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(57) Abstract: The internal combustion engine comprises an exhaust purific-
ation catalyst and a downstream side air-fuel ratio sensor which is arranged
at a downstream side of the exhaust purification catalyst. The control system
performs feedback control so that the air-fuel ratio of the exhaust gas flow-
ing into the exhaust purification catalyst becomes a target air-fuel ratio and
performs learning control which corrects the control center air-fuel ratio
based on the output air-fuel ratio of the downstream side air-fuel ratio
sensor. The target air-fuel ratio is switched between the lean air-fuel ratio
and the rich air-fuel ratio. In the learning control, when the target air-fuel ra-
tio is set to the rich air-fuel ratio and the output air-fuel ratio of the down-
stream side air-fuel ratio sensor is maintained in an air-fuel ratio region in
proximity to the stoichiometric air-fuel ratio for the stoichiometric air-fuel
ratio judgment time or more, stoichiometric air-fuel ratio stuck learning is
performed which corrects a control center air-fuel ratio so that the air-tuel
ratio of the exhaust gas changes to the rich side.
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Description
Title of Invention: CONTROL SYSTEM OF INTERNAL

COMBUSTION ENGINE
Technical Field

The present invention relates to a control system of an internal combustion engine.
Background Art

In the past, a control system of an internal combustion engine which is provided with
an air-fuel ratio sensor in an exhaust passage of an internal combustion engine and
controls the amount of fuel which is fed to the internal combustion engine based on an
output of the air-fuel ratio sensor, has been widely known. As such a control system,
one which is provided with an air-fuel ratio sensor at an upstream side of an exhaust
purification catalyst which is provided in an engine exhaust passage and with an
oxygen sensor at a downstream side, has been proposed (for example, PTL 1).

In particular, in the control system described in PTL 1, the air-fuel ratio of the
exhaust gas flowing into the exhaust purification catalyst is controlled so that the
oxygen storage amount of the exhaust purification catalyst becomes a certain target
value. Specifically, when the oxygen storage amount of the exhaust purification
catalyst is larger than a target value, feedback control is performed so that the output
air-fuel ratio of the upstream side air-fuel ratio sensor becomes an air-fuel ratio which
is richer than the stoichiometric air-fuel ratio (below, referred to as "rich air-fuel
ratio"). Conversely, when the oxygen storage amount of the exhaust purification
catalyst is smaller than the target value, feedback control is performed so that the
output air-fuel ratio of the upstream side air-fuel ratio sensor becomes an air-fuel ratio
which is leaner than the stoichiometric air-fuel ratio (below, referred to as "lean air-
fuel ratio").

In addition, in the control system described in PTL 1, when the output of the
downstream side oxygen sensor indicates a rich air-fuel ratio or lean air-fuel ratio for a
given time period, the output of the upstream side air-fuel ratio sensor is corrected. Ac-
cordingly, it is considered that even if there is error in the output of the upstream side
air-fuel ratio sensor, the oxygen storage amount of the exhaust purification catalyst can

be made to match with the target value.

Citation List

Patent Literature

PTL 1: Japanese Patent Publication No. 2003-41990A
Summary of Invention
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Technical Problem

In the meantime, according to the inventors of the present application, a control
system which performs control different from the control system described in the
above PTL 1, is proposed. In this control system, when the air-fuel ratio detected by
the downstream side air-fuel ratio sensor becomes a rich judged air-fuel ratio (air-fuel
ratio which is slightly richer than the stoichiometric air-fuel ratio) or less, the target air-
fuel ratio is set to an air-fuel ratio which is leaner than the stoichiometric air-fuel ratio
(below, referred to as "lean air-fuel ratio"). In addition, the target air-fuel ratio is
changed smaller in lean degree one time while being set to the lean air-fuel ratio. On
the other hand, when the air-fuel ratio which is detected by the downstream side air-
fuel ratio sensor is the lean judged air-fuel ratio (air-fuel ratio which is slightly leaner
than the stoichiometric air-fuel ratio) or more, the target air-fuel ratio is set to an air-
fuel ratio which is richer than the stoichiometric air-fuel ratio (below, referred to as
"rich air-fuel ratio"). In addition, the target air-fuel ratio is changed smaller in rich
degree one time while being set to the rich air-fuel ratio. That is, in this control system,
the target air-fuel ratio is alternately switched between the rich air-fuel ratio and the
lean air-fuel ratio.

When performing control which alternately switches the target air-fuel ratio between
the rich air-fuel ratio and the lean air-fuel ratio in this way, a technique similar to the
technique described in PTL 1 cannot be used to correct the output of the upstream side
air-fuel ratio sensor, etc.

Therefore, in consideration of the above problem, an object of the present invention
is to provide a control system of an internal combustion engine, which performs
control of the target air-fuel ratio as explained above wherein even if deviation occurs
in the output value of the upstream side air-fuel ratio sensor, etc., that deviation can be
suitably compensated for.

Solution to Problem

To solve this problem, in a first aspect of the invention, there is provided a control
system of internal combustion engine, which engine comprises: an exhaust purification
catalyst which is arranged in an exhaust passage of an internal combustion engine and
which can store oxygen; and a downstream side air-fuel ratio sensor which is arranged
at a downstream side, in the direction of exhaust flow, of the exhaust purification
catalyst and which detects the air-fuel ratio of the exhaust gas flowing out from the
exhaust purification catalyst, the control system of an internal combustion engine
performs feedback control of the feed amount of fuel which is fed to a combustion
chamber of the internal combustion engine so that an air-fuel ratio of exhaust gas

flowing into the exhaust purification catalyst becomes a target air-fuel ratio, and
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performs learning control which corrects a parameter relating to the feedback control
based on the output air-fuel ratio of the downstream side air-fuel ratio sensor, wherein
the target air-fuel ratio is switched from a rich air-fuel ratio which is richer than the
stoichiometric air-fuel ratio to a lean air-fuel ratio which is leaner than the stoi-
chiometric air-fuel ratio, when the output air-fuel ratio of the downstream side air-fuel
ratio sensor becomes a rich judged air-fuel ratio, which is richer than the stoichiometric
air-fuel ratio, or less, and is switched from the lean air-fuel ratio to the rich air-fuel
ratio, when the output air-fuel ratio of the downstream side air-fuel ratio sensor is a
lean judged air-fuel ