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Description
BACKGROUND OF THE INTENTION
1. Field of the Invention

[0001] The invention relates to an air-fuel ratio control
apparatus.

2. Description of the Related Art

[0002] Japanese Patent Application Publication No.
5-321721 (JP-A-5-321721) describes an example of an
air-fuel ratio control apparatus that includes a linear air-
fuel ratio sensor disposed upstream of a catalyst, and an
oxygen sensor disposed downstream of the catalyst. The
air-fuel ratio control apparatus controls an air-fuel ratio
based on signals output from the two sensors. The linear
air-fuel ratio sensor has a linear output characteristic in
which an output linearly changes in proportion to the air-
fuel ratio. The oxygen sensor outputs a signal according
to the concentration of oxygen in gas. The oxygen sensor
has an output characteristic in which the output signal
from the oxygen sensor is inverted when the air-fuel ratio
changes from a value leaner than a stoichiometric ratio
to a value richer than the stoichiometric ratio, or from a
value richer than the stoichiometric ratio to a value leaner
than the stoichiometric ratio. In the air-fuel ratio control
apparatus, feedback control on a fuel injection amount
is executed so that the air-fuel ratio of exhaust gas flowing
into the catalyst is equal to the stoichiometric air-fuel ratio,
based on the output signal from the linear air-fuel ratio
sensor.

[0003] Inaddition to the feedback control based on the
output signal from the linear air-fuel ratio sensor (here-
inafter, this feedback control will be referred to as "main
feedback control"), another feedback control is executed
to correct the fuel injection amount based on the output
signal from the oxygen sensor (hereinafter, the feedback
control will be referred to as "sub feedback control"). In
the sub feedback control, a correction value is calculated
based on a difference between the output signal from the
oxygen sensor and a reference signal corresponding to
the stoichiometric air-fuel ratio, and the output signal from
the linear air-fuel ratio sensor is corrected using the cor-
rection value. The correction value indicates whether the
air-fuel ratio of the exhaust gas flowing into the catalyst
is leaner or richer than the stoichiometric air-fuel ratio.
Thus, when the output signal from the linear air-fuel ratio
sensor has a deviation, the deviation is corrected, and
the fuel injection amount is controlled so that an actual
air-fuel ratio approaches the stoichiometric air-fuel ratio.
[0004] When the air-fuel ratio of the ambient atmos-
phere around the catalyst is near the stoichiometric air-
fuel ratio, the catalyst purifies exhaust gas most efficient-
ly. The catalyst has oxygen storage capacity (OSC) for
storing oxygen therein. When the air-fuel ratio of the ex-
haust gas flowing into the catalyst is leaner than stoichi-
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ometric air-fuel ratio, the oxygen in the gaseous phase
is taken and stored in the catalyst. On the other hand,
when the air-fuel ratio of the exhaust gas flowing into the
catalyst is richer than stoichiometric air-fuel ratio, the ox-
ygen, which has been stored in the catalyst, is released
from the catalyst into the gaseous phase. Thus, the cat-
atyst maintains the air-fuel ratio of the ambient atmos-
phere at a value near the stoichiometric air-fuel ratio, by
storing or releasing the oxygen according to the air-fuel
ratio of the exhaust gas flowing into the catalyst.

[0005] The level of the oxygen storage capacity of the
catalyst greatly influences the efficiency of purifying the
exhaust gas. That is, even if the air-fuel ratio of the ex-
haust gas greatly deviates from the stoichiometric air-
fuel ratio, or even if the air-fuel ratio oscillates with a large
amplitude, the oxygen may be stored in, or released from
the catalyst, and the catalyst may maintain the air-fuel
ratio of the ambient atmosphere at a value near the sto-
ichiometric air-fuel ratio to purify the exhaust gas if the
level of the oxygen storage capacity of the catalyst is
high. It is known that the level of the oxygen storage ca-
pacity of the catalyst is maintained at a high level when
noble metal of the catalyst is activated by repeating the
storage and release of oxygen in the catalyst. By exe-
cuting the above-described feedback control on the fuel
injection amount, the air-fuel ratio of the exhaust gas os-
cillates around the stoichiometric air-fuel ratio, and thus,
the storage and release of oxygen may be repeated in
the catalyst.

[0006] However, recently, it has been found that the
air-fuel ratio of the exhaust gas flowing into the catalyst
as well as the deterioration of the catalyst influences the
decrease in the level of the oxygen storage capacity of
the catalyst. More specifically, even when the air-fuel ra-
tio of the exhaust gas oscillates around the stoichiometric
air-fuel ratio, the level of the oxygen storage capacity of
the catalyst may be decreased if the amplitude of the
oscillation of the air-fuel ratio is small.

[0007] FIG. 1is a graph showing the relation between
the air-fuel ratio of the exhaust gas flowing into the cat-
alyst, and the amount of oxygen that may be stored in
the catalyst or the amount of oxygen that may be released
from the catalyst. As shown in FIG. 1, as the air-fuel ratio
becomes richer, i.e., as the air-fuel ratio decreases from
the stoichiometric air-fuel ratio, the amount of oxygen
that may be stored in the catalyst increases. On the other
hand, as the air-fuel ratio becomes leaner, i.e., as the
air-fuel ratio increases from the stoichiometric air-fuel ra-
tio, the amount of oxygen that may be released from the
catalyst increases. In other words, as the air-fuel ratio
approaches the stoichiometric air-fuel ratio, the amount
of oxygen that may be stored in the catalyst and the
amount of oxygen that may be released from the catalyst
decreases. Therefore, if the amplitude of the oscillation
of the air-fuel ratio around the stoichiometric air-fuel ratio
remains small, only a small amount of oxygen is repeat-
edly stored in, and released from the catalyst. As aresult,
the level of the oxygen storage capacity of the catalyst
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remains low and the catalyst is stabilized.

[0008] In the above-described case, the level of the
oxygen storage capacity is temporarily decreased. When
the amplitude of the oscillation of the air-fuel ratio increas-
es again, the level of the oxygen storage capacity of the
catalyst is recovered. However, it takes time to sufficient-
ly recover the level of the oxygen storage capacity. Thus,
until the level of the oxygen storage capacity is sufficiently
recovered, excessive emissions beyond the purification
capacity of the catalyst are discharged into the atmos-
phere. By executing the above-described feedback con-
trol on the fuel injection amount using the linear air-fuel
ratio sensor and the oxygen sensor, the air-fuel ratio of
the exhaust gas is maintained at a value near the stoi-
chiometric air-fuel ratio. However, there is a possibility
that emissions may be discharged from the catalyst due
tothe decreaseinthe level of the oxygen storage capacity
of the catalyst when the air-fuel ratio fluctuates to some
extent.

[0009] DocumentJP 09222010 A discloses an air-fuel
ratio control apparatus for an internal combustion engine
that includes a catalyst. The air-fuel ratio is controlled
according to this document by an air-fuel ratio control
means, so that an air-fuel ratio of exhaust gas is oscillated
alternately to the rich sidle and the lean side before the
first catalyst is activated. The magnetite of the amplitude
of an exhaust air-fuel ratio oscillated alternately to the
rich side and the lean side is set by a set means according
to the oxygen storage capacity of the catalyst. When the
reverse frequency of the upper and lower sensor outputs
is lager than a reference value, it is decided that the am-
plitude air-fuel ratio exceeds the oxygen storage capacity
of the catalyst and thus, the amplitude is reduced. Fur-
ther, the document discloses that the amplitude of a lower
stream side sensor may serve as a value of a limit of the
oxygen storage capacity of the catalyst.

