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(54) Internal combustion engine control apparatus and method for controlling the same

(57) A forced stoichiometric combustion is executed
every time a cumulative travel distance of a vehicle in-
creases by a distance, thereby creating an opportunity
to determine an air-fuel ratio value in a region in which
a rich spike control is performed. Therefore, the deter-
mination of an air-fuel ratio value can be precisely cal-

culated so that the air-fuel ratio value corresponds to a
value that reflects a deviation of the actual air-fuel ratio
and a proper value. Accordingly, it becomes possible to
control, with high precision, correlation between the air-
fuel ratio and a proper value based on the determined
air-fuel ratio value during a fuel-rich combustion that is
caused by the rich spike control.
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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The invention relates to a control apparatus of
an internal combustion engine and a method for control-
ling the same.

2. Description of Related Art

[0002] Recently, in order to achieve both improved fu-
el economy and secured output of an automotive inter-
nal combustion engine, a type of internal combustion
engine has been commercialized in which the combus-
tion mode is changed between a lean combustion mode
and a stoichiometric combustion mode based on the
state of operation of the engine. An example of such an
internal combustion engine is described in Japanese
Patent Application Laid-Open No. HEI 7-332071.
[0003] In this type of engine, it is difficult to control ox-
ides of nitrogen (NOx) by an ordinary three-way catalyst
during the lean combustion mode. Therefore, a NOx
storage-reduction catalyst is provided in the exhaust
system so that NOx produced during the lean combus-
tion mode is absorbed and stored thereby preventing
degraded NOx emissions. If the amount of NOx stored
in the NOx storage-reduction catalyst exceeds an allow-
able value, a rich spike control is performed that tempo-
rarily shifts the air-fuel ratio to a fuel-rich air-fuel ratio.
Due to a fuel-rich combustion caused by the rich spike
control, NOx stored in the NOx storage-reduction cata-
lyst is reduced into nitrogen (N2) by hydrocarbons (HCs)
and the like that exist in exhaust gas, thereby preventing
NOx saturation of the catalyst.
[0004] However, if the actual air-fuel ratio varies from
a proper value during the fuel-rich combustion caused
by the rich spike control, then proper reduction of NOx
to N2 becomes impossible. Furthermore, the amount of
HCs emitted can increase, thus leading to deterioration
of exhaust emission. It is therefore conceivable to main-
tain this proper value of the air-fuel ratio by controlling
the actual air-fuel ratio during the rich spike control. This
control is based on an air-fuel ratio value that is deter-
mined as a result of a deviation that occurs between the
actual air-fuel ratio and the proper value throughout the
air-fuel ratio feedback control during a stoichiometric
combustion operation.
[0005] However, the determination of the air-fuel ratio
value is performed only when a predetermined condition
is met during the stoichiometric combustion operation.
Therefore, the opportunity to determine this air-fuel ratio
value decreases in an internal combustion engine in
which the combustion mode is changed between the
stoichiometric combustion mode and the lean combus-
tion mode. Therefore, when the air-fuel ratio is control-
led based on the determined air-fuel ratio value during

the rich spike control, there is no assurance that this air-
fuel ratio value is a value that corresponds to the devi-
ation between the actual air-fuel ratio and the proper val-
ue of the ratio. If a precise determination of this air-fuel
ratio value has not been accomplished, good precision
in controlling the air-fuel ratio during the rich spike con-
trol cannot be secured, thereby degrading the exhaust
emission.

SUMMARY OF THE INVENTION

[0006] Accordingly, it is an object of the invention to
provide a control apparatus and a control method of an
internal combustion engine in which the combustion
mode can be changed, and in which the control appa-
ratus is capable of accurately controlling the air-fuel ra-
tio in the rich spike control in order to curb deterioration
of exhaust emission.
[0007] Means for achieving the aforementioned ob-
ject and operation and advantages thereof will be de-
scribed.
[0008] A first mode of the invention is applied to an
internal combustion engine in which a NOx storage-re-
duction catalyst is provided in an exhaust system, and
in which a combustion mode is changed between a lean
combustion and a stoichiometric combustion in accord-
ance with a state of operation of the engine. A control
apparatus of the internal combustion engine in accord-
ance with the first mode executes a rich spike control of
temporarily shifting an air-fuel ratio to a fuel-rich air-fuel
ratio when a condition for reducing NOx stored in the
NOx storage-reduction catalyst is met. Furthermore,
during the rich spike control, the control apparatus con-
trols the air-fuel ratio based on an air-fuel ratio value that
is determined through an air-fuel ratio feedback control
during execution of a stoichiometric combustion, where-
in the controller forcibly executes the stoichiometric
combustion regardless of the state of operation of the
engine, every time the internal combustion engine is op-
erated for a predetermined period.
[0009] In some cases, the air-fuel ratio varies from a
proper value due to over-time changes in a fuel supply
system and an intake system of an internal combustion
engine, and the like. However, in the first mode of the
invention, this deviation between the actual air-fuel ratio
and the proper value is reflected as an air-fuel ratio value
through the air-fuel ratio feedback control during the sto-
ichiometric combustion operation. This construction
creates an opportunity to determine the air-fuel ratio val-
ue every time the internal combustion engine is operat-
ed for a predetermined time, so that the air-fuel ratio val-
ue is precisely determined as a value that corresponds
to the deviation between the actual air-fuel ratio and the
proper value. As a result, good precision of the air-fuel
ratio control based on the determined air-fuel ratio value
during the rich spike control can be secured, and a sit-
uation in which the determined air-fuel ratio value be-
comes an improper value, and therefore the exhaust
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emission deterioration can be prevented.
[0010] In the first mode of the invention, the controller
may forcibly execute the stoichiometric combustion re-
gardless of the state of operation of the engine, every
time a cumulative travel distance of a vehicle in which
the internal combustion engine is installed increases by
a predetermined distance.
[0011] Therefore, every time the cumulative travel
distance of the vehicle increases by this predetermined
distance, the stoichiometric combustion is forcibly exe-
cuted, thereby creating an opportunity to determine an
air-fuel ratio value. Hence, the variation of the actual air-
fuel ratio from the proper value due to over-time chang-
es and the like can be accurately determined and re-
flected as an air-fuel ratio value.
[0012] In the first mode of the invention, the controller
may forcibly execute the stoichiometric combustion re-
gardless of the state of operation of the engine, every
time a cumulative operation time of the internal combus-
tion engine increases by a predetermined time.
[0013] Therefore, every time the cumulative operation
time of the internal combustion engine increases by the
predetermined time, the stoichiometric combustion is
forcibly executed thereby creating an opportunity to de-
termine an air-fuel ratio value. Hence, the variation of
the actual air-fuel ratio from the proper value due to
over-time changes and the like can be accurately deter-
mined and reflected as an air-fuel ratio value.
[0014] In the above-described mode of the invention,
the controller may discontinue a forced stoichiometric
combustion on a condition that the air-fuel ratio value
converges with a predetermined value due to the deter-
mination performed through the feedback control.
[0015] Therefore, on the condition that the air-fuel ra-
tio converges with a predetermined value after the sto-
ichiometric combustion is forcibly executed, the stoichi-
ometric combustion is discontinued, and switching from
the stoichiometric combustion to a lean combustion is
permitted. Hence, during execution of a forced stoichi-
ometric combustion as described above, the air-fuel ra-
tio value is more precisely determined to reflect a devi-
ation between the actual air-fuel ratio and the proper val-
ue. Thus, it becomes possible to further improve the pre-
cision of the air-fuel ratio control based on the deter-
mined air-fuel ratio value during the rich spike control.
[0016] In the above-described mode of the invention,
the air-fuel ratio value may be determined separately for
each one of a plurality of air-fuel ratio determination re-
gions that are set in an operation region in which a lean
combustion is executed, and the controller may discon-
tinue the forced stoichiometric combustion on a condi-
tion that all the determined air-fuel ratio values corre-
sponding to the plurality of air-fuel ratio determination
regions converge.
[0017] Therefore, the air-fuel ratio values that corre-
spond to the air-fuel ratio determination regions can be
precisely determined to reflect deviations between the
actual air-fuel ratio and the proper value. Since one of

