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(54) APPARATUS FOR CONTROLLING INTERNAL COMBUSTION ENGINE

(57) This invention relates to a control device of an
engine comprising fuel supply means (21) and air supply
means (30), for controlling the air-fuel ratio by controlling
supplied fuel and air amounts. In this invention, a learned
value (KG) used for setting supplied fuel and air amount
correction values is calculated such that a difference (Δ

A/F) of the actual air-fuel ratio relative to a target ratio
(A/Fest) becomes small. The supplied fuel and air
amount correction values are set by using the learned
value. The learned value is calculated immediately be-
fore the setting of the supplied fuel or air amount correc-
tion value and this correction value is set by using the
calculated learned value.
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Description

[Technical Field]

[0001] The invention relates to a control device of an
internal combustion engine.

[Background Art]

[0002] An air-fuel ratio control device of an internal
combustion engine is disclosed in the Patent Document
1. This device controls an air-fuel ratio of a mixture gas
of an air and a fuel formed in a combustion chamber of
the engine. In particular, the engine of the Document 1
has an intake air amount sensor (i.e. an air flow meter)
for detecting an amount of an air flowing through an intake
pipe and a fuel injector (i.e. a fuel injection valve) for
injecting a fuel into an intake port. The device of the Doc-
ument 1 calculates an amount of the fuel to be injected
from the injector to accomplish a target air-fuel ratio (i.e.
an air-fuel ratio of the mixture gas to be targeted) by using
the intake air amount (i.e. the amount of the air suctioned
into the combustion chamber of the engine) detected by
the intake air amount sensor. The target air-fuel ratio can
be accomplished by injecting the thus-calculated target
fuel injection amount of the fuel from the injector.
[0003] If the intake air amount detected by the intake
air amount sensor (hereinafter, this amount will be re-
ferred to as --detected intake air amount--) is different
from the actual intake air amount, the target fuel injection
amount calculated by using the detected intake air
amount becomes different from the fuel injection amount
which can accomplish the target air-fuel ratio. In this case,
when the fuel of the calculated target fuel injection
amount is injected from the injector, the target air-fuel
amount is not accomplished. In addition, even when a
command value for making the injector inject the fuel of
the target fuel injection amount is given to the injector, if
the amount of the fuel actually injected from the injector
is different from the target fuel injection amount, the target
air-fuel injection amount is not accomplished.
[0004] That is, in the case that an intake air amount
difference in which the detected intake air amount is dif-
ferent from the actual amount occurs or a fuel injection
amount difference in which the actual fuel injection
amount is different from the target amount occurs, the
target air-fuel ratio is not accomplished. Therefore, the
device of the Document 1 accomplishes the target air-
fuel ratio by the followings even when the intake  air or
fuel injection amount difference occurs.
[0005] That is, the engine of the Document 1 has in
the exhaust pipe an oxygen sensor for detecting an ox-
ygen concentration in the exhaust gas discharged from
the combustion chamber (i.e. an oxygen concentration
sensor) . In the device of the Document 1, the air- fuel
ratio of the mixture gas is calculated by using the oxygen
concentration detected by this oxygen sensor and then,
a difference between this calculated ratio and the target

ratio (hereinafter, this difference will be referred to as--
air- fuel ratio difference-- ) is calculated. When the engine
operation condition (i.e. the operation condition of the
engine) is under the condition where the engine speed
(i.e. the rotation speed of the engine) is relatively large
and the engine load (i.e. the load of the engine) is rela-
tively large, a correction value for correcting the detected
intake air amount (hereinafter, this value will be referred
to as-- detected intake air amount correction value-- ) so
as to make the calculated air- fuel ratio difference zero
or reduce the same is calculated and then, is memorized
as a new detected intake air amount correction value.
That is, the already memorized detected intake air
amount correction value is updated. On the other hand,
when the engine operation condition is under the condi-
tion where the engine speed is relatively small or the
engine load is relatively small, a correction value for cor-
recting the target fuel injection amount (hereinafter, this
value will be referred to as-- target fuel injection amount
correction value-- ) so as to make the calculated air- fuel
ratio difference zero or reduce the same is calculated
and then, is memorized as a new target fuel injection
amount correction value. That is, the already memorized
target fuel injection amount correction value is updated.
[0006] When the target fuel injection amount is calcu-
lated by using the detected intake air amount, this target
amount is calculated by using the detected intake air
amount corrected by the detected intake air amount cor-
rection value, this calculated target amount is corrected
by the target fuel injection amount correction value and
then, this corrected target amount is set as the final target
fuel injection amount. Accordingly, the device of the Doc-
ument 1 accomplishes the target air-fuel ratio even in the
case that the intake air or fuel injection amount difference
occurs.

[Prior Technical Document]

[Patent Document]

[0007]

[Patent Document 1] Unexamined JP Patent Publi-
cation No. H2-191850
[Patent Document 2] Unexamined JP Patent Publi-
cation No. 2005-23937

[Summary of the Invention]

[Problem to be Solved by the Invention]

[0008] As explained above, in the device of the Docu-
ment 1, when the engine operation condition is under the
condition where the engine speed is relatively large and
the engine load is relatively large, only the detected intake
air amount correction value is updated and on the other
hand, when the engine condition is under the other con-
dition, only the target fuel injection amount correction val-
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ue is updated. In the device of the Document 1, in order
to determine the final target fuel injection amount, both
of the detected intake air amount correction value and
target fuel injection amount correction value are used.
Therefore, when the detected intake air amount correc-
tion value is used in order to determine the final target
fuel injection amount, this correction value may not be
the latest one, depending on the engine operation con-
dition and similarly, when the target fuel injection amount
correction value is used in order to determine the final
target fuel injection amount, this correction value may
not be the latest one, depending on the engine operation
condition. That is, when the detected intake air amount
and target fuel injection amount correction values are
used in order to determine the final fuel injection amount,
one of these values may not be the latest one.
[0009] Naturally, while the latest detected intake air
amount correction value should be used for the determi-
nation of the final target fuel injection amount in order to
control the air- fuel ratio to the target ratio accurately, if
the detected intake air amount correction value is not the
latest one, the air- fuel ratio is not controlled accurately
to the target ratio and similarly, while the latest target
intake air amount correction value should be used for the
determination of the target fuel injection amount in order
to control the air- fuel ratio to the target ratio accurately,
if the target fuel injection amount correction value is not
the latest one, the air- fuel ratio is not controlled accu-
rately to the target ratio.
[0010] The object of the invention is to control the air-
fuel ratio to the target ratio by using the correction value
relating to the intake air amount or the fuel injection
amount.

[Means for Solving the Problem]

[0011] The invention of this application relates to a con-
trol device of an internal combustion engine comprising:
fuel supply means for supplying a fuel to a combustion
chamber and means for supplying an air to the combus-
tion chamber,
wherein the device controlling a supplied fuel amount
which is an amount of the fuel supplied to the combustion
chamber and a supplied air amount which is an amount
of the air supplied to the combustion chamber to control
an air-fuel ratio of a mixture gas of the air and the fuel
formed in the combustion chamber.
[0012] In addition, in this invention, the device calcu-
lates a learned value used for setting a supplied fuel
amount correction value for correcting the supplied fuel
amount or a supplied air amount correction value for cor-
recting the supplied air amount as a value which decreas-
es the difference of the air-fuel ratio on the basis of a
difference of an actual air-fuel ratio relative to a target
air-fuel ratio and the device sets the supplied fuel or air
amount correction value by using the learned value.
[0013] In addition, in this invention, the device calcu-
lates the learned value immediately before the setting of

the supplied fuel or air amount correction value and sets
the supplied fuel or air amount correction value by using
this calculated learned value.
[0014] According to this, the supplied fuel or air amount
correction value is set and thereafter, the learned value
is newly calculated before the supplied fuel or air amount
is corrected by the set supplied fuel or air amount cor-
rection value. That is, the learned value is updated as
the latest learned value. This learned value is used for
setting the supplied fuel or air amount correction value.
Therefore, the latest learned value is used for the setting
of the supplied fuel or air amount correction value. Fur-
ther, immediately before the setting of the supplied fuel
or air amount correction value, the latest learned value
is calculated and therefore, the current optimum learned
value is used for the setting of the supplied fuel or air
amount correction value. Thus, the inappropriate correc-
tion of the supplied fuel or air amount is avoided and
therefore, the air-fuel ratio is accurately controlled to the
target air-fuel ratio.
[0015] In the above-explained invention, in the case
that the supplied fuel amount correction value is set by
using the learned value, it is preferred that the perform-
ance of the calculation of the learned value is activated
by the determination of the performance of the setting of
the supplied fuel amount correction value and the setting
of the supplied fuel amount correction value is performed
according to the determination after the calculation of the
learned value is completed. Further, in the above-ex-
plained invention, in the case that the supplied air amount
correction value is set by using the learned value, it is
preferred that the performance of the calculation of the
learned value is activated by the determination of the
performance of the setting of the supplied air amount
correction value and the setting of the supplied air amount
correction value is performed according to the determi-
nation after the calculation of the learned value is com-
pleted.
[0016] Further, in the above- explained invention, it is
preferred that the calculation of the learned value is per-
formed every a predetermined time has elapsed.
[0017] In addition, in the case that the supplied fuel
amount correction value is set by using the learned value,
the setting of the supplied fuel amount correction value
is performed every a predetermined time has elapsed.
In this case, the timing of performing the setting of the
supplied fuel amount correction value and the timing of
performing the calculation of the learned value are set
such that the time period between the timing of perform-
ing the setting of the supplied fuel amount correction val-
ue and the timing of performing the calculation of the
learned value immediately therebefore is shorter than
that between the timing of performing the setting of the
supplied fuel amount correction value and the timing of
performing the calculation of the learned value immedi-
ately thereafter.
[0018] Further, in the case that the supplied air amount
correction value is set by using the learned value, the
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setting of the supplied air amount correction value is per-
formed every a predetermined time has elapsed. In this
case, the timing of performing the setting of the supplied
air amount correction value and the timing of performing
the calculation of the learned value are set such that the
time period between the timing of performing the setting
the supplied air amount correction value and the timing
of performing the calculation of the learned value imme-
diately therebefore is shorter than that between the timing
of performing the setting of the supplied air amount cor-
rection value and the timing of performing the calculation
of the learned value immediately thereafter.
[0019] Furth4er, in the above- explained invention, it
is preferred that an upper limit value or a lower limit value
regarding the learned value is set. In this case, when the
calculated learned value is larger than the upper limit
value, the upper limit value is set as the learned value
and when the calculated learned value is smaller than
the lower limit value, the lower limit value is set as the
learned value. In this regards, the learned value is set as
the upper or lower limit value, which learned value being
estimated to be calculated  when the supplied fuel
amount difference amount, which is a difference amount
of the actual supplied fuel amount relative to the estimat-
ed supplied fuel amount which is an estimated value of
the supplied fuel amount, is a predetermined amount.
[0020] According to this, in the case that the upper or
lower limit value regarding the learned value has been
set, before the learned value calculated immediately be-
fore the setting of the supplied fuel or air amount correc-
tion value is used for the setting, when the learned value
is larger than the upper limit value, the learned value is
limited to the upper limit value or when the learned value
is smaller than the lower limit value, the learned value is
limited to the lower limit value. Thus, the use of the
learned value larger than the upper limit value or smaller
than the lower limit value for the setting of the supplied
fuel or air amount correction value is avoided.
[0021] Further, in the above- explained invention, it is
preferred that the predetermined supplied fuel amount
difference amount is determined on the basis of at least
one of the supplied fuel amount and the pressure of the
fuel supplied from the fuel supply means.
[0022] According to this, the more suitable upper or
lower limit value is set for limiting the learned value such
that the requirements of the engine (for example, the de-
crease of the exhaust emission, the improvement of the
fuel consumption, the avoidance of the misfiring in the
combustion chamber, etc.) are surely accomplished.
That is, the supplied fuel amount difference is significant-
ly subject to the supplied fuel amount and the fuel pres-
sure when the fuel is supplied from the fuel supply means.
Further, the above-mentioned predetermined supplied
fuel amount difference amount is used for the setting of
the upper or lower limit value. On the other hand, the
supplied fuel amount difference significantly influents the
requirements of the engine. Therefore, if the above-men-
tioned predetermined supplied fuel amount difference

amount is determined on the basis of at least one of the
supplied fuel amount and the fuel pressure, the more
suitable upper or lower limit value is set for limiting the
learned value such that the requirements of the engine
are surely accomplished.
[0023] Further, in the above- explained invention, it is
preferred that the predetermined supplied fuel amount
difference amount is the maximum or minimum value
among the possible supplied fuel amount difference
amounts.
[0024] According to this, the more suitable upper or
lower limit value is set in order to  correct the supplied
fuel or air amount to the maximum extent possible as far
as the requirements of the engine are accomplished.
That is, in general, it is preferred that the supplied fuel or
air amount is corrected to the maximum extent possible
as far as the requirements of the engine are accom-
plished. On the other hand, also in the case that it is
expected that the supplied fuel amount difference
amount becomes large to the maximum extent when the
actual supplied fuel amount differs positively from the
estimated supplied fuel amount (i.e. in the case that the
supplied fuel amount difference amount is the possible
maximum value) and in the case that it is expected that
the supplied fuel amount difference amount becomes
large to the maximum extent when the actual supplied
fuel amount differs negatively from the estimated sup-
plied fuel amount (i.e. in the case that the supplied fuel
amount difference amount is the possible minimum val-
ue), a variety of the controls in the engine are constructed
such that the requirements of the engine are accom-
plished. That is, if the learned value is limited to the upper
or lower limit value set by using the maximum or minimum
value among the expected supplied fuel amount differ-
ence amounts as the above-mentioned supplied fuel
amount difference amount, the learned value for correct-
ing the supplied fuel or air amount to the maximum extent
and accomplishing the requirements of the engine is ob-
tained. Therefore, the more suitable upper or lower limit
value is set in order to correct the supplied fuel or air
amount to the maximum extent possible as far as the
requirements of the engine are accomplished.
[0025] Further, in the above- explained invention, it is
preferred that the upper or lower limit value regarding the
learned value is set. In this case, when the calculated
learned value is larger than the upper limit value, the
learned value is limited to the upper limit value or when
the calculated learned value is smaller than the lower
limit value, the learned value is limited to the lower limit
value. In this regards, the learned value is set as the
upper or lower limit value, which learned value is expect-
ed to be calculated when the supplied air amount differ-
ence amount which is a difference amount of the esti-
mated supplied air amount which is an estimated value
of the supplied air amount relative to the actual supplied
air amount is a predetermined supplied air amount.
[0026] According to this, in the case that the upper or
lower limit value regarding the learned value is set, before
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the learned value calculated immediately before the set-
ting of the supplied fuel or air amount correction value is
used for the setting, when the learned value is larger than
the upper limit value, the learned value is limited to the
upper limit value or when the learned value is smaller
than the lower limit value, the learned value is  limited to
the lower limit value. Thus, the use of the learned value
larger than the upper limit value or smaller than the lower
limit value for the setting of the supplied fuel or air amount
correction value is avoided.
[0027] Further, in the above- explained invention, it is
preferred that the predetermined supplied air amount dif-
ference amount is determined on the basis of the supplied
air amount.
[0028] According to this, the more suitable upper or
lower limit value is set in order to limit the learned value
such that the requirements of the engine are surely ac-
complished. That is, the supplied air amount difference
is significantly subject to the supplied air amount. The
predetermined supplied air amount difference amount is
used for the setting of the upper or lower limit value. On
the other hand, the supplied air amount difference influ-
ences the requirements of the engine. Therefore, if the
predetermined supplied air amount difference amount is
determined on the basis of the supplied air amount, the
more suitable upper or lower limit value is set in order to
limit the learned value such that the requirements of the
engine are surely accomplished.
[0029] Further, in the above- explained invention, it is
preferred that the predetermined supplied air amount dif-
ference amount is the maximum or minimum value
among the possible supplied air amount difference
amounts.
[0030] According to this, the more suitable upper or
lower limit value is set in order to correct the supplied
fuel or air amount to the maximum extent possible as far
as the requirements of the engine are accomplished.
That is, in general, it is preferred that the supplied fuel or
air amount is corrected to the maximum extent possible
as far as the requirements of the engine are accom-
plished. On the other hand, a variety of the controls in
the engine are constructed such that the requirements
of the engine are accomplished in the case that it is ex-
pected that the supplied air amount difference amount
becomes large to the maximum extent when the estimat-
ed supplied air amount differs positively from the actual
supplied air amount (i.e. in the case that the supplied air
amount difference amount is the possible maximum val-
ue) and in the case that it is expected that the supplied
air amount difference amount becomes large to the max-
imum extent when the estimated supplied air amount dif-
fers negatively from the actual supplied air amount (i.e.
in the case that the supplied air amount difference
amount is the possible minimum value). That is, when
the learned value is limited to the upper or lower limit
value set by using the maximum or minimum value of the
possible supplied air amount difference amount as the
above-mentioned predetermined supplied air amount dif-

ference amount, the learned value is obtained, which val-
ue corrects the supplied fuel or air amount to the maxi-
mum extent while the requirements of the engine are
accomplished. Therefore, the more suitable upper or low-
er limit value is set in order to correct the supplied fuel
or air amount to the maximum extent possible as far as
the requirements of the engine are accomplished.
[0031] Further, in the above- explained invention, it is
preferred that the supplied fuel amount correction value
is a value for decreasing the difference of the actual sup-
plied fuel amount relative to the estimated supplied fuel
amount which is an estimated value of the supplied fuel
amount.
[0032] Further, in the above- explained invention, it is
preferred that the supplied air amount correction value
is a value for decreasing the difference of the estimated
supplied air amount, which is an estimated value of the
supplied air amount, relative to the actual supplied air
amount.
[0033] Further, another invention of this application re-
lates to a control device of an internal combustion engine,
comprising
means for acquiring an estimated value of a supplied fuel
amount, which is an amount of a fuel supplied to a com-
bustion chamber, as an estimated supplied fuel amount, 
means for acquiring an estimated value of a supplied air
amount, which is an amount of an air supplied to the
combustion chamber, as an estimated supplied air
amount, 
means for calculating an air- fuel ratio of a mixture gas
formed in the combustion chamber as an estimated air-
fuel ratio on the basis of the estimated supplied fuel and
air amounts, 
means for acquiring an actual air- fuel ratio of the mixture
gas formed in the combustion chamber as an actual air-
fuel ratio, 
correction value calculation means for calculating a cor-
rection value for correcting the supplied air amount so
as to decrease an air- fuel ratio difference which is a
difference of the actual air- fuel ratio relative to the esti-
mated air- fuel ratio, and
learning means for calculating a learned value of the cor-
rection value by integrating the correction values calcu-
lated by the correction value calculation means and
memorizing the learned value, 
wherein when no air- fuel ratio difference occurs, the sup-
plied air amount is corrected only by the learned value,
and on the other hand, when the air- fuel ratio difference
occurs, the supplied air amount is corrected by the
learned value and the correction value.
[0034] In this invention, the learned value is obtained
as a maximum lean-side learned value due to the sup-
plied fuel amount difference, which learned value is ob-
tained when the air-fuel ratio difference becomes zero in
the case that a supplied fuel amount difference in which
the actual supplied fuel amount is larger than the esti-
mated supplied air amount occurs and this supplied fuel
amount difference is largest among the possible differ-
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ences under the condition where the estimated supplied
air amount corresponds to the actual supplied air amount.
[0035] Further, in this invention, the learned value is
obtained as a maximum rich- side learned value due to
the supplied fuel amount difference, which learned value
is obtained when the air- fuel ratio difference becomes
zero in the case that a supplied fuel amount difference
in which the actual supplied fuel amount is smaller than
the estimated supplied fuel amount occurs and this sup-
plied fuel amount is largest among the possible differ-
ences under the condition where the estimated supplied
air amount corresponds to the actual supplied air amount.
[0036] Further, in this invention, the learned value is
obtained as a maximum lean- side learned value due to
the supplied air amount difference, which learned value
is obtained when the air- fuel ratio difference becomes
zero in the case that a supplied air amount difference in
which the estimated supplied air amount is larger than
the actual supplied air amount occurs and this supplied
air amount difference is largest among the possible dif-
ferences under the condition where the estimated sup-
plied fuel amount corresponds to the actual supplied fuel
amount.
[0037] Further, in this invention, the learned value is
obtained as a maximum rich- side learned value due to
the supplied air amount difference, which learned value
is obtained when the air- fuel ratio difference becomes
zero in the case that a supplied air amount difference in
which the estimated supplied air amount is smaller than
the actual supplied air amount occurs and this supplied
air amount difference is largest among the possible dif-
ferences under the condition where the estimated sup-
plied fuel amount corresponds to the actual supplied fuel
amount.
[0038] Further, in this invention, the larger one of the
maximum lean- side learned values due to the supplied
fuel and air amount differences is set as an upper limit
lean- side learned value.
[0039] Further, in this invention, the larger one of the
maximum rich- side learned values due to the supplied
fuel and air amount differences is set as an upper limit
rich- side learned value.
[0040] Further, in this invention, the learned value is
limited to the upper limit lean- side learned value when
the learned value calculated by the learning means is a
value for increasing the supplied air amount and is larger
than the upper limit lean- side learned value.
[0041] On the other hand, in this invention, the learned
value is limited to the upper rich-side learned value when
the learned value calculated by the learning means is a
value for decreasing the supplied air amount and is larger
than the upper limit rich-side learned value.
[0042] According to this, the more suitable upper limit
lean-side or rich-side learned value is set in order to cor-
rect the supplied fuel or air amount to the maximum extent
possible as far as the requirements of the engine are
accomplished. That is, in general, it is preferred that the
supplied fuel or air amount is corrected to the maximum

extent possible as far as the requirements of the engine
are accomplished. On the other hand, a variety of the
controls in the engine are structured such that the re-
quirements of the engine are accomplished in the case
that it is expected that the supplied fuel amount difference
amount becomes large to the maximum extent when the
actual supplied fuel amount differs positively from the
estimated supplied fuel amount and in the case that it is
expected that the supplied fuel amount difference
amount becomes large to the maximum extent when the
actual supplied fuel amount differs negatively from the
estimated supplied fuel amount. That is, when the
learned value in the case that the supplied fuel amount
difference is largest among the possible differences (i.e.
the maximum lean-side and rich-side learned values due
to the supplied fuel amount difference) and the learned
value in the case that the supplied air amount difference
is largest among the possible differences (i.e. the maxi-
mum lean-side and rich-side learned values due to the
supplied air amount difference) are compared with each
other, the larger one of these learned values is set as
the upper limit lean-side or rich-side learned value, and
the learned value is limited to the upper limit lean-side or
rich-side learned value, the learned value is obtained,
which learned value corrects the supplied fuel or air
amount to the maximum extent while the requirements
of the engine are accomplished. Therefore, the more suit-
able upper limit lean-side or rich-side learned value is set
in order to correct the supplied fuel or air amount to the
maximum extent possible as far as the requirements of
the engine are accomplished.
[0043] In the above-explained invention, it is preferred
that the maximum lean-side and rich-side learned values
due to the supplied fuel amount difference are ones de-
fined by at least one of the estimated supplied fuel
amount and the pressure of a fuel supplied from fuel sup-
ply means.
[0044] According to this, the more suitable upper limit
lean-side or rich-side learned value is set in order to limit
the learned value such that the requirements of the en-
gine are accomplished. That is, the supplied fuel amount
difference is subject to the supplied fuel amount and the
pressure of a fuel supplied from fuel supply means. The
maximum lean-side and rich-side learned values due to
the supplied fuel amount difference are used for the set-
ting of the upper limit lean-side and rich-side learned val-
ues, respectively. On the other hand, the supplied fuel
amount difference influences the requirements of the en-
gine. Therefore, when the maximum lean-side and rich-
side learned values due to the supplied fuel amount dif-
ference are defined on the basis of at least one of the
supplied fuel amount and the above-mentioned fuel pres-
sure, the more suitable upper limit lean-side or rich-side
learned value is set in order to limit the learned value
such that the requirements of the engine are surely ac-
complished.
[0045] Further, in the above- explained invention, it is
preferred that the maximum rich- side and lean- side