Summary of the invention

[0010] It is the object underlying the invention to pro-
vide an air-fuel ratio control apparatus for an internal com-
bustion engine that includes a catalyst which is able to
suppress the discharge of exhaust gas emissions even
when the level of the oxygen storage capacity of a cata-
lyst is decreased.

[0011] This object is solved by the features of claim 1.
[0012] According to the invention an air-fuel ratio con-
trol apparatus for an internal combustion engine includes
a catalyst, disposed in an exhaust passage, which has
oxygen storage capacity. The air-fuel ratio control appa-
ratus according to the first aspect includes: fuel injection
amount control means for controlling an amount of fuel
injected to the internal combustion engine so that an air-
fuelratio of exhaust gas flowinginto the catalyst oscillates
around a stoichiometric air-fuel ratio; oxygen storage ca-
pacity estimation means for estimating a level of the ox-
ygen storage capacity of the catalyst; and amplitude re-
duction means for reducing an amplitude of the air-fuel
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ratio of the exhaust gas which oscillates around the sto-
ichiometric air-fuel ratio when itis estimated that the level
of the oxygen storage capacity of the catalyst is lower
than a predetermined reference capacity.

[0013] The air-fuel ratio control apparatus for the inter-
nal combustion engine may include an air-fuel ratio sen-
sor that outputs a signal according to the air-fuel ratio of
the exhaust gas flowing into the catalyst. The oxygen
storage capacity estimation means may estimate that the
level of the oxygen storage capacity of the catalyst is
lower than the predetermined reference capacity when
the amplitude of the signal output from the air-fuel ratio
sensorremains smaller than a predetermined value more
than a prescribed period.

[0014] The fuel injection amount control means may
control the amount of fuel injected to the internal com-
bustion engine by executing a feedback control on the
air-fuel ratio based on a difference between the signal
output from the air-fuel ratio sensor and a reference value
corresponding to the stoichiometric air-fuel ratio. The am-
plitude reduction means may reduce the amplitude of the
air-fuel ratio of the exhaust gas which oscillates around
the stoichiometric air-fuel ratio on the feedback control
by reducing a gain used to correct the amount of fuel
injected to the internal combustion engine or by limiting
a correction amount based on the difference between
the signal output from the air-fuel ratio sensor and the
reference value corresponding to the stoichiometric air-
fuel ratio.

[0015] The fuel injection amount control means may
control the amount of fuel injected to the internal com-
bustion engine by executing a feedback control on the
air-fuel ratio based on a difference between the signal
output from the air-fuel ratio sensor and a reference value
corresponding to the stoichiometric air-fuel ratio while
the fuel injection amount control means corrects the
amount of fuel injected to the internal combustion engine
based on a difference between the output signal from the
oxygen sensor and the reference value corresponding
to the stoichiometric air-fuel ratio. The amplitude reduc-
tion means may reduce the amplitude of the oscillation
of the air-fuel ratio of the exhaust gas which oscillates
around the stoichiometric air-fuel ratio by reducing a gain
used to correct the amount of fuel injected to the internal
combustion engine or by limiting a correction amount
based on the difference between the signal output from
the oxygen sensor and the reference value correspond-
ing to the stoichiometric air-fuel ratio.

[0016] The air-fuel ratio control apparatus for the inter-
nal combustion engine may further include amplitude re-
duction stop means for stopping reducing the amplitude
of the air-fuel ratio of the exhaust gas which oscillates
around the stoichiometric air-fuel ratio when one of fuel
supply cutoff control and fuel injection amount increase
control is executed.

[0017] The air-fuel ratio control apparatus for the inter-
nal combustion engine may further include execution fre-
quency increase means for increasing at least one of an
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execution frequency of the fuel supply cutoff control and
an execution frequency of the fuel injection amount in-
crease control when the amplitude of the air-fuel ratio of
the exhaust gas which oscillates around the stoichiomet-
ric air-fuel ratio remains reduced more than a prescribed
period.

[0018] The execution frequency increase means may
increase at least one of an execution frequency of the
fuel supply cutoff control and an execution frequency of
the fuel injection amount increase control when an accu-
mulated amount of air taken into the internal combustion
engine exceeds a prescribed amount after the amplitude
of the air-fuel ratio of the exhaust gas which oscillates
around the stoichiometric air-fuel ratio is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a graph showing a relation between the air-
fuel ratio of exhaust gas flowing into a catalyst, and
the amount of oxygen that may be stored in the cat-
alyst or the amount of oxygen that may be released
from the catalyst;

FIG. 2 is la schematic diagram showing an internal
combustion engine system in which an air-fuel ratio
control apparatus according to an embodiment of
the invention is employed; and

FIG. 3 is the flowchart of the routine of an air-fuel
ratio control executed in the embodiment of the in-
vention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter,an embodiment of the invention will
be described with reference to the accompanying draw-
ings. FIG. 2 is a schematic diagram showing an internal
combustion engine system that includes an air-fuel ratio
control apparatus according to the embodiment of the
invention. As shown in FIG. 2, an internal combustion
engine 2 is connected to an exhaust passage 4. Two
catalysts 6 and 8, which purify pollutants (NOx, CO, and
HC) in exhaust gas, are disposed in the exhaust passage
4. At least the catalyst 6 on an upstream side has oxygen
storage capacity. It is to be understood that "storage"
used herein means retention of a substance (solid, liquid,
gas molecules) in the form of at least one of adsorption,
adhesion, absorption, trapping, occlusion, and others.
The catalyst 6 on the upstream side is disposed close to
an exhaust manifold (not shown). The catalyst 8 on a
downstream side is disposed under the floor of a vehicle.
A linear air-fuel ratio sensor 12 is installed upstream of
the catalyst 6. An oxygen sensor 14 is installed down-
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stream of the catalyst 6. The linear air-fuel ratio sensor
12 has a linear output characteristic in which an output
linearly changes in proportion to an air-fuel ratio. The
oxygen sensor 14 outputs a signal according to the con-
centration of oxygen in the exhaust gas. The oxygen sen-
sor 14 has an output characteristic in which the output
signal from the oxygen sensor is inverted when the air-
fuel ratio changes from a value leaner than the stoichio-
metric ratio to a value richer than the stoichiometric ratio,
or from a value richer than the stoichiometric ratio to a
value leaner than the stoichiometric ratio.

[0021] In the internal combustion engine system, an
ECU (Electronic Control Unit) 10 is provided. The ECU
10 totally controls the operation of the entire internal com-
bustion engine system. The above-described linear air-
fuel ratio sensor 12 and the oxygen sensor 14 are con-
nected to the ECU 10. The ECU 10 executes a feedback
control on a fuel injection amount so that the air-fuel ratio
of the exhaust gas flowing into the catalyst 6 is equal to
the stoichiometric air-fuel ratio, based on the signals out-
put from the linear air-fuel ratio sensor 12 and the oxygen
sensor 14. Hereinafter, this feedback control will be re-
ferred to as "air-fuel ratio feedback control".