the determined air-fuel ratio values that is suitable to the
engine operation state can be used for the air-fuel ratio
control during the rich spike control, the precision of the
air-fuel ratio control can be further improved.
[0018] In the above-described mode of the invention,
the controller may discontinue the forced stoichiometric
combustion regardless of convergence of the deter-
mined air-fuel ratio values, if an execution time of the
forced stoichiometric combustion equates to at least a
predetermined time.
[0019] Therefore, it becomes possible to substantially
prevent a situation where the execution time of the
forced stoichiometric combustion becomes excessively
long and the fuel economy deteriorates, for example,
when the determined air-fuel ratio value does not readily
converge, or the like.
[0020] The aforementioned predetermined time may
be, for example, an upper limit time such that fuel econ-
omy deterioration due to the continuation of a forced sto-
ichiometric combustion may be acceptable.
[0021] In the above-described mode of the invention,
the controller may continue the stoichiometric combus-
tion regardless of the execution time of the stoichiomet-
ric combustion until the determined air-fuel ratio values
converge, if the forced stoichiometric combustion com-
mences when the determined air-fuel ratio values
equate to an initial value.
[0022] Therefore, if the determined air-fuel ratio value
equates to an initial value for any reason, the deter-
mined air-fuel ratio value can be converged with a pre-
determined value as soon as possible, and can reflect
the deviation between the air-fuel ratio and the proper
value. Since the rich spike control is executed with the
determined air-fuel ratio value equating to the initial val-
ue, deterioration of the precision of the air-fuel ratio con-
trol during the rich spike control can be curbed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The foregoing and further objects, features
and advantages of the invention will become apparent
from the following description of preferred embodiments
with reference to the accompanying drawings, wherein
like numerals are used to represent like elements and
wherein:

FIG. 1 is a schematic diagram illustrating an overall
construction of an engine to which a control appa-
ratus in accordance with a first embodiment of the
invention is applied;
FIG. 2 is a diagram indicating a region in which a
lean combustion operation is performed, and a re-
gion in which a stoichiometric combustion operation
is performed;
FIG. 3 is a flowchart illustrating a procedure of com-
manding execution of a forced stoichiometric com-
bustion operation and a procedure of permitting a
lean combustion operation in accordance with the

3 4



EP 1 158 151 A2

4

5

10

15

20

25

30

35

40

45

50

55

first embodiment;
FIG. 4 is a flowchart illustrating a procedure of com-
manding execution of a forced stoichiometric com-
bustion operation and a procedure of permitting a
lean combustion operation in accordance with a
second embodiment;
FIG. 5 is a flowchart illustrating a procedure of com-
manding execution of a forced stoichiometric com-
bustion operation and a procedure of permitting a
lean combustion operation in accordance with the
second embodiment; and
FIG. 6 is a flowchart illustrating a procedure of de-
termining a determined air-fuel ratio value in the
second embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] A first embodiment in which the invention is ap-
plied to an automotive engine will be described with ref-
erence to FIGS. 1 to 3.
[0025] As shown in FIG. 1, a piston 12 of an engine
11 is connected to a crankshaft 14 via a connecting rod
13 so that reciprocating movements of the piston 12 are
converted into rotation of the crankshaft 14 by the con-
necting rod 13. The crankshaft 14 is provided with a sig-
nal rotor 14a that has a plurality of protrusions 14b. Pro-
vided at a side of the signal rotor 14a is a crank position
sensor 14c that outputs a pulsed signal corresponding
to each protrusion 14b as the crankshaft 14 turns.
[0026] An intake passage 32 and an exhaust passage
33 are connected to a combustion chamber 16 of the
engine 11. A throttle valve 23 for adjusting the amount
of air taken into the engine 11 is provided in an upstream
portion of the intake passage 32. The degree of opening
of the throttle valve 23 is adjusted based on an amount
of depression of an accelerator pedal 25 (accelerator
depression amount) detected by an accelerator position
sensor 26. A vacuum sensor 36 for detecting the pres-
sure in the intake passage 32 (intake pressure) is pro-
vided in the intake passage 32 downstream of the throt-
tle valve 23.
[0027] The engine 11 is provided with a fuel injection
valve 40 that directly injects fuel into the combustion
chamber 16 so as to form a mixture of fuel and air. Due
to combustion of air-fuel mixture in the combustion
chamber 16, the piston 12 reciprocates, and the crank-
shaft 14 turns, thereby driving the engine 11. A mixture
gas existing after combustion in the combustion cham-
ber 16 is discharged, as exhaust, out into the exhaust
passage 33.
[0028] The exhaust passage 33 is provided with a
NOx storage-reduction catalyst 33a that absorbs oxides
of nitrogen (NOx) from exhaust gas when air-fuel mix-
ture burns at an air-fuel ratio that is on a fuel-lean side
of the stoichiometric air-fuel ratio. NOx stored in the NOx
storage-reduction catalyst 33a is reduced into nitrogen
(N2) by hydrocarbons (HCs) present in exhaust gas