9 10 



EP 2 657 493 A1

7

5

10

15

20

25

30

35

40

45

50

55

learned values due to the supplied air amount difference
are defined by the estimated supplied air amount.
[0046] According to this, the more suitable upper limit
lean-side or rich-side learned value is set in order to limit
the learned value such that the requirements of the en-
gine are surely accomplished. That is, the supplied air
amount difference is subject to the intake air amount.
The maximum lean-side and rich-side learned values due
to the supplied air amount difference are used for the
setting of the upper limit lean-side and rich-side learned
values, respectively. On the other hand, the supplied air
amount influences the  requirements of the engine.
Therefore, when the maximum lean-side and rich-side
learned values due to the supplied air amount are defined
on the basis of the supplied air amount, the more suitable
upper limit lean-side or rich-side learned value is set in
order to limit the learned value such that the requirements
of the engine are surely accomplished.
[0047] Further another invention of this application re-
lates to a control device of an internal combustion engine,
comprising
means for acquiring an estimated value of a supplied fuel
amount, which is an amount of a fuel supplied to a com-
bustion chamber, as an estimated supplied fuel amount,
means for acquiring an estimated value of a supplied air
amount, which is an amount of an air supplied to the
combustion chamber, as an estimated supplied air
amount,
means for calculating an air-fuel ratio of a mixture gas
formed in the combustion chamber as an estimated air-
fuel ratio on the basis of the estimated supplied fuel and
air amounts,
means for acquiring an actual air-fuel ratio of the mixture
gas formed in the combustion chamber as an actual air-
fuel ratio,
correction value calculation means for calculating a cor-
rection value for correcting the supplied air amount so
as to decrease an air-fuel ratio difference which is a dif-
ference of the actual air-fuel ratio relative to the estimated
air-fuel ratio, and
learning means for calculating a learned value of the cor-
rection value by integrating the correction value calculat-
ed by the correction value calculation means and mem-
orizing the learned value,
wherein when no air-fuel ratio difference occurs, the sup-
plied air amount is corrected only by the learned value,
and on the other hand, when the air-fuel ratio difference
occurs, the supplied air amount is corrected by the
learned value and the correction value.
[0048] Further, in this invention, the learned value is
set to an upper limit lean- side learned value, which
learned value is obtained when the air- fuel ratio differ-
ence becomes zero in the case that a supplied fuel
amount difference in which the actual supplied fuel
amount is larger than the estimated supplied fuel amount
occurs, this supplied fuel amount difference is largest
among the possible differences, a supplied air amount
difference in which the estimated supplied air amount is

larger than the actual supplied air amount, and this sup-
plied air amount difference is largest among the possible
differences.
[0049]   Further, in this invention, the learned value is
set to an upper limit rich-side learned value, which
learned value is obtained when the air-fuel ratio differ-
ence becomes zero in the case that a supplied fuel
amount difference in which the actual supplied fuel
amount is smaller than the estimated supplied fuel
amount occurs, this difference is largest among the pos-
sible differences, a supplied air amount difference in
which the estimated supplied air amount is smaller than
the actual supplied air amount occurs, and this difference
is largest among the possible differences.
[0050] Further, in this invention, when the learned val-
ue calculated by the learning means is a value for in-
creasing the supplied air amount and is larger than the
upper limit lean- side learned value, the learned value is
limited to the upper limit lean- side learned value.
[0051] On the other hand, in this invention, when the
learned value calculated by the learning means is a value
for decreasing the supplied air amount and is larger than
the upper limit rich-side learned value, the learned value
is limited to this upper limit value.
[0052] According to this, the suitable upper lean-side
and rich-side learned values are set in order to correct
the supplied fuel or air amount to the maximum extent
possible as far as the requirements of the engine are
accomplished. That is, in general, it is preferred that the
supplied fuel or air amount is corrected to the maximum
extent possible as far as the requirements of the engine
are accomplished. On the other hand, the various con-
trols of the engine are structured such that the require-
ments of the engine are accomplished in the case of ex-
pecting that the supplied fuel amount difference amount
is the largest one when the actual supplied fuel amount
is different from the estimated supplied fuel amount pos-
itively and the supplied air amount difference amount is
the largest one when the estimated supplied air amount
is different from the actual supplied air amount positively
and in the case of expecting that the supplied fuel amount
difference amount is the largest one when the actual sup-
plied fuel amount is different from the estimated supplied
fuel amount negatively and the supplied air amount dif-
ference amount is the largest one when the estimated
supplied air amount is different from the actual supplied
air amount negatively. That is, the learned value in the
case that the supplied fuel and air amount difference are
the largest ones to the expected extent are set to the
upper limit lean-side or rich-side learned value and when
the learned value is limited to the upper limit value, the
learned value for correcting the supplied fuel or air
amount to the maximum extent while the requirements
of the engine are accomplished can be obtained. There-
fore, the more suitable upper limit lean-side or rich-side
learned value is set in order  to correct the supplied fuel
or air amount to the maximum extent possible as far as
the requirements of the engine are accomplished.
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[0053] In the above-explained invention, it is preferred
that the upper limit rich-side and lean-side learned values
are those defined by at least one of the estimated sup-
plied fuel amount and the fuel pressure when the fuel is
supplied from the fuel supply means.
[0054] According to this, the more suitable upper limit
lean-side or rich-side learned value is set in order to limit
the learned value so as to surely accomplish the require-
ments of the engine. That is, the supplied fuel amount
difference is subject to the supplied fuel amount and the
pressure of a fuel supplied from fuel supply means. The
supplied air amount difference is subject to the intake air
amount. The supplied fuel and air amounts influence the
requirements of the engine. Therefore, when the upper
limit lean-side and rich-side learned values are defined
on the basis of the estimated supplied air amount and at
leans one of the supplied fuel amount and the fuel pres-
sure, the more suitable upper limit lean-side or rich-side
learned value for limiting the learned value so as to surely
accomplish the requirements of the engine is set.
[0055] In the above-explained invention, it is preferred
that the device further comprises exhaust gas recircula-
tion means for introducing into an intake passage an ex-
haust gas discharged from the combustion chamber to
an exhaust passage. The correction value calculated by
the correction value calculation means is the correction
value for correcting an exhaust gas recirculation amount
which is an amount of the exhaust gas introduced into
the intake passage by the exhaust gas recirculation
means.

[Brief Explanation of the Drawings]

[0056]

[Fig.1] Fig.1 is a entire view showing an internal com-
bustion engine which a control device of the first em-
bodiment of the invention is applied.
[Fig.2] Fig.2(A) is a view showing a map used for
acquiring a target fuel injection amount on the basis
of an accelerator pedal opening degree Dac in the
first embodiment, Fig.2(B) is a view showing a map
used for acquiring a target throttle valve opening de-
gree TDth on the basis of a fuel injection amount Q
and an engine speed N in the first embodiment and
Fig.2(C) is a view showing a map used for acquiring
a target EGR rate TRegr on the basis of the fuel
injection amount Q and the engine speed in the first
embodiment.
[Fig.3] Fig.3 is a view showing a map used for ac-
quiring a learned value KG on the basis  of the fuel
injection amount TQ and the engine speed N in the
first embodiment.
[Fig.4] Fig.4(A) is a view showing a map used for
acquiring a maximum learned value MaxF due to a
fuel injection amount difference on the basis of the
fuel injection amount Q and a fuel pressure Pf in the
first embodiment, Fig.4(B) is a view showing a map

used for acquiring a minimum learned value MinF
due to the fuel injection amount difference on the
basis of the fuel injection amount Q and the fuel pres-
sure Pf in the first embodiment,
Fig.4(C) is a view showing a map used for acquiring
a maximum learned value MaxA due to an intake air
amount difference on the basis of an intake air
amount Ga in the first embodiment and Fig.4(D) is
a view showing a map used for acquiring a minimum
learned value MinA due to the intake air amount dif-
ference on the basis of the intake air amount Ga in
the first embodiment.
[Fig.5] Fig.5 shows a flowchart of a routine for per-
forming a control of a fuel injector of the first embod-
iment.
[Fig.6] Fig.6 shows a flowchart of a routine for per-
forming a control of a throttle valve of the first em-
bodiment.
[Fig.7] Fig.7 shows a flowchart of a routine for per-
forming a control of an EGR control valve of the first
embodiment.
[Fig.8] Fig.8 shows a flowchart of a routine for per-
forming an update of the learned value of the first
embodiment.
[Fig.9] Fig.9 is a view showing a map used for ac-
quiring a maximum learned value Max on the basis
of the fuel injection amount Q and the fuel pressure
Pf in the second embodiment and Fig.9(B) is a view
for a map used for acquiring a minimum learned val-
ue Min on the basis of the fuel injection amount Q,
the fuel pressure Pf and the intake air amount Ga in
the second embodiment.
[Fig.10] Fig.10 shows a flowchart of a routine for per-
forming the update of the learned value of the second
embodiment.
[Fig.11] Fig.11 is an entire view of the engine which
the control device of the third embodiment of this
invention is applied.
[Fig.12] Fig.12(A) is a view showing a map used for
acquiring the target fuel injection amount TQ on the
basis of the accelerator pedal opening degree Dac
in the third embodiment and Fig.12(B) is a view
showing a map used for acquiring the target throttle
valve opening degree TDth on the basis of the fuel
injection amount Q and the engine speed N in the
third embodiment.
[Fig.13] Fig.13 is a view showing a map used for
acquiring the learned value KG on the basis of the
fuel injection amount Q and the engine speed N in
the third embodiment.
[Fig.14] Fig.14 shows a flowchart of a routine for per-
forming the control of the throttle  valve in the third
embodiment.
[Fig.15] Fig.15 is an entire view of the engine which
the control device of the second embodiment of this
invention is applied.
[Fig.16] Fig.16 is a view showing an exhaust turbine
of a supercharger of the engine shown in Fig.15.
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[Fig.17] Fig.17(A) is a view showing a map used for
acquiring the target fuel injection amount TQ on the
basis of the accelerator pedal opening degree Dac
in the fourth embodiment, Fig.17(B) is a view show-
ing a map used for acquiring the target throttle valve
opening degree TDth on the basis of the fuel injection
amount Q and the engine speed N in the fourth em-
bodiment, and Fig.17(C) is a view showing a map
used for acquiring the target vane opening degree
TDv on the basis of the fuel injection amount Q and
the engine speed N in the fourth embodiment.
[Fig.18] Fig.18 is a view showing a map used for
acquiring the learned value KG on the basis of the
fuel injection amount Q and the engine speed N in
the fourth embodiment.
[Fig.19] Fig.19 shows a flowchart of a routine for per-
forming the control of the vane of the fourth embod-
iment.
[Fig.20] Fig.20 is a view showing a map used for
acquiring the learned value KG on the basis of the
fuel injection amount Q and the engine speed N in
the fifth embodiment.
[Fig.21] Fig.21 shows a flowchart of a routine for per-
forming the control of the fuel injector of the fifth em-
bodiment.
[Fig.22] Fig.22 shows a flowchart of a routine for per-
forming the control of the EGR control valve of the
fifth embodiment.
[Fig.23] Fig.23 is a view showing a map used for
acquiring the learned value KG on the basis of the
fuel injection amount Q and the engine speed N in
the sixth embodiment.

[Mode for Carrying Out the Invention]

[0057] Below, embodiments of the control device of
the internal combustion engine of this invention will be
explained, referring to the drawings. An internal combus-
tion engine which a control device of the first embodiment
is applied is shown in Fig. 1. The engine 10 of Fig. 1
comprises a body 20 of the engine (hereinafter, this body
will be referred to as-- engine body-- ), fuel injectors 21
each positioned to corresponding one of four combustion
chambers of the body and a fuel pump 22 for supplying
a fuel to the injectors 21 via a fuel supply pipe 23. The
engine 10 comprises an intake system 30 for supplying
an air to the combustion chambers from the atmosphere
and an exhaust system 40 for discharging an exhaust
gas discharged from the combustion chamber to the at-
mosphere.  The engine 10 is a compression self ignition
type internal combustion engine (a so- called diesel en-
gine) .
[0058] The intake system 30 has an intake manifold
31 and an intake pipe 32. In the following explanation,
the intake system 30 may be referred to as --intake pas-
sage--. One end of the intake manifold 31 (i.e. the branch
portions) is connected to intake ports (not shown) formed
in the body 20 corresponding to each combustion cham-

ber. The other end of the intake manifold 31 is connected
to the intake pipe 32. A throttle valve 33 for controlling
an amount of an air flowing through the intake pipe is
positioned in the intake pipe 32. An intercooler 34 for
cooling the air flowing through the intake pipe is posi-
tioned on the intake pipe 32. An air cleaner 36 is posi-
tioned in the end of the intake pipe 32 facing the atmos-
phere.
[0059] The throttle valve 33 can variably control an
amount of a gas suctioned into the combustion chambers
by its operation condition (in particular, its opening de-
gree and hereinafter, this degree will be referred to as --
throttle valve opening degree--) being controlled.
[0060] The exhaust system 40 has an exhaust mani-
fold 41 and an exhaust pipe 42. In the following expla-
nation, the exhaust system 40 may be referred to as --
exhaust passage--. One end of the exhaust manifold 41
(i.e. the branch portions) is connected to exhaust ports
(now shown) formed in the body 20 corresponding to
each combustion chamber. The other end of the exhaust
manifold 41 is connected to the exhaust pipe 42. A cat-
alytic converter 43 incorporating an exhaust purification
catalyst 43A for purifying specific components in the ex-
haust gas is positioned in the exhaust pipe 42.
[0061] An oxygen concentration sensor 76U for out-
putting a signal depending on an oxygen concentration
in the exhaust gas discharged from the combustion
chamber (hereinafter, this sensor will be referred to as --
upstream oxygen concentration sensor--) is positioned
on the exhaust pipe 42 upstream of the catalyst 43A. An
oxygen concentration sensor 76D for outputting a signal
depending on the oxygen concentration in the exhaust
gas discharged from the catalyst 43A (hereinafter, this
sensor will be referred to as --downstream oxygen con-
centration sensor) is positioned on the exhaust pipe 42
downstream of the catalyst 43A.
[0062] An air flow meter 71 for outputting a signal de-
pending on a flow rate of the air  flowing through the
intake pipe (therefore, the flow rate of the air suctioned
into the combustion chamber and hereinafter, this rate
will be referred to as --intake air amount--) is positioned
on the intake pipe 32 downstream of the air cleaner 36
and upstream of a compressor 35A. A pressure sensor
for outputting a signal depending on a pressure of the
gas in the intake manifold (i.e. an intake pressure) 72 is
positioned on the intake manifold 31. A crank position
sensor 74 for outputting a signal depending on a rotation
phase of a crank shaft is positioned on the body 20.
[0063] The engine 10 comprises an exhaust gas recir-
culation device (hereinafter, this will be referred to as --
EGR device--) 50. The device 50 has an exhaust gas
recirculation pipe (hereinafter, this will be referred to as
--EGR passage--) 51. One end of the passage 51 is con-
nected to the exhaust manifold 41. That is, one end of
the passage 51 is connected to the portion of the exhaust
passage 40 upstream of an exhaust turbine 35B. The
other end of the passage 51 is connected to the intake
manifold 31. That is, the other end of the passage 51 is
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connected to the portion of the intake passage down-
stream of the compressor 35A. An exhaust gas recircu-
lation control valve (hereinafter, this will be referred to as
--EGR control valve) 52 for controlling a flow rate of an
exhaust gas flowing through the EGR passage is posi-
tioned on the passage 51. In the engine 10, as an opening
degree of the valve 52 (hereinafter, this degree will be
referred to as --EGR control valve opening degree--) is
large, the flow rate of the exhaust gas flowing through
the EGR passage 51 is large. An exhaust gas recircula-
tion cooler 53 for cooling the exhaust gas flowing through
the EGR passage is positioned in the passage 51.
[0064] The EGR device 50 can variably control the
amount of the exhaust gas introduced into the intake pas-
sage 30 via the EGR passage 51 (hereinafter, this gas
will be referred to as --EGR gas--) by controlling the op-
eration condition of the EGR control valve 52 (in partic-
ular, the opening degree of the valve 52 and hereinafter,
this will be referred to as-EGR control valve opening de-
gree--).
[0065] The engine 10 comprises an electronic control
nit 60. The unit 60 has a microprocessor (CPU) 61, a
read only memory (ROM) 62, a random access memory
(RAM) 63, a back-up RAM 64 and an interface 65. The
injectors 21, the pump 22, the throttle valve 33 and the
EGR control valve 52 are connected to the interface 65
and the control signals for controlling their operations are
given from the unit 60 via the interface 65, respectively.
The air flow meter 71, the intake pressure sensor 72, the
crank position  sensor 74, an accelerator pedal opening
degree sensor 75 for outputting a signal depending on
an opening degree of an accelerator pedal AP (i.e. the
depression amount of the pedal AP and hereinafter, this
will be referred to as --accelerator pedal opening de-
gree--) and the oxygen concentration sensors 76U and
76D are connected to the interface 65 and the signals
output from the meter 71 and the sensors 72, 74, 75, 76U
and 76D are input to the interface 65.
[0066] The intake air amount is calculated by the unit
60 on the basis of the signal output from the air flow meter
71, the intake pressure is calculated by the unit 60 on
the basis of the signal output from the intake pressure
sensor 72, the engine speed (i.e. the rotation speed of
the engine 10) is calculated by the unit 60 on the basis
of the signal output from the crank position sensor 74,
the accelerator pedal opening degree is calculated by
the unit 60 on the basis of the signal output from the
accelerator pedal opening degree sensor 75, the air-fuel
ratio of the exhaust gas discharged from the combustion
chamber is calculated by the unit 60 on the basis of the
signal output from the upstream oxygen concentration
sensor 76U and the air-fuel ratio of the exhaust gas flow-
ing out from the catalyst 43A is calculated by the unit 60
on the basis of the signal output from the downstream
oxygen concentration sensor 76D. Therefore, in the first
embodiment, substantially, the air flow meter 71 func-
tions as means for detecting the intake air amount, the
intake pressure sensor 72 functions as means for detect-

ing the intake air pressure, the crank position sensor 74
functions as means for detecting the engine speed, the
accelerator pedal opening degree sensor 75 functions
as means for detecting the accelerator pedal opening
degree, the upstream oxygen concentration sensor 76U
functions as means for detecting the oxygen concentra-
tion of the exhaust gas discharged from the combustion
chamber and the downstream oxygen concentration sen-
sor 76D functions as means for detecting the oxygen
concentration of the exhaust gas flowing out from the
catalyst 43A.
[0067] As the intake pressure is high, the amount of
the gas suctioned into the combustion chamber is large
and as the intake pressure is low, the amount of the gas
is small. The intake pressure sensor 72 functions as
means for detecting the intake pressure and therefore,
the amount of the gas suctioned into the combustion
chamber can be known on the basis of the intake pres-
sure detected by the sensor 72. Therefore, in the first
embodiment, substantially, the sensor 72 functions as
means for detecting the amount of the gas suctioned into
the combustion chamber.
[0068]   As the air-fuel ratio of the mixture gas is large,
the oxygen concentration of the burned gas produced by
the combustion of the mixture gas formed in the combus-
tion chamber is large and as the air-fuel ratio of the mix-
ture gas is small, the oxygen concentration is small. In
the case that the oxygen concentration of the burned gas
produced by the combustion when the mixture gas hav-
ing the stoichiometric air-fuel ratio burns in the combus-
tion chamber is referred to as base oxygen concentration,
the oxygen concentration of the burned gas produced by
the combustion of the mixture gas formed in the combus-
tion chamber is higher than the base oxygen concentra-
tion when the air-fuel ratio of the mixture gas is larger
than the stoichiometric air-fuel ratio and the oxygen con-
centration is lower than the base oxygen concentration
when the air-fuel ratio of the mixture gas is smaller than
the stoichiometric air-fuel ratio. The upstream oxygen
concentration sensor 76U functions as means for detect-
ing the oxygen concentration of the exhaust gas dis-
charged from the combustion chamber and therefore,
the air-fuel ratio of the mixture gas can be known on the
basis of the oxygen concentration detected by the sensor
76U. Therefore, in the first embodiment, substantially,
the sensor 76U functions as means for detecting the air-
fuel ratio of the mixture gas.
[0069] Next, the control of the fuel injector of the first
embodiment will be explained. In the first embodiment,
suitable fuel injection amounts (i.e. amounts of the fuel
injected from the fuel injector) depending on the accel-
erator pedal opening degrees in the engine of Fig. 1 are
previously obtained by the experiment, etc. and these
obtained mounts are memorized as target fuel injection
amounts TQ as shown in Fig. 2 (A) in the unit 60 in the
form of a map as a function of the accelerator pedal open-
ing degree Dac. During the engine operation (i.e. during
the operation of the engine), the target amount TQ is
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acquired from the map of Fig. 2 (A) on the basis of the
degree Dac. A fuel injector opening time (i.e. a time for
opening the fuel injector for injecting the fuel from the
fuel injector) necessary to make the injector inject the
fuel having the acquired target amount TQ is calculated
on the basis of the target amount TQ. The opening time
of the injector is controlled in each intake stroke such that
the injector is opened for the calculated time.
[0070] In the map of Fig.2(A), as the accelerator pedal
opening degree Dac is large, the target fuel injection
amount TQ is large.
[0071] Next, the control of the throttle valve of the first
embodiment will be explained. In the first embodiment,
suitable throttle valve opening degrees (i.e. opening de-
grees of the throttle valve) depending on the fuel injection
amount and the engine speed (i.e. the  rotation speed of
the engine) in the engine of Fig. 1 are previously obtained
by the experiment, etc. and these obtained degrees are
memorized as target throttle valve opening degrees TDth
as shown in Fig. 2 (B) in the unit 60 in the form of a map
as a function of the fuel injection amount Q and the engine
speed N. During the engine operation, the target degree
TDth is acquired from the map of Fig. 2 on the basis of
the fuel injection amount Q and the engine speed N. The
opening degree of the throttle valve is controlled such
that the throttle vale opens by this acquired target degree
TDth.
[0072] In the map of Fig.2(B), as the fuel injection
amount Q is large, the target degree TDth is large and
as the engine speed N is large, the target degree TDth
is large.
[0073] In the first embodiment, as the fuel injection
amount Q used for acquiring the target degree TDth from
the map of Fig.2(B), the target fuel injection amount TQ
(i.e. the target amount TQ acquired from the map of Fig.
2(A)) is employed.
[0074] Next, the control of the opening degree of the
EGR control valve by the control device of the first em-
bodiment will be explained. In the first embodiment, suit-
able EGR rates (i.e. the mass rates of the exhaust gas
included in the gas suctioned into the combustion cham-
ber) depending on the fuel injection amount and the en-
gine speed are previously obtained by the experiment,
etc. and these obtained EGR rates are memorized as
target EGR rates TRegr as shown in Fig. 2 (C) in the unit
60 in the form of a map as a function of the fuel injection
amount Q and the engine speed N. During the engine
operation, the target rate TRegr is acquired from the map
of Fig. 2 (C) on the basis of the amount Q and the speed
N. The EGR control valve opening degree (i.e. the open-
ing degree of the EGR control valve) for accomplishing
this acquired target rate TRegr is calculated as the target
EGR control valve opening degree TDegr according to
a predetermined calculation law. The opening degree of
the EGR control valve is controlled such that the EGR
control valve opens by this calculated target degree TDe-
gr.
[0075] In the map of Fig.2(C), as the fuel injection