[0022] The air-fuel ratio feedback control executed by
the ECU 10 includes a main feedback control and a sub
feedback control. In the main feedback control, the fuel
injection amount is corrected based on a difference be-
tween the output signal from the linear air-fuel ratio sen-
sor 12 and the reference value corresponding to stoichi-
ometric air-fuel ratio. In the sub feedback control, the fuel
injection amount is corrected based on a difference be-
tween the output signal from the oxygen sensor 14 and
areference value corresponding to the stoichiometric air-
fuel ratio. The air-fuel ratio feedback control using the
linear air-fuel ratio sensor 12 and the oxygen sensor 14
is a known method. Therefore, the detailed description
thereof will be omitted in this specification.

[0023] By executing the air-fuel ratio feedback control,
the air-fuel ratio of the exhaust gas is maintained at a
value near the stoichiometric air-fuel ratio. However, the
amount of oxygen that may be stored in the catalyst 6
and the amount of oxygen that may be released form the
catalyst 6 are decreased, and thus, the level of the oxy-
gen storage capacity of the catalyst 6 is decreased. As
aresult, when the air-fuel ratio fluctuates to some extent,
emissions are discharged from the catalyst 6. Accord-
ingly, the ECU 10 executes a control for forcibly reducing
the amplitude of the oscillation of the air-fuel ratio (here-
inafter, referred to as "amplitude reduction control") un-
der a predetermined condition when the air-fuel ratio
feedback control is being executed. Because the ampli-
tude reduction control forcibly reduces the amplitude of
the oscillation of the air-fuel ratio, it is possible to avoid
a situation where the air-fuel ratio is so rich that the
amount of oxygen that needs to be released from the
catalyst 6 exceeds the amount of oxygen that may be
released from the catalyst 6, or the air-fuel ratio is so lean
that the amount of oxygen that needs to be stored in the
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catalyst 6 exceeds the amount of oxygen that may be
stored in the catalyst 6.

[0024] Hereinafter, the amplitude reduction control ex-
ecuted by the ECU 10 in the embodiment will be de-
scribed. The amplitude reduction control is executed in
the routine of the air-fuel ratio control shown in a flowchart
in FIG. 3. In the routine shown in FIG. 3, in the first step,
i.e., in step S2, it is determined whether the air-fuel ratio
feedback control is being executed. When the air-fuel
ratio feedback control is not being executed, the routine
ends without executing the amplitude reduction control.
[0025] When the air-fuel ratio feedback control is being
executed, a determination process in step S4 is execut-
ed. In step S4, it is determined whether the amplitude of
the output signal from the oxygen sensor 14 is equal to
or below a predetermined reference value. When the air-
fuel ratio of the exhaust gas flowing into the catalyst 6
approaches the stoichiometric air-fuel ratio due to the air-
fuel ratio feedback control, and the amplitude of the os-
cillation of the air-fuel ratio remains small, the amount of
oxygen that may be released from the catalyst 6 and the
amount of oxygen that may be stored in the catalyst 6
are decreased. This decreases the change in the con-
centration of oxygen in the exhaust gas that has passed
through the catalyst 6, and accordingly decreases the
amplitude of the output signal from the oxygen sensor
14 disposed downstream of the catalyst 6. Thus, the level
of the oxygen storage capacity of the catalyst 6 is esti-
mated based on the amplitude of the output signal from
the oxygen sensor 14. That is, by comparing the ampli-
tude of the output signal from the oxygen sensor1 4 with
the reference value, it is accurately determined whether
the level of the oxygen storage capacity of the catalyst 6
is decreased.

[0026] When itis determined that the amplitude of the
output signal from the oxygen sensor 14 is equal to or
below the reference value in step S4, it is determined
that the level of the oxygen storage capacity of the cat-
alyst 6 is decreased. In this case, the amplitude reduction
control is executed in step S6. When the amplitude of
the output signal from the oxygen sensor 14 is larger than
thereference value, the determination processesin steps
S2 and S4 are repeatedly executed until the condition in
step S2 (i.e., the condition that the air-fuel ratio feedback
control is being executed) is not satisfied, or the condition
in step S4 (i.e., the condition that the amplitude of the
output signal from the oxygen sensor 14 is equal to or
below the reference value) is satisfied.

[0027] In the amplitude reduction control executed in
step S6, a gain used to correct the fuel injection amount
based on the difference between the output signal from
the linear air-fuel ratio sensor 12 and the reference value
corresponding to the stoichiometric air-fuel ratio in the
main feedback (hereinafter, this gain will be referred to
as "main feedback correction gain") is reduced. The main
feedback correction gain is a fixed value. In the amplitude
reduction control, the main feedback correction gain is
multiplied by a correction coefficient that is smaller than
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1. By reducing the main feedback correction gain, it is
possible to efficiently reduce the amplitude of the oscil-
lation of the air-fuel ratio of the exhaust gas flowing into
the catalyst 6.

[0028] In step S8, itis determined whether the air-fuel
ratio feedback control is still being executed. When the
air-fuel ratio feedback control is interrupted, the process-
esinsteps S10,S12, and S14 are skipped, and a process
in step S16 is executed. In step S16, the amplitude re-
duction control on the air-fuel ratio is stopped, and the
main feedback correction gain, which is reduced in step
S6, is returned to a normal value.

[0029] When the air-fuel ratio feedback control is still
being executed, the process in step S16 is executed on
the condition that fuel supply is cut off. By cutting off the
fuel supply, the exhaust gas that contains a large amount
of oxygen, i.e., the exhaust gas at a lean air-fuel ratio
flows into the catalyst 6, and thus the level of the oxygen
storage capacity of the catalyst 6 is recovered. After the
level of the oxygen storage capacity of the catalyst 6 is
recovered, the oxygen may be stored in, and released
from the catalyst 6 even when the air-fuel ratio fluctuates
to some extent. Accordingly, in this case, the amplitude
reduction control is stopped, and therefore the main feed-
back correction gain is returned to the normal value to
use the oxygen storage capacity of the catalyst 6 to the
fullest extent. In step S14, it is determined whether the
fuel supply is cut off. More specifically, in step S14, the
fuel supply continues to be cut off during a prescribed
period. The prescribed period is a sufficient time period
during which the level of the oxygen storage capacity of
the catalyst 6 is recovered by the inflow of the exhaust
gas at a lean air-fuel ratio.

[0030] When the air-fuel ratio feedback control is still
being executed, a determination process in step S10 is
executed before a determination process in step S14 is
executed. In step S10, an elapsed time after the main
feedback correction gain is reduced by the amplitude re-
duction control is measured. Then, it is determined
whether a predetermined time has elapsed after the main
feedback correction gain is reduced.