when air-fuel mixture burns at an air-fuel ratio that is on
a fuel-rich side of the stoichiometric air-fuel ratio. Pro-
vided in the exhaust passage 33 upstream of the NOx
storage-reduction catalyst 33a is an oxygen (02) sensor
34 that detects oxygen contained in exhaust gas and
outputs a detection signal corresponding to the concen-
tration of oxygen.
[0029] An electrical construction of a control appara-
tus of the engine 11 in accordance with the embodiment
will be described.
[0030] The control apparatus includes an electronic
control unit (hereinafter, referred to as "ECU") 92 for
controlling the state of operation of the engine 11, such
as the mode of combustion, the amount of fuel injected,
etc. The ECU 92 has a RAM, that is, a memory for tem-
porarily storing data inputted from various sensors and
the like, a backup RAM, that is, a non-volatile memory
for storing data and the like that need to be retained,
during a stop of the engine 11, etc. The ECU 92 is con-
nected to the crank position sensor 14c, the accelerator
position sensor 26, the oxygen sensor 34, the vacuum
sensor 36, the fuel injection valve 40, etc.
[0031] The ECU 92 switches the mode of combustion
of air-fuel mixture between a stoichiometric combustion
mode in which mixture is burned at the stoichiometric
air-fuel ratio, and a lean combustion mode in which mix-
ture is burned at an air-fuel ratio on the lean side of the
stoichiometric air-fuel ratio, in accordance with the state
of operation of the engine. For example, if the state of
operation of the engine 11 is in a high-speed and high-
load region, i.e., stoichiometric combustion region as in-
dicated by A in FIG. 2, the stoichiometric combustion
operation is performed so as to produce a necessary
engine output.
[0032] If the state of operation of the engine 11 is in a
low-speed and low-load region, i.e., lean combustion re-
gion as indicated by B in FIG. 2, the lean combustion
operation is performed to improve the fuel economy of
the engine 11. The combustion mode of the engine 11
is not necessarily determined in correspondence with
the region of operation of the engine 11 as mentioned
above. For example, if the engine 11 is in an operation
state that is different from a normal state, for example,
immediately after the engine 11 is started, the stoichio-
metric combustion operation is performed even when
the operation state of the engine 11 is in the low-speed
and low-load region, i.e., lean combustion region indi-
cated in by B in FIG. 2.
[0033] During the lean combustion operation of the
engine 11, the NOx storage-reduction catalyst 33a ab-
sorbs NOx from exhaust gas, so that the amount of NOx
stored in the catalyst 33a gradually increases. The ECU
92 estimates a current amount of Nox stored based on
the state of engine operation. When the estimated
amount of Nox stored exceeds an allowable value, the
ECU 92 performs a rich spike control in which the air-
fuel ratio of mixture is temporarily shifted to a fuel-rich
side of the stoichiometric air-fuel ratio e.g., to "12". Due
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to the fuel-rich mixture combustion caused by the rich
spike control, NOx stored in the NOx storage-reduction
catalyst 33a is reduced into N2 by HCs present in ex-
haust gas, thereby preventing NOx saturation of the
NOx storage-reduction catalyst 33a.
[0034] During execution of the rich spike control, the
ECU 92 calculates a final amount of fuel injection Qfin
based on equation (1), and drives and controls the fuel
injection valve 40 so that an amount of fuel correspond-
ing to the final amount of fuel injection Qfin is injected
into the combustion chamber 16.

Qbse: basic amount of fuel injection
FAF: feedback correction factor
KG(i): determined air-fuel ratio value
A: increasing factor

[0035] The basic amount of fuel injection Qbse, a
feedback correction factor FAF, a determined air-fuel ra-
tio value KG(i), and an increasing factor A used to cal-
culate the final amount of fuel injection Qfin will be de-
scribed.

a. BASIC AMOUNT OF FUEL INJECTION Qbse

[0036] The basic amount of fuel injection Qbse is a
value calculated by the ECU 92 based on a load rate KL
and an engine revolution speed NE such that the air-
fuel ratio becomes equal to the stoichiometric air-fuel
ratio during the stoichiometric combustion operation.
The basic amount of fuel injection Qbse increases with
increases in the load rate KL under the condition that
the engine revolution speed NE is constant. The engine
revolution speed NE is detected based on detection sig-
nals from the crank position sensor 14c.
[0037] The load rate KL is a value that indicates the
proportion of a current load to the maximum engine load
of the engine 11. The load rate KL is calculated from the
engine revolution speed NE and a parameter corre-
sponding to the amount of air taken into the engine 11.
Examples of the parameter corresponding to the
amount of intake air include an intake pressure PM de-
termined based on a detection signal from the vacuum
sensor 36, an accelerator depression amount ACCP de-
termined based on a detection signal from the acceler-
ator position sensor 26, etc.

b. FEEDBACK CORRECTION FACTOR FAF

[0038] The feedback correction factor FAF is a value
that is used for correcting the amount of fuel injection
performed via the ECU 92 so that the air-fuel ratio be-
comes equal to the stoichiometric air-fuel ratio during
the stoichiometric combustion operation. During the sto-
ichiometric combustion operation, the ECU 92 increas-

Qfin = Qbse*FAF*KG(i)*A (1)

es or decreases the feedback correction factor FAF, with
"1.0" being a center value, in accordance with whether
the value indicated by the detection signal from the ox-
ygen sensor 34 is on the fuel-rich side or on the fuel-
lean side of the value corresponding to the stoichiomet-
ric air-fuel ratio. That is, if the value indicated by the de-
tection signal from the oxygen sensor 34 is on the rich
side of the value corresponding to the stoichiometric air-
fuel ratio, the ECU 92 decreases the feedback correc-
tion factor FAF to decrease the amount of fuel injected.
[0039] If the value indicated by the detection signal
from the oxygen sensor 34 is on the lean side of the
value corresponding to the stoichiometric air-fuel ratio,
the ECU 92 increases the feedback correction factor
FAF to increase the amount of fuel injected. By correct-
ing the amount of fuel injected based on the feedback
correction factor FAF, the air-fuel ratio is brought closer
to the stoichiometric air-fuel ratio during the stoichiomet-
ric combustion operation. During execution of the rich
spike control, the feedback correction factor FAF used
to calculate the final amount of fuel injection Qfin in
equation (1) is set to "1.0" regardless of the value of the
feedback correction factor FAF set during the stoichio-
metric combustion operation.

c. DETERMINED AIR-FUEL RATIO VALUE KG(i)