amount Q is large, the target EGR rate TRegr is small
and as the engine speed N is large, the target EGR rate
TRegr is small.
[0076] In the first embodiment, as shown in Fig.3,
learned values KG are memorized in the unit 60 in the
form of a map as a function of the fuel injection amount
Q and the engine speed N. During the engine operation,
the learned value KG depending on the amount Q and
the speed N is acquired from the map of Fig.3. The fuel
injection amount obtained  by adding this acquired
learned value to the target fuel injection amount is used
as the fuel injection amount for the target EGR rate ac-
quisition (i.e. the fuel injection amount used for acquiring
the target EGR rate TRegr from the map of Fig.2(C)) and
as the fuel injection amount for the estimated air-fuel ratio
calculation (i.e. the fuel injection amount used for calcu-
lating the estimated value of the air-fuel ratio of the mix-
ture gas).
[0077] Next, the update of the above- explained
learned value of the first embodiment will be explained.
As explained above, in the first embodiment, as shown
in Fig. 3, the learned values KG are memorized in the
unit 60 in the form of a map as a function of the fuel
injection amount Q and the engine speed N. The initial
values of all learned values KG are set as "1".
[0078] During the engine operation, a correction value
is calculated every a predetermined condition is satisfied
and new learned value KG obtained by adding this cal-
culated correction value to the learned value KG of the
map of Fig.3 corresponding to the current fuel injection
amount Q (the current target fuel injection amount TQ is
used as this amount Q) and the current engine speed N
is memorized in the map of Fig.3 as the learned value
corresponding to the current amount Q and the current
speed N. That is, during the engine operation, the learned
value KG of the map of Fig.3 corresponding to the current
amount Q and the current speed N is updated by the
correction value every the predetermined condition is sat-
isfied.
[0079] Next, the calculation of the above- explained
correction value of the first embodiment will be explained.
In the first embodiment, every a predetermined condition
is satisfied, the detected air- fuel ratio (i.e. the air- fuel
ratio of the mixture gas calculated from the output value
of the upstream oxygen concentration sensor) is ac-
quired and the estimated air- fuel ratio is calculated. As
explained above, the estimated air- fuel ratio is an esti-
mated value of the air- fuel ratio of the mixture gas and
is an air- fuel ratio of the mixture gas calculated by using
the detected intake air amount (i.e. the intake air amount
calculated from the output value of the air flow meter)
and the fuel injection amount obtained by adding the
learned value KG acquired from the map of Fig. 3 on the
basis of the amount Q and the speed N to the target fuel
injection amount TQ. A difference of the detected air- fuel
ratio relative to the estimated air- fuel ratio (hereinafter,
this difference will be referred to as-- air- fuel ratio differ-
ence-- ) is calculated. The correction value is calculated
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on the basis of this calculated air- fuel ratio difference.
[0080]   The correction value calculated when the air-
fuel ratio difference is larger than zero (i.e. when the de-
tected air-fuel ratio is smaller than the estimated air-fuel
ratio) is positive and is calculated as a suitable value such
that the detected air-fuel ratio does not become larger
than the estimated air-fuel ratio when the fuel injection
amount obtained by adding the learned value updated
by the correction value in question is used as the fuel
injection amount for the target EGR rate acquisition and
as the fuel injection amount for the estimated air-fuel ratio
calculation. On the other hand, the correction value cal-
culated when the air-fuel ratio difference is smaller than
zero (i.e. when the detected air-fuel ratio is larger than
the estimated air-fuel ratio) is negative and is calculated
as a suitable value such that the detected air-fuel ratio
does not become smaller than the estimated air-fuel ratio
when the fuel injection amount obtained by adding the
learned value updated by the correction value in question
to the target fuel injection amount is used as the fuel
injection amount for the target EGR rate acquisition and
as the fuel injection amount for the estimated air-fuel ratio
calculation.
[0081] By using the fuel injection amount obtained by
adding the learned value updated as explained above to
the target fuel injection amount as the fuel injection
amount for the target EGR rate acquisition and the fuel
injection amount for the estimated air-fuel ratio calcula-
tion, the air-fuel ratio difference becomes small and fi-
nally, the air-fuel ratio difference becomes zero. Next,
the reason thereof will be explained. Below, for facilitating
the understanding, the reason will be explained assum-
ing that there is no change of the target fuel injection
amount and the engine speed.
[0082] In the case that the actual fuel injection amount
corresponds to the target fuel injection amount and the
detected intake air amount corresponds to the actual in-
take air amount (i.e. in the case that the fuel injectors and
the air flow meter work normally), the detected air-fuel
ratio corresponds to the air-fuel ratio of the mixture gas
calculated by using the target fuel injection amount and
the detected intake air amount (i.e. the estimated air-fuel
ratio). On the other hand, in the case that the actual fuel
injection amount does not correspond to the target fuel
injection amount or the detected intake air amount does
not correspond to the actual intake air amount (i.e. in the
case that the fuel injector or the air flow meter does not
work normally), the detected air-fuel ratio may corre-
spond to the estimated air-fuel ratio, however, in general,
the detected air-fuel ratio does not correspond to the es-
timated air-fuel ratio.
[0083] As explained above, in the first embodiment,
when the detected air-fuel ratio is  smaller than the esti-
mated air-fuel ratio (i.e. when the detected air-fuel ratio
is richer than the estimated air-fuel ratio), the positive
correction value is calculated. This calculated value is
added to the learned value KG of the map of Fig.3 cor-
responding to the current fuel injection amount Q and the

current engine speed N. The correction value is positive
and therefore, the learned value KG becomes large. The
fuel injection amount obtained by adding the learned val-
ue KG to the target fuel injection amount TQ is used as
the fuel injection amount for the target EGR rate acqui-
sition and therefore, the fuel injection amount for this ac-
quisition becomes large. Therefore, the target EGR rate
acquired from the map of Fig.2(C) becomes small and
as a result, the intake air amount increases. Therefore,
the detected air-fuel ratio becomes large.
[0084] At this time, as explained above, the intake air
amount increases and therefore, the detected intake air
amount becomes large. Therefore, when the fuel injec-
tion amount for the estimated air-fuel ratio calculation
does not change, the estimated air-fuel ratio becomes
large. However, in the first embodiment, the fuel injection
amount obtained by adding the learned value to the target
fuel injection amount TQ is used as the fuel injection
amount for the estimated air-fuel ratio calculation and the
learned value becomes large by the addition of the cor-
rection value thereto and therefore, the fuel injection
amount for the estimated air-fuel ratio calculation be-
comes large. Therefore, even when the detected intake
air amount becomes large, the fuel injection amount for
the estimated air-fuel ratio calculation becomes large and
therefore, the increase degree of the estimated air-fuel
ratio due to the increase of the detected intake air amount
becomes small or zero (i.e. the estimated air-fuel ratio
does not change) or the estimated air-fuel ratio becomes
small.
[0085] As explained above, when the detected air-fuel
ratio is smaller than the estimated air-fuel ratio, by the
update of the learned value, the detected air-fuel ratio
becomes large and the estimated air-fuel ratio becomes
small (or the estimated air-fuel ratio does not change or
the estimated air-fuel ratio becomes large only by the
relatively small degree and therefore, the air-fuel ratio
difference becomes small. As far as the detected air-fuel
ratio is smaller than the estimated air-fuel ratio (i.e. as
far as the air-fuel ratio difference is larger than zero), the
update of the learned value is repeatedly performed (i.e.
the learned value continues to become large). Thus, the
air-fuel ratio difference finally becomes zero.
[0086] On the other hand, as explained above, when
the detected air-fuel ratio is larger than the estimated
ratio (i.e. when the detected air-fuel ratio is leaner than
the estimated  ratio), the negative correction value is cal-
culated. This calculated correction value is added to the
learned value KG of the map of Fig.3 corresponding to
the current amount Q and the current speed N. The cor-
rection value is negative and therefore, the learned value
KG becomes small. The fuel injection amount obtained
by adding the learned value KG in question to the target
fuel injection amount TQ is used as the fuel injection
amount for target EGR rate acquisition and therefore, the
fuel injection amount for this acquisition becomes small.
Therefore, the target EGR rate acquired from the map of
Fig.2(C) becomes large and as a result, the intake air
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amount decreases. Therefore, detected air-fuel ratio be-
comes small.
[0087] On the other hand, as explained above, the in-
take air amount decreases and therefore, the detected
intake air amount becomes small. Therefore, if the fuel
injection amount for the estimated air-fuel ratio calcula-
tion does not change, the estimated air-fuel ratio be-
comes small. However, in the first embodiment, the fuel
injection amount obtained by adding the learned value
to the target fuel injection amount TQ is used as the fuel
injection amount for the estimated air-fuel ratio calcula-
tion and the learned value in question has become small
by adding the correction value thereto and therefore, the
fuel injection amount for the estimated air-fuel ratio cal-
culation becomes small. Therefore, even when the de-
tected intake air amount decreases, the fuel injection
amount for the estimated air-fuel ratio calculation also
becomes small, the decrease degree of the estimated
air-fuel ratio due to the decrease of the detected intake
air amount becomes small or zero (i.e. the estimated air-
fuel ratio does not change) or the estimated air-fuel ratio
becomes large.
[0088] As explained, when the detected air-fuel ratio
is larger than the estimated ratio, by the update of the
learned value, the detected air-fuel ratio becomes small
while the estimated air-fuel ratio becomes large (or the
estimated air-fuel ratio does not change or changes only
by the relatively small degree) and therefore, the air-fuel
ratio difference becomes small. As far as the detected
air-fuel ratio is larger than the estimated ratio (i.e. as far
as the air-fuel ratio difference is smaller than zero), the
update of the learned value is performed repeatedly (i.e.
the learned value continues to become small). Thus,
eventually, the air-fuel ratio difference becomes zero.
[0089] When the air-fuel ratio difference is zero, the
detected air-fuel ratio corresponds to the estimated ratio
and therefore, the update of the learned value is not need-
ed. However, for the simplification of the control logic of
the control device, when the air-fuel  ratio difference is
zero, the control logic for updating the learned value when
the air-fuel ratio difference is not zero may be used. That
is, when the air-fuel ratio difference is zero, the correction
value is calculated as zero and new learned value KG
obtained by adding this calculated correction value to the
learned value KG of the map of Fig.3 corresponding to
the current amount Q and the current speed N may be
memorized in the map of Fig.3 as the learned value cor-
responding to the current amount Q and the current
speed N.
[0090] Due to the cause other than the difference of
the actual fuel injection amount relative to the target
amount or the difference of the actual intake air amount
relative to the detected amount, the air-fuel ratio differ-
ence may occur. In this case, when the excessive large
air-fuel ratio difference occurs, the learned value be-
comes large excessively. Then, the target fuel injection
amount is corrected excessively by the learned value and
as a result, the target EGR rate is corrected excessively,

however, this is not preferred.
[0091] In the first embodiment, for avoiding the exces-
sive correction of the EGR rate, a suitable value as an
upper limit of the learned value (this is positive and here-
inafter, will be referred to as --upper limit learned value--)
and a suitable value as a lower limit of the learned value
(hereinafter, this is negative and hereinafter, will be re-
ferred to as --lower limit learned value--) are set. When
the learned value corrected by the correction value is
positive and is larger than the upper limit learned value,
the learned value is limited to the upper limit learned val-
ue. On the other hand, when the learned value corrected
by the correction value is negative and is smaller than
the lower limit learned value (i.e. the learned value and
the lower limit learned value are negative and therefore,
the absolute value of the learned value is larger than that
of the lower limit learned value), the learned value is lim-
ited to the lower limit learned value.
[0092] Next, the setting of the upper and lower limit
learned values in the first embodiment will be explained.
In the first embodiment, in the case that among the fuel
injection amount difference where the actual fuel injection
amount becomes larger than the target amount, the fuel
injection amount difference where the difference of the
actual fuel injection amount relative to the target amount
becomes large to the maximum extent (hereinafter, this
difference will be referred to as-- maximum fuel injection
amount increase difference-- ) occurs, the learned values
obtained eventually by the update according to the
above- explained process (i.e. the learned values when
the air- fuel ratio difference becomes zero) are previously
obtained depending on the target fuel injection amount
and  the fuel pressure (i.e. the pressure of the fuel sup-
plied to the fuel injectors) . These obtained learned values
are memorized in the unit 60 as maximum learned value
MaxF due to the fuel injection amount difference in the
form of a map as a function of the fuel injection amount
Q and the fuel pressure Pf as shown in Fig. 4 (A) . These
maximum learned values due to the fuel injection amount
difference are positive.
[0093] Further, in the case that among the fuel injection
amount difference where the actual fuel injection amount
becomes smaller than the target amount, the fuel injec-
tion amount difference where the difference of the actual
fuel injection amount relative to the target amount be-
comes large to the maximum extent (hereinafter, this dif-
ference will be referred to as-- maximum fuel injection
amount decrease difference-- ) occurs, the learned val-
ues eventually obtained by the update according to the
above- explained process are previously obtained de-
pending on the target fuel injection amount and the fuel
pressure. These obtained learned values are memorized
in the unit 60 as minimum learned values MinF due to
the fuel injection amount difference in the form of a map
as a function of the fuel injection amount Q and the fuel
pressure Pf as shown in Fig. 4 (B) . These minimum
learned values due to the fuel injection amount difference
are negative.
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[0094] Further, in the case that among the intake air
amount difference where the detected intake air amount
(i.e. the intake air amount calculated on the output value
of the air flow meter) becomes larger than the actual
amount, the intake air amount difference where the dif-
ference of the detected intake air amount relative to the
actual amount becomes large to the maximum extent
(hereinafter, this difference will be referred to as-- max-
imum intake air amount increase difference-- ) occurs,
the learned values eventually obtained by the update ac-
cording to the above- explained process are previously
obtained. These obtained learned values are memorized
as maximum learned values MaxA due to the intake air
amount difference in the form of a map as a function of
the intake air amount Ga as shown in Fig. 4 (C) . These
maximum learned values due to the intake air amount
difference are positive.
[0095] Further, in the case that among the intake air
amount difference where the detected intake air amount
becomes smaller than the actual amount, the intake air
amount difference where the difference of the detected
intake air amount relative to the actual amount becomes
large to the maximum extent (hereinafter, this difference
will be referred to as-- maximum intake air amount de-
crease difference-- ) occurs, the learned values eventu-
ally obtained by the update according to the above- ex-
plained process are  previously obtained depending on
the intake air amount. These obtained learned values are
memorized in the unit 60 as minimum learned values
MinA due to the intake air amount difference in the form
of a map as a function of the intake air amount Ga as
shown in Fig. 4 (D) . These minimum learned values due
to the intake air amount difference are negative.
[0096] Then, during the engine operation (i.e. during
the operation of the engine), before the learned value is
updated, the maximum and minimum learned values
MaxF and MinF due to the fuel injection amount differ-
ence are acquired from the maps of Figs. 4 (A) and 4 (B)
on the basis of the current amount Q and the pressure
Pf, while the maximum and minimum learned values
MaxA and MinA due to the intake air amount difference
are acquired from the maps of Figs. 4 (C) and 4 (D) on
the basis of the current amount Ga.
[0097] Then, the maximum learned values MaxF and
MaxA due to the acquired fuel injection amount and in-
take air amount differences, respectively, are compared
with each other and the larger maximum learned value
among them is set as the current upper limit learned val-
ue. At the same time, the minimum learned values MinF
and MinA due to the acquired fuel injection amount and
intake air amount differences, respectively, are com-
pared with each other. The smaller minimum learned val-
ue among them (i.e. these minimum learned values are
negative, the minimum learned value having a larger ab-
solute value among them) is set as the lower limit learned
value.
[0098] In the first embodiment, one learned value is
used as the learned value to be added to the target fuel

injection amount for calculating the fuel injection amount
for the target EGR rate acquisition and as the learned
value subtracted from the target fuel injection amount for
calculating the fuel injection amount for the estimated air-
fuel ratio calculation. That is, the learned value used for
the calculation of the fuel injection amount for the target
EGR rate acquisition and the learned value used for the
calculation of the fuel injection amount for the estimated
air-fuel ratio calculation are the same as each other. How-
ever, these learned values may be different from each
other. In this case, as similar to the first embodiment, the
upper and lower limit learned values regarding the
learned values, respectively are set.
[0099] Next, an example of the routine for performing
the control of the fuel injectors of the first embodiment
will be explained. This example of the routine is shown
in Fig. 5. The routine of Fig. 5 is performed every a pre-
determined time has elapsed.
[0100] When the routine of Fig.5 starts, first, at step
10, the accelerator pedal opening degree Dac is ac-
quired. Next, at step 11, the target fuel injection amount
TQ is acquired from the map of Fig.2(A) on the basis of
the degree Dac acquired at step 10. Next, at step 12, the
fuel injector opening time TO for making the fuel injector
inject the fuel of the target amount TQ acquired at step
11 is calculated. Next, at step 13, the command value
for making the fuel injector open for the time TO calcu-
lated at step 12 is output to the fuel injector and then, the
routine is terminated.
[0101] Next, an example of the routine for performing
the control of the throttle valve of the first embodiment
will be explained. This example of the routine is shown
in Fig. 6. The routine of Fig. 6 is performed every a pre-
determined time has elapsed.
[0102] When the routine of Fig.6 starts, first, at step
20, the fuel injection amount Q and the engine speed N
are acquired. The amount Q acquired at step 20 is the
target amount TQ acquired at step 11 of the routine of
Fig.5. Next, at step 21, the target throttle valve opening
degree TDth is acquired from the map of Fig.2(B) on the
basis of the amount Q and the speed N acquired at step
20. Next, at step 22, the command value for accomplish-
ing the target degree TDth acquired at step 21.
[0103] Next, an example of the routine for performing
the control of the EGR control valve of the first embodi-
ment will be explained. This example of the routine is
shown in Fig. 7. The routine of Fig. 7 is performed every
a predetermined time has elapsed.
[0104] When the routine of Fig.7 starts, first, at step
30, the fuel injection amount Q and the engine speed N
are acquired. The amount Q acquired at step 30 is the
target amount TQ acquired at step 11 of the routine of
Fig.5. Next, at step 31, the learned value KG correspond-
ing to the amount Q and the speed N acquired at step
30 among the learned values KG memorized in the unit
60 is acquired. Next, at step 32, the amount Q acquired
at step 30 is corrected by adding the learned value KG
acquired at step 31 to the amount Q acquired at step 30.
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Next, at step 33, the target EGR rate TRegr is acquired
from the map of Fig.2(C) on the basis of the amount Q
corrected at step 32 and the speed N acquired at step
30. Next, at step 34, the command value for accomplish-
ing the target rate TRegr acquired at step 33 is output to
the EGR control valve and then, the routine is terminated.
[0105]   Next, an example of the routine for performing
the update of the learned value of the first embodiment
will be explained. This example of the routine is shown
in Fig.8. The routine of Fig.8 is performed every a pre-
determined time has elapsed.
[0106] When the routine of Fig.8 starts, first, at step
100, the fuel injection amount Q, the engine speed N,
the intake air amount Ga, the detected air-fuel ratio A/F
and the fuel pressure Pf are acquired. The acquired
amount Q is the target amount TQ acquired at step 11
of the routine of Fig.5 and the acquired amount Ga is the
detected intake air amount.
[0107] Next, at step 101, the learned value KG corre-
sponding to the amount Q and the speed N acquired at
step 100 is acquired from the map of Fig. 3, the maximum
and minimum learned values MaxF and MinF due to the
fuel injection amount difference corresponding to the
amount Q and the pressure Pf acquired at step 100 are
acquired from the map of Figs. 4 (A) and 4 (B), respec-
tively and the maximum and minimum learned values
MaxA and MinA due to the intake air amount difference
corresponding to the amount Ga acquired at step 100 is
acquired from the map of Figs. 4 (C) and 4 (D), respec-
tively.
[0108] Next, at step 102, the larger maximum learned
value among the maximum learned value MaxF due to
the fuel injection amount difference and the maximum
learned value MaxA due to the intake air amount differ-
ence acquired at step 101 is set as the upper limit learned
value Max and the smaller minimum learned value
among the minimum learned value MinF daue to the fuel
injection amount difference and the minimum learned val-
ue MinA due to the intake air amount difference acquired
at step 101 is set as the lower limit learned value Min.
[0109] Next, at step 103, the fuel injection amount Q
is corrected by adding the learned value KG acquired at
step 101 to the amount Q acquired at step 100. Next, at
step 104, the estimated air- fuel ratio A/ Fest is calculated
on the basis of the amount Q corrected at step 103 and
the amount Ga acquired at step 100. Next, at step 105,
the air- fuel ratio difference Δ A/F is calculated by sub-
tracting the detected ratio A/F acquired at step 100 from
the estimated ratio A/ Fest calculated at step 104.
[0110] Next, at step 106, the correction value K is cal-
culated on the basis of the difference Δ A/F calculated at
step 105. The calculated correction value K is positive
when the difference Δ A/F is positive, the calculated cor-
rection value K is negative when the difference Δ A/F is
negative and the calculated correction value is zero when
the difference Δ A/F is zero.
[0111] Next, at step 107, a provisional learned value
KGn is calculated by adding the correction value K cal-

culated at step 106 to the learned value KG acquired at
step 101. Next, at step 108, it is judged if the provisional
value KGn calculated at step 107 is smaller than the lower
limit value Min set at step 102 (KGn < Min) . When it is
judged that KGn < Min, the routine proceeds to step 109.
On the other hand, it is judged that KGn ̂  Min, the routine
proceeds to step 110.
[0112] When it is judged that KGn < Min at step 108
and then, the routine proceeds to step 109, the learned
value KG is updated by replacing the learned value KG
of the map of Fig.3 corresponding to the amount Q and
the speed N acquired at step 100 with the lower limit
value Min and then, the routine is terminated. That is,
when the provisional learned value KGn is smaller than
the lower limit value Min, the learned value KG is limited
to the lower limit value Min.
[0113] On the other hand, when it is judged that KGn
^ Min at step 108 and then, the routine proceeds to step
110, it is judged if the provisional value KGn calculated
at step 107 is larger than the upper limit value Max set
at step 102 (KGn > Max). When it is judged that KGn >
Max, the routine proceeds to step 111. On the other hand,
when it is judged that KGn % Max, the routine proceeds
to step 112.
[0114] When it is judged that KGn > Max at step 110
and then, the routine proceeds to step 111, the learned
value KG is updated by replacing the learned value KG
of the map of Fig.3 corresponding to the amount Q and
the speed N acquired at step 100 with the upper limit
value Max and then, the routine is terminated. That is,
when the provisional value KGn is larger than the upper
limit value Max, the learned value KG is limited to the
upper limit value Max.
[0115] On the other hand, when it is judged that
KGn%Max at step 110 and then, the routine proceeds to
step 112, the learned value KG is updated by replacing
the learned value KG of the map of Fig.3 corresponding
to the amount Q and the speed N acquired at step 100
with the provisional value KGn calculated at step 107 and
then, the routine is terminated. That is, when the provi-
sional value KGn is equal to or larger than the lower  limit
value Min and is equal to or smaller than the upper limit
value Max, the provisional value KGn is set as the learned
value KG.
[0116] Next, the second embodiment of the invention
will be explained. In the second embodiment of the in-
vention, the constitution other than the setting of the up-
per and lower limit learned values is the same as that of
the first embodiment. Therefore, below, only the setting
of the upper and lower limit learned values of the second
embodiment will be explained.
[0117] In the second embodiment, in the case that the
maximum fuel injection amount increase difference and
the maximum intake air amount increase difference oc-
cur, the learned values calculated according to the same
process as that of the first embodiment are previously
obtained depending on the fuel injection amount, the fuel
pressure and the intake air amount and these learned
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values are memorized in the unit 60 as the maximum
learned values Max in the form of a map as a function of
the fuel injection amount Q, the fuel pressure Pf and the
intake air amount Ga as shown in Fig.9(A).
[0118] Further, in the case that the maximum fuel in-
jection amount decrease difference and the maximum
intake air amount decrease difference occur, the learned
values calculated according to the same process as that
of the first embodiment are previously obtained depend-
ing on the fuel injection amount, the fuel pressure and
the intake air amount and these learned values are mem-
orized in the unit 60 as the minimum learned values Min
in the form of a map as a function of the fuel injection
amount Q, the fuel pressure Pf and the intake air amount
Ga as shown in Fig. 9 (B) .
[0119] Then, during the engine operation, the maxi-
mum and minimum learned values Max and Min are ac-
quired from the maps of Figs. 9 (A) and 9 (B) on the basis
of the current fuel injection amount, the fuel pressure and
the intake air amount every a predetermined timing has
come and these maxmum and minimum learned values
Max and Min are set as the upper and lower limit learned
values, respectively.
[0120] The controls of the fuel injector, the throttle
valve and the EGR control valve are performed by the
routines of Figs.5, 6 and 7, respectively.
[0121] Next, an example of the routine for performing
the update of the learned value of the second embodi-
ment will be explained. This example of the routine is
shown in Fig. 10.  The routine of Fig. 10 is performed
every a predetermined time has elapsed.
[0122] When the routine of Fig.10 starts, first, at step
200, the fuel injection amount Q, the engine speed N,
the intake air amount Ga, the detected air-fuel ratio A/F
and the fuel pressure Pf are acquired. The acquired
amount Q is the target amount TQ acquired at step 11
of the routine of Fig. 5 and the acquired amount Ga is
the detected intake air amount.
[0123] Next, at step 201, the learned value KG corre-
sponding to the amount Q and the speed N acquired at
step 200 is acquired from the map of Fig. 3 and the max-
imum and minimum learned values Max and Min corre-
sponding to the amount Q, the pressure Pf and the
amount Ga acquired at step 100 are acquired from the
maps of Figs. 9 (A) and 9 (B), respectively.
[0124] Next, at step 202, the maximum and minimum
learned values Max and Min acquired at step 201 are set
to the upper and lower limit learned values Max and Min,
respectively.
[0125] Next, at step 203, the fuel injection amount Q
is corrected by adding the learned value KG acquired at
step 201 to the amount Q acquired at step 200. Next, at
step 204, the estimated air- fuel ratio A/ Fest is calculated
on the basis of the amount Q corrected at step 203 and
the amount Ga acquired at step 200. Next, at step 205,
the air- fuel ratio difference Δ A/F is calculated by sub-
tracting the detected ratio A/F acquired at step 200 from
the estimated ratio A/ Fest calculated at step 204.