[0031] Whenthe predetermined time has elapsed after
the main feedback correction gain is reduced, a process
in step S12 is executed. In step S12, the frequency of
execution of a fuel supply cutoff control, and a period
during which the fuel supply cutoff control is executed
are increased by relaxing a condition for executing the
fuel supply cutoff control, and tightening a condition for
ending the fuel supply cutoff control (i.e., a condition for
restarting the fuel supply). By increasing the frequency
of execution of the fuel supply cutoff control, and the pe-
riod during which the fuel supply cutoff control is execut-
ed, the condition in step S14 (i.e., the condition that the
fuel supply is cut off) is quickly satisfied, and accordingly,
the air-fuel ratio feedback control is quickly returned to
the normal air-fuel ratio feedback control to use the ox-
ygen storage capacity of the catalyst 6 to the fullest ex-
tent. When the predetermined time has not elapsed after
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the main feedback correction gain is reduced, the proc-
ess in step S12 is skipped, and a determination process
in step S14 is executed.

[0032] In the embodiment, the air-fuel ratio control is
executed according to the above-described routine,
along with the air-fuel ratio feedback control. In the air-
fuel ratio control according to the above-described rou-
tine, when the level of the oxygen storage capacity of the
catalyst 6 is decreased, it is possible to forcibly reduce
the amplitude of the oscillation of the air-fuel ratio that
oscillates around the stoichiometric air-fuel ratio. Thus,
it is possible to avoid the situation where the air-fuel ratio
is so rich that the amount of oxygen that needs to be
released from the catalyst 6 exceeds the amount of ox-
ygen that may be released from the catalyst 6, or the air-
fuel ratio is so lean that the amount of oxygen that needs
to be stored in the catalyst 6 exceeds the amount of ox-
ygen that may be stored in the catalyst 6. Accordingly,
the discharge of emissions from the catalyst 6 is sup-
pressed when the air-fuel ratio feedback control is exe-
cuted.

[0033] Inthe embodiment, when the ECU 10 executes
the air-fuel ratio feedback control, "the fuel injection
amount control means" according to the invention is im-
plemented. When the ECU 10 executes the process in
step S4 in the routine shown in FIG. 3, "the oxygen stor-
age capacity estimation means" according to the inven-
tion is implemented. When the ECU 10 executes the
process in step S6, "the amplitude reduction means" ac-
cording to the invention is implemented.

[0034] Inthe embodiment, when the ECU 10 executes
the processes in steps S14 and S16, "the amplitude re-
duction stop means" according to the invention is imple-
mented. When the ECU 10 executes the processes in
steps S10 and S12, "the execution frequency increase
means" according to the invention is implemented.
[0035] Although the embodiment of the invention has
been described, the invention is not limited to the em-
bodiment. Various modifications may be made within the
scope of the invention. For example, the following mod-
ifications may be made.

[0036] Inthe amplitude reduction control on the air-fuel
ratio, a gain used to correct the fuel injection amount
based on the difference between the output signal from
the oxygen sensor 14 and the reference value corre-
sponding to the stoichiometric air-fuel ratio in the sub
feedback control (hereinafter, this gain will be referred to
as "sub feedback correction gain") may be reduced. In
this manner as well, "the amplitude reduction means"
according to the invention may be implemented. Alter-
natively, both of the main feedback correction gain and
the sub feedback correction gain may be reduced.
[0037] In the amplitude reduction control, a limit may
be imposed on a correction amount by which the fuel
injection amount is corrected based on the difference be-
tween the output signal from the linear air-fuel ratio sen-
sor 12 and the reference value corresponding to the sto-
ichiometric air-fuel ratio in the main feedback control. Al-
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ternatively, a limit may be imposed on a correction
amount by which the fuel injection amount is corrected
based on the difference between the output signal from
the oxygen sensor 14 and the reference value corre-
sponding to the stoichiometric air-fuel ratio in the sub
feedback control.

[0038] When the fuel injection amount is increased,
the air-fuel ratio of the exhaust gas flowing into the cat-
alyst 6 is made rich. The release of the oxygen from the
catalyst 6 is promoted by the inflow of the exhaust gas
at a rich air-fuel ratio. Thus, the level of the oxygen stor-
age capacity of the catalyst 6 is expected to be recovered.
Accordingly, the amplitude reduction control may be
stopped on the condition that the fuel supply is cut off, or
the fuel injection amount is increased during acceleration
or the like. That is, when the predetermined time has
elapsed after the amplitude reduction control on the air-
fuel ratio is started, at least one of the frequency of exe-
cution of the fuel supply cutoff control and the frequency
of execution of the fuel injection amount increase control
may be increased.

[0039] It may be determined whether at least one of
the frequency of execution of the fuel supply cutoff control
and the frequency of execution of the fuel injection
amount increase control needs to be increased, based
on an accumulated value obtained by accumulating val-
ues of the amount of air taken into the internal combustion
engine (hereinafter, referred to as "intake air amount")
after the amplitude reduction control on the air-fuel ratio
is started. More specifically, when the accumulated value
of the intake air amount exceeds a predetermined value,
at least one of the frequency of execution of the fuel sup-
ply cutoff control and the frequency of execution of the
fuel injection amount increase control may be increased.
In this manner as well, "the execution frequency increase
means" according to the invention may be implemented.
[0040] The level of the oxygen storage capacity of the
catalyst 6 may be estimated based on the output signal
from the linear air-fuel ratio sensor 12. The output signal
from the linear air-fuel ratio sensor 12 indicates the air-
fuel ratio of the exhaust gas flowing into the catalyst 6.
Accordingly, when the amplitude of the output signal from
the linear air-fuel ratio sensor 12 remains small, only a
small amount of oxygen is repeatedly stored in, and re-
leased from the catalyst 6. Therefore, it is estimated that
the level of the oxygen storage capacity of the catalyst 6
is decreased. In this case, when the amplitude of the
output signal from the linear air-fuel ratio sensor 12 re-
mains smaller than a predetermined value for a period
longer than a prescribed period, it may be estimated that
the level of the oxygen storage capacity of the catalyst 6
is decreased, and the amplitude of the oscillation of the
air-fuel ratio may be reduced. In this manner as well, "the
oxygen storage capacity estimation means" according to
the invention may be implemented.

[0041] The sensor disposed upstream of the catalyst
6 is not limited to the linear air-fuel ratio sensor. Any air-
fuel ratio sensor that outputs a signal according to the
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air-fuel ratio of the exhaust gas flowing into the catalyst
may be employed. For example, the same oxygen sensor
as that disposed downstream of the catalyst 6 in the em-
bodiment may be disposed upstream of the catalyst 6 as
an air-fuel ratio sensor.

[0042] The invention may be applied to an internal
combustion engine system in which the air-fuel ratio sen-
sor is provided upstream of the catalyst 6, but the oxygen
sensor is not provided downstream of the catalyst 6, that
is, an internal combustion engine system where the air-
fuel ratio feedback control is executed by using only the
main feedback control. In this case, the level of the oxy-
gen storage capacity of the catalyst 6 may be estimated
based on the output signal from the air-fuel ratio sensor
disposed upstream of the catalyst 6 as described above.
[0043] Whiletheinvention has beendescribed with ref-
erence to example embodiments thereof, it is to be un-
derstood that the invention is not limited to the described
embodiments or constructions. To the contrary, the in-
vention is intended to cover various modifications and
equivalent arrangements. In addition, while the various
elements of the example embodiments are shown in var-
ious combinations and configurations, other combina-
tions and configurations, including more, less or only a
single element, are also within the scope of the invention
according to the claims.