[0040] The determined air-fuel ratio value KG(i) is a
value that is increased or decreased, with "1.0" being a
center value, based on an average value FAFAV of the
feedback correction factor FAF during the stoichiometric
combustion operation, in such a fashion that the aver-
age value FAFAV converges into a predetermined range
that contains "1.0", which is a reference value of the av-
erage value FAFAV. During the stoichiometric combus-
tion operation, the ECU 92 increases the determined air-
fuel ratio value KG(i) if the average value FAFAV devi-
ates from the predetermined range to an increase side.
If the average value FAFAV deviates from the predeter-
mined range to a decrease side, the ECU 92 decreases
the determined air-fuel ratio value KG(i). By increasing
or decreasing the determined air-fuel ratio value KG(i)
based on the average value FAFAV in this manner, the
average value FAFAV is converged into the predeter-
mined range, and the determination of the air-fuel ratio
value KG(i) is completed. The air-fuel ratio value KG(i)
is provided as a determined value that corresponds to
the deviation between the actual air-fuel ratio and the
appropriate value.
[0041] The ECU 92 sets a plurality of air-fuel ratio de-
termination regions i, i.e., i = 1, 2, 3, ..., in accordance
with the engine load, i.e., load rate KL, of the engine 11,
and sets a determined air-fuel ratio value KG(i) for each
air-fuel ratio determination region. Of the air-fuel ratio
determination regions i, a low load-side air-fuel ratio de-
termination region i exists in the low-speed and low-load
region, i.e., lean combustion region, indicated by B in
FIG. 2. In this embodiment, the air-fuel ratio determina-
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tion regions i are set in accordance with the load rate
KL so that only one air-fuel ratio determination region i
exists in the lean combustion region indicated by B in
FIG. 2. Separately for each air-fuel ratio determination
region i, the ECU 92 increases or decreases the deter-
mined air-fuel ratio value KG(i) so that the average value
FAFAV becomes equal to a value within the aforemen-
tioned predetermined range, and stores into a predeter-
mined area of the backup RAM the determined air-fuel
ratio value KG(i) that brings the average value FAFAV
to a value within the predetermined range. For the cal-
culation of a final amount of fuel injection Qfin in equa-
tion (1), the ECU 92 uses the determined air-fuel ratio
value KG(i) corresponding to the air-fuel ratio determi-
nation region i (i=1) present in the lean combustion re-
gion indicated by B in FIG. 2, i.e., determined air-fuel
ratio value KG(1). The reason is because the rich spike
control, which uses the final amount of fuel injection
Qfin, is executed when the state of operation of the en-
gine 11 is in the lean combustion region indicated by B
in FIG. 2.

d. INCREASING FACTOR A

[0042] The increasing factor A is set to a value that is
greater than "1.0" by the ECU 92, and is multiplied by
the term "Qbse*FAF*KG(i)" indicated in equation (1). By
multiplying the increasing factor A by the term "Qb-
se*FAF*KG(i)," the final amount of fuel injection Qfin is
increased so that the air-fuel ratio provided when the
rich spike control is executed assumes a value on the
rich side of the stoichiometric air-fuel ratio e.g., "12".
Due to the rich combustion caused by the rich spike con-
trol, NOx stored in NOx storage-reduction catalyst 33a
is reduced into N2 by HCs in exhaust gas.
[0043] The rich spike control is executed when the op-
eration state of the engine 11 is in the low-speed and
low-load region indicated by B in FIG. 2, i.e., the lean
combustion region. In the lean combustion region, sto-
ichiometric combustion operation is performed only
when the engine 11 is in an operation state that is dif-
ferent from a normal state, for example, immediately af-
ter the engine 11 is started, or the like. Therefore, the
opportunity to execute the stoichiometric combustion
operation decreases, and the opportunity of determining
the air-fuel ratio value KG(i) (i=1) during the stoichiomet-
ric combustion operation also decreases.
[0044] If the opportunity of determining the air-fuel ra-
tio value KG(i) decreases, the air-fuel ratio value KG(i)
may not always correspond to the deviation between the
actual air-fuel ratio and the proper value. If the deter-
mined air-fuel ratio value KG(i) is not accurate, the final
amount of fuel injection Qfin calculated from the deter-
mined value KG(i) as in equation (1) also reflects an in-
appropriate value. As a result, during the rich combus-
tion operation caused by the rich spike control, execu-
tion of a fuel injection amount control based on the final
amount of fuel injection Qfin fails to control the air-fuel

ratio to a proper value e.g., to "12". Variation between
the air-fuel ratio and the proper value during the rich
combustion operation causes NOx stored in the NOx
storage-reduction catalyst 33a to not be appropriately
reduced into N2, or that the amount of HCs emitted in-
creases, thus leading to degraded exhaust emission.
[0045] In this embodiment, therefore, the stoichiomet-
ric combustion operation is forcibly performed, regard-
less of the engine operation state, every time the oper-
ation of the engine 11 continues for a predetermined pe-
riod. For example, every time the cumulative travel dis-
tance of a vehicle in which the engine 11 is installed in-
creases by a predetermined distance, then the stoichi-
ometric combustion operation is forcibly performed.
Forced execution of the stoichiometric combustion op-
eration in this manner creates an opportunity to deter-
mine an air-fuel ratio value KG(i) (i=1) that corresponds
to the air-fuel ratio determination region i (i=1) present
in the lean combustion region as indicated by B in FIG.
2. As the determination of the air-fuel ratio value KG(i)
proceeds during the stoichiometric combustion opera-
tion in the lean combustion region, the determined air-
fuel ratio value KG(i) converges toward a predetermined
value, and thus becomes equal to a value that corre-
sponds to the deviation between the actual air-fuel ratio
and the proper value.
[0046] The determination of the air-fuel ratio value KG
(i) is more easily calculated if the execution period of a
forced stoichiometric combustion operation is longer.
However, an excessively elongated execution period of
the operation becomes disadvantageous with regard to
fuel economy of the engine 11. Therefore, this embodi-
ment adopts, as an execution period of each forced sto-
ichiometric combustion operation, a period of time that
is needed before the total execution time of the stoichi-
ometric combustion operation in the lean combustion re-
gion indicated by B in FIG. 2 reaches a time t that is
suitable to achieve both the determination of the air-fuel
ratio value KG(i) and improvement of fuel economy of
the engine 11. An example of the time t may be a mini-
mum time, e.g., 2 or 3 minutes, that is needed before
the determined air-fuel ratio value KG(1) converges as
described above.
[0047] As described above, by forcibly executing the
stoichiometric combustion operation every time the en-
gine 11 is operated for the predetermined period, an op-
portunity to determine the air-fuel ratio value KG(i) in the
lean combustion region indicated by B in FIG. 2 is cre-
ated so that the determined air-fuel ratio value KG(i) can
correspond to a value that reflects the deviation be-
tween the actual air-fuel ratio and the proper value.
Then, by calculating a final amount of fuel injection Qfin
from the determined air-fuel ratio value KG(i) as in equa-
tion (1), and by performing the fuel injection amount con-
trol based on the final amount of fuel injection Qfin at
the time of the rich combustion operation caused by the
rich spike control, the air-fuel ratio can be prevented
from deviating from a proper value, e.g., "12". Therefore,
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it is possible to prevent a situation where, due to devia-
tion of the air-fuel ratio from the proper value during the
rich combustion operation, NOx stored in the NOx stor-
age-reduction catalyst 33a is not properly reduced into
N2 or the amount of HCs emitted increases thereby de-
teriorating exhaust emission.
[0048] Next, a procedure of commanding execution
of a forced stoichiometric combustion operation will be
described with reference to the flowchart of FIG. 3 illus-
trating a stoichiometric combustion commanding rou-
tine. The stoichiometric combustion commanding rou-
tine is executed via the ECU 92, for example, by a time
interrupt of every predetermined time.
[0049] In the stoichiometric combustion commanding
routine, "1" is stored into a predetermined area of the
RAM, as a flag F for commanding the forced stoichio-
metric combustion operation (S102, S103), when the
cumulative travel distance of the vehicle equipped with
the engine 11 increases by a distance d, e.g., 1000 km,
after the previous execution of the forced stoichiometric
combustion operation. Furthermore, a value of a coun-
ter C is reset to "0" when F=1 is set and is increased by
"1" at every predetermined time on condition that the
operation state of the engine 11 is in the lean combus-
tion region indicated by B in FIG. 2 and the stoichiomet-
ric combustion operation is being performed (S105,
S106). The counter C indicates a total amount of time
of execution of the stoichiometric combustion operation
in the lean combustion region indicated by B in FIG. 2.
When the value of the counter C becomes equal to or
greater than a predetermined value x, i.e., a value cor-
responding to the time t, "0" is stored as the flag F into
a predetermined area of the RAM (S107, S108). If the
flag F is "1", execution of the forced stoichiometric com-
bustion operation is commanded. If the flag F is "0", ex-
ecution of the lean combustion operation is permitted
(S109 to S111).
[0050] In step S101, the ECU 92 determines whether
the flag F is "0," i.e., permitting the lean combustion op-
eration. If F=1, i.e., commanding the stoichiometric
combustion operation, the ECU 92 skips steps S102 to
S104, and goes to step S105. If F=0, the ECU 92 goes
to step S102. At step S102, the ECU 92 determines
whether the cumulative travel distance has increased
by the distance d, e.g., 1000 km, from the value occur-
ring at the time of the previous execution of the forced
stoichiometric combustion operation. If negative deter-
mination is made in step S102, the ECU 92 skips steps
S103 to S108, and goes to the step S109. If affirmative
determination is made in step S102, the ECU 92 goes
to step S103. The ECU 92 sets the flag F to "1," i.e.,
commanding the stoichiometric combustion operation,"
in step S103, and resets the counter C to "0" in step
S104. Then, the ECU 92 goes to step S105.
[0051] In step S105, the ECU 92 determines whether
the state of operation of the engine 11 is within the lean
combustion region indicated by B in FIG. 2, and the flag
F is "1," i.e., commanding the stoichiometric combustion