[0126] Next, at step 206, the correction value K is cal-
culated on the basis of the difference Δ A/F calculated at
step 205. The calculated correction value K is positive
when the difference Δ A/F is positive, the calculated cor-
rection value is negative when the difference Δ A/F is
negative and the calculated correction value K is zero
when the difference Δ A/F is zero.
[0127] Next, at step 207, the provisional learned value
KGn is calculated by adding the correction value K cal-
culated at step 206 to the learned value KG acquired at
step 201. Next, at step 208, it is judged if the provisional
value KGn calculated at step 207 is smaller than the lower
limit value Min set at step 202 (KGn < Min) . When it is
judged that KGn < Min, the routine proceeds to step 209.
On the other hand, when it is judged that KGn ̂  Min, the
routine proceed to step 210.
[0128] When it is judged that KGn < Min at step 208
and then, the routine proceeds to step 209, the learned
value K is updated by replacing the learned value KG of
the map of Fig.3 corresponding to the amount Q and the
speeds N acquired at step 200 with the minimum limit
value Min and then, the routine is terminated. That is,
when the provisional value KGn is smaller than the min-
imum limit value Min, the learned value KG is limited to
the lower limit value Min.
[0129] On the other hand, when it is judged that
KGn^Min at step 208 and then, the routine proceeds to
step 210, it is judged if the provisional value KGn calcu-
lated at step 207 is larger than the upper limit value Max
set at step 202 (KGn > Max). When it is judged that KGn
> Max, the routine proceeds to step 211. On the other
hand, when it is judged that KGn % Max, the routine pro-
ceeds to step 212.
[0130] When it is judged that KGn > Max at step 210
and then, the routine proceeds to step 211, the learned
value KG is updated by replacing the learned value KG
of the map of Fig.3 corresponding to the amount Q and
the speed N acquired at step 200 with the upper limit
value Max and then, the routine is terminated. That is,
when the provisional value KGn is larger than the upper
limit value Max, the learned value KG is limited to the
upper limit value Max.
[0131] On the other hand, when it is judged that KGn
% Max and then, the routine proceeds to step 212, the
learned value KG is updated by replacing the learned
value KG of the map of Fig.3 corresponding to the amount
Q and the speed N acquired at step 200 with the provi-
sional value KGn calculated at step 207 and then, the
routine is terminated. That is, when the provisional value
KGn is equal to or larger than the lower limit value Min
and is equal to or smaller than the upper limit value Max,
the provisional value KG is set as the learned value KG.
[0132] The above- explained embodiment is one in the
case that the invention is applied to the engine comprising
the EGR device. The invention can be applied to the en-
gine not comprising the EGR device. Next, the embodi-
ment in the case that the invention is applied to the engine
not comprising the EGR device (hereinafter, this embod-
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iment will be referred to as-- third embodiment-- ) will be
explained.
[0133]   The engine of the third embodiment is shown
in Fig.11. Except that the engine does not comprise the
EGR device, the constitution of the third embodiment is
the same as that of the first embodiment and therefore,
the explanation thereof will be omitted.
[0134] The control of the fuel injector of the third em-
bodiment will be explained. In the third embodiment, suit-
able fuel injection amounts corresponding to the accel-
erator pedal opening degrees in the engine of Fig.11 are
previously obtained by the experiment, etc. and these
obtained amounts are momorized as the targe fuel injec-
tion amounts TQ in the unit 60 in the form of a map as a
function of the accelerator pedal opening degree Dac as
shown in Fig.12(A). Then, during the engine operation,
the target amount TQ is acquired from the map of Fig.12
(A) on the basis of the degree Dac. The fuel injector open-
ing time necessary to inject the fuel of the acquired target
amount TQ from the fuel injector is calculated on the basis
of the target amount TQ. The opening time of the fuel
injector is controlled at each intake stroke such that the
injector opens for the calculated opening time.
[0135] In the map of Fig.12(A), as the degree Dac is
large, the target amount Q is large.
[0136] Next, the control of the throttle valve of the third
embodiment will be explained. In the third embodiment,
suitable throttle valve opening degrees depending on the
fuel injection amount and the engine speed in the engine
of Fig. 11 are previously obtained by the experiment, etc.
and these obtained opening degrees are memorized as
target throttle valve opening degrees TDth in the unit 60
in the form of a map as a function of the fuel injection
amount Q and the engine speed N as shown in Fig. 12
(B) . Then, during the engine operation, the target degree
TDth is acquired from the map of Fig. 12 (B) on the basis
of the amount Q and the speed N. The opening degree
of the throttle valve is controlled such that the throttle
valve opens by the acquired target degree TDth.
[0137] In the map of Fig.12(B), as the amount Q is
large, the target degree TDth is large and as the speed
N is large, the target degree TDth is large.
[0138] In the third embodiment, as shown in Fig.13,
the learned values KG are memorized in the unit 60 in
the form of a map as a function of the fuel injection amount
Q and the engine speed N. During the engine operation,
the learned value KG corresponding to the amount Q and
the speed N is acquired from the map of Fig.13. The fuel
injection amount obtained by adding this acquired
learned value to the target fuel  injectino amount is used
as the fuel injection amount for the target throttle valve
opening degree acquisition (i.e. the fuel injection amount
used for acquireing the target degree TDth from the map
of Fig.12(B)) and as the fuel injection amount for the es-
timated air-fuel ratio calculation.
[0139] In the third embodiment, the update of the
learned value and the calculation of the correction value
are performed according the same processes as those

of the first embodiment. In the third embodiment, the cor-
rection value calculated when the air-fuel ratio difference
is larger than zero (i.e. when the detected air-fuel ratio
is smaller than the estimated ratio) is calculated as a
suitable positive value such that the detected air-fuel ratio
does not become larger than the estimated ratio when
the fuel injection amount obtained by adding the learned
value updated by the correction value to the target fuel
injection amount is used as the fuel injection amounts for
the target throttle valve opening degree acquisition and
the target throttle valve opening degree acquisition. On
the other hand, in the third embodiment, the correction
value calculated when the air-fuel ratio difference is
smaller than zero (i.e. when the detected air-fuel ratio is
larger than the estimated ratio) is calculated as a suitable
negative value such that the detected air-fuel ratio does
not becomes smaller than the estimated ratio when the
fuel injection amount obtained by adding the learned val-
ue updated by the correction value to the target fuel in-
jection amount is used as the fuel injection amounts for
target throttle valve opening degree acquisition and the
estimated air-fuel ratio calculation.
[0140] By using the fuel injection amount obtained by
adding the learned value updated as explained above to
the target fuel injection amount as the fuel injection
amounts for the target throttle valve opening degree ac-
quisition and the estimated air-fuel ratio calculation, the
air-fuel ratio difference becomes small and eventually,
the air-fuel ratio difference becomes zero. Next, the rea-
son thereof will be explained. Below, for facilitating the
understanding, the reason will be explained assuming
that the target fuel injection amount and the engine speed
do not change.
[0141] In the third embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment and therefore, the positive cor-
rection value is calculated when the detected air-fuel ratio
is smaller than the estmated ratio (i.e. when the detected
air-fuel ratio is richer than the estimated ratio). This cal-
culated correction value is added to the learned value
KG of the map of Fig.13 corresponding to the current
amount Q and the current speed N. The correction value
is positive and therefore, the learned value KG becomes
large. The fuel injection amount obtained by adding the
learned value KG to the target amount TQ is used as the
fuel injection amount for the target throttle valve opening
degree acquisition and therefore, the fuel injection
amount for this acquisition becomes large. Therefore,
the target throttle valve opening degree acquired from
the map of Fig.12(B) becomes large and as a result, the
intake air amount increases. Therefore, the detected air-
fuel ratio becomes large.
[0142] On the other hand, at this time, as explained
above, the intake air amount increases and therefore,
the detected intake air amount becomes large. There-
fore, if the fuel injection amount for the estimated air-fuel
ratio calculation does not change, the estimated air-fuel
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ratio becomes large. In this regard, in the third embodi-
ment, the fuel injection amount acquired by adding the
learned value to the target amount TQ is used as the fuel
injection amount for the estimated air-fuel ratio calcula-
tion and the learned value has become large by adding
the correction value thereto and therefore, the fuel injec-
tion amount for the estimated air-fuel ratio calculation
becomes large. Therefore, even if the detected intake air
amount becomes large, the fuel injection amount for the
estimated air-fuel ratio calculation becomes large and
therefore, the increase degree of the estimated air-fuel
ratio due to the increase of the detected intake air amount
becomes small or zero (i.e. the estimated air-fuel ratio
does not change) or the estimated air-fuel ratio becomes
small.
[0143] As explained above, when the detected air-fuel
ratio is smaller than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
large and the estimated air-fuel ratio becomes small (or
does not change or becomes large by the relatively small
degree) and therefore, the air-fuel ratio difference be-
comes small. As far as the detected air-fuel ratio is small-
er than the estimated air-fuel ratio (i.e. as far as the air-
fuel ratio difference is larger than zero), the update of the
learned value is repeatedly performed (i.e. the learned
value continues to become large). Thus, the air-fuel ratio
difference becomes zero eventually.
[0144] On the other hand, in the third embodiment,
when the detected air-fuel ratio is larger than the esti-
mated ratio (i.e. when the detected air-fuel ratio is leaner
than the estimated ratio), the negative correction value
is calculated. This calculated value is added to the
learned value KG of the map of Fig.13 corresponding to
the current amount Q and the current speed N. The cor-
rection value is negative and therefore, the learned  value
KG becomes small. The fuel injection amount obtained
by adding the learned value KG to the target fuel injection
amount TQ is used as the fuel injection amount for the
target throttle valve opening degree acquisition and
therefore, the fuel injection amount for this acquisition
becomes small. Therefore, the target throttle valve open-
ing degree acquired from the map of Fig.12(B) becomes
small and as a result, the intake air amount decreases.
Therefore, the detected air-fuel ratio becomes small.
[0145] On the other hand, as explained above, the in-
take air amount decreases and therefore, the detected
intake air amount becomes small. Therefore, if the fuel
injection amount for the estimated air-fuel ratio calcula-
tion does not change, the estimated air-fuel ratio be-
comes small. In the third embodiment, the fuel injection
amount obtained by adding the learned value to the target
amount TQ is used as the fuel injection amount for the
estimated air-fuel ratio calculation and the learned value
has become small by adding the learned value thereto
and therefore, the fuel injection amount for the estimated
air-fuel ratio calculation becomes small. Therefore, even
if the detected intake air amount becomes small, the fuel
injection amount for the estimated air-fuel ratio calcula-

tion becomes small and therefore, the decrease degree
of the estimated air-fuel ratio due to the decrease of the
detected intake air amount becomes small or zero (i.e.
the estimated air-fuel ratio does not change) or the esti-
mated air-fuel ratio becomes large.
[0146] As explained above, when the detected air-fuel
ratio is larger than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
small and the estimated air-fuel ratio becomes large (or
does not change or becomes small by the relatively small
degree) and therefore, the air-fuel ratio difference be-
comes small. As far as the detected air-fuel ratio is larger
than the estimated ratio (i.e. as far as the air-fuel ratio
difference is smaller than zero), the update of the learned
value is repeatedly performed (i.e. the learned value con-
tinues to become small). Thus, the air-fuel ratio difference
becomes zero eventually.
[0147] As explained relating to the first embodiment,
in the case that the learned value becomes large exces-
sively, the target fuel injection amount is corrected ex-
cessively by the learned value and as a result, the target
throttle valve opening degree is corrected excessively
and this is not preferred.
[0148] In the third embodiment, for avoiding the exces-
sive correction of the throttle valve opening degree, a
value suitable as the upper limit of the learned value (this
value is  positive and hereinafter, will be referred to as --
upper limit learned value--) is set and a value suitable as
the lower limit of the learned value (this value is negative
and hereinafter, will be referred to as --lower limit learned
value--) is set. When the learned value corrected by the
correction value is positive and is larger than the upper
limit learned value, the learned value is limited to the
upper limit learned value. On the other hand, when the
learned value corrected by the correction value is nega-
tive and is smaller than the lower limit learned value (i.e.
when the absolute value of the learned value is larger
than that of the lower limit learned value, since the
learned value and the lower limit learned value are neg-
ative), the learned value is limited to the lower limit
learned value.
[0149] The setting of the upper and lower limit learned
values of the third embodiment is performed according
to the same processes as that of the first embodiment.
However, when the maximum fuel injection amount in-
crease amount occurs, the maximum learned value due
to the fuel injection amount difference of the third em-
bodiment is a value obtained eventually by the update
according to the third embodiment and is memorized in
the unit 60 in the form of a map as a function of the fuel
injection amount and the fuel pressure. Further, when
the maximum fuel injection amount decrease difference
occurs, the minimum learned value due to the fuel injec-
tion amount difference of the third embodiment is a value
obtained eventually by the update according to the third
embodiment and is memorized in the unit 60 in the form
of a map as a function of the fuel injection amount and
the fuel pressure. Further, when the maximum intake air

33 34 



EP 2 657 493 A1

19

5

10

15

20

25

30

35

40

45

50

55

amount increase difference occurs, the maximum
learned value due to the intake air amount difference is
a value obtained eventually by the update according to
the third embodiment and is memorized in the unit 60 in
the form of a map as a function of the intake air amount.
Further, when the maximum intake air amount decrease
difference occurs, the minimum learned value due to the
intake air amount difference is a value obtained eventu-
ally by the update according to the third embodiment and
is memorized in the unit 60 in the form of a map as a
function of the intake air amount.
[0150] Further, the setting of the upper and lower limit
learned values of the third embodiment may be per-
formed according to the same processes as those of the
second embodiment. However, when the maximum fuel
injection amount and intake air amount increase differ-
ences occur, the maximum learned value is a value ob-
tained eventually by the update according to the third
embodiment and is memorized in the unit 60 in the form
of a map as a function of the target fuel injection amount,
the fuel pressure and the intake air amount. Further,
when the maximum fuel injection amount and intake air
amount  decrease differences occur, the minimum value
is a value obtained eventually by the update according
to the third embodiment and is memorized in the unit 60
in the form of a map as a function of the target fuel injec-
tion amount, the fuel pressure and the intake air amount.
[0151] In the third embodiment, one learned value is
used as the learned values to be added to the target fuel
injection amount for calculating the fuel injection amounts
for the target throttle valve opening degree acquisition
and the estimated air-fuel ratio calculation, respectively.
That is, the learned values used for the calculation of the
fuel injection amounts for the target throttle valve opening
degree acquisition and the estimated air-fuel ratio calcu-
lation, respectively are the same as each other. However,
these learned values may be different from each other.
In this case, the upper and lower limit learned values
regarding the learned values are set similar to the first
embodiment.
[0152] The control of the fuel injector of the third em-
bodiment is, for example, performed by the routine of Fig.
5. In the case that the routine of Fig.5 is used for the
control of the injector of the third embodiment, at step
11, the fuel injection amount TQ is acquired from the map
of Fig.12(A).
[0153] Next, an example of the routine for performing
the control of the throttle valve of the third embodiment
will be explained. This example of the routine is shown
in Fig. 14. The routine of Fig. 14 is performed every a
predetermined time has elapsed.
[0154] When the routine of Fig.14 starts, first, at step
40, the fuel injection amount Q and the engine speed N
are acquired. The amount Q acquired at step 40 is the
target amount TQ acquired at step 11 of the routine of
Fig.5. Next, at step 41, among the learned values KG
memorized in the unit 60, the learned value KG corre-
sponding to the amount Q and the speed N acquired at

step 40 is acquired. Next, at step 42, the amount Q ac-
quired at step 40 is corrected by adding the learned value
KG acquired at step 41 to the amount Q acquired at step
40. Next, at step 43, the target throttle valve opening
degree TDth is acquired from the map of Fig.2(B) on the
basis of the amount Q corrected at step 42 and the speed
N acquired at step 40. Next, at step 44, the command
value for accomplishing the target degree TDth acquired
at step 43 is output to the throttle valve and then, the
routine is terminated.
[0155] The update of the learned value of the third em-
bodiment is, for example, performed by the routines of
Figs.8 and 10. However, in the case that the routine of
Fig.8 is used for the update of the learned value of the
third embodiment, the learned value KG acquired at step
101 of Fig.8 is the learned value of the map of Fig.13
corresponding to the amount Q and the speed N acquired
at step 100, the maximum and minimum learned values
MaxF and MinF acquired at step 101 of Fig.8 are the
above-explained maximum and minimum learned values
due to the fuel injection amount difference of the third
embodiment, respectively and the maximum and mini-
mum learned values MaxA and MinA acquired at step
101 of Fig.8 are the above-explained maximum and min-
imum learned values due to the intake air amount differ-
ence of the third embodiment, respectively. Further, in
the case that the routine of Fig. 10 is used for the update
of the learned value of the third embodiment, the learned
value KG acquired at step 201 is the learned value of the
map of Fig.13 corresponding to the amount Q and the
speed N acquired at step 200 and the maximum and
minimum learned values Max and Min acquired at step
201 of Fig.10 are the above-explained maximum and
minimum learned values of the third embodiment.
[0156] The above- explained embodiments are those
in the case that the invention is applied to the engine with
no supercharger. However, the invention can be applied
to the engine with the supercharger. Next, the embodi-
ment in the case that the invention is applied to the engine
with the supercharger (hereinafter, this will be referred
to as-- fourth embodiment-- ) will be explained.
[0157] The engine of the fourth embodiment is shown
in Fig.15. The constitution of the engine of the fourth em-
bodiment is the same as that of the first embodiment
except that the engine comprises a supercharger 33 and
does not comprise the EGR device.
[0158] The engine 10 shown in Fig.15 comprises the
supercharger 35. The supercharger 35 has a compressor
35A positioned in the intake pipe 32 upstream of the in-
tercooler 34 and an exhaust turbine 35 positioned up-
stream of the catalytic converter 43. As shown in Fig.16,
the exhaust turbine 35B has an exhaust turbine body
35C and a plurality of vanes 35D.
[0159] The turbine 35B (in particular, the turbine body
35C) is connected to the compressor 35A by a shaft (not
shown) . When the turbine body 35C is rotated by the
exhaust gas, the rotation thereof is transmitted to the
compressor 35A via the shaft and thereby, the compres-
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sor 35A is rotated. The gas in the intake pipe 32 down-
stream of the  compressor is compressed by the rotation
of the compressor 35A and as a result, the pressure of
the gas (hereinafter, this pressure will be referred to as--
supercharged pressure-- ) increases.
[0160] On the other hand, the vanes 35D are posi-
tioned radially at the constant angular intervals about the
rotation centeral axis R1 of the turbine body such that
they surround the turbine body 35C. Each vane 35D is
positioned such that it can rotate about a corresponding
axis shown by the symbol R2 in Fig. 16. When the direc-
tion of the extending of each vane 35D (i.e. the direction
shown by the symbol E in Fig. 16) is referred to as-- ex-
tending direction-- and the line connecting the rotation
central axis R1 of the turbine body 35C to the rotation
axis R2 of the vane 35D (i.e. the line shown by the symbol
A in Fig. 16) is referred to as-- base line- -, each vane
35D is rotated such that regarding all vanes 35D, the
angles, each of which is defined between the extending
direction thereof and the corresponding base line A, are
the same as one another. When each vane 35D is rotated
such that the angle between its extending direction E and
the corresponding base line A becomes small, that is,
such that the flow passage area between the adjacent
vanes 35D becomes small, the pressure in the exhaust
passage 40 (hereinafter, this pressure will be referred to
as-- exhaust pressure-- ) upstream of the turbine body
35C increases and as a result, the flow velocity of the
exhaust gas supplied to the turbine body 35C increases.
Thus, the rotation speed of the turbine body 35C increas-
es and as a result, the rotation speed of the compressor
35A increases and therefore, the gas flowing through the
intake pipe 32 is considerably compressed by the com-
pressor 35A. Thus, as the angle between the extending
direction E of each vane 35D and the corresponding base
line (hereinafter, this angle will be referred to as-- vane
opening degree-- ) becomes small, the degree of the
compression of the gas flowing through the intake pipe
32 by the compressor 35A becomes large (i.e. the su-
percharged pressure becomes high) .
[0161] Therefore, the supercharger 35 can control the
supercharged pressure variably by controlling the oper-
ation condition (in particular, the vane opening degree)
of the vane 35D.
[0162] The vanes 35D are connected to the interface
65 of the unit 60 and the control signal for controlling the
operation of the vanes 35D is given thereto from the unit
60 via the interface 65.
[0163]   Next, the control of the fuel injector of the fourth
embodiment will be explained. In the fourth embodiment,
in the engine shown in Fig.15, suitable fuel injection
amounts depending on the accelerator pedal opening
degrees are previously obtained by the experiment, etc.
and these obtained amounts are memorized as target
fuel injection amounts TQ in the unit 60 in the form of a
map as a function of the accelerator pedal opening de-
gree Dac as shown in Fig.17(A). Then, during the engine
operation, the target amount TQ is acquired from the map