Claims

1. An air-fuel ratio control apparatus for an internal
combustion engine (2) that includes a catalyst (6),
disposed in an exhaust passage, which has oxygen
storage capacity, characterized by comprising:

fuel injection amount control means for control-
ling an amount of fuel injected to the internal
combustion engine (2) so that an air-fuel ratio
of exhaust gas flowing into the catalyst (6) os-
cillates around a stoichiometric air-fuel ratio;
oxygen storage capacity estimation means (10)
estimating a level of the oxygen storage capacity
of the catalyst (6),

amplitude reduction means for reducing an am-
plitude of the air-fuel ratio of the exhaust gas
which oscillates around the stoichiometric air-
fuel ratio when it is estimated that the level of
the oxygen storage capacity of the catalyst (6)
is lower than a predetermined reference capac-
ity,

an air-fuel ratio sensor (12) that outputs a signal
according to the air-fuel ratio of the exhaust gas
flowing into the catalyst (6),

wherein the oxygen storage capacity estimation
means (10) estimates that the level of the oxy-
gen storage capacity of the catalyst (6) is lower
than the predetermined reference capacity
when the amplitude of the signal output from the
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air-fuel ratio sensor (12) remains smaller than a
predetermined value more than a prescribed pe-
riod.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 1, further
comprising

an oxygen sensor (14) that outputs a signal accord-
ing to a concentration of oxygen in the exhaust gas
that has passed through the catalyst (6),

wherein the oxygen storage capacity estimation
means (10) estimates that the level of the oxygen
storage capacity is lower than the predetermined ref-
erence capacity when the amplitude of the signal
output from the oxygen sensor (14) is smaller than
a predetermined value.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 1 or 2, fur-
ther comprising

an air-fuel ratio sensor (12) that outputs a signal ac-
cording to the air-fuel ratio of the exhaust gas flowing
into the catalyst (6),

wherein the fuel injection amount control means (10)
controls the amount of fuel injected to the internal
combustion engine (2) by executing a feedback con-
trol on the air-fuel ratio based on a difference be-
tween the signal output from the air-fuel ratio sensor
(12) and a reference value corresponding to the sto-
ichiometric air-fuel ratio, and

wherein the amplitude reduction means (10) reduces
the amplitude of the air-fuel ratio of the exhaust gas
which oscillates around the stoichiometric air-fuel ra-
tio on the feedback control by reducing a gain used
to correct the amount of fuel injected to the internal
combustion engine (2) based on the difference be-
tween the signal output from the air-fuel ratio sensor
(12) and the reference value corresponding to the
stoichiometric air-fuel ratio.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 1 or 2, fur-
ther comprising

an air-fuel ratio sensor (12) that outputs a signal ac-
cording to the air-fuel ratio of the exhaust gas flowing
into the catalyst (6),

wherein the fuel injection amount control means (10)
controls the amount of fuel injected to the internal
combustion engine (2) by executing a feedback con-
trol on the air-fuel ratio based on a difference be-
tween the signal output from the air-fuel ratio sensor
(12) and a reference value corresponding to the sto-
ichiometric air-fuel ratio, and

wherein the amplitude reduction means (10) reduces
the amplitude of the air-fuel ratio of the exhaust gas
which oscillates around the stoichiometric air-fuel ra-
tio on the feedback control by limiting a correction
amount based on the difference between the signal
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output from the air-fuel ratio sensor (12) and the ref-
erence value corresponding to the stoichiometric air-
fuel ratio.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 1 or 2, fur-
ther comprising:

an air-fuel ratio sensor (12) that outputs a signal
according to the air-fuel ratio of the exhaust gas
flowing into the catalyst (6); and

an oxygen sensor (14) that outputs a signal ac-
cording to a concentration of oxygen in the ex-
haust gas that has passed through the catalyst
(6),

wherein the fuel injection amount control means
(10) controls the amount of fuel injected to the
internal combustion engine (2) by executing a
feedback control on the air-fuel ratio based on
a difference between the signal output from the
air-fuel ratio sensor (12) and a reference value
corresponding to the stoichiometric air-fuel ratio
while the fuel injection amount control means
(10) corrects the amount of fuel injected to the
internal combustion engine (2) based on a dif-
ference between the output signal from the ox-
ygen sensor (12) and the reference value cor-
responding to the stoichiometric air-fuel ratio,
and

wherein the amplitude reduction means (10) re-
duces the amplitude of the oscillation of the air-
fuel ratio of the exhaust gas which oscillates
around the stoichiometric air-fuel ratio by reduc-
ing a gain used to correct the amount of fuel
injected to the internal combustion engine (2)
based on the difference between the signal out-
put from the oxygen sensor (12) and the refer-
ence value corresponding to the stoichiometric
air-fuel ratio.

6. The air-fuel ratio control apparatus for the internal

combustion engine (2) according to claim 1 or 2, fur-
ther comprising:

an air-fuel ratio sensor (12) that outputs a signal
according to the air-fuel ratio of the exhaust gas
flowing into the catalyst (6); and

an oxygen sensor (12) that outputs a signal ac-
cording to a concentration of oxygen in the ex-
haust gas that has passed through the catalyst
(6).

wherein the fuel injection amount control means
(10) controls the amount of fuel injected to the
internal combustion engine (2) by executing a
feedback control on the air-fuel ratio based on
a difference between the signal output from the
air-fuel ratio sensor (12) and a reference value
corresponding to the stoichiometric air-fuel ratio

10

15

20

25

30

35

40

45

50

55

while the fuel injection amount control means
(10) corrects the amount of fuel injected to the
internal combustion engine (2) based on a dif-
ference between the output signal from the ox-
ygen sensor (12) and the reference value cor-
responding to the stoichiometric air-fuel ratio,
and

wherein the amplitude reduction means (10) re-
duces the amplitude of the oscillation of the air-
fuel ratio of the exhaust gas which oscillates
around the stoichiometric air-fuel ratio by limiting
a correction amount based on the difference be-
tween the signal output from the oxygen sensor
(12) and the reference value corresponding to
the stoichiometric air-fuel ratio.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to any one of
claims 1 to 6, further comprising

amplitude reduction stop means (10) for stopping
reducing the amplitude of the air-fuel ratio of the ex-
haust gas which oscillates around the stoichiometric
air-fuel ratio when one of fuel supply cutoff control
and fuel injection amount increase control is execut-
ed.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 7, further
comprising

execution frequency increase means (10) for in-
creasing at least one of an execution frequency of
the fuel supply cutoff control and an execution fre-
quency of the fuel injection amount increase control
when the amplitude of the air-fuel ratio of the exhaust
gas which oscillates around the stoichiometric air-
fuel ratio remains reduced more than a prescribed
period.