operation, for example, whether all the following condi-
tions (a) to (c) are met.

(a) the engine revolution speed NE is a value be-
tween the range of a predetermined value a and a
predetermined b;
(b) the load rate KL is a value between the range of
a predetermined value α and a predetermined value
β; and
(c) the flag F is "1," i.e., commanding the stoichio-
metric combustion operation.

[0052] In condition (a), the predetermined value a is
set to, for example, an idle revolution speed, and the
predetermined value b is set to, for example, a value
that is slightly to a low revolution speed side of a value
that is farthest toward a high revolution speed side within
the lean combustion region indicated by B in FIG. 2. In
condition (b), the predetermined value α is set to the
load rate KL occurring during idle operation, and the pre-
determined value β is set to a value that is slightly to a
low load side of a value that is farthest toward the high
load side in the lean combustion region indicated by B
in FIG. 2.
[0053] In step S105, if any one of the aforementioned
conditions is unmet, step S106 is skipped, and the proc-
ess proceeds to step S107. If all the conditions are met,
the process proceeds to step S106. In step S106, the
ECU 92 increases the value of the counter C by "1". After
that, the ECU 92 goes to step S107.
[0054] In step S107, the ECU 92 determines whether
the value of the counter C is at least a predetermined
value x, i.e., value corresponding to the time t. If C≥x is
not the case, then the ECU 92 skips step S108, and
goes to step S109. If C≥x is the case, then the ECU 92
goes to step S108, in which the ECU 92 sets the flag F
to "0."
[0055] The ECU 92, in step S109, determines wheth-
er the flag F is "1" i.e., commanding the stoichiometric
combustion operation. If F=1, the ECU 92 commands
execution of the stoichiometric combustion operation in
step S 110. If F=0, the ECU 92 permits execution of the
lean combustion operation in step S111. After executing
step S110 or step S111, the ECU 92 temporarily ends
the stoichiometric combustion commanding routine.
[0056] The above-described embodiment achieves
the following advantages.
[0057] Every time the cumulative travel distance of
the motor vehicle increases by the distance d, the forced
stoichiometric combustion operation is performed,
thereby creating an opportunity to determine an air-fuel
ratio value KG(i) in the lean combustion region indicated
by B in FIG. 2, i.e., the region in which the rich spike
control is performed. Since an opportunity of determin-
ing the air-fuel ratio value KG(i) is forcibly created at
every predetermined period, it becomes possible to pre-
cisely determine the air-fuel ratio value KG(i) so that the
air-fuel ratio value KG(i) corresponds to a value that re-
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flects the deviation between the actual air-fuel ratio and
the proper value. By conducting the determination of the
air-fuel ratio value KG(i) in this manner, it becomes pos-
sible to control, with high precision, the air-fuel ratio to
a proper value, e.g., "12," based on the determined air-
fuel ratio value KG(i) during the rich combustion opera-
tion caused by the rich spike control. Therefore, it is pos-
sible to prevent a situation where, due to a deviation be-
tween the actual air-fuel ratio and the proper value dur-
ing the rich combustion operation, NOx stored in the
NOx storage-reduction catalyst 33a is not properly re-
duced into N2 or the amount of HCs emitted increases
thereby deteriorating exhaust emission.
[0058] Each forced stoichiometric combustion opera-
tion is continued until the total time of execution of the
stoichiometric combustion operation in the lean com-
bustion region indicated by B in FIG. 2 reaches the time
t, for example, 2 or 3 minutes, that is suitable to achieve
both determination of the air-fuel ratio value KG(i) and
improvement of fuel economy of the engine 11. There-
fore, the determined air-fuel ratio value KG(i) is more
precisely calculated as a value that corresponds to the
deviation between the actual air-fuel ratio and the proper
value, so that the precision of the air-fuel ratio control
based on the determined air-fuel ratio value KG(i) during
the rich spike control can be further improved.
[0059] A second embodiment of the invention will be
described with reference to FIGS. 4 and 5. In this em-
bodiment, a plurality of air-fuel ratio determination re-
gions i are set in a lean combustion region. The proce-
dures of starting and discontinuing a forced stoichiomet-
ric combustion operation for determining an air-fuel ratio
value KG(i) separately for each air-fuel ratio determina-
tion region i are different from those of the first embod-
iment.
[0060] FIGS. 4 and 5 show a flowchart illustrating a
stoichiometric combustion commanding routine of this
embodiment. This stoichiometric combustion com-
manding routine is periodically executed via the ECU
92, as is the case with the routine of the first embodiment
(FIG. 3).
[0061] In the stoichiometric combustion commanding
routine, steps S201 to S204 set a flag F to "1," i.e., com-
manding the stoichiometric combustion operation. The
flag F provides a criterion for determining whether to
command execution of a forced stoichiometric combus-
tion operation. If the flag F is set to "1," a forced stoichi-
ometric combustion operation is started based on the
processing described below.
[0062] In steps S201 to S204, it is determined whether
the flag F is "0", for example, whether a forced stoichi-
ometric combustion operation is not being commanded
(S201). If the commanding of a stoichiometric combus-
tion operation ("F=1") is not present, it is then deter-
mined whether a forced stoichiometric combustion op-
eration needs to be performed. This determination is
performed based on determination, for example, as to:

(a) whether the determined air-fuel ratio values KG
(i) i.e., i=1 to 5 in this embodiment, that correspond
to the air-fuel ratio determination regions i, i.e., i=1
to 5 in this embodiment, are an initial value, e.g.,
1.0, (S202); and
(b) whether the cumulative travel distance of the
motor vehicle has increased by the distance d from
the value assumed at the time of the previous exe-
cution of a forced stoichiometric combustion oper-
ation (S203).