of Fig.17(A) on the basis of the degree Dac. The fuel
injector opening time necessary to inject the fuel of the
acquired target amount TQ from the injector is calculated
on the basis of the target amount TQ. The opening time
of the injector is controlled at each intake stroke such
that the fuel injector opens for the calculated fuel injector
opening time.
[0164] In the map of Fig.17(A), as the degree Dac is
large, the target amount TQ is large.
[0165] Next, the control of the throttle valve of the fourth
embodiment will be explained. In the fourth embodiment,
in the engine shown in Fig. 15, suitable throttle valve
opening degrees depending on the fuel injection amount
and the engine speed are previously obtained by the ex-
periment, etc. and these obtained degrees are memo-
rized as target throttle valve opening degrees TDth in the
unit 60 in the form of a map as a function of the fuel
injection amount Q and the engine speed N as shown in
Fig. 17 (B) . Then, during the engine operation, the target
degree TDth is acquired from the map of Fig. 17 (B) on
the basis of the amount Q and the speed N. Then, the
opening degree of the throttle valve is controlled such
that the throttle valve opens by the acquired degree TDth.
[0166] In the map of Fig.17(B), as the amount Q is
large, the target degree TDth is large and as the engine
speed is large, the target degree TDth is large.
[0167] In the fourth embodiment, the target amount TQ
(i.e. the target amount TQ acquired from the map of Fig.
17(A)) is employed as the fuel injection amount used for
acquiring the target degree TDth from the map of Fig.17
(B).
[0168] Next, the control of the vanes of the fourth em-
bodiment will be explained. In the fourth embodiment, in
the engine shown in Fig. 15, suitable vane opening de-
grees (i.e. the opening degrees of the vane) depending
on the fuel injection amount and the engine speed are
previously obtained by the experiment, etc. and these
obtained degrees are memorized as target vane opening
degrees TDv in the unit 60 in the form of a map as a
function of the fuel injection amount Q and the engine
speed N. Then, during the engine operation, the target
degree TDv is acquired from the map of Fig. 17 (C) on
the basis of the amount Q and the speed N. Then, the
opening degrees of the vanes are controlled such that
the vanes open by the acquired target degree TDv.
[0169] In the map of Fig.17(C), as the amount Q is
large, the target degree TDv is small and as the speed
N is large, the target degree TDv is small.
[0170] In the fourth embodiment, as shown in Fig.18,
the learned values KG are memorized in the unit 60 in
the form of a map as a function of the fuel injection amount
Q and the engine speed N. Then, during the engine op-
eration, the learned value KG corresponding to the
amount Q and the speed N is acquired from the map of
Fig.18. Then, fuel injection amount obtained by adding
this acquired learned value to the target fuel injection
amount is used as the fuel injection amount for the target
vane opening degree acquisition (i.e. the fuel injection
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amount used for acquiring the target vane opening de-
gree TDv from the map of Fig.17(C)) and as the fuel in-
jection amount for the estimated air-fuel ratio calculation.
[0171] In the fourth embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment. However, in the fourth embodi-
ment, the correction value when the air-fuel ratio differ-
ence is larger than zero (i.e. when the detected air-fuel
ratio is smaller than the estimated ratio) is calculated as
a suitable positive value such that the detected air-fuel
ratio does not become larger than the estimated ratio
when the fuel injection amount obtained by adding the
learned value updated by the correction value to the tar-
get fuel injection amount is used as the fuel injection
amounts for the target vane opening degree acquisition
and for the estimated air-fuel ratio calculation. On the
other hand, in the fourth embodiment, the correction val-
ue calculated when the air-fuel ratio difference is smaller
than zero is calculated as a suitable negative value such
that the detected air-fuel ratio does not become smaller
than the estimated ratio when the fuel injection amount
obtained by adding the learned value updated by the cor-
rection value to the target fuel injection amount is used
as the fuel injection amounts for the target vane opening
degree acquisition and for the estimated air-fuel ratio cal-
culation.
[0172] By using the fuel injection amount obtained by
adding the learned value updated as explained above to
the target fuel injection amount as the fuel injection
amounts for the  target vane opening degree acquisition
and for the estimated air-fuel ratio calculation, the air-fuel
ratio difference becomes small and eventually, the air-
fuel ratio difference becomes zero. Next, the reason
thereof will be explained. Below, for facilitating the un-
derstanding, the reason will be explained assuming that
the target fuel injection amount and the engine speed do
not change.
[0173] In the fourth embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment and therefore, the positive cor-
rection value is calculated when the detected air-fuel ratio
is smaller than the estimated ratio (i.e. when the detected
air-fuel ratio is richer than the estimated ratio). Then, this
calculated correction value is added to the learned value
KG of the map of Fig.18 corresponding to the current fuel
injection amount Q and the engine speed N. The correc-
tion value is positive and therefore, the learned value KG
becomes large. The fuel injection amount obtained by
adding the learned value KG to the target fuel injection
amount TQ is used as the fuel injection amount for the
target vane opening degree acquisition and therefore,
the fuel injection amount for this acquisition becomes
large. Therefore, the target vane opening degree ac-
quired from the map of Fig.17(C) becomes small and as
a result, the intake air amount increases. Therefore, the
detected air-fuel ratio becomes large.

[0174] On the other hand, at this time, as explained
above, the intake air amount increases and therefore,
the detected intake air amount becomes large. There-
fore, if the fuel injection amount for the estimated air-fuel
ratio calculation does not change, the estimated air-fuel
ratio becomes large. In the fourth embodiment, the fuel
injection amount obtained by adding the learned value
to the target fuel injection amount TQ is used as the fuel
injection amount for the estimated air-fuel ratio calcula-
tion and the learned value becomes large by adding the
correction value thereto and therefore, the fuel injection
amount for the estimated air-fuel ratio calculation be-
comes large. Therefore, even when the detected intake
air amount becomes large, the fuel injection amount for
the estimated air-fuel ratio calculation becomes large and
therefore, the increase degree of the estimated air-fuel
ratio due to the increase of the detected intake air amount
becomes small or zero (i.e. the estimated air-fuel ratio
does not change) or the estimated air-fuel ratio becomes
small.
[0175] As explained above, when the detected air-fuel
ratio is smaller than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
large and the  estimated air-fuel ratio becomes small (or
does not change or becomes large by the relatively small
degree) and therefore, the air-fuel ratio difference be-
comes small. As far as the detected air-fuel ratio is small-
er than the estimated ratio (i.e. as far as the air-fuel ratio
difference is larger than zero), the update of the learned
value is performed repeatedly (i.e. the learned value con-
tinues to become large). Thus, the air-fuel ratio difference
becomes zero eventually.
[0176] On the other hand, in the fourth embodiment,
when the detected air-fuel ratio is larger than the esti-
mated ratio (i.e. the detected air-fuel ratio is leaner than
the estimated ratio), the negative correction value is cal-
culated. Then, this calculated correction value is added
to the learned value KG of the map of Fig.18 correspond-
ing to the current amount Q and the speed N. The cor-
rection value is negative and therefore, the learned value
KG becomes small. Then, the fuel injection amount ob-
tained by adding the learned value KG to the target fuel
injection amount TQ is used as the fuel injection amount
for the target vane opening degree acquisition and there-
fore, the fuel injection amount for this acquisition be-
comes small. Therefore, the target vane opening degree
acquired from the map of Fig.17(C) becomes large and
as a result, the intake air amount decreases. Therefore,
the detected air-fuel ratio becomes small.
[0177] On the other hand, as explained above, the in-
take air amount decreases and therefore, the detected
intake air amount becomes small. Therefore, if the fuel
injection amount for the estimated air-fuel ratio calcula-
tion does not change, the estimated air-fuel ratio be-
comes small. In the fourth embodiment, the fuel injection
amount obtained by adding the learned value to the target
fuel injection amount TQ is used as the fuel injection
amount for the estimated air-fuel ratio calculation and the
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learned value becomes small by adding the correction
value thereto and therefore, the fuel injection amount for
the estimated air-fuel ratio calculation becomes small.
Therefore, even when the detected intake air amount be-
comes small, the fuel injection amount for the estimated
air-fuel ratio calculation becomes small and therefore,
the decrease degree of the estimated air-fuel ratio due
to the decrease of the detected intake air amount be-
comes small or zero (i.e. the estimated air-fuel ratio does
not change) or the estimated air-fuel ratio becomes large.
[0178] As explained above, when the detected air-fuel
ratio is larger than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
small and the estimated air-fuel ratio becomes large (or
does not change or becomes small by the relatively small
degree) and therefore, the air-fuel ratio difference be-
comes small. As far  as the detected air-fuel ratio is larger
than the estimated ratio (i.e. as far as the air-fuel ratio
difference is smaller than zero), the update of the learned
value is performed repeatedly (i.e. the learned value con-
tinues to become small). Thus, the air-fuel ratio difference
becomes zero eventually.
[0179] As explained relating to the first embodiment,
in the case that the learned value becomes large exces-
sively, the target fuel injection amount is corrected ex-
cessively by the learned value and as a result, the target
vane opening degree is corrected excessively, however,
this is not preferred.
[0180] In the fourth embodiment, for avoiding the ex-
cessive correction of the vane opening degree, a value
suitable as the upper limit of the learned value (this suit-
able value is positive and hereinafter, will be referred to
as --upper limit learned value--) and a value suitable as
the lower limit of the learned value (this suitable value is
negative and hereinafter, will be referred to as --lower
limit learned value--) are set. When the learned value
corrected by the correction value is positive and is larger
than the upper limit learned value, the learned value is
limited to the upper limit learned value. On the other hand,
when the learned value corrected by the correction value
is negative and is smaller than the lower limit learned
value (i.e. when the absolute value of the learned value
is larger than that of the lower limit learned value, since
the learned value and lower limit learned value are neg-
ative), the learned value is limited to the lower limit
learned value.
[0181] The setting of the upper and lower limit learned
values of the fourth embodiment is performed according
to the same process as that of the first embodiment. How-
ever, when the maximum fuel injection amount increase
difference occurs, the maximum learned value due to the
fuel injection amount difference of the fourth embodiment
is a value obtained eventually by the update according
to the first embodiment and is memorized in the unit 60
in the form of a map as a function of the target fuel injec-
tion amount and the fuel pressure. Further, when the
maximum fuel injection amount decrease difference oc-
curs, the minimum learned value due to the fuel injection

amount difference of the fourth embodiment is a value
obtained eventually by the update according to the forth
embodiment and is memorized in the unit 60 in the form
of a map as a function of the target fuel injection amount
and the fuel pressure. Further, when the maximum intake
air amount increase difference occurs, the maximum
learned value due to the intake air amount difference is
a value obtained eventually by the update according to
the fourth embodiment and is memorized in the unit 60
in the form of a map as a  function of the actual intake
air amount. Further, when the maximum intake air
amount decrease difference occurs, the minimum
learned value due to the intake air amount difference
obtained eventually by the update according to the fourth
embodiment and is memorized in the unit 60 in the form
of a map as a function of the actual intake air amount.
[0182] The setting of the upper and lower limit learned
values of the fourth embodiment may be performed ac-
cording to the same process as that of the second em-
bodiment. However, when the maximum fuel injection
amount increase and intake air amount increase differ-
ences occur, the maximum learned value is a value ob-
tained eventually by the update according to the fourth
embodiment and is memorized in the unit 60 in the form
of a map as a function of the target fuel injection amount
and the fuel pressure. Further, when the maximum fuel
injection amount decrease and intake air amount de-
crease differences occur, the minimum learned value is
a value obtained eventually by the update according to
the fourth embodiment and is memorized in the unit 60
in the form of a map as a function of the target fuel injec-
tion amount, the fuel pressure and the intake air amount.
[0183] In the fourth embodiment, one learned value is
used as the learned value to be added to the target fuel
injection amount for calculating the fuel injection amount
for the target vane opening degree acquisition and as
the learned value to be subtracted from the target fuel
injection amount for calculating the fuel injection amount
for the estimated air-fuel ratio calculation. That is, the
learned values used for the calculation of the fuel injection
amounts for the target vane opening degree acquisition
and for the estimated air-fuel ratio calculation are the
same as each other. However, these learned values may
be different from each other. In this case, the upper and
lower limit learned values regarding the learned values
are set similar to the first embodiment.
[0184] The control of the fuel injector of the fourth em-
bodiment is, for example, performed by the routine of Fig.
5. However, in the case that the routine of Fig.5 is used
for the control of the fuel injector of the fourth embodi-
ment, at step 11, the target fuel injection amount TQ is
acquired from the map of Fig.17(A).
[0185] The control of the throttle valve of the fourth
embodiment is, for example, performed by the routine of
Fig.6. However, in the case that the routine of Fig.6 is
used for the control of the throttle valve of the fourth em-
bodiment, at step 21, the target throttle valve opening
degree TDth is acquired from the map of Fig.17(B).
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[0186] Next, an example of the routine for performing
the control of the vane of the fourth embodiment will be
explained. This example of the routine is shown in Fig.
19. The routine of Fig. 19 is performed every a predeter-
mined time has elapsed.
[0187] When the routine of Fig.19 starts, first, at step
50, the fuel injection amount Q and the engine speed N
are acquired. The amount Q acquired at step 50 is the
target amount TQ acquired at step 11 of the routine of
Fig.5. Next, at step 51, among the learned values KG
memorized in the unit 60, the learned value KG corre-
sponding to the amount Q and the speed N acquired at
step 50 is acquired. Next, at step 52, the amount Q ac-
quired at step 50 is corrected by adding the value KG
acquired at step 51 to the amount Q acquired at step 50.
Next, at step 53, the target vane opening degree TDv is
acquired from the map of Fig.2(C) on the basis of the
amount Q corrected at step 52 and the speed N acquired
at step 50. Next, at step 54, the command value for ac-
complishing the target degree TDv acquired at step 53
is output to the vanes and then, the routine is terminated.
[0188] The update of the learned value of the fourth
embodiment is, for example, performed by the routine of
Fig.8 or 10. However, in the case that the routine of Fig.
8 is used for the update of the learned value of the fourth
embodiment, the learned value KG acquired at step 101
of Fig.8 is the learned value of the map of Fig.18 corre-
sponding to the amount Q and the speed N acquired at
step 100, the maximum and minimum learned values
MaxF and MinF acquired at step 101 of Fig.8 are the
above-explained maximum and minimum learned values
due to the fuel injection amount difference of the fourth
embodiment, respectively and the maximum and mini-
mum learned values MaxA and MinA acquired at step
101 of Fig.8 are the above-explained maximum and min-
imum learned values due to the intake air amount differ-
ence of the fourth embodiment, respectively. Further, in
the case that the routine of Fig.10 is used for the update
of the learned value of the fourth embodiment, the
learned value KG acquired at step 201 is the learned
value of the map of Fig.18 corresponding to the amount
Q and the speed N acquired at step 200 and the maximum
and minimum learned values Max and Min acquired at
step 201 of Fig.10 are the above-explained maximum
and minimum learned values of the forth embodiment,
respectively.
[0189] The above- explained embodiments are those
in the case that the invention is applied to the control
device which corrects the intake air amount eventually
by the  learned value. However, the invention can be
applied to the control device which corrects the fuel in-
jection amount eventually by the learned value. Next, the
embodiment in the case that the invention is applied to
such a control device (hereinafter, this embodiment will
be referred to as-- fifth embodiment-- ) will be explained.
The engine of the fifth embodiment is the above- ex-
plained engine shown in Fig. 1 and therefore, the expla-
nation of the constitution thereof will be omitted.

[0190] First, the control of the fuel injector of the fifth
embodiment will be explained. In the fifth embodiment,
as shown in Fig. 20, the learned values KG are memo-
rized in the unit 60 in the form of a map as a function of
the fuel injection amount Q and the engine speed N.
[0191] In the fifth embodiment, during the engine op-
eration, the target fuel injection amount TQ is acquired
from the map of Fig.2(A) on the basis of the accelerator
pedal opening degree Dac. Then, the learned value KG
corresponding to the amount Q (the target amount TQ is
used as this amount Q) and the speed N is acquired from
the map of Fig.20. The fuel injection amount obtained by
subtracting the above-mentioned learned value KG from
the acquired target amount (hereinafter, this amount will
be referred to asinitial target fuel injection amount--) TQ
is set as the target fuel injection amount for the fuel in-
jector opening time calculation (i.e. the target fuel injec-
tion amount used for calculating the fuel injector opening
time). Then, the fuel injector opening time necessary to
inject the fuel of the set target fuel injection amount for
the fuel injector opening time from the injector is calcu-
lated on the basis of the target fuel injection amount.
Then, the opening time of the fuel injector is controlled
such that the injector opens for the calculated fuel injector
opening time.
[0192] The control of the throttle valve of the fifth em-
bodiment is the same as that of the first embodiment and
therefore, the explanation thereof will be omitted.
[0193] Next, the control of the EGR control valve of the
fifth embodiment will be explained. In the fifth embodi-
ment, during the engine operation, the target EGR rate
TRegr is acquired from the map of Fig. 2 (C) on the basis
of the amount Q and the speed N. Then, the EGR control
valve opening degree for accomplishing the acquired tar-
get rate TRegr is calculated as the target EGR control
valve opening degree TDegr according to a predeter-
mined calculation rule. Then, the opening degree of the
EGR control valve is controlled such that the EGR control
valve opens by this calculated target degree TDegr.
[0194] In the fifth embodiment, the initial target fuel in-
jection amount TQ (i.e. the target amount TQ acquired
from the map of Fig.2(A)) is used as the fuel injection
amount for the target EGR rate acquisition).
[0195] Further, in the fifth embodiment, the initial target
fuel injection amount TQ (i.e. the target amount TQ ac-
quired from the map of Fig. 2 (A) ) is used as the fuel
injection amount for the estimated air- fuel ratio calcula-
tion.
[0196] In the fifth embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment. However, in the fifth embodi-
ment, the correction value calculated when the air-fuel
ratio difference is larger than zero (i.e. when the detected
air-fuel ratio is smaller than the estimated ratio) is calcu-
lated as a suitable positive value such that the detected
air-fuel ratio does not becomes larger than the estimated
ratio when the fuel injection amount obtained by subtract-
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ing the learned value updated by the correction value
from the initial target fuel injection amount is used as the
target fuel injection amount for the fuel injector opening
time calculation. On the other hand, in the fifth embodi-
ment, the correction value calculated when the air-fuel
ratio difference is smaller than zero (i.e. when the detect-
ed air-fuel ratio is larger than the estimated ratio) is cal-
culated as a suitable negative value such that the detect-
ed air-fuel ratio does not become smaller than the esti-
mated ratio when the fuel injection amount obtained by
subtracting the learned value updated by the correction
value from the target fuel injection amount is used as the
target fuel injection amount for the fuel injector opening
time calculation.
[0197] By using as the target fuel injection amount for
the fuel injector opening time calculation, the fuel injec-
tion amount obtained by subtracting the learned value
updated as explained above from the initial target fuel
injection amount, the air-fuel ratio difference becomes
small and eventually becomes zero. Next, the reason
thereof will be explained. Below, for facilitating the un-
derstanding, the reason will be explained assuming that
the initial target fuel injection amount and the engine
speed do not change.
[0198] In the fifth embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment and therefore, when the detected
air-fuel ratio is smaller than the estimated ratio (i.e. when
the detected air-fuel ratio is richer than the estimated
ratio), the positive  correction value is calculated. Then,
this calculated value is added to the learned value KG of
the map of Fig.20 corresponding to the current amount
Q (the initial target fuel injection amount TQ is used as
this amount Q) and the current speed N. The correction
value is positive and therefore, the learned value KG be-
comes large. Then, the fuel injection amount obtained
by subtracting the learned value KG from the initial target
fuel injection amount TQ is used as the target fuel injec-
tion amount for the fuel injector opening time calculation
and therefore, the target fuel injection amount for this
calculation becomes small. As a result, the fuel injection
amount becomes small. Therefore, the detected air-fuel
ratio becomes large.
[0199] On the other hand, in the fifth embodiment, the
initial target fuel injection amount TQ is used as the fuel
injection amount for the estimated air-fuel ratio calcula-
tion and the initial amount TQ does not change and there-
fore, the estimated air-fuel ratio does not change.
[0200] As explained above, when the detected air-fuel
ratio is smaller than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
large and the estimated air-fuel ratio does not change
and therefore, the air-fuel ratio difference becomes small.
As far as the detected air-fuel ratio is smaller than the
estimated ratio (i.e. as far as the air-fuel ratio difference
is larger than zero), the update of the learned value is
performed repeatedly (i.e. the learned value continues

to become large). Thus, the air-fuel ratio difference be-
comes zero eventually.
[0201] On the other hand, when the detected air-fuel
ratio is larger than the estimated ratio (i.e. when the de-
tected air-fuel ratio is leaner than the estimated ratio),
the negative correction value is calculated. Then, this
calculated correction value is added to the learned value
KG of the map of Fig.20 corresponding to the current
amount Q (the initial target fuel injection amount TQ is
used as this amount Q) and the current speed N. The
correction value is negative and therefore, the learned
value KG becomes small. Then, the fuel injection amount
obtained by subtracting the learned value KG from the
initial target fuel injection amount TQ is used as the target
fuel injection amount for the fuel injector opening time
calculation and therefore, the target fuel injection amount
for this calculation becomes large. As a result, the fuel
injection amount becomes large. Therefore, the detected
air-fuel ratio becomes small.
[0202] On the other hand, in the fifth embodiment, the
initial target fuel injection amount  TQ is used as the fuel
injection amount for the estimated air-fuel ratio calcula-
tion and the initial amount TQ does not change and there-
fore, the estimated air-fuel ratio does not change.
[0203] As explained above, when the detected air-fuel
ratio is larger than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
small and the estimated air-fuel ratio does not change
and therefore, the air-fuel ratio difference becomes small.
As far as the detected air-fuel ratio is larger than the es-
timated ratio (i.e. as far as the air-fuel ratio difference is
smaller than zero), the update of the learned value is
performed repeatedly (i.e. the learned value continues
to become large). Thus, the air-fuel ratio difference be-
comes zero eventually.
[0204] As explained relating to the first embodiment,
in the case that the learned value becomes large exces-
sively, the initial target fuel injection amount is corrected
excessively by the learned value and as a result, the tar-
get fuel injection amount for the fuel injector opening time
calculation is corrected excessively, however, this is not
preferred.
[0205] In the fifth embodiment, for avoiding the exces-
sive correction of the target fuel injection amount for the
fuel injector opening time calculation, a value suitable as
the upper limit of the learned value (this is positive and
hereinafter, will be referred to as -- upper limit learned
value--) and a value suitable as the lower limit of the
learned value (this is negative and hereinafter, will be
referred to as --lower limit learned value--) are set. Then,
when the learned value corrected by the correction value
is positive and is larger than the upper limit learned value,
the learned value is limited to the upper limit learned val-
ue. On the other hand, when the learned value corrected
by the correction value is negative and is smaller than
the lower limit learned value (i.e. when the absolute value
of the learned value is larger than that of the lower limit
learned value, since the learned value and the lower limit
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learned value are negative), the learned value is limited
to the lower limit learned value.
[0206] The setting of the upper and lower limit learned
values of the fifth embodiment is performed according
the same process as that of the first embodiment. How-
ever, when the maximum fuel injection amount increase
difference occurs, the maximum learned value due to the
fuel injection amount difference of the fifth embodiment
is a value obtained eventually by the update according
to the fifth embodiment and is memorized in the unit 60
in the form of a map as a function of the initial target fuel
injection amount and  the fuel pressure. Further, when
the maximum fuel injection amount decrease difference
occurs, the minimum learned value due to the fuel injec-
tion amount difference is a value obtained eventually by
the update according to the fifth embodiment and is mem-
orized in the unit 60 in the form of a map as a function of
the initial target fuel injection amount and the fuel pres-
sure. Further, when the maximum intake air amount in-
crease difference occurs, the maximum learned value
due to the intake air amount difference is a value obtained
eventually by the update according to the fifth embodi-
ment and is memorized in the unit 60 in the form of a
map as a function of the intake air amount. Further, when
the maximum intake air amount decrease difference oc-
curs, the minimum learned value due to the intake air
amount difference is a value obtained eventually by the
update according to the fifth embodiment and is memo-
rized in the unit 60 in the form of a map as a function of
the intake air amount.
[0207] The setting of the upper and lower limit learned
values of the fifth embodiment may be performed accord-
ing to the same process as that of the second embodi-
ment. However, when the maximum fuel injection amount
increase and intake air amount increase differences oc-
cur, the maximum learned value is a value obtained even-
tually by the update according to the fifth embodiment
and is memorized in the unit 60 in the form of a map as
a function of the initial target fuel injection amount and
the fuel pressure. Further, when the maximum fuel injec-
tion amount decrease and intake air amount decrease
differences occur, the minimum learned value is a value
obtained eventually by the update according to the fifth
embodiment and is memorized in the unit 60 in the form
of a map as a function of the initial target fuel injection
amount, the fuel pressure and the intake air amount.
[0208] Next, an example of the routine for performing
the control of the fuel injector of the fifth embodiment will
be explained. This example of the routine is shown in
Fig. 21. The routine of Fig. 21 is performed every a pre-
determined time has elapsed.
[0209] When the routine of Fig.21 starts, first, at step
60, the accelerator pedal Dac and the engine speed N
are acquired. Next, at step 61, the target fuel injection
amount TQ is acquired from the map of Fig.2(A) on the
basis of the degree Dac acquired at step 60. Next, at step
62, among the learned values KG memorized in the unit
60, the learned value KG corresponding to the target