The air-fuel ratio control apparatus for the internal
combustion engine (2) according to claim 7, further
comprising

execution frequency increase means (10) for in-
creasing at least one of an execution frequency of
the fuel supply cutoff control and an execution fre-
quency of the fuel injection amount increase control
when an accumulated amount of air taken into the
internal combustion engine (2) exceeds a prescribed
amount after the amplitude of the air-fuel ratio of the
exhaustgas which oscillates around the stoichiomet-
ric air-fuel ratio is reduced.

Patentanspriiche

1.

Luftkraftstoffverhaltnissteuergerat fir eine Brenn-
kraftmaschine (2), die einen Katalysator (6), der in
einem Abgasdurchgang angeordnet ist, aufweist,
welcher eine Sauerstoffspeicherkapazitat aufweist,
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gekennzeichnet durch:

eine Kraftstoffeinspritzmengensteuereinrich-
tung zum Steuern einer Menge von Kraftstoff,
die in die Brennkraftmaschine (2) eingespritzt
ist, so dass ein Luftkraftstoffverhaltnis des Ab-
gases, das in den Katalysator (6) strémt, um ein
stdchiometrisches Luftkraftstoffverhéltnis her-
um oszilliert;

eine Sauerstoffspeicherkapazitatschatzeinrich-
tung (10), die ein Niveau der Sauerstoffspei-
cherkapazitat des Katalysators schatzt,

eine Amplitudenverringerungseinrichtung zum
Verringern einer Amplitude des Luftkraftstoff-
verhaltnisses des Abgases, das um das stdchio-
metrische Luftkraftstoffverhaltnis herum oszil-
liert, wenn bestimmt ist, dass das Niveau der
Sauerstoffspeicherkapazitdt des Katalysators
(6) niedriger als eine vorbestimmte Referenzka-
pazitat ist,

einen Luftkraftstoffverhéaltnissensor (12), der ein
Signal gemall dem Luftkraftstoffverhaltnis des
Abgases ausgibt, das in den Katalysator (6)
stromt,

wobei die Sauerstoffspeicherkapazitatschatz-
einrichtung (10) schatzt, dass das Niveau der
Sauerstoffspeicherkapazitdt des Katalysators
(6) niedriger als die vorbestimmte Referenzka-
pazitat ist, wenn die Amplitude des Signals, das
von dem Luftkraftstoffverhaltnissensor (12) aus-
gegeben ist, langer als eine vorgeschriebene
Zeitdauer niedriger als ein vorbestimmter Wert
bleibt.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
kraftmaschine (2) nach Anspruch 1, ferner mit
einem Sauerstoffsensor (14), der ein Signal geman
einer Konzentration von Sauerstoff in dem Abgas
ausgibt, das durch den Katalysator (6) getreten ist,
wobei die Sauerstoffspeicherkapazitdtschatzein-
richtung (10) schatzt, dass das Niveau der Sauer-
stoffspeicherkapazitat niedriger als die vorbestimm-
te Referenzkapazitat ist, wenn die Amplitude des Si-
gnals, das von dem Sauerstoffsensor (14) ausgege-
ben ist, niedriger als ein vorbestimmter Wert ist.

Luftkraftstoffverhaltnissteuergerat fur die Brenn-
kraftmaschine (2) nach Anspruch oder 2, ferner mit
einem Luftkraftstoffverhaltnissensor (12), der ein Si-
gnal gemaR dem Luftkraftstoffverhaltnis des Abga-
ses ausgibt, das in den Katalysator (6) stromt, wobei
die Kraftstoffeinspritzmengensteuereinrichtung (10)
die Menge von Kraftstoff steuert, die in die Brenn-
kraftmaschine (2) eingespritzt ist, durch ein Ausfiih-
ren einer Regelung auf das Luftkraftstoffverhaltnis
basierend auf einer Differenz zwischen dem Signal,
das von dem Luftkraftstoffverhaltnissensor (12) aus-
gegeben ist, und einem Referenzwert, der dem
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stdchiometrischen  Luftkraftstoffverhaltnis  ent-
spricht, und

wobei die Amplitudenverringerungseinrichtung (10)
die Amplitude des Luftkraftstoffverhaltnisses des
Abgases, die um das stéchiometrische Luftkraftstoff-
verhaltnis herum oszilliert, an der Regelung durch
ein Verringern einer Zunahme verringert, die ver-
wendet ist, um die Menge von Kraftstoff zu korrigie-
ren, die in die Brennkraftmaschine (2) eingespritzt
ist, basierend auf der Differenz zwischen dem Si-
gnal, das von dem Luftkraftstoffverhaltnissensor
(12) ausgegeben ist, und dem Referenzwert, der
dem stéchiometrischen Luftkraftstoffverhaltnis ent-
spricht.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
kraftmaschine (2) nach Anspruch 1 oder 2, ferner mit
einem Luftkraftstoffverhaltnissensor (12), der ein Si-
gnal gemaf dem Luftkraftstoffverhéltnis des Abga-
ses ausgibt, das in den Katalysator (6) stromt,
wobei die Kraftstoffeinspritzmengensteuereinrich-
tung (10) die Menge von Kraftstoff steuert, die in die
Brennkraftmaschine (2) eingespritzt ist, durch ein
Ausflihren einer Regelung auf das Luftkraftstoffver-
héltnis basierend auf einer Differenz zwischen dem
Signal, das von dem Luftkraftstoffverhaltnissensor
(12) ausgegeben ist, und einem Referenzwert, der
dem stéchiometrischen Luftkraftstoffverhaltnis ent-
spricht, und

wobei die Amplitudenverringerungseinrichtung (10)
die Amplitude des Luftkraftstoffverhaltnisses des
Abgases, die um das stéchiometrische Luftkraftstoff-
verhaltnis herum oszilliert, an der Regelung durch
ein Begrenzen eines Korrekturbetrags verringert,
basierend auf der Differenz zwischen dem Signal,
das von dem Luftkraftstoffverhaltnissensor (12) aus-
gegeben ist, und dem Referenzwert, der dem
stéchiometrischen  Luftkraftstoffverhaltnis  ent-
spricht.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
kraftmaschine (2) nach Anspruch 1 oder 2, ferner mit
einem Luftkraftstoffverhaltnissensor (12), der ein Si-
gnal gemaR dem Luftkraftstoffverhaltnis des Abga-
ses ausgibt, das in den Katalysator (6) strémt; und
einem Sauerstoffsensor (14), der ein Signal geman
einer Konzentration von Sauerstoff in dem Abgas
ausgibt, das durch den Katalysator (6) getreten ist,
wobei die Kraftstoffeinspritzmengensteuereinrich-
tung (10) die Menge von Kraftstoff, die in die Brenn-
kraftmaschine (2) eingespritzt ist, durch ein Ausfiih-
ren einer Regelung auf das Luftkraftstoffverhaltnis
steuert, basierend auf einer Differenz zwischen dem
Signal, das von dem Luftkraftstoffverhaltnissensor
(12) ausgegeben ist, und einem Referenzwert, der
dem stéchiometrischen Luftkraftstoffverhaltnis ent-
spricht, wahrend die Kraftstoffeinspritzmengensteu-
ereinrichtung (10) die Menge von Kraftstoff, die in
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die Brennkraftmaschine (2) eingespritzt ist, basie-
rend auf einer Differenz zwischen dem Ausgabesi-
gnal von dem Sauerstoffsensor (12) und dem Refe-
renzwert steuert, der dem stdchiometrischen Luft-
kraftstoffverhaltnis entspricht, und