[0063] If an affirmative determination is made in either
step S202 or step S203, the flag F is set to "1," i.e., com-
manding the stoichiometric combustion operation
(S204). Thus, the forced stoichiometric combustion op-
eration is started, not only based on the cumulative trav-
el distance of the motor vehicle, but also when the de-
termined air-fuel ratio values KG(i), i.e., i=1 to 5, are 1.0
(initial value). For example, this situation would apply in
a case where the motor vehicle has not been driven at
all, or where the battery has been replaced.
[0064] After the flag F is set to "1" as described above,
a counter C is reset to "0" (S205) that indicates the
elapsed time following the commanding of execution of
a forced stoichiometric combustion operation, for exam-
ple, the time of execution of the stoichiometric combus-
tion operation. Furthermore, a completion flag X(i) is set
to "0" (uncompleted) (S206) for determining whether the
determination of an air-fuel ratio value KG(i) that corre-
sponds to the lean combustion region is completed.
[0065] A plurality of completion flags X(i) are provided
that correspond to the determined air-fuel ratio values
KG(i), i.e., i=1 to 5, of the air-fuel ratio determination re-
gions i, i.e., i=1 to 5, present in the lean combustion re-
gion. The completion flags X(i) that correspond to the
determined air-fuel ratio values KG(i) are set to "1"
(completed), based on convergence of the determined
air-fuel ratio values KG(i), i.e., i=1 to 5, to predetermined
values.
[0066] It is then determined whether the engine oper-
ation state is in the lean combustion region and whether
the flag F1 is "1," i.e., commanding the stoichiometric
combustion operation, (S207) in FIG. 5. If the determi-
nation is affirmative, the determination of the air-fuel ra-
tio values KG(i), i.e., i=1 to 5, that correspond to the lean
combustion region is performed (S208). Based on con-
vergence of the determined air-fuel ratio values KG(i) to
predetermined values, the completion flags X(i), i.e., i=1
to 5 that correspond to the air-fuel ratio determination
regions i are set to "1" (completed).
[0067] A determined air-fuel ratio value KG(i) that cor-
responds to the present engine operation state, i.e., load
rate KL, is used to calculate a final amount of fuel injec-
tion Qfin for the rich spike control. Therefore, the air-fuel
ratio control during the rich spike control is performed
by using a determined air-fuel ratio value KG(i) that is
suitable for the present engine operation state.
[0068] In the stoichiometric combustion commanding
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routine, steps S209 to S212 are performed to set the
flag F to "0," i.e., permitting a lean combustion operation,
so as to discontinue the forced stoichiometric combus-
tion operation. When the flag F is set to "0," execution
of a lean combustion operation is permitted based on
the process described below, and thus the forced stoi-
chiometric combustion is discontinued.
[0069] In steps S209 to S212, the flag F is switched
from "1," i.e., commanding the stoichiometric combus-
tion operation to "0," i.e., permitting the lean combustion
operation in a situation as in the following conditions:

(1) the determination of all the air-fuel ratio values
KG(i), i.e., i=1 to 5, is completed; or
(2) the execution time of the forced stoichiometric
combustion reaches or exceeds a predetermined
time, and the stoichiometric combustion operation
was not started with the determined air-fuel ratio
values KG(i), i.e., i=1 to 5, being an initial value
"1.0".

[0070] It is determined whether the present condition
is (1) or (2), based on determination, for example, as to:

(a) whether all the completion flags X(i), i.e., i=1 to
5 are "1" (completed) (S209);
(b) whether the counter C1 is at least a predeter-
mined value x1 (S210); and
(c) whether the forced stoichiometric combustion
operation was started in a state in which the deter-
mined air-fuel ratio value KG(i), i.e., i=1 to 5, were
the initial value equals 1.0 (S211).

[0071] That is, after affirmative determination is made
in step S209, thus determining that the condition (1) is
present, or after affirmative determination is made in
step S210 and negative determination is made in step
S211, thus determining that the condition (2) is present,
the flag F is set to "0" in step S212.
[0072] Therefore, if the forced stoichiometric combus-
tion operation is started based on the determined air-
fuel ratio values KG(i), i.e., i=1 to 5, being 1.0 (initial val-
ue), the flag F is switched from "1" to "0" only after the
determination of all the air-fuel ratio values KG(i), i.e.,
i=1 to 5, is completed, regardless of the execution time
of the stoichiometric combustion operation.
[0073] If the stoichiometric combustion operation is
started based on the cumulative travel distance of the
motor vehicle increasing by the distance d following the
previous execution of the forced stoichiometric combus-
tion operation, the flag F is switched from "1" to "0" after
determining all the air-fuel ratio values KG(i) ("i=1 to 5")
is completed, or after the execution time of the forced
stoichiometric combustion operation reaches or ex-
ceeds a predetermined time.
[0074] The execution time of the forced stoichiometric
combustion operation is restricted by the predetermined
value x1, corresponding to the aforementioned prede-

termined time, used in step S210. The predetermined
value x1 is preferably a value corresponding to an upper
limit value of the execution time such that the fuel econ-
omy deterioration caused by the forced stoichiometric
combustion operation is acceptable.
[0075] In the stoichiometric combustion commanding
routine, the steps S213 to S216 command execution of
the stoichiometric combustion operation or permit the
lean combustion operation based on the flag F, and pe-
riodically increase the value of the counter C1 by "1".
First, it is determined whether the flag F is "1," i.e., com-
manding the stoichiometric combustion operation
(S213). If the determination is affirmative, execution of
a forced stoichiometric combustion operation is com-
manded, and the value of the counter C1 indicating the
execution time of the stoichiometric combustion opera-
tion is increased by "1" (S214, S215). If negative deter-
mination is made in step S213, the forced stoichiometric
combustion operation for conducting the determination
of the air-fuel ratio values KG(i) is discontinued by per-
mitting execution of a lean combustion operation
(S216).
[0076] Next, in step S208 within the stoichiometric
combustion commanding routine, for example, the de-
termination of the air-fuel ratio values KG(i), i.e., i=1 to
5 that correspond to the lean combustion region, will be
described with reference to FIG. 6. FIG. 6 is a flowchart
illustrating a determination routine for determining each
air-fuel ratio value KG(i). This determination routine is
executed via the ECU 92 every time the step S208 in
the stoichiometric combustion commanding routine
(FIG. 5) is reached.
[0077] In the determination routine, it is determined
whether conditions mentioned below are all met (S301).

