. Through repeated execution of this routine, the fuel injection manner (injection quantity and injection timing)
for the fuel injection cylinder, which is a portion of the engine control parameters, is controlled.
[0130] Further, the CPU 61 repeatedly executes, at predetermined intervals, a routine shown by the flowchart of FIG.
10 and adapted to control the engine control parameters (excluding the pilot injection start timing, the injection interval,
and the pilot injection quantity). Therefore, when a predetermined timing has been reached, the CPU 61 starts the
processing from step 1000, and then proceeds to step 1005 so as to feedback-control the discharge pressure of the
fuel injection pump 22 such that the latest fuel injection pressure actual value Pcr obtained in the previously described
step 405 coincides with the latest fuel injection pressure target value Pcrt calculated in the previously described step
715.
[0131] Next, the CPU 61 proceeds to step 1010 so as to feedback-control the EGR control valve 52 such that the
latest intake-gas oxygen concentration actual value RO2in obtained in the previously described step 405 coincides
with the latest intake-gas oxygen concentration target value RO2int calculated in the previously described step 715.
Subsequently, the CPU 61 proceeds to step 1015 so as to feedback-control the throttle valve 33 such that the latest
intake air quantity actual value Gcyl obtained in the previously described step 420 coincides with the latest intake air
quantity target value Gcylt calculated in the previously described step 715.
[0132] Subsequently, the CPU 61 proceeds to step 1020 so as to feedback-control the unillustrated radiator flow
rate control valve such that the latest cooling water temperature actual value THW obtained in the previously described
step 405 coincides with the latest cooling water temperature target value THWt calculated in the previously described
step 715. After that, the CPU 61 proceeds to step 1095 so as to end the current execution of the present routine.
Through repeated execution of the present routine, the fuel injection pressure, the intake-gas oxygen concentration,
the intake air quantity, and the cooling water temperature, which are a portion of the engine control parameters, are
feedback-controlled.
[0133] As described above, in the control apparatus for an internal combustion engine according to the embodiment
of the present invention, in order to perform feedback control such that the emission generation quantity actual values
NOxa, PMa, and CNa which are controlled quantities, approach the emission generation quantity target values NOxt,
PMt, and CNt, the plurality of (seven) engine control parameters which influence the emission generation quantities
are classified into five classes (Lv1 to Lv5) in terms of response speed, and the respective target values of the engine
control parameters are obtained in accordance with the above-described Equations (18) to (24), respectively (see step
715). The engine control parameters are then feedback-controlled such that the actual values of the engine control
parameters approach the corresponding target values. By virtue of this operation, when the engine 10 is in a transition
state, the emission generation quantity actual values NOxa, PMa, and CNa can always follow the emission generation
quantity target values NOxt, PMt, and CNt at the response speed of the parameter Lv1 belonging to the class having
the highest response speed, irrespective of the response speed of the parameter Lv5 belonging to the class having
the lowest response speed. Accordingly, when the engine 10 is in a transition state, the emission generation quantity
actual values can be caused to accurately follow the emission generation quantity target values.
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[0134] Moreover, when the emission generation quantity (final) target values NOxt, PMt, and CNt are obtained, the
degree of acceleration requested by the driver (i.e., the response coefficient Res) and the degree of transition in the
operation state of the engine 10 (i.e., the emission total deterioration ratio Kall) are taken into consideration. Therefore,
a decrease in drivability, which would be caused by a decrease in the response of the engine 10, can be suppressed
properly.
[0135] The present invention is not limited to the above-described embodiment, and may be modified in various
manners within the scope of the present invention. For example, the following modifications may be employed. In the
above-described embodiment, the target values of the plurality of engine control parameters (parameters Lv1 to Lv5)
are obtained in accordance with the above-described Equations (18) to (24), respectively. However, the control appa-
ratus may be configured such that only the target values Aigt, Aintt, qfinpt of the parameters Lv1 are obtained in