wobei die Amplitudenverringerungseinrichtung (10)
die Amplitude der Oszillation des Luftkraftstoffver-
héaltnisses des Abgases, die um das stéchiometri-
sche Luftkraftstoffverhaltnis herum oszilliert, durch
ein Verringern einer Zunahme verringert, die ver-
wendet ist, um die Menge von Kraftstoff, die in die
Brennkraftmaschine (2) eingespritzt ist, basierend
auf der Differenz zwischen dem Signal, das von dem
Sauerstoffsensor (12) ausgegeben ist, und dem Re-
ferenzwert zu korrigieren, der dem stéchiometri-
schen Luftkraftstoffverhaltnis entspricht.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
kraftmaschine (2) nach Anspruch 1 oder 2, ferner
mit:

einem Luftkraftstoffverhaltnissensor (12), der
ein Signal gemal dem Luftkraftstoffverhaltnis
des Abgases ausgibt, das in den Katalysator (6)
strémt; und

einem Sauerstoffsensor (12), der ein Signal ge-
maR einer Konzentration von Sauerstoff in dem
Abgas ausgibt, das durch den Katalysator (6)
getreten ist,

wobei die Kraftstoffeinspritzmengensteuerein-
richtung (10) die Menge von Kraftstoff, die in die
Brennkraftmaschine (2) eingespritzt ist, durch
ein Ausfiihren einer Regelung auf das Luftkraft-
stoffverhaltnis basierend auf einer Differenz zwi-
schen dem Signal, das von dem Luftkraftstoff-
verhaltnissensor (12) ausgegeben ist, und ei-
nem Referenzwert steuert, der dem stéchiome-
trischen Luftkraftstoffverhaltnis entspricht, wah-
rend die Kraftstoffeinspritzmengensteuerein-
richtung (10) die Menge von Kraftstoff, die in die
Brennkraftmaschine (2) eingespritzt ist, basie-
rend auf einer Differenz zwischen dem Ausga-
besignal von dem Sauerstoffsensor (12) und
dem Referenzwert korrigiert, der dem stdéchio-
metrischen Luftkraftstoffverhaltnis entspricht,
und

wobei die Amplitudenverringerungseinrichtung
(10) die Amplitude der Oszillation des Luftkraft-
stoffverhéltnisses des Abgases, die um das
stdchiometrische Luftkraftstoffverhaltnis herum
oszilliert, durch ein Begrenzen eines Korrektur-
betrags basierend auf der Differenz zwischen
dem Signal, das von dem Sauerstoffsensor (12)
ausgegeben ist, und dem Referenzwert verrin-
gert, der dem stdchiometrischen Luftkraftstoff-
verhaltnis entspricht.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
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kraftmaschine (2) nach einem der Anspriiche 1 bis
6, ferner mit

einer  Amplitudenverringerungsstoppeinrichtung
(10) zum Stoppen eines Verringerns der Amplitude
des Luftkraftstoffverhaltnisses des Abgases, die um
das stéchiometrische Luftkraftstoffverhaltnis herum
oszilliert, wenn eine von der Kraftstoffzufihrabschal-
tungssteuerung und einer Kraftstoffeinspritzmen-
generh6hungssteuerung ausgefiihrt ist.

Luftkraftstoffverhaltnissteuergerat fir die Brenn-
kraftmaschine (2) nach Anspruch 7, ferner mit

einer Ausfliihrungsfrequenzerh8hungseinrichtung
(10) zum Erhéhen von wenigstens einer von einer
Ausfliihrungsfrequenz der Kraftstoffzuflihrungsab-
schaltungssteuerung und einer Ausfihrungsfre-
quenz der Kraftstoffeinspritzmengenerhéhungs-
steuerung, wenn die Amplitude des Luftkraftstoffver-
haltnisses des Abgases, die um das stochiometri-
sche Luftkraftstoffverhaltnis herum oszilliert, 1anger
als eine vorgeschriebene Zeitdauer verringert bleibt.

Luftkraftstoffverhaltnissteuergerat fur die Brenn-
kraftmaschine (2) nach Anspruch 7, ferner mit
einer Ausflhrungsfrequenzerhdhungseinrichtung
(10) zum Erhéhen von wenigstens einer von einer
Ausfuhrungsfrequenz der Kraftstoffzufihrungsab-
schaltungssteuerung und einer Ausfiihrungsfre-
quenz der Kraftstoffeinspritzmengenerhéhungs-
steuerung, wenn eine akkumulierte Menge von Luft,
die in die Brennkraftmaschine (2) aufgenommen ist,
eine vorgeschriebene Menge Ubersteigt, nachdem
die Amplitude des Luftkraftstoffverhaltnisses des
Abgases, die um das stochiometrische Luftkraftstoff-
verhaltnis herum oszilliert, verringert ist.

Revendications

Appareil de commande de rapport air-carburant pour
un moteur a combustion interne (2) qui comporte un
catalyseur (6), disposé dans un passage d’échap-
pement, qui présente une capacité de stockage
d’'oxygene, caractérisé par le fait de comprendre :

un moyen de commande de quantité d’injection
de carburant destiné a commander une quantité
de carburant injecté au moteur a combustion in-
terne (2) de sorte qu’un rapport air-carburant
des gaz d’échappement circulant dans le cata-
lyseur (6) oscille autour d’un rapport air-carbu-
rant stoechiométrique ;

un moyen (10) d’estimation de capacité de stoc-
kage d’oxygene estimant un niveau de la capa-
cité de stockage d’oxygéne du catalyseur (6),
un moyen de réduction d’amplitude destiné a
réduire une amplitude du rapport air-carburant
des gaz d’échappement qui oscille autour du
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rapport air-carburant stoechiométrique lors-
qu’on estime que le niveau de la capacité de
stockage d’oxygéne du catalyseur (6) est infé-
rieur a une capacité de référence prédétermi-
née,

un capteur (12) du rapport air-carburant qui dé-
livre en sortie un signal en fonction du rapport
air-carburant des gaz d’échappement circulant
dans le catalyseur (6),

ou le moyen (10) d’estimation de capacité de
stockage d’oxygéne estime que le niveau de la
capacité de stockage d’oxygéne du catalyseur
(6) est inférieur a la capacité de référence pré-
déterminée lorsque I'amplitude du signal délivré
en sortie a partir du capteur (12) du rapport air-
carburant reste inférieure a une valeur prédé-
terminée plus longtemps qu’une période pres-
crite.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 1, comprenant en outre

un capteur d’oxygéne (14) qui délivre en sortie un
signal en fonction d’'une concentration d’oxygéne
dans les gaz d’échappement qui sont passés a tra-
vers le catalyseur (6),

ou le moyen (10) d’estimation de capacité de stoc-
kage d’oxygéne estime que le niveau de la capacité
de stockage d’oxygéne est inférieur a la capacité de
référence prédéterminée lorsque I'amplitude du si-
gnal délivré en sortie a partir du capteur d’'oxygéne
(14) est inférieure a une valeur prédéterminée.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 1 ou 2, comprenant en outre