(a) a warm-up is not being performed;
(b) the state of operation of the engine 11 is stable;
and
(c) the air-fuel ratio feedback control is being exe-
cuted.

[0078] If it is determined that all these conditions are
met, it is determined which one of the air-fuel ratio de-
termination regions i, i.e., "i=1 to 5," corresponds to the
present engine operation state (S302). The determined
air-fuel ratio value KG(i) of the air-fuel ratio determining
region i is increased or decreased (updated), with 1.0
being a center value, based on the average value FA-
FAV of the feedback correction factor FAF so that the
feedback correction factor FAF converges into a prede-
termined range that contains 1.0, which is a reference
value of the average value FAFAV (S303).
[0079] It is determined whether the determination of
the air-fuel ratio value KG(i), i.e., i=1 to 5 is completed,
based on a determination as to whether the average val-
ue FAFAV of the feedback correction factor FAF has
converged into the predetermined range containing 1.0.
This determination is made based on determination, for
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example, as to:

(a) whether the average value FAFAV has contin-
ued to be within a predetermined range of 0.95 to
1.05 for at least a predetermined time t1 (S304); or
(b) whether the cumulative time during which the
average value FAFAV is within the predetermined
range has reached or exceeded a predetermined
time t2 (>t1) (S305).

[0080] The predetermined time t2 is set to a time that
is needed before it is determined that the average value
FAFAV has converged into the predetermined range in
a case where the determination of the air-fuel ratio val-
ues KG(i) is intermittently performed, for example, a
case where the air-fuel ratio determination region i for
the determining frequently changes from one to another,
or the like.
[0081] If affirmative determination is made in either
step S304 or step S305, the completion flag X(i) corre-
sponding to the determined air-fuel ratio value KG(i) of
the air-fuel ratio determination region i calculated in step
S302 is set to "1" (completed) (S306).
[0082] In this manner, the determination of the air-fuel
ratio values KG(i) correspond to the air-fuel ratio deter-
mining regions i, i.e., i=1 to 5. It is determined whether
the determination of an air-fuel ratio value KG(i) has
been completed, by checking whether the completion
flag X(i) that corresponds to that air-fuel ratio value KG
(i), i.e., i=1 to 5, is "1" (completed). When all the com-
pletion flags X(i) ("i=1 to 5") have been set to "1" (com-
pleted), the flag F is set to "0," i.e., permitting the lean
combustion operation, thus discontinuing the forced sto-
ichiometric combustion operation.
[0083] The above-described embodiment achieves
the aforementioned advantage of the first embodiment,
and also achieves the following advantages.
[0084] A plurality of air-fuel ratio determination re-
gions i, i.e., i=1 to 5, are set in the lean combustion re-
gion, and air-fuel ratio values KG(i), i.e., i=1 to 5, are
determined separately for the individual air-fuel ratio de-
termination regions i. Therefore, the air-fuel ratio values
KG(i) corresponding to the air-fuel ratio determination
regions i can be precisely calculated to reflect deviations
between the actual air-fuel ratio and the proper value.
Of the air-fuel ratio values KG(i), i.e., i=1 to 5, a value
KG(i) suitable for the engine operation state is used for
the air-fuel ratio control during the rich spike control, so
that the precision of the determination of an air-fuel ratio
can be further improved.
[0085] Furthermore, the forced stoichiometric com-
bustion operation started based on the cumulative travel
distance is discontinued not only when the determina-
tion of the air-fuel ratio values KG(i) is completed, but
also when the execution time of the stoichiometric com-
bustion operation reaches or exceeds a predetermined
time, for example, when the counter C1 has reached or
exceeded the predetermined value x1. Therefore, the

embodiment substantially prevents a situation where
the execution time of the forced stoichiometric combus-
tion operation is excessively long and the deterioration
of fuel economy, for example, when a determined air-
fuel ratio value KG(i) does not readily converge.
[0086] In addition, if a forced stoichiometric combus-
tion operation is started in a state in which the air-fuel
ratio values KG(i), i.e., i=1 to 5, are the initial values, i.
e., 1.0, for example, in a case where the motor vehicle
has not been driven at all, or where the battery has been
replaced, etc., the stoichiometric combustion operation
is continued until the determined air-fuel ratio values KG
(i), i.e., i=1 to 5, converge, regardless of the execution
time of the stoichiometric combustion operation. There-
fore, if the determined air-fuel ratio values KG(i), i.e., i=1
to 5, are the initial values, it is possible to converge the
determined air-fuel ratio values KG(i) as soon as possi-
ble and determine the values KG(i) to reflect deviations
between the air-fuel ratio and the proper value. Hence,
it is possible to substantially prevent a situation where
the rich spike control is executed with the determined
air-fuel ratio values KG(i), i.e., i=1 to 5, being the initial
values, therefore deteriorating the precision of the air-
fuel ratio control during the rich spike control.
[0087] The foregoing embodiments may be modified,
for example, in the following manners.
[0088] In the first embodiment, the forced stoichio-
metric combustion operation is continued until the total
execution time of the forced stoichiometric combustion
operation in the lean combustion regions indicated by B
in FIG. 2 becomes equal to a predetermined time t, e.
g., 2 or 3 minutes, that is suitable to achieve both con-
vergence of the determined air-fuel ratio value KG(i) to
the predetermined value and improvement in the fuel
economy of the engine 11. However, the value of the
time t may be suitably changed. For example, the time
may be set to a value that is longer than 2 or 3 minutes
so that the determined air-fuel ratio value KG(i) is con-
verged to a predetermined value without fail during the
execution of the forced stoichiometric combustion oper-
ation. Furthermore, the time t may be set to a value that
is shorter than 2 or 3 minutes, so as to further improve
the fuel economy of the engine 11.
[0089] In the first embodiment, the forced stoichio-
metric combustion operation is ended provided that the
total execution time of the stoichiometric combustion op-
eration in the lean combustion region indicated by B in
FIG. 2 reaches or exceeds the time t. However, it is also
possible to adopt a construction in which it is determined
whether the determined air-fuel ratio value KG(i) has
converged to a predetermined value by monitoring the
amount of fluctuation of the determined air-fuel ratio val-
ue KG(i) or the like, and in which the forced stoichiomet-
ric combustion operation is ended when it is determined
that the value KG(i) has converged.
[0090] Although in the first embodiment, the air-fuel
ratio determination regions i are set so that one air-fuel
ratio determination region i exists in the lean combustion
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region indicated by B in FIG. 2, air-fuel ratio determina-
tion regions i may also be set so that a plurality of air-
fuel ratio determination regions i exist in the lean com-
bustion region.
[0091] In the first embodiment, it is also possible to
always execute a forced stoichiometric combustion op-
eration if the cumulative travel distance is "0." In this
case, even if the cumulative travel distance is reset to
"0," for example, at the time of replacement of the bat-
tery or the like, a forced stoichiometric combustion op-
eration is executed so as to conduct the determination
of air-fuel ratio values KG(i) in the lean combustion re-
gion indicated by B in FIG. 2.
[0092] In the second embodiment, the number of air-
fuel ratio determination regions i in the lean combustion
region may be suitably changed.
[0093] In the second embodiment, the execution time
of a forced stoichiometric combustion operation may al-
so be limited to at most a predetermined time if the
forced stoichiometric combustion operation is started
with the determined air-fuel ratio values KG(i) corre-
sponding to the lean combustion region being an initial
value, as well.
[0094] In the second embodiment, it is not essential
to limit the execution time of a forced stoichiometric
combustion operation to at most a predetermined time.
[0095] Although in the foregoing embodiments, the
forced stoichiometric combustion operation is executed
every time the cumulative travel distance of the motor
vehicle increases by the distance d, e.g., 1000 km, fol-
lowing the previous execution of the forced stoichiomet-
ric combustion operation, the value of the distance d
may be suitably changed.
[0096] In the foregoing embodiments, it is also possi-
ble to execute the forced stoichiometric combustion op-
eration based on the cumulative operation time of the
engine 11 instead of executing the forced stoichiometric
combustion operation based on the cumulative travel
distance of the motor vehicle. In this case, the forced
stoichiometric combustion operation is executed every
time the cumulative operation time of the engine 11 in-
creases by a predetermined time from the value occur-
ring at the time of the previous execution of the forced
stoichiometric combustion operation. Furthermore, it is
also possible to execute the forced stoichiometric com-
bustion operation at every predetermined period, for ex-
ample, once a month, a week, or a day, etc., regardless
of the cumulative operation time of the engine 11.
[0097] In the illustrated embodiment, the controllers
are implemented with general purpose processors. It
will be appreciated by those skilled in the art that the
controllers can be implemented using a single special
purpose integrated circuit (e.g., ASIC) having a main or
central processor section for overall, system-level con-
trol, and separate sections dedicated to performing var-
ious different specific computations, functions and other
processes under control of the central processor sec-
tion. The controllers can be a plurality of separate ded-