accordance with the above-described Equations (18) to (20), respectively, and the target values of the parameters Lv2
to Lv5 are always set to the corresponding steady-state adequate values. In this configuration as well, when the engine
10 is in a transition state, the emission generation quantity actual values NOxa, PMa, and CNa can always follow the
emission generation quantity target values NOxt, PMt, and CNt at the response speed of the parameter Lv1 belonging
to the class having the highest response speed.
[0136] In the above-described embodiment, Equations (21) to (24) for calculating the target values of the parameters
Lv2 to Lv5 employ the NOx generation quantity target value NOxt as an argument. However, these equations may
employ any one of the PM generation quantity target value PMt and the CN generation quantity target value CNt, as
an argument.
[0137] In the above-described embodiment, the plurality of engine control parameters are divided such that one class
include a plurality of (three) parameters Lv1, and each of the remaining classes includes a single parameter Lv2, Lv3,
Lv4, or Lv5. However, the plurality of engine control parameters may be divided such that each of the classes includes
a plurality of engine control parameters, or divided such that each of the classes includes a single engine control
parameter.
[0138] In the above-described embodiment, the catalyst state which is obtained by the catalyst state obtaining means
A9 and is used by the deterioration ratio distribution means A10 so as to obtain deterioration ratio distribution coeffi-
cients, includes the quantity of PM accumulated in the DPNR 43. However, in place of, or in addition to the quantity of
accumulated PM, the quantity of NOx accumulated in the DPNR 43 may be used as the catalyst state. In this case,
when the quantity of NOx accumulated in the DPNR 43 exceeds a predetermined value, the value of RatioNOx is
preferably set to a smallish value. As a result, the NOx generation quantity actual value NOxa is controlled to a smallish
value, whereby the DPNR 43 is protected. Notably, in this case, an NOx concentration sensor must be disposed, for
example, in the exhaust passage on the upstream side of the DPNR 43 so as to obtain the quantity of NOx accumulated
in the DPNR 43.
[0139] In the above-described embodiment, feedback control of the intake air quantity Gcyl is accomplished through
control of the throttle valve actuator 33a. However, in place of, or in addition to the throttle valve actuator 33a, a boosted
pressure control valve for adjusting the boosted pressure of the turbocharger 35 may be controlled.
[0140] In the above-described embodiment, the response coefficient Res obtained by the response coefficient ob-
taining means A2 is calculated on the basis of only the accelerator opening Accp and the accelerator opening change
speed dAccp/dt. However, the calculated response coefficient Res may be corrected in accordance with the state (e.
g., the cooling water temperature THW, the engine speed NE, etc.) of the engine. For example, in the case where the
response coefficient Res is corrected in accordance with the cooling water temperature THW, the response coefficient
Res is preferably corrected to a decreasing direction when the cooling water temperature THW is lower than a prede-
termined value. Further, in the case where the response coefficient Res is corrected in accordance with the engine
speed NE, the response coefficient Res is preferably corrected in an increasing direction when the engine speed NE
is lower than a predetermined value, and corrected in a decreasing direction when the engine speed NE is higher than
the predetermined value.
[0141] A control apparatus for an internal combustion engine handles a plurality of engine control parameters which
influence the emission generation quantity, while dividing them into a plurality of classes in terms of response speed.
An empirical formula which obtains the emission generation quantity by use of the plurality of parameters as arguments
is solved for each parameter, whereby an equation for obtaining the value of a parameter of a class of interest while
using parameters of the remaining classes and the emission generation quantity as arguments is obtained for each
parameter. In each of the obtained equations, a target value is used as an argument value of the emission generation
quantity, an actual value is used as an argument value of a parameter of a class which is lower in response speed
than the class of interest, and a steady-state adequate values is used as an argument value of a parameter of a class
which is higher in response speed than the class of interest. The values calculated by these equations are used as
target values of the parameters.
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Claims