amount TQ acquired at step 61 and the speed N acquired
at step 60 is acquired. Next, at step 63, the target amount
TQ acquired at step 61 is corrected by subtracting the
value KG acquired at step 62 from the target amount TQ
acquired at step 61. Next, at step 64, the fuel injector
opening time TO for injecting the fuel of the target amount
TQ corrected at step 63 from the injector is calculated.
Next, at step 65, the command value for opening the
injector for the time TO calculated at step 64 is output to
the fuel injector and then, the routine is terminated.
[0210] The control of the throttle valve of the fifth em-
bodiment is, for example, performed by the routine of Fig.
6. However, in the case that the routine of Fig.6 is used
for the control of the throttle valve of the fifth embodiment,
the fuel injection amount Q acquired at step 20 is the
target fuel injection amount TQ acquired at step 61 of
Fig.21.
[0211] Next, an example of the routine for performing
the control of the EGR control valve of the fifth embodi-
ment will be explained. This example of the routine is
shown in Fig. 22. The routine of Fig. 22 is performed
every a predetermined time has elapsed.
[0212] When the routine of Fig.22 starts, first, at step
70, the fuel injection amount Q and the engine speed N
are acquired. The amount Q acquired at step 70 is the
target amount TQ acquired at step 61 of Fig.21. Next, at
step 71, the target EGR rate TRegr is acquired from the
map of Fig.2(C) on the basis of the amount Q and the
speed N acquired at step 70. Next, at step 72, the com-
mand value for accomplishing the target rate TRegr ac-
quired at step 71 is output to the EGR control valve and
then, the routine is terminated.
[0213] The update of the learned value of the fifth em-
bodiment is, for example, performed by the routine of Fig.
8 or 10. However, in the case that the routine of Fig.8 is
used for the update of the learned value of the fifth em-
bodiment, the learned value KG acquired at step 101 is
the learned value of the map of Fig.20 corresponding to
the amount Q and the speed N acquired at step 100, the
maximum and minimum learned values MaxF and MinF
acquired at step 101 of Fig.8 are the above-explained
maximum and minimum learned value due to the fuel
injection amount difference of the fifth embodiment, re-
spectively and the maximum and minimum learned val-
ues MaxA and MinA acquired at step 101 of Fig.8 are
the above-explained maximum and minimum learned
values due to the intake air amount difference of the fifth
embodiment, respectively. Further, in the case that the
routine of Fig.10 is used for the update of the learned
value of the fifth embodiment, the learned value KG ac-
quired at step 201 of Fig. 10 is the learned value of the
map of Fig.20 corresponding to the amount Q and the
speed N acquired at step 200 and the maximum and
minimum learned values Max and Min acquired at step
201 of Fig.10 are the above-explained maximum and
minimum learned values of the fifth embodiment, respec-
tively.
[0214] The fifth embodiment is one in the case that the
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invention is applied to the control device which corrects
only the target fuel injection amount for the fuel injector
opening time calculation by the learned value. However,
the invention can be applied to the control device which
corrects the fuel injection amount for the estimated air-
fuel ratio calculation as well as the target fuel injection
amount for the fuel injector opening time calculation by
the learned value. Next, the embodiment in the case that
the invention is applied to such a control device (herein-
after, this embodiment will be referred to as-- sixth em-
bodiment-- ) will be explained. The engine of the sixth
embodiment is the above- explained engine shown in
Fig. 1 and therefore, the explanation of the constitution
thereof will be omitted.
[0215] First, the control of the fuel injector of the sixth
embodiment will be explained. In the sixth embodiment,
as shown in Fig. 23, the learned values KG are memo-
rized in the unit 60 in the form of a map as a function of
the fuel injection amount Q and the engine speed N.
[0216] Then, in the sixth embodiment, during the en-
gine operation, the target amount TQ is acquired from
the map of Fig. 2 (A) on the basis of the accelerator pedal
opening degree Dac. Then, the learned value KG corre-
sponding to the amount Q (the target fuel injection
amount TQ is used as this amount Q) and the engine
speed N is acquired from the map of Fig. 23. Then, the
fuel injection amount obtained by subtracting the learned
value KG from the acquired target amount (hereinafter,
this amount will be referred to asinitial target fuel injection
amount-- ) TQ is set as the target fuel injection amount
for the fuel injector opening time calculation. Then, the
fuel injector opening time necessary to inject the fuel of
the set target fuel injection amount for the fuel injector
opening time calculation from the injector is calculated
on the basis of the target fuel injection amount. Then, the
opening time of the injector is controlled at each intake
stroke such that the injector opens for the calculated fuel
injector opening time.
[0217] The controls of the opening degrees of the throt-
tle valve and the EGR control valve of the sixth embod-
iment are the same as those of the fifth embodiment and
therefore, the explanation thereof will be omitted.
[0218] Further, in the sixth embodiment, the fuel injec-
tion amount obtained by adding the learned value to the
initial target fuel injection amount TQ (i.e. the target
amount TQ  acquired from the map of Fig. 2 (A) ) is used
as the fuel injection amount for the estimated air- fuel
ratio calculation.
[0219] Further, in the sixth embodiment, the update of
the learned value and the calculation of the correction
value are performed according to the same processes
as those of the first embodiment. However, in the sixth
embodiment, the correction value calculated when the
air- fuel ratio difference is larger than zero (i.e. when the
detected air- fuel ratio is smaller than the estimated ratio)
is calculated as a suitable positive value such that the
detected air- fuel ratio does not become larger than the
estimated ratio when the fuel injection amount obtained

by subtracting the learned value updated by the correc-
tion value from the initial target fuel injection amount is
used as the target fuel injection amount for the fuel in-
jector opening time calculation and the fuel injection
amount obtained by adding the learned value updated
by the correction value is used as the fuel injection
amount for the estimated air- fuel ratio calculation. On
the other hand, in the sixth embodiment, the correction
value calculated when the air- fuel ratio difference is
smaller than zero (i.e. when the detected air- fuel ratio is
larger than the estimated ratio) is calculated as a suitable
negative value such that the detected air- fuel ratio does
not become smaller than the estimated ratio when the
fuel injection amount obtained by subtracting the learned
value updated by the correction value from the initial tar-
get fuel injection amount is used as the target fuel injec-
tion amount for the fuel injector opening time calculation
and the fuel injection amount obtained by adding the
learned value updated by the correction value to the initial
target fuel injection amount is used as the fuel injection
amount for the estimated air- fuel ratio calculation.
[0220] By using as the target fuel injection amount for
the fuel injector opening time calculation, the fuel injec-
tion amount obtained by subtracting the learned value
updated as explained above from the initial target fuel
injection amount and by using as the fuel injection amount
for the estimated air-fuel ratio calculation, the fuel injec-
tion amount obtained by adding the learned value to the
initial target fuel injection amount, the air-fuel ratio differ-
ence becomes small and eventually becomes zero. Next,
the reason thereof will be explained. Below, for facilitating
the understanding, the reason will be explained assum-
ing that the initial target fuel injection amount and the
engine speed do not change.
[0221] In the sixth embodiment, the update of the
learned value and the calculation of the correction value
are performed according to the same processes as those
of the first embodiment and therefore, when the detected
air-fuel ratio is smaller than the estimated  ratio (i.e. when
the detected air-fuel ratio is richer than the estimated
ratio), the positive correction value is calculated. Then,
this calculated correction value is added to the learned
value KG of the map of Fig.23 corresponding to the cur-
rent amount Q (the initial target fuel injection amount TQ
is used as this amount Q) and the current speed N. The
correction value is positive and therefore, the learned
value KG becomes large. Then, the fuel injection amount
obtained by subtracting the learned value KG from the
initial target fuel injection amount TQ is used as the target
fuel injection amount for the fuel injector opening time
calculation and therefore, the target fuel injection amount
for this calculation becomes small. As a result, the fuel
injection amount becomes small. Therefore, the detected
air-fuel ratio becomes large.
[0222] On the other hand, in the sixth embodiment, the
fuel injection amount obtained by adding the learned val-
ue to the initial target fuel injection amount TQ is used
as the fuel injection amount for the estimated air-fuel ratio
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calculation and the learned value KG is increased by the
correction value and therefore, the estimated air-fuel ratio
becomes small.
[0223] As explained above, when the detected air-fuel
ratio is smaller than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
large and the estimated air-fuel ratio becomes small and
therefore, the air-fuel ratio difference becomes small. As
far as the detected air-fuel ratio is smaller than the esti-
mated ratio (i.e. as far as the air-fuel ratio difference is
larger than zero), the update of the learned value is per-
formed repeatedly (i.e. the learned value continues to
become large). Thus, the air-fuel ratio difference be-
comes zero eventually.
[0224] On the other hand, when the detected air-fuel
ratio is larger than the estimated ratio (i.e. when the de-
tected air-fuel ratio is leaner than the estimated ratio),
the negative correction value is calculated. Then, this
calculated correction value is added to the learned value
KG of the map of Fig.23 corresponding to the current
amount Q (the initial target fuel injection amount TQ is
used as this amount Q) and the current speed N. The
correction value is negative and therefore, the learned
value KG becomes small. Then, the fuel injection amount
obtained by subtracting the learned value KG from the
initial target fuel injection amount TQ is used as the target
fuel injection amount for the fuel injector opening time
calculation and therefore, the target fuel injection amount
for this calculation becomes large. As a result, the fuel
injection amount becomes large. Therefore, the detected
air-fuel ratio becomes small.
[0225]   On the other hand, in the sixth embodiment,
the fuel injection amount obtained by adding the learned
value to the initial target fuel injection amount is used as
the fuel injection amount for the estimated air-fuel ratio
calculation and the learned value KG is decreased by
the learned value KG and therefore, the estimated air-
fuel ratio becomes large.
[0226] As explained above, when the detected air-fuel
ratio is larger than the estimated ratio, by the update of
the learned value, the detected air-fuel ratio becomes
small and the estimated air-fuel ratio becomes large and
therefore, the air-fuel ratio difference becomes small. As
far as the detected air-fuel ratio is larger than the esti-
mated ratio (i.e. as far as the air-fuel ratio difference is
smaller than zero), the update of the learned value is
performed repeatedly (i.e. the learned value continues
to become large). Thus, the air-fuel ratio difference be-
comes zero eventually.
[0227] As explained relating to the first embodiment,
in the case that the learned value becomes large exces-
sively, the initial target fuel injection amount is corrected
excessively by the learned value and as a result, the tar-
get fuel injection amount for the fuel injector opening time
calculation and the fuel injection amount for the estimated
air-fuel ratio calculation are corrected excessively, how-
ever, this is not preferred.
[0228] In the sixth embodiment, for avoiding the ex-

cessive correction of the target fuel injection amount for
the fuel injector opening time calculation and the fuel in-
jection amount for the estimated air-fuel ratio calculation,
a value suitable as the upper limit of the learned value
(this value is positive and hereinafter, will be referred to
as --upper limit learned value--) and a value suitable as
the lower limit of the learned value (this value is negative
and hereinafter, this value will be referred to as --lower
limit learned value--) are set. When the learned value
corrected by the correction value is positive and is larger
than the upper limit learned value, the learned value is
limited to the upper limit learned value. On the other hand,
when the learned value corrected by the correction value
is negative and is smaller than the lower limit learned
value (i.e. when the absolute value of the learned value
is larger than that of the lower limit learned value, since
the learned value and the lower limit learned value are
negative), the learned value is limited to the lower limit
learned value.
[0229] The setting of the upper and lower limit learned
values of the sixth embodiment are performed according
to the same processes as those of the first embodiment.
However, when the maximum fuel injection amount in-
crease difference occurs, the maximum learned value
due to the fuel injection amount difference is a value ob-
tained eventually by the update according to the sixth
embodiment and is memorized in the unit 60 in the form
of a map as a function of the initial target fuel injection
amount and the fuel pressure. Further, when the maxi-
mum fuel injection amount decrease difference occurs,
the minimum learned value due to the fuel injection
amount difference is a value obtained eventually by the
update according to the sixth embodiment and is mem-
orized in the unit 60 in the form of a map as a function of
the initial target fuel injection amount and the fuel pres-
sure. Further, when the maximum intake air amount in-
crease difference occurs, the maximum learned value
due to the intake air amount difference is a value obtained
eventually by the update according to the sixth embodi-
ment and is memorized in the unit 60 in the form of a
map as a function of the intake air amount. Further, when
the maximum intake air amount decrease difference oc-
curs, the minimum learned value due to the intake air
amount difference is a value obtained eventually by the
update according to the six embodiment and is memo-
rized in the unit 60 in the form of a map as a function of
the intake air amount.
[0230] The setting of the upper and lower limit learned
values of the sixth embodiment may be performed ac-
cording to the same process as that of the second em-
bodiment. However, when the maximum fuel injection
amount increase and intake air amount increase differ-
ences occur, the maximum learned value is a value cal-
culated and updated by the correction value calculated
within the specific constraint of the sixth embodiment and
is memorized in the unit 60 in the form of a map as a
function of the initial target fuel injection amount, the fuel
pressure and the intake air amount. Further, when the
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maximum fuel injection amount decrease and intake air
amount decrease differences occur, the minimum
learned value is a value calculated and updated by the
correction value calculated within the specific constraint
of the sixth embodiment and is memorized in the unit 60
in the form of a map as a function of the initial target fuel
injection amount, the fuel pressure and the intake air
amount.
[0231] In the sixth embodiment, one learned value is
used as the learned value to be subtracted from the initial
target fuel injection amount for calculating the target fuel
injection amount for the fuel injector opening time calcu-
lation and as the learned value to be added to the initial
target fuel injection amount for calculating the fuel injec-
tion amount for the estimated air-fuel ratio calculation.
That is, the learned value subtracted from the initial target
fuel injection amount for calculating the target fuel injec-
tion amount for the fuel  injector opening time calculation
and the learned value added to the initial target fuel in-
jection amount for calculating the fuel injection amount
for the estimated air-fuel ratio calculation are the same
as each other. However, these learned values may be
different from each other. In this case, the upper and
lower limit learned values regarding each learned value
are set similar to the first embodiment.
[0232] The control of the fuel injector of the sixth em-
bodiment is, for example, performed by the routine of Fig.
21. However, in the case that the routine of Fig.21 is used
for the control of the fuel injector of the sixth embodiment,
the learned value KG acquired at step 62 is a value ob-
tained eventually by the update according to the sixth
embodiment.
[0233] The control of the throttle valve of the sixth em-
bodiment is, for example, performed by the routine of Fig.
6. However, in the case that the routine of Fig.6 is used
for the control of the throttle valve of the sixth embodi-
ment, the fuel injection amount Q acquired at step 20 is
the target fuel injection amount TQ acquired at step 61
of Fig.21.
[0234] The control of the EGR control valve of the sixth
embodiment is, for example, performed by the routine of
Fig.22.
[0235] The update of the learned value of the sixth em-
bodiment is, for example, performed by the routine of Fig.
8 or 10. However, in the case that the routine of Fig.8 is
used for the update of the learned value of the sixth em-
bodiment, the learned value KG acquired at step 10 is
the learned value of the map of Fig.23 corresponding to
the amount Q and the speed N acquired at step 100, the
maximum and minimum learned values MaxF and MinF
acquired at step 101 of Fig.8 are the above-explained
maximum and minimum learned values due to the fuel
injection amount difference of the sixth embodiment, re-
spectively and the maximum and minimum learned val-
ues MaxA and MinA acquired at step 101 of Fig.8 are
the above-explained maximum and minimum values due
to the intake air amount difference of the sixth embodi-
ment, respectively. Further, in the case that the routine

of Fig.10 is used for the update of the learned value of
the sixth embodiment, the learned value KG acquired at
step 201 is the learned value of the map of Fig.23 corre-
sponding to the amount Q and the speed N acquired at
step 200 and the maximum and minimum learned values
Max and Min acquired at step 201 of Fig.10 are the above-
explained maximum and minimum learned values of the
sixth embodiment, respectively.
[0236]   According to the above-explained embodi-
ments, before the learned value is added to or subtracted
from the target fuel injection amount (i.e. before the target
fuel injection amount is corrected by the learned value),
the learned value is newly calculated. That is, the learned
value is updated to the latest learned value. Therefore,
the latest learned value is added to or subtracted from
the target fuel injection amount. Further, immediately be-
fore the learned value is added to or subtracted from the
target fuel injection amount (i.e. immediately before the
target fuel injection amount is corrected by the learned
value), the latest learned value is calculated and there-
fore, the optimum learned value at that time is added to
or subtracted from the target fuel injection amount. Thus,
the unsuitable correction of the target fuel injection
amount is avoided and therefore, the detected air-fuel
ratio corresponds to the estimated ratio exactly.
[0237] Further, according to the embodiment where
the routine of Fig. 8 of the above- explained embodiments
is used, in order to correct the intake air amount or the
fuel injection amount to the maximum extent possible as
far as the requirements of the engine are accomplished,
the more suitable upper and lower limit learned values
are set. That is, in general, it is preferred that the intake
air amount or the fuel injection amount is corrected to the
maximum extent possible as far as the requirements of
the engine are accomplished. On the other hand, the
various controls in the engine are established such that
the requirements of the engine are accomplished even
in the case that it is expected that the fuel injection amount
difference amount becomes large to the maximum extent
when the actual fuel injection amount differs positively
from the target fuel injection amount, even in the case
that it is expected that the fuel injection amount difference
amount becomes large to the maximum extent when the
actual fuel injection amount differs negatively from the
target fuel injection amount, even in the case that it is
expected that the intake air amount difference amount
becomes large to the maximum extent when the detected
intake air amount differs positively from the actual intake
air amount and even in the case that it is expected that
the detected intake air amount differs negatively from the
actual intake air amount. That is, the learned value in the
case that the fuel injection amount difference is largest
among the possible differences (i.e. the maximum and
minimum learned values due to the fuel injection amount
difference) and the learned value in the case that the
intake air amount difference is largest among the possi-
ble differences (i.e. the maximum and minimum learned
values due to the intake air amount difference) are com-
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pared with each other, the larger maximum learned value
among the maximum learned values is set as the upper
limit learned value and the smaller minimum value among
the minimum learned value is set as the lower limit
learned value and if the  learned value is limited to the
upper and lower limit learned values, the learned value
which corrects the intake air amount or the fuel injection
amount to the maximum extent while accomplishing the
requirements of the engine can be obtained. Therefore,
in order to correct the intake air amount or the fuel injec-
tion amount to the maximum extent possible as far as
the requirements of the engine are accomplished, the
more suitable upper and lower limit learned values are
set.
[0238] Further, according to the embodiment where
the routine of Fig. 10 of the above- explained embodi-
ments is used, in order to correct the intake air amount
or the fuel injection amount to the maximum extent pos-
sible as far as the requirements of the engine are ac-
coumplished, the more suitable upper and lower limit
learned values are set. That is, in general, it is preferred
that the intake air amount or the fuel injection amount is
corrected to the maximum extent possible as far as the
requirements of the engine are accomplished. On the
other hand, the various controls in the engine are estab-
lished such that the requirements of the engine are ac-
complished even in the case that it is expected that the
fuel injection amount difference amount becomes large
to the maximum extent when the actual fuel injection
amount differs positively from the target fuel injection
amount and the intake air amount difference amount be-
comes large to the maximum extent when the detected
intake air amount differs positively from the actual intake
air amount and even in the case that it is expected that
the fuel injection amount becomes large to the maximum
extent when the actual fuel injection amount differs neg-
atively from the target fuel injection amount and the intake
air amount becomes large to the maximum extent when
the detected intake air amount differs negatively from the
actual intake air amount. That is, the learned value in the
case that the fuel injection amount difference is largest
among the possible differences and the intake air amount
difference is largest among the possible differences is
set as the upper or lower limit learned value and if the
learned value is limited to the upper or lower limit learned
value, the learned value which corrects the intake air
amount or the fuel injection amount to the maximum ex-
tent while accomplishing the requirements of the engine
can be obtained. Therefore, in order to correct the intake
air amount or the fuel injection amount to the maximum
extent possible as far as the requirements of the engine
are accomplished, the more suitable upper or lower limit
learned value is set.
[0239] Broadly, the concept of the above- explained
embodiments can be applied to the engine wherein the
fuel is supplied to the combustion chamber by means
other than the fuel injector. Therefore, the invention can
be applied to the engine comprising means for  supplying

the fuel to the combustion chamber.
[0240] Broadly, the concept of the above- explained
embodiments can be applied to the engine wherein the
amount of the air supplied to the combustion chamber is
detected by means other than the air flow meter. In the
above- explained embodiments, the detected intake air
amount can be understood as the estimated value of the
amount of the air supplied to the combustion chamber.
Therefore, the invention can be applied to the engine
comprising means for acquiring the estimated value of
the amount of the air supplied to the combustion cham-
ber.
[0241] Broadly, the concept of the above- explained
embodiments can be applied to the engine where the
actual air- fuel ratio is acquired by means other than the
oxygen concentration sensor means. Therefore, the in-
vention can be applied to the engine comprising means
for acquiring the actual air- fuel ratio.
[0242] Broadly, the concept of the above- explained
embodiments can be applied to the engine where the
estimated value of the fuel injection amount other than
the target fuel injection amount or the parameter corre-
sponding thereto is used for the acquisition of the target
EGR rate or the target throttle valve opening degree or
the target vane opening degree and the calculation of
the estimated air- fuel ratio. The target fuel injection
amount can be understood as the estimated value of the
amount of the fuel supplied to the combustion chamber
(i.e. the estimated supplied fuel amount) . Therefore, the
invention can be applied to the engine where the esti-
mated supplied fuel amount or the parameter corre-
sponding thereto is used for the acquisition of the target
EGR rate or the target throttle valve opening degree or
the target vane opening degree and the calculation of
the estimated air- fuel ratio.
[0243] Broadly, the concept of the above- explained
embodiments can be applied to the engine where the
estimated value of the intake air amount other then the
detected intake air amount or the parameter correspond-
ing thereto is used for the calculation of the estimated
air- fuel ratio. As explained above, the detected intake
air amount can be understood the estimated value of the
amount of the air supplied to the combustion chamber
(i.e. the estimated supplied air amount) . Therefore, the
invention can be applied to the engine where the esti-
mated supplied air amount or the parameter correspond-
ing thereto is used for the calculation of the estimated
air- fuel ratio.
[0244]   The first and second embodiments are those
in the case that the invention is applied to the case where
the target fuel injection amount acquired from the map
of Fig.2(A) is corrected by the learned value, the target
EGR rate is acquired from the map of Fig.2(C) on the
basis of the corrected target fuel injection amount and
the engine speed and this acquired target EGR rate is
used as the target EGR rate for the EGR rate control.
The invention can be applied to the control device where
the target EGR rate is acquired from the map of Fig.2(C)