icated or programmable integrated or other electronic
circuits or devices (e.g., hardwired electronic or logic cir-
cuits such as discrete element circuits, or programma-
ble logic devices such as PLDs, PLAs, PALs or the like).
The controllers can be suitably programmed for use with
a general purpose computer, e.g., a microprocessor, mi-
crocontroller or other processor device (CPU or MPU),
either alone or in conjunction with one or more periph-
eral (e.g., integrated circuit) data and signal processing
devices. In general, any device or assembly of devices
on which a finite state machine capable of implementing
the procedures described herein can be used as the
controllers. A distributed processing architecture can be
used for maximum data/signal processing capability
and speed.
[0098] While the invention has been described with
reference to what are presently considered to be pre-
ferred embodiments thereof, it is to be understood that
the invention is not limited to the disclosed embodiments
or constructions. On the contrary, the invention is intend-
ed to cover various modifications and equivalent ar-
rangements.
[0099] A forced stoichiometric combustion is execut-
ed every time a cumulative travel distance of a vehicle
increases by a distance, thereby creating an opportunity
to determine an air-fuel ratio value in a region in which
a rich spike control is performed. Therefore, the deter-
mination of an air-fuel ratio value can be precisely cal-
culated so that the air-fuel ratio value corresponds to a
value that reflects a deviation of the actual air-fuel ratio
and a proper value. Accordingly, it becomes possible to
control, with high precision, correlation between the air-
fuel ratio and a proper value based on the determined
air-fuel ratio value during a fuel-rich combustion that is
caused by the rich spike control.

Claims

1. A control apparatus of an internal combustion en-
gine, having a NOx storage-reduction catalyst (33a)
provided in an exhaust system, and a controller (92)
that executes a rich spike control that temporarily
shifts an air-fuel ratio to a fuel-rich air-fuel ratio
when a condition for reducing NOx stored in the
NOx storage-reduction catalyst (33a) is met, and
that, during the rich spike control, controls the air-
fuel ratio based on an air-fuel ratio value that is de-
termined through an air-fuel ratio feedback control
during execution of a stoichiometric combustion,
the apparatus characterized in

that the controller (92) forcibly executes the
stoichiometric combustion regardless of a state of
operation of the engine, every time the internal com-
bustion engine is operated for a predetermined pe-
riod.

2. A control apparatus according to claim 1, charac-
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terized in that the controller (92) forcibly executes
the stoichiometric combustion regardless of the
state of operation of the engine, every time a cumu-
lative travel distance of a vehicle in which the inter-
nal combustion engine is installed increases by a
predetermined distance.

3. A control apparatus according to claim 1, charac-
terized in that the controller (92) forcibly executes
the stoichiometric combustion regardless of the
state of operation of the engine, every time a cumu-
lative operation time of the internal combustion en-
gine increases by a predetermined time.

4. A control apparatus according to any one of claims
1 to 3, characterized in that the controller (92) dis-
continues a forced stoichiometric combustion on a
condition that the air-fuel ratio value converges with
a predetermined value due to the determination
performed through the feedback control.

5. A control apparatus according to claim 4, charac-
terized in:

that the air-fuel ratio value is determined sep-
arately for each one of a plurality of air-fuel ratio
determination regions that are set in an opera-
tion region in which a lean combustion is exe-
cuted; and
that the controller (92) discontinues the forced
stoichiometric combustion on a condition that
all the air-fuel ratio values corresponding to the
plurality of air-fuel ratio determination regions
converge.

6. A control apparatus according to claim 4 or 5, char-
acterized in that the controller (92) discontinues
the forced stoichiometric combustion regardless of
convergence of the air-fuel ratio value, if an execu-
tion time of the forced stoichiometric combustion is
at least a predetermined time.

7. A control apparatus in according to claim 6, char-
acterized in that if the forced stoichiometric com-
bustion is started with the air-fuel ratio value being
an initial value, the controller (92) continues the sto-
ichiometric combustion regardless of the execution
time of the stoichiometric combustion until the air-
fuel ratio value converges.

8. A method of controlling an internal combustion en-
gine having a NOx storage-reduction catalyst (33a)
in an exhaust system, characterized by comprising
the steps of:

executing a rich spike control that temporarily
shifts an air-fuel ratio to a fuel-rich air-fuel ratio
when a condition for reducing NOx stored in the

NOx storage-reduction catalyst (33a) is met;
and
controlling the air-fuel ratio, during the rich
spike control, based on an air-fuel ratio value
that is determined through an air-fuel ratio feed-
back control during execution of a stoichiomet-
ric combustion, wherein the stoichiometric
combustion is forcibly executed regardless of a
state of operation of the engine, every time the
internal combustion engine is operated for a
predetermined period.
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