1. A control apparatus for an internal combustion engine, comprising:

operation state obtaining means for obtaining operation state of the engine;
controlled quantity target value determination means for determining a target value of a predetermined con-
trolled quantity, which is generated upon operation of the engine, on the basis of the obtained operation state;
engine control parameter actual value obtaining means for obtaining actual values of a plurality of engine
control parameters which influence an actual value of the controlled quantity;
engine control parameter steady-state adequate value obtaining means for obtaining, as engine control pa-
rameter steady-state adequate values, respective values of the engine control parameters on the basis of the
obtained operation state, the values being necessary for rendering the actual value of the controlled quantity
coincident with the controlled quantity target value when the engine is in a steady state in the obtained operation
state;
engine control parameter target value determination means for determining target values of the engine control
parameters which cause the actual value of the controlled quantity to approach the controlled quantity target
value; and
control means for individually controlling the engine control parameters such that the actual values of the
engine control parameters approach the corresponding engine control parameter target values, whereby the
controlled quantity is controlled such that the actual value of the controlled quantity approaches the controlled
quantity target value, wherein
the engine control parameter target value determination means is configured to handle the engine control
parameters while dividing them into a plurality of classes in accordance with response speed at the time when
the engine control parameters are controlled by means of the control means;
the engine control parameter target value determination means comprises class-by-class engine control pa-
rameter value calculation means for calculating, from the controlled quantity target value and argument values
regarding the engine control parameters other than an engine control parameter belonging to a class having
the highest response speed, at least a value of the engine control parameter belonging to the class having
the highest response speed, the value rendering the actual value of the controlled quantity coincident with the
controlled quantity target value when the actual values of the engine control parameters other than the engine
control parameter belonging to the class having the highest response speed are equal to the argument values;
the engine control parameter target value determination means uses, as the target value of the engine control
parameter belonging to the class having the highest response, a value of the engine control parameter be-
longing to the class having the highest response, the value being calculated by means of the class-by-class
engine control parameter value calculation means by making use of corresponding engine control parameter
actual values as the argument values regarding the engine control parameters other than the engine control
parameter belonging to the class having the highest response; and
the engine control parameter target value determination means uses, as the target values of the engine control
parameters other than the engine control parameter belonging to the class having the highest response, values
which are at least based on the plurality of the engine control parameter steady-state adequate values.

2. A control apparatus for an internal combustion engine according to claim 1, wherein
the class-by-class engine control parameter value calculation means is configured to calculate, for each

class of interest, a value of the engine control parameter belonging to the class of interest on the basis of the
controlled quantity target value and the argument values regarding the engine control parameters other than the
engine control parameter belonging to the class of interest, the value making the actual value of the controlled
quantity coincident with the controlled quantity target value when the actual values of the engine control parameters
other than the engine control parameter belonging to the class of interest are equal to the argument values; and

the engine control parameter target value determination means is configured to use, for each class of interest,
as the target value of the engine control parameter belonging to the class of interest, a value of the engine control
parameter belonging to the class of interest calculated by means of the class-by-class engine control parameter
value calculation means which uses, as an argument value regarding the engine control parameter belonging to
a class having a lower response speed than the class of interest, the corresponding engine control parameter
actual value, and uses, as an argument value regarding the engine control parameter belonging to a class having
a higher response speed than the class of interest, the corresponding engine control parameter steady-state ad-
equate value.

3. A control apparatus for an internal combustion engine according to claim 1 or 2, wherein the controlled quantity
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comprises at least generation quantity of an emission.

4. A control apparatus for an internal combustion engine according to claim 3, wherein the controlled quantity target
value determination means comprises:

requested acceleration degree index value obtaining means for obtaining a requested acceleration degree
index value representing the degree of acceleration requested by a driver of the vehicle on which the engine
is mounted; and
correction means for correcting the determined controlled quantity target value in accordance with the request-
ed acceleration degree index value to thereby determine a final controlled quantity target value to be used in
place of the controlled quantity target value.

5. A control apparatus for an internal combustion engine according to claim 4, wherein
the requested acceleration degree index value is change speed of accelerator operation amount.

6. A control apparatus for an internal combustion engine according to claim 4 or 5, wherein
the controlled quantity target value determination means comprises transition degree index value obtaining

means for obtaining a transition degree index value representing the degree of transition in the operation state of
the engine; and

the correction means is configured to correct the determined controlled quantity target value in accordance
with the transition degree index value to thereby determine the final controlled quantity target value.

7. A control apparatus for an internal combustion engine according to claim 6, wherein
the transition degree index value is a value based on the deviation of the actual value from the steady-state

adequate value of an intake air quantity taken into a cylinder per intake stroke.

8. A control apparatus for an internal combustion engine according to any one of claims 4 to 7, wherein
the control apparatus is configured to control a plurality of controlled quantities so that actual values of the

controlled quantities approach corresponding controlled quantity target values; and
the correction means comprises correction ratio determination means for determining, for each of the con-

trolled quantity target values, a ratio of degree of the correction in accordance with the operation state of the engine,
and determines, for each controlled quantity, the degree of correction of the corresponding controlled quantity
target value on the basis of the determined ratio.

9. A control apparatus for an internal combustion engine according to claim 8, wherein
the correction ratio determination means determines the ratio of degree of the correction in accordance with

at least one of temperature of cooling water of the engine, a state of a catalyst interposed in an exhaust passage
of the engine and the requested acceleration degree index value.
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