55 56 



EP 2 657 493 A1

30

5

10

15

20

25

30

35

40

45

50

55

on the basis of the target fuel injection amount acquired
from the map of Fig.2(A) and the engine speed, this ac-
quired target EGR rate is corrected by the learned value
and this corrected target EGR rate is used as the target
EGR rate for the EGR rate control (in particular, for ex-
ample, the control device where the target EGR rate is
corrected by subtracting the learned value from the target
EGR rate acquired from the map and this corrected target
EGR rate is used as the target EGR rate for the EGR
rate control).
[0245] The third embodiment is one in the case that
the invention is applied to the case where the target fuel
injection amount acquired from the map of Fig.12(A) is
corrected by the learned value, the target throttle valve
opening degree is acquired from the map of Fig.12(B) on
the basis of the corrected target fuel injection and the
engine speed and this acquired degree is used as the
target throttle valve opening degree for the throttle valve
opening degree control. However, the invention can be
applied to the control device where the target throttle
valve opening degree is acquired from the map of Fig.
12(B) on the basis of the target fuel injection amount ac-
quired from the map of Fig.12(A) and the engine speed,
this acquired target throttle valve opening degree is cor-
rected by the learned value and this corrected degree is
used as the target throttle valve opening degree for the
throttle valve opening degree control (in particular, for
example, the control device where the target throttle
valve opening degree is corrected by adding the learned
value to the target throttle valve opening degree acquired
from the map and this corrected degree is used for the
target throttle valve opening degree for the throttle valve
opening degree control).
[0246] Further, the fourth embodiment is one in the
case that the invention is applied to the case where the
target fuel injection amount acquired from the map of Fig.
17 (A) is corrected by the learned value, the target vane
opening degree is acquired from the map of Fig. 17 (C)
on the basis of this corrected target amount and the en-
gine speed and this acquired target vane opening degree
is used for the target vane opening degree for the vane
opening degree control. However, the invention can be
applied to the control  device where the target vane open-
ing degree is acquired from the map of Fig. 17 (C) on the
basis of the target fuel injection amount acquired from
the map of Fig. 17 (A) and the engine speed, this acquired
target vane opening degree is corrected by the learned
value and this corrected degree is used for the target
vane opening degree for the vane opening degree control
(in particular, for example, the control device where the
target vane opening degree is corrected by subtracting
the learned value from the target vane opening degree
acquired from the map and this corrected degree is used
as the target vane opening degree for the vane opening
degree control) .
[0247] Further, the first and second embodiment are
those in the case that the invention is applied to the case
where the target EGR rate is acquired from the map of

Fig. 2 (C) on the basis of the fuel injection amount and
the engine speed. However, the invention can be applied
to the control device where the target EGR rate is ac-
quired on the basis of only the fuel injection amount or
the control device where the target EGR rate is acquired
on the basis of three parameter or more including the
fuel injection amount and the engine speed or the control
device where the target EGR rate is acquired on the basis
of one or more parameters other than the fuel injection
amount and the engine speed.
[0248] Further, the third embodiment is one in the case
that the invention is applied to the case where the target
throttle valve opening degree is acquired from the map
of Fig. 12 (B) on the basis of the fuel injection amount
and the engine speed. However, the invention can be
applied to the control device where the target throttle
valve opening degree is acquired on the basis of only the
fuel injection amount or the control device where the tar-
get throttle valve opening degree is acquired on the basis
of three or more parameters including the fuel injection
amount and the engine speed or the control device where
the target throttle valve opening degree is acquired on
the basis of one or more parameters other than the fuel
injection amount and the engine speed.
[0249] Further, the fourth embodiment is one in the
case that the invention is applied to the control device
where the target vane opening degree is acquired from
the map of Fig. 17 (C) on the basis of the fuel injection
amount and the engine speed. However, the invention
can be applied to the control device where the target
vane opening degree on the basis of only the fuel injection
amount or the control device where the target vane open-
ing degree is acquired on the basis of three or more pa-
rameters including the fuel injection amount and the en-
gine speed or the control device where the target vane
opening degree is acquired on the basis of one or more
parameters other than the fuel  injection amount and the
engine speed.
[0250] Further, the above- explained embodiments are
those in the case that the invention is applied to the con-
trol device where only the target fuel injection is corrected
by the learned value in order to obtain the fuel injection
amount for the acquisition of the target value (i.e. the
target EGR rate or throttle valve opening degree or vane
opening degree) . However, the invention can be applied
to the control device where only the engine speed is cor-
rected by the learned value in order to obtain the engine
speed for the acquisition of the target value or the control
device where both of the target fuel injection amount and
the engine speed are corrected by the learned value in
order to obtain the fuel injection amount and the engine
speed for the acquisition of the target value.
[0251] Further, the above- explained embodiments are
those in the case that the fuel injection amount and the
engine speed are used for the acquisition of the target
value (i.e. the target EGR rate or throttle valve opening
degree or vane opening degree) . However, the invention
can be applied to the control device where three or more
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parameters including the fuel injection amount and the
engine speed are used for the acquisition of the target
value or the control device where one or more parameters
other than the fuel injection amount and the engine speed
are used for the acquisition of the target value. In the
case that the invention is applied to such control devices,
at least one parameter is corrected by the learned value
and this corrected parameter is used for the acquisition
of the target value.
[0252] In the first and second embodiments, the EGR
rate is corrected on the basis of the air-fuel ratio differ-
ence. Therefore, in these embodiments, it can be under-
stood that the EGR gas amount is corrected on the basis
of the air-fuel ratio difference.
[0253] The embodiments using the routine of Fig.8
among the above-explained embodiments are those in
the case that the invention is applied to the control device
where the maximum and minimum learned values due
to the fuel injection amount difference are acquired de-
pending on the fuel injection amount and the fuel pres-
sure. However, the invention can be applied to the control
device where the maximum and minimum learned values
are acquired depending on only the fuel injection amount.
[0254] Further, in the first and second embodiments,
the EGR rate is corrected by the learned value. When
the EGR rate is corrected, the intake air amount changes
and  therefore, it can be understood that the intake air
amount is corrected by the learned value.
[0255] In the above-explained embodiments, the esti-
mated air-fuel ratio is calculated on the basis of the de-
tected intake air amount and the target fuel injection
amount at a particular timing. However, a certain time is
necessary until the exhaust gas reaches the oxygen con-
centration sensor after the mixture gas of the air of the
detected intake air amount at the particular timing and
the fuel of the target fuel injection amount at the particular
timing burns and the combustion gas is discharged as
the exhaust gas from the combustion chamber. In the
above-explained embodiments, the air-fuel ratio may be
calculated by subtracting the detected air-fuel ratio from
the estimated air-fuel ratio which is first-order-smoothed.
[0256] The maximum and minimum learned values
due to the fuel injection amount difference may be ob-
tained by a method other than those of the above-ex-
plained embodiments. As such a method, for example,
a method for acquiring the sufficient number of the
learned values calculated in the case that the fuel injec-
tion amount difference in which the actual fuel injection
amount differs from the target fuel injection amount (i.e
this fuel injection amount difference includes the fuel in-
jection amount difference in which the actual injection
amount becomes larger than the target fuel injection
amount and the fuel injection amount difference in which
the actual fuel injection amount becomes smaller than
the target fuel injection amount) occurs and processing
these acquired learned values by a statistical method to
obtain a value suitable as the maximum learned value
due to the fuel injection amount difference and a value

suitable as the minimum learned value due to the fuel
injection amount difference as the maximum and mini-
mum learned values due to the fuel injection amount dif-
ference, respectively can be employed.
[0257] Similarly, the maximum and minimum learned
values due to the intake air amount difference may be
obtained by a method other than those of the above-
explained embodiments. As such a method, for example,
a method for acquiring the sufficient number of the
learned values calculated in the case that the intake air
amount difference in which the detected intake air
amount differs from the actual intake air amount (i.e. this
intake air amount difference includes the intake air
amount difference in which the detected intake air
amount becomes larger than the actual intake air amount
and the intake air amount difference in which the detected
intake air amount becomes smaller than the actual intake
amount) occurs and processing these acquired learned
values by a  statistical method to obtain a value suitable
as the maximum learned value due to the intake air
amount difference and a value suitable as the minimum
learned value due to the intake air amount difference as
the maximum and minimum learned values due to the
intake air amount difference, respectively can be em-
ployed.
[0258] Further, in the above- explained embodiments
using the routine of Fig. 8, as the maximum fuel injection
amount increase and decrease differences, the drawings
tolerance (i.e. the nominal error) of the fuel injector re-
garding the fuel injection amount may be used. That is,
in the case that the actual fuel injection amount becomes
larger than the target fuel injection amount to the maxi-
mum extent within the drawings tolerance of the fuel in-
jector, the eventually- obtained learned value may be set
as the maximum learned value due to the fuel injection
amount difference and in the case that the actual fuel
injection amount becomes smaller than the target fuel
injection amount to the maximum extent within the draw-
ings tolerance of the fuel injector, the eventually- ob-
tained learned value may be set as the minimum learned
value due to the fuel injection amount difference.
[0259] Similarly, in the above- mentioned embodi-
ments using the routine of Fig. 8, as the maximum intake
air amount increase and decrease differences, the draw-
ings tolerance (i.e. the nominal error) of the air flow meter
regarding the detected intake air amount may be used.
That is, in the case that the detected intake air amount
becomes larger than the actual intake air to the maximum
extent within the drawings tolerance of the air flow meter,
the eventually- obtained learned value may be set as the
maximum learned value due to the intake air amount dif-
ference and in the case that the detected intake air
amount becomes smaller than the actual intake air
amount to the maximum extent within the drawings tol-
erance of the air flow meter, the eventually- obtained
learned value may be set as the minimum learned value
due to the intake air difference.
[0260] Further, in the above- explained embodiments
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using the routine of Fig. 10, as the maximum fuel injection
amount increase and decrease differences, the drawings
tolerance (i.e. the nominal error) of the fuel injector re-
garding the fuel injection amount may be used and as
the maximum intake air amount increase and decrease
differences, the drawings tolerance (i.e the nominal error)
of the air flow meter regarding the detected intake air
amount may be used. That is, in the case that the actual
fuel injection amount becomes larger than the target fuel
injection amount to the maximum extent within the draw-
ings tolerance of the fuel injector and the detected intake
air amount is larger than the actual intake air amount to
the maximum extent within the drawings tolerance of the
air flow  meter, the eventually- obtained learned value
may be set as the maximum learned value and in the
case that the actual fuel injection amount becomes small-
er than the target fuel injection amount to the maximum
extent within the drawings tolerance of the fuel injector
and the detected intake air amount becomes smaller than
the actual intake air amount to the maximum extent within
the drawings tolerance of the air flow meter, the eventu-
ally- obtained learned value may be set as the minimum
learned value.
[0261] The invention can be applied to the control de-
vice using the fuel injection amount obtained by adding
the learned value to the target fuel injection amount as
the fuel injection amounts for the target EGR rate acqui-
sition, the target throttle valve opening degree acquisition
and the estimated air-fuel ratio calculation. That is, the
concept of the third embodiment may be combined with
the concept of the first or second embodiment. In this
case, the correction value calculated when the air-fuel
ratio difference is larger than zero is a suitable positive
value such that the detected air fuel ratio does not be-
come larger than the estimated air-fuel ratio when the
control of the engine using the learned value updated by
the correction value is performed. On the other hand, the
correction value calculated when the air-fuel ratio differ-
ence is smaller than zero is a suitable negative value
such that the detected air-fuel ratio does not become
smaller than the estimated air-fuel ratio when the control
of the engine using the learned value updated by the
correction value is performed.
[0262] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used for setting the upper limit learned value
as in the first embodiment, the maximum learned value
due to the fuel injection amount difference is a value
eventually obtained when the update of the learned value
and the control of the engine using the learned value are
performed repeatedly in the case that the maximum fuel
injection amount increase difference occurs and the max-
imum learned value due to the intake air amount differ-
ence is a value similarly eventually obtained in the case
that the maximum intake air amount increase difference
occurs. Further, if the minimum learned values due to
the fuel injection amount and intake air amount differenc-
es are used for setting the lower limit learned value, the

minimum learned value due to the fuel injection amount
is a value eventually obtained when the update of the
learned value and the control of the engine using the
learned value are repeatedly performed in the case that
the maximum fuel injection amount decrease difference
occurs and the minimum learned value due to the intake
air amount difference is a value similarly eventually ob-
tained in the case that the maximum intake air amount
decrease difference occurs.
[0263] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the control of the engine
using the learned value are performed repeatedly in the
case that the maximum fuel injection amount increase
and intake air amount increase differences occur and the
minimum learned value is a value obtained eventually
similarly in the case that the maximum fuel injection
amount and intake air amount decrease differences oc-
cur.
[0264] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
EGR rate acquisition, the target vane opening degree
acquisition and the estimated air- fuel ratio calculation.
That is, the concept of the fourth embodiment may be
combined with that of the first or second embodiment. In
this case, the correction value calculated when the air-
fuel ratio difference is larger than zero is calculated as a
suitable positive value such that the detected air- fuel
ratio does not become larger than the estimated air- fuel
ratio when the engine control using the learned value
updated by the correction value is performed. On the
other hand, the correction value calculated when the air-
fuel ratio difference is smaller than zero is calculated as
a suitable negative value such that the detected air- fuel
ratio does not become the estimated air- fuel ratio when
the engine control using the learned value updated by
the correction value is performed.
[0265] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used for setting the upper limit learned value
as in the first embodiment, the maximum learned value
due to the fuel injection amount difference is a value ob-
tained eventually when the update of the learned value
and the engine control using the learned value are per-
formed repeatedly in the case that the maximum fuel in-
jection amount increase difference occurs and the max-
imum learned value due to the intake air amount differ-
ence is a value obtained eventually similarly in the case
that the maximum intake air amount increase difference
occurs. Further, if the minimum learned values due to
the fuel injection amount and intake air amount differenc-
es are used for setting the lower limit learned value, the
minimum learned value due to the fuel injection amount
difference is a value obtained eventually when the update
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of the learned value and the engine control using the
learned value are performed repeatedly in the case that
the maximum fuel injection amount decrease difference
occurs and the minimum  learned value due to the intake
air amount difference is a value obtained eventually sim-
ilarly in the case that the maximum intake air amount
decrease difference occurs.
[0266] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned and the engine control using the
learned value are performed repeatedly in the case that
the maximum fuel injection amount and intake air amount
increase differences occur and the minimum learned val-
ue is a value obtained eventually similarly in the case
that the maximum fuel injection amount and intake air
amount decrease differences occur.
[0267] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
EGR rate acquisition and the estimated air- fuel ratio cal-
culation and the fuel injection amount obtained by sub-
tracting the learned value from the target fuel injection
amount is used as the target fuel injection amount for the
fuel injector opening time calculation. That is, the concept
of the fifth or sixth embodiment may be combined with
that of the first or second embodiment. In this case, the
correction value calculated when the air- fuel ratio differ-
ence is larger than zero is calculated as a suitable positive
value such that the detected air- fuel ratio does not be-
come larger than the estimated air- fuel ratio when the
engine control using the learned value updated by the
correction value is performed. On the other hand, the
correction value calculated when the air- fuel ratio differ-
ence is smaller than zero is calculated as a suitable neg-
ative value such that the detected air- fuel ratio does not
become smaller than the estimated air- fuel ratio when
the engine control using the learned value updated by
the correction value is performed.
[0268] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used as in the first embodiment, the maximum
learned value due to the fuel injection amount difference
is a value obtained eventually when the update of the
learned value and the engine control using the learned
value in the case that the maximum fuel injection amount
increase difference occurs and the maximum learned val-
ue due to the intake air amount difference is a value ob-
tained eventually similarly in the case that the maximum
intake air amount increase difference occurs. Further, if
the minimum learned values due to the fuel injection
amount and intake air amount differences are used for
setting the lower limit learned value, the minimum learned
value  due to the fuel injection amount difference is a
value obtained eventually when the update of the learned
value and the engine control using the learned value are

performed repeatedly in the case that the maximum fuel
injection amount decrease difference occurs and the min-
imum learned value due to the intake air amount differ-
ence is a value obtained similarly in the case that the
maximum intake air amount decrease difference occurs.
[0269] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the engine control using
the learned value are performed repeatedly in the case
that the maximum fuel injection amount and intake air
amount increase differences occur and the minimum
learned value is a value obtained eventually similarly in
the case that the maximum fuel injection amount and
intake air amount decrease differences occur.
[0270] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
throttle valve opening degree acquisition, the target vane
opening degree acquisition and the estimated air- fuel
ratio calculation. That is, the concepts of the third and
fourth embodiments may be combined with the concept
of the first or second embodiment. In this case, the cor-
rection value calculated when the air- fuel ratio difference
is larger than zero is calculated as a suitable positive
value such that the detected air- fuel ratio does not be-
come larger than the estimated air- fuel ratio when the
engine control using the learned value updated by the
correction value is performed. On the other hand, the
correction value calculated when the air- fuel ratio differ-
ence is smaller than zero is calculated as a suitable neg-
ative value such that the detected air- fuel ratio does not
become smaller than the estimated air- fuel ratio when
the engine control using the learned value updated by
the correction value is performed.
[0271] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used for setting the upper limit learned value
as in the first embodiment, the maximum learned value
due to the fuel injection amount difference is a value ob-
tained eventually when the update of the learned value
and the engine control using the learned value are per-
formed repeatedly in the case that the maximum fuel in-
jection amount increase difference occurs and the max-
imum learned value due to the intake air amount differ-
ence is a value obtained eventually similarly in the case
that  the maximum intake air amount increase difference
occurs. Further, if the minimum learned values due to
the fuel injection amount and intake air amount differenc-
es are used for setting the lower limit learned value, the
minimum learned value due to the fuel injection amount
difference is a value obtained eventually when the update
of the learned value and the engine control using the
learned value are performed repeatedly in the case that
the maximum fuel injection amount decrease difference
occurs and the minimum learned value due to the intake
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air amount difference is a value obtained eventually sim-
ilarly in the case that the maximum intake air amount
decrease difference occurs.
[0272] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the engine control using
the learned value are performed repeatedly in the case
that the maximum fuel injection amount and intake air
amount increase differences occur and the minimum
learned value is a value obtained eventually similarly in
the case that the maximum fuel injection amount and
intake air amount decrease differences occur.
[0273] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
EGR rate acquisition, the target throttle valve opening
degree acquisition and the estimated air- fuel ratio cal-
culation and the fuel injection amount obtained by sub-
tracting the learned value from the target fuel injection
amount is used as the target fuel injection amount for the
fuel injector opening time calculation. That is, the concept
of the fifth or sixth embodiment may be combined with
that of the first or second embodiment. In this case, the
correction value calculated when the air- fuel ratio differ-
ence is larger than zero is calculated as a suitable positive
value such that the detected air- fuel ratio does not be-
come larger than the estimated air- fuel ratio when the
engine control using the learned value updated by the
correction value is performed. On the other hand, the
correction value calculated when the air- fuel ratio differ-
ence is smaller than zero is calculated as a suitable neg-
ative value such that the detected air- fuel ratio does not
become smaller than the estimated air- fuel ratio when
the engine control using the learned value updated by
the correction value is performed.
[0274] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used for setting the upper limit learned value
as in the first embodiment, the maximum learned value
due to the fuel injection amount difference  is a value
obtained eventually when the update of the learned value
and the engine control using the learned value are per-
formed repeatedly in the case that the maximum fuel in-
jection amount increase difference occurs and the max-
imum learned value due to the intake air amount differ-
ence is a value obtained eventually similarly in the case
that the maximum intake air amount increase difference
occurs. Further, if the minimum learned values due to
the fuel injection amount and intake air amount differenc-
es are used for setting the lower limit learned value, the
minimum learned value due to the fuel injection amount
difference is a value obtained eventually when the update
of the learned value and the engine control using the
learned value are performed repeatedly in the case that
the maximum fuel injection amount decrease difference

occurs and the minimum learned value due to the intake
air amount difference is a value obtained eventually sim-
ilarly in the case that the maximum intake air amount
decrease difference occurs.
[0275] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the engine control using
the learned value are performed repeatedly in the case
that the maximum fuel injection amount and intake air
amount increase differences occur and the minimum
learned value is a value obtained eventually similarly in
the case that the maximum fuel injection amount and
intake air amount decrease differences occur.
[0276] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
EGR rate acquisition, the target vane opening degree
acquisition and the estimated air- fuel ratio calculation
and the fuel injection amount obtained by subtracting the
learned value from the target fuel injection amount is used
as the target fuel injection amount for the the fuel injector
opening time calculation. That is, the concepts of the
fourth embodiment and the fifth or sixth embodiment may
be combined with the concept of the first or second em-
bodiment. In this case, the correction value calculated
when the air- fuel ratio difference is larger than zero is
calculated as a suitable positive value such that the de-
tected air- fuel ratio does not become larger than the
estimated air- fuel ratio when the engine control using
the learned value updated by the correction value is per-
formed. On the other hand, the correction value calcu-
lated when the air- fuel ratio difference is smaller than
zero is calculated as a suitable negative value such that
the detected air- fuel ratio does not become smaller than
the estimated air- fuel ratio when the engine control using
the learned value updated by the  correction value is per-
formed.
[0277] In this case, if the maximum learned values due
to the fuel injection amount and intake air amount differ-
ences are used for setting the upper limit learned value
as in the first embodiment, the maximum learned value
due to the fuel injection amount difference is a value ob-
tained eventually when the update of the learned value
and the engine control using the learned value are per-
formed repeatedly in the case that the maximum fuel in-
jection amount increase difference occurs and the max-
imum learned value due to the intake air amount differ-
ence is a value obtained eventually similarly in the case
that the maximum intake air amount increase difference
occurs. Further, if the minimum learned values due to
the fuel injection amount and intake air amount differenc-
es are used for setting the lower limit learned value, the
minimum learned value due to the fuel injection amount
difference is a value obtained eventually when the update
of the learned value and the engine control using the
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learned value are performed repeatedly in the case that
the maximum fuel injection amount decrease difference
occurs and the minimum learned value due to the intake
air amount difference is a value obtained eventually sim-
ilarly in the case that the maximum intake air amount
decrease difference occurs.
[0278] Further, if the maximum and minimum learned
values are set as the upper and lower limit learned values,
respectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the engine control using
the learned value are performed repeatedly in the case
that the maximum fuel injection amount and intake air
amount increase differences occur and the minimum
learned value is a value obtained eventually similarly in
the case that the maximum fuel injection amount and
intake air amount decrease differences occur.
[0279] Further, this invention can be applied to the con-
trol device in which the fuel injection amount obtained by
adding the learned value to the target fuel injection
amount is used as the fuel injection amounts for the target
EGR rate acquisition, the target throttle valve opening
degree acquisition, the target vane opening degree ac-
quisition and the estimated air- fuel ratio calculation and
the fuel injection amount obtained by subtracting the
learned value from the target fuel injection amount is used
as the target fuel injection amount for the fuel injector
opening time calculation. That is, the concepts of the third
and fourth embodiments and the fifth or sixth embodi-
ment may be combined with the concept of the first or
second embodiment. In this case, the correction value
calculated when the air- fuel ratio difference is larger than
zero is calculated as a suitable positive  value such that
the detected air- fuel ratio does not become larger than
the estimated air- fuel ratio when the engine control using
the learned value updated by the correction value is per-
formed. On the other hand, the correction value calcu-
lated when the air- fuel ratio difference is smaller than
zero is calculated as a suitable negative value such that
the detected air- fuel ratio does not become smaller than
the estimated air- fuel ratio when the engine control using
the learned value updated by the correction value is per-
formed.
[0280] In this case, if the maximum learned values due
to the fuel injection and intake air amount differences are
used for setting the upper limit learned value as in the
first embodiment, the maximum learned value due to the
fuel injection amount difference is a value obtained even-
tually when the update of the learned value and the en-
gine control using the learned value are performed re-
peatedly in the case that the maximum fuel injection
amount increase difference occurs and the maximum
learned value due to the intake air amount difference is
a value obtained eventually similarly in the case that the
maximum intake air amount increase difference occurs.
Further, if the minimum learned values due to the fuel
injection amount and intake air amount differences are
used for setting the lower limit learned value, the mini-