un capteur (12) du rapport air-carburant qui délivre
en sortie un signal en fonction du rapport air-carbu-
rant des gaz d’échappement circulant dans le cata-
lyseur (6),

ou le moyen (10) de commande de quantité d’injec-
tion de carburant commande la quantité de carburant
injecté au moteur a combustion interne (2) en exé-
cutant une commande de rétroaction sur le rapport
air-carburant sur la base d’une différence entre le
signal délivré en sortie a partir du capteur (12) du
rapport air-carburant et une valeur de référence cor-
respondant au rapport air-carburant stoechiomeétri-
que, et

ou le moyen (10) de réduction d’amplitude réduit
'amplitude du rapport air-carburant des gaz
d’échappement qui oscille autour du rapport air-car-
burant stoechiométrique sur la commande de ré-
troaction en réduisant un gain utilisé pour corriger la
quantité de carburant injecté au moteur a combus-
tion interne (2) sur la base de la différence entre le
signal délivré en sortie a partir du capteur (12) du
rapport air-carburant et la valeur de référence cor-

10

15

20

25

30

35

40

45

50

55

11

respondant au rapport air-carburant stoechiométri-
que.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 1 ou 2, comprenant en outre

un capteur (12) du rapport air-carburant qui délivre
en sortie un signal en fonction du rapport air-carbu-
rant des gaz d’échappement circulant dans le cata-
lyseur (6),

ou le moyen (10) de commande de quantité d’injec-
tion de carburantcommande la quantité de carburant
injecté au moteur a combustion interne (2) en exé-
cutant une commande de rétroaction sur le rapport
air-carburant sur la base d’une différence entre le
signal délivré en sortie a partir du capteur (12) du
rapport air-carburant et une valeur de référence cor-
respondant au rapport air-carburant stoechiométri-
que, et

ou le moyen (10) de réduction d’amplitude réduit
'amplitude du rapport air-carburant des gaz
d’échappement qui oscille autour du rapport air-car-
burant stoechiométrique sur la commande de ré-
troaction en limitant une grandeur de correction sur
la base de la différence entre le signal délivré en
sortie a partir du capteur (12) du rapport air-carbu-
rant et la valeur de référence correspondant au rap-
port air-carburant stoechiométrique.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 1 ou 2, comprenant en outre :

un capteur (12) du rapport air-carburant qui dé-
livre en sortie un signal en fonction du rapport
air-carburant des gaz d’échappement circulant
dans le catalyseur (6) ; et

un capteur d’oxygéne (14) qui délivre en sortie
un signal en fonction d’'une concentration d’oxy-
géne dans les gaz d’échappement qui sont pas-
sés a travers le catalyseur (6),

ou le moyen (10) de commande de quantité d’in-
jection de carburant commande la quantité de
carburant injecté au moteur a combustion inter-
ne (2) en exécutant une commande de rétroac-
tion surle rapportair-carburant sur la base d’'une
différence entre le signal délivré en sortie a partir
du capteur (12) du rapport air-carburant et une
valeur de référence correspondant au rapport
air-carburant stoechiométrique tandis que le
moyen (10) de commande de quantité d’injec-
tion de carburant corrige la quantité de carburant
injecté au moteur a combustion interne (2) sur
la base d’une différence entre le signal de sortie
du capteur d’oxygéne (12) et la valeur de réfé-
rence correspondant au rapport air-carburant
stoechiométrique, et

ou le moyen (10) de réduction d’amplitude réduit
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I'amplitude de l'oscillation du rapport air-carbu-
rant des gaz d’échappement qui oscille autour
durapport air-carburant stoechiométrique enré-
duisant un gain utilisé pour corriger la quantité
de carburant injecté au moteur a combustion in-
terne (2) sur la base de la différence entre le
signal délivré en sortie a partir du capteur d’oxy-
géne (12) et la valeur de référence correspon-
dant au rapport air-carburant stoechiométrique.

Appareil de commande de rapportair-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 1 ou 2, comprenant en outre

un capteur (12) du rapport air-carburant qui délivre
en sortie un signal en fonction du rapport air-carbu-
rant des gaz d’échappement circulant dans le cata-
lyseur (6) ; et

un capteur d’oxygéne (12) qui délivre en sortie un
signal en fonction d’'une concentration d’oxygéne
dans les gaz d’échappement qui sont passés a tra-
vers le catalyseur (6),

ou le moyen (10) de commande de quantité d’injec-
tionde carburantcommande la quantité de carburant
injecté au moteur a combustion interne (2) en exé-
cutant une commande de rétroaction sur le rapport
air-carburant sur la base d’une différence entre le
signal délivré en sortie a partir du capteur (12) du
rapport air-carburant et une valeur de référence cor-
respondant au rapport air-carburant stoechiométri-
que tandis que le moyen (10) de commande de quan-
tité d’injection de carburant corrige la quantité de car-
burant injecté au moteur a combustion interne (2)
sur la base d’'une différence entre le signal de sortie
du capteur d’oxygéne (12) et la valeur de référence
correspondant au rapport air-carburant stoechiomé-
trique, et

ou le moyen (10) de réduction d’amplitude réduit
'amplitude de l'oscillation du rapport air-carburant
des gaz d’échappement qui oscille autour du rapport
air-carburant stoechiométrique en limitant une gran-
deur de correction sur la base de la différence entre
le signal délivré en sortie a partir du capteur d’oxy-
gene (12) et la valeur de référence correspondant
au rapport air-carburant stoechiométrique.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon 'une quel-
conque des revendications 1 a 6, comprenant en
outre

un moyen (10) d’arrét de réduction d’'amplitude des-
tiné a arréter la réduction de I'amplitude du rapport
air-carburant des gaz d’échappement qui oscille
autour du rapport air-carburant stoechiométrique
lorsque I'une d’'une commande de coupure d’alimen-
tation en carburant et d’'une commande d’augmen-
tation de quantité d’injection de carburant est exé-
cutée.
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8.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 7, comprenant en outre

un moyen (10) d’augmentation de fréquence d’exé-
cution destiné a augmenter au moins I'une d’une fré-
quence d’exécution de la commande de coupure
d’alimentation en carburant et d'une fréquence
d’exécution de la commande d’augmentation de
quantité d’injection de carburant lorsque I'amplitude
du rapport air-carburant des gaz d’échappement qui
oscille autour du rapport air-carburant reste réduite
plus longtemps qu’une période prescrite.

Appareil de commande de rapport air-carburant pour
le moteur a combustion interne (2) selon la revendi-
cation 7, comprenant en outre

un moyen (10) d’augmentation de fréquence d’exé-
cution destiné a augmenter au moins I'une d’une fré-
quence d’exécution de la commande de coupure
d’alimentation en carburant et d’'une fréquence
d’exécution de la commande d’augmentation de
quantité d’injection de carburant lorsqu’une quantité
accumulée d’air introduit dans le moteur a combus-
tion interne (2) dépasse une quantité prescrite apres
la réduction de 'amplitude du rapport air-carburant
des gaz d’échappement qui oscille autour du rapport
air-carburant stoechiométrique.
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