mum learned value due to the fuel injection amount dif-
ference is a value obtained eventually when the update
of the learned value and the engine control using the
learned value are performed repeatedly in the case that
the maximum fuel injection amount decrease difference
occurs and the minimum learned value due to the intake
air amount difference is a value obtained eventually sim-
ilarly in the case that the maximum intake air amount
decrease difference occurs.
[0281] Further, if the maximum and minimum learned
values are set as the upper and lower limit values, re-
spectively as in the second embodiment, the maximum
learned value is a value obtained eventually when the
update of the learned value and the engine control using
the learned value are performed repeatedly in the case
that the maximum fuel injection amount and intake air
amount increase differences occur and the minimum
learned value is a value obtained eventually in the case
that the maximum fuel injection amount and intake air
amount decrease differences occur.
[0282] Further, in the case that the addition of the
learned value to the target fuel injection amount or the
subtraction of the learned value from the target fuel in-
jection amount is understood as the correction of the tar-
get fuel injection amount by the correction value, the
above- explained embodiment is one obtained by apply-
ing this invention to the control device in which the
learned value itself is used as the correction  value for
correcting the target fuel injection amount. However, this
invention can be applied to the control device in which in
place of the learned value itself, a value calculated on
the basis of the learned value is used as the correction
value for correcting the target fuel injection amount.
[0283] Further, in the above- explained embodiments,
the engine control is performed while the correction value
is calculated on the basis of the air- fuel ratio difference,
then the learned value is updated by adding the calcu-
lated correction value to the learned value corresponding
to the current fuel injection amount and the current engine
speed and then, this updated learned value is added to
or subtracted from the target fuel injection amount, but
the calculated correction value and the learned value cor-
responding to the current fuel injection amount and the
current engine speed are added to or subtracted from
the target fuel injection amount. That is, in the case that
the acquisition of the learned value to be added to or
subtracted from the target fuel injection amount is under-
stood as the setting of the correction value for correcting
the target fuel injection amount, in the above- explained
embodiments, it can be understood that the learned value
is updated (i.e. calculated) immediately before the cor-
rection value for correcting the target fuel injection
amount is set and the correction value for correcting the
target fuel injection amount is set by using this updated
learned value.
[0284] In consideration of the above-explained matter,
it can be broadly understood that the control device in-
troduced from the above-explained embodiment com-
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prises fuel supply means (for example, the fuel injector)
and air supply means (for example, the intake passage)
and controls the air-fuel ratio of the mixture gas by con-
trolling the supplied fuel and air amounts, the learned
value used for setting a supplied fuel or air amount cor-
rection value which is a correction value for correcting
the supplied fuel or air amount (in the above-explained
embodiments, the learned value itself is used as the sup-
plied fuel or air amount correction value) being calculated
on the basis of the difference (for example, the air-fuel
ratio difference) of the actual air-fuel ratio (for example,
the detected air-fuel ratio) relative to the target air-fuel
ratio (for example, the estimated air-fuel ratio) as a value
for decreasing the difference of the air-fuel ratio and the
supplied fuel or air amount correction value being set by
using the learned value,
wherein the learned value is calculated immediately be-
fore the setting of the supplied fuel or air amount correc-
tion value and the supplied fuel or air amount correction
value is set by using the calculated learned value.
[0285]   Further, in the case that the acquisition of the
learned value to be added to or subtracted from the target
fuel injection amount is understood as the setting of the
correction value for correcting the target fuel injection
amount, in the above-explained embodiments, it can be
understood that when the performance of the setting of
the correction value for correcting the target fuel injection
amount is determined, the updated (i.e. the calculation)
of the learned value is performed and the setting of the
correction value for correcting the target fuel injection
amount is performed according to the above-mentioned
determination after the update of this learned value is
completed.
[0286] Further, the above- explained embodiment is
one obtained by applying this invention to the control de-
vice in which the update and usage of the learned value
are performed sequentially. However, this invention can
be applied to the control device in which the update and
usage of the learned value are performed separately. In
this case, it is preferred that the update (i.e. the calcula-
tion) of the learned value is performed every a predeter-
mined time has elapsed while the usage of the learned
value is performed every the predetermined time has
elapsed and the performance timings of the usage and
the update of the learned value are set such that the
period between the performance timing of the usage of
the learned value and the performance timing of the up-
date of the learned value immediately before the usage
is shorter than that between the performance timing of
the usage of the learned value and the performance tim-
ing of the update of the learned value immediately after
the usage. That is, in the case that the acquisition of the
learned value to be added to or subtracted from the target
fuel injection amount is understood as the setting of the
correction for correcting the target fuel injection amount,
it is preferred that the update (i.e. the calculation) of the
learned value is performed every a predetermined time
has elapsed while the setting of the correction value for

correcting the target fuel injection amount is performed
every the predetermined time has elapsed and the per-
formance timings of the setting of the correction value
and the update of the learned value are set such that the
period between the performance timing of the setting of
the correction value and the performance timing of the
update of the learned value immediately before the set-
ting is shorter than that between the performance timing
of the setting of the correction value and the performance
timing of the update of the learned value immediately
after the setting.
[0287] Further, in consideration of the above- ex-
plained matter, it can be broadly understood that the con-
trol device introduced from the above- explained embod-
iment comprises;
means for acquiring an estimated value of a supplied fuel
amount as an estimated supplied fuel amount (in the
above- explained embodiments, the fuel injection
amount acquired by adding the learned value to the target
fuel injection amount), 
means for acquiring an estimated value of a supplied air
amount as an estimated supplied air amount (in the
above- explained embodiments, the detected intake air
amount), 
means for calculating an air- fuel ratio of the mixture gas
as an estimated air- fuel ratio on the basis of the estimated
supplied fuel and air amounts, 
means for acquiring an actual air- fuel ratio of the mixture
gas as an actual air- fuel ratio (in the above- explained
embodiments, the detected air- fuel ratio), 
means for calculating a correction value for correcting
the supplied air amount such that an air- fuel ratio differ-
ence, which is a difference of the actual air- fuel ratio
relative to the estimated air- fuel ratio, becomes small,
and
means for integrating the correction values to calculate
a learned value of the correction value and memorizing
the learned value, 
wherein when no air- fuel ratio difference occurs, the sup-
plied air amount is corrected by only the learned value
and when the air- fuel ratio difference occurs, the supplied
air amount is corrected by the learned and correction
values.
[0288] Further, this control device can be understood
as the device wherein the learned value is obtained as
a maximum lean- side learned value due to the supplied
fuel amount difference (in the above- explained embod-
iments, the maximum learned value due to the fuel injec-
tion amount difference) when the air- fuel ratio difference
becomes zero in the case that a supplied fuel amount
difference in which the actual supplied fuel amount is
larger than the estimated supplied fuel amount occurs
and this difference is largest among the possible differ-
ences under the condition that the estimated supplied air
amount corresponds to the actual supplied air amount
(in the above- explained embodiments, in the case that
the maximum fuel injection amount increase difference
occurs), 
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the learned value is obtained as a maximum rich- side
learned value due to the supplied fuel amount difference
(in the above- explained embodiments, the minimum
learned value due to the fuel injection amount difference)
when the air- fuel ratio difference becomes zero in the
case that a supplied fuel amount difference in which the
actual supplied fuel amount is smaller than the estimated
supplied fuel amount occurs and this difference is largest
among the possible differences under the condition that
the estimated supplied air amount corresponds to the
actual supplied air amount (in the above- explained em-
bodiments, the maximum fuel injection amount decrease
difference occurs), 
the learned value is obtained as a maximum lean- side
learned value due to the supplied air amount difference
(in the above- explained embodiments, the maximum
learned value due to the intake air amount difference)
when the air- fuel ratio difference becomes zero in the
case that a supplied air amount difference in which the
estimated supplied air amount is larger than the actual
supplied air amount occurs and this difference is largest
among the possible differences under the condition that
the estimated supplied fuel amount corresponds to the
actual supplied fuel amount (in the above- explained em-
bodiments, the maximum intake air amount increase dif-
ference occurs), 
the learned value is obtained as a maximum rich- side
learned value due to the supplied air amount difference
(in the above- explained embodiments, the minimum
learned value due to the intake air amount difference)
when the air- fuel ratio difference becomes zero in the
case that a supplied air amount difference in which the
estimated supplied air amount is smaller than the actual
supplied air amount occurs and this difference is largest
among the possible differences under the condition that
the estimated supplied fuel amount corresponds to the
actual supplied fuel amount (in the above- explained em-
bodiments, the maximum intake air amount decrease dif-
ference occurs), 
the larger maximum lean- side learned value among the
maximum lean- side learned values due to the supplied
fuel and air amount differences is set as an upper limit
lean- side learned value (in the above- explained embod-
iments, the upper limit learned value), 
the larger maximum rich- side learned value among the
maximum rich- side learned values due to the supplied
fuel and air amount differences is set as an upper limit
rich- side learned value (in the above- explained embod-
iments, the lower limit learned value), 
when the learned value is a value which increases the
supplied air amount (in the above- explained embodi-
ments, the learned value is positive) and is larger than
the upper limit lean- side learned value, the learned value
is limited to the upper limit lean- side learned value, and
when the learned value is a value which decreases the
supplied air amount (in the above- explained embodi-
ments, the learned value is negative) and is larger than
the upper limit rich- side learned value, the learned value

is limited to the upper limit lean- side learned value.
[0289] Otherwise, this control device can be under-
stood as the device wherein the learned value, which is
a value obtained when the air- fuel ratio difference be-
comes zero in the case that the supplied fuel amount
difference in which the actual supplied fuel amount is
larger than the estimated supplied fuel amount occurs,
this fuel supplied amount  difference is largest among
the possible differences, the supplied air amount differ-
ence in which the estimated supplied air amount is larger
than the actual supplied air amount occurs and this sup-
plied air amount difference is largest among the possible
differences (in the above- explained embodiments, in the
case that the maximum fuel injection amount and intake
air amount increase differences occur), is set as an upper
limit lean- side learned value (in the above- explained
embodiments, the upper limit learned value) 
the learned value, which is a value obtained when the
air- fuel ratio difference becomes zero in the case that
the supplied fuel amount difference in which the actual
supplied fuel amount is smaller than the estimated sup-
plied fuel amount occurs, this supplied fuel amount dif-
ference is largest among the possible differences, the
supplied air amount difference in which the estimated
supplied air amount is smaller than the actual supplied
air amount occurs and this supplied air amount difference
is largest among the possible differences (in the above-
explained embodiments, in the case that the maximum
fuel injection amount and the intake air amount decrease
differences occur), is set as an upper limit rich- side
learned value (in the above- explained embodiments, the
lower limit learned value), 
when the learned value is a value which increases the
supplied air amount (in the above- explained embodi-
ments, when the learned value is positive) and is larger
than the upper limit lean- side learned value, the learned
value is limited to the upper limit lean- side learned value,
and
when the learned value calculated by the learning means
is a value which decreases the supplied air amount (in
the above- explained embodiments, when the learned
value is negative) and is larger than the upper limit rich-
side learned value, the learned value is limited to the
upper limit rich- side learned value.

Claims

1. A control device of an internal combustion engine
comprising:

fuel supply means for supplying a fuel into a
combustion chamber; and
means for supplying an air into the combustion
chamber,
wherein the device controls an air-fuel ratio of a
mixture gas of the air and the fuel formed in the
combustion chamber by controlling a supplied
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fuel amount and a supplied air amount, which
fuel amount being an amount of the fuel supplied
into the combustion chamber, which air amount
being an amount of the air supplied into the com-
bustion chamber,
wherein the device calculates a learned value
used for setting a supplied fuel amount correc-
tion value for correcting the supplied fuel amount
and a supplied air amount correction value for
correcting the supplied air amount as those for
decreasing the difference of the air-fuel ratio on
the basis of the difference of the actual air-fuel
ratio relative to a target air-fuel ratio, and set the
supplied fuel and air amount correction values
by using the learned value, and
wherein the device calculates the learned value
immediately before the setting of the supplied
fuel or air amount correction value and sets the
supplied fuel or air amount correction value by
using the calculated learned value.

2. The device of Claim 1, wherein in the case that the
device sets the supplied fuel amount correction value
by using the learned value, the device performs the
calculation of the learned value when the device has
decided to perform the setting of the supplied fuel
amount correction value and then, the device per-
forms the setting of the supplied fuel amount correc-
tion value according to the decision after the device
completes the calculation of the learned value, and
wherein in the case that the device sets the supplied
air amount correction value by using the learned val-
ue, the device performs the calculation of the learned
value when the device has decided to perform the
setting of the supplied air amount correction value
and then, the device performs the setting of the sup-
plied air amount correction value according to the
decision after the device completes the calculation
of the learned value.

3. The device of Claim 1, wherein the device performs
the calculation of the learned value every a prede-
termined time period has elapsed,
wherein the device performs the setting of the sup-
plied fuel amount correction value every a predeter-
mined time period has elapsed in the case that the
device sets the supplied fuel amount correction value
by using the learned value, the timings of the setting
of the supplied fuel amount correction value and the
calculation of the learned value being set such that
the time period from the performance of the setting
of the supplied fuel amount correction value to the
calculation of the learned value immediately there-
before is shorter than that from the setting of the
supplied fuel amount correction value to the calcu-
lation of the learned value immediately thereafter,
and
wherein the device performs the setting of the sup-

plied air amount correction value every a predeter-
mined time has elapsed in the case that the device
sets the supplied air amount correction value by us-
ing the learned value, the timings of the setting of
the supplied air amount correction value and the cal-
culation of the learned value being set such that the
time period from the setting of the supplied air
amount correction value to the calculation of the
learned value immediately therebefore is shorter
than that from the setting of the supplied air amount
correction value to the calculation of the learned val-
ue immediately thereafter.

4. The device of any of Claims 1 to 3, wherein the device
sets an upper limit or a lower limit value of the learned
value,
wherein the device limits the calculated learned val-
ue to the upper limit value when this learned value
is larger than the upper limit value or limits the cal-
culated learned value to the lower limit value when
this learned value is smaller than the lower limit val-
ue, and
wherein the device sets the learned value expected
to be calculated when a supplied fuel injection
amount difference amount is a predetermined
amount as the upper or lower limit value, which dif-
ference amount being an amount of the difference
of the actual supplied fuel amount relative to the es-
timated supplied fuel amount.

5. The device of Claim 4, wherein the device deter-
mines the predetermined supplied fuel amount dif-
ference amount on the basis of at least one of the
supplied fuel amount and the the pressure of the fuel
supplied from the fuel supply means.

6. The device of any of Claims 4 and 5, wherein the
predetermined supplied fuel  amount difference is
one of the maximum and minimum values of the ex-
pected supplied fuel amount difference amount.

7. The device of any of Claims 1 to 3, wherein the device
sets the upper or lower value of the learned value,
wherein the device limits the calculated value to the
upper limit value when the learned value is larger
than the upper limit value and limits the calculated
value to the lower limit value when the learned value
is smaller than the lower limit value, and
wherein the device sets the learned value expected
to be calculated when the supplied air amount dif-
ference amount is a predetermined supplied air
amount as one of the upper and lower limit values,
which supplied air amount difference amount being
an amount of the difference of the estimated supplied
air amount relative to the actual supplied air amount.

8. The device of Claim 7, wherein the device deter-
mines the predetermined supplied air amount differ-
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ence amount on the basis of the supplied air amount.

9. The device of Claim 7 or 8, wherein the predeter-
mined supplied air amount difference amount is the
maximum or minimum value of the expected sup-
plied air amount.

10. The device of any of Claims 1 to 9, wherein the sup-
plied fuel amount correction value is a correction val-
ue for decreasing a difference of the actual supplied
fuel amount relative to an estimated supplied fuel
amount which is an estimated value of the supplied
fuel amount.

11. The device of any of Claims 1 to 10, wherein the
supplied air amount correction value is a correction
value for decreasing a difference of an estimated
supplied air amount which is an estimated value of
the supplied air amount relative to the actual supplied
air amount.

12.  A control device of an internal combustion engine
comprising:

means for acquiring an estimated value of a sup-
plied fuel amount which is an amount of a fuel
supplied to a combustion chamber as an esti-
mated supplied fuel amount;
means for acquiring an estimated value of a sup-
plied air amount which is an amount of an air
supplied to the combustion chamber as an es-
timated supplied air amount;
means for calculating an air-fuel ratio of a mix-
ture gas formed in the combustion chamber as
an estimated air-fuel ratio on the basis of the
estimated supplied fuel and air amounts;
means for acquiring an actual air-fuel ratio of the
mixture gas formed in the combustion chamber
as an actual air-fuel ratio;
correction value calculation means for calculat-
ing a correction value for correcting the supplied
air amount such that an air-fuel ratio difference
which is a difference of the actual air-fuel ratio
relative to the estimated air-fuel ratio becomes
small; and
learning means for calculating and memorizing
a learned value of the correction value by inte-
grating the correction values calculated by the
correction value calculation means,
wherein the device corrects the supplied air
amount by only the learned value when no air-
fuel ratio difference occurs and the device cor-
rects the supplied air amount by the learned val-
ue and the correction value when the air-fuel
ratio difference occurs,
wherein in the case that a supplied fuel amount
difference where the actual supplied fuel
amount is larger than the estimated supplied fuel

amount occurs and is the largest one within an
expected range under the condition where the
estimated supplied air amount corresponds to
the actual supplied air amount, the device ob-
tains the learned value when the air-fuel ratio
difference becomes zero as a maximum lean-
side learned value due to the supplied fuel
amount difference,
wherein in the case that a supplied fuel amount
difference where the actual supplied fuel
amount is smaller than the estimated supplied
fuel amount occurs and is largest one within an
expected range under the condition where the
estimated supplied air amount corresponds to
the actual supplied air amount, the device ob-
tains the learned value when the air-fuel ratio
difference becomes zero as a maximum rich-
side learned value due to the supplied fuel
amount difference,
wherein in the case that a supplied air amount
difference where the estimated supplied air
amount is larger than the actual supplied air
amount occurs and is the largest one within an
estimated range under the condition where the
estimated supplied fuel amount corresponds to
the actual supplied fuel amount, the device ob-
tains the learned  value when the air-fuel ratio
difference becomes zero as a maximum lean-
side learned value due to the supplied air
amount difference,
wherein in the case that a supplied air amount
difference where the estimated supplied air
amount is smaller than the actual supplied air
amount occurs and is the largest one within an
expected range under the condition where the
estimated supplied fuel amount corresponds to
the actual supplied fuel amount, the device ob-
tains the learned value when the air-fuel ratio
difference becomes zero as a maximum rich-
side learned value due to the supplied air
amount difference,
wherein the device sets the larger one of the
maximum lean-side learned values due to the
supplied fuel amount difference and due to the
supplied air amount difference to an upper limit
lean-side learned value,
wherein the device sets the larger one of the
maximum rich-side learned values due to the
supplied fuel amount difference and due to the
supplied air amount difference,
wherein when the learned value calculated by
the learning means is a value for increasing the
supplied air amount and is larger than the upper
limit lean-side learned value, the device limits
the learned value to the upper limit lean-side
learned value, and
wherein when the learned value calculated by
the learning means is a value for decreasing the
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supplied air amount and is larger than the upper
limit rich-side learned value, the device limits the
learned value to the upper limit rich-side learned
value.

13. The device of Claim 12, wherein the maximum lean-
side and rich-side learned values due to the supplied
fuel amount difference are those defined by at least
one of the estimated supplied fuel amount and the
pressure of a fuel supplied from fuel supply means.

14. The device of Claim 12 or 13, wherein the maximum
rich-side and lean-side learned values due to the
supplied air amount difference are those defined by
the estimated supplied air amount.

15. A control device of an internal combustion engine,
comprising:

means for acquiring an estimated value of a sup-
plied fuel amount which is an amount of a fuel
supplied to a combustion chamber as an esti-
mated supplied fuel amount;
means for acquiring an estimated value of a sup-
plied air amount which is an  amount of an air
supplied to the combustion chamber as an es-
timated supplied air amount;
means for calculating an air-fuel ratio of a mix-
ture gas formed in the combustion chamber as
an estimated air-fuel ratio on the basis of the
estimated supplied fuel and air amounts;
means for acquiring an actual air-fuel ratio of the
mixture gas formed in the combustion chamber
as an actual air-fuel ratio;
correction value calculation means for calculat-
ing a correction value for correcting the supplied
air amount such that an air-fuel ratio difference
which is a difference of the actual air-fuel ratio
relative to the estimated air-fuel ratio is decreas-
es; and
learning means for calculating and memorizing
a learned value of the correction value by inte-
grating the correction values calculated by the
correction value calculation means,
wherein the device corrects the supplied air
amount by only the learned value when no air-
fuel ratio difference occurs and the device cor-
rects the supplied air amount by the learned val-
ue and the correction value when the air-fuel
ratio difference occurs,
wherein in the case that a supplied fuel amount
difference where the actual supplied fuel
amount is larger than the estimated supplied fuel
amount occurs and is the largest one within an
estimated range and a supplied air amount dif-
ference where the estimated supplied air
amount is larger than the actual supplied air
amount occurs and is the largest one within an

expected range, the device sets the learned val-
ue when the air-fuel ratio difference becomes
zero to an upper limit lean-side learned value,
wherein in the case that a supplied fuel amount
difference where the actual supplied fuel
amount is smaller than the estimated supplied
fuel amount occurs and is the largest one within
an expected range and a supplied air amount
difference wherein the estimated supplied air
amount is smaller than the actual supplied air
amount occurs and is the largest one within an
estimated range, the device sets the learned val-
ue to an upper limit rich-side learned value,
wherein when the learned value calculated by
the learning means is a value for increasing the
supplied air amount and is larger than the upper
limit lean-side learned value, the device limits
the learned value to the upper limit lean-side
learned value, and
wherein when the learned value calculated by
the learning means is a value for decreasing the
supplied air amount and is larger than the upper
limit rich-side learned value, the device sets the
learned value to the upper limit rich-side learned
value.

16.  The device of Claim 15, wherein the upper limit rich-
side and lean-side learned values are those defined
by the estimated supplied air amount and at least
one of the estimated supplied fuel amount and the
pressure of a fuel supplied from fuel supply means.

17. The device of any of Claims 12 to 16, wherein the
engine further comprises exhaust gas recirculation
means for introducing an exhaust gas discharged
from the combustion chamber to an exhaust pas-
sage into an intake passage and the correction value
calculated by the correction value calculation means
is a value for correcting an amount of the exhaust
gas introduced into the intake passage by the ex-
haust gas recirculation means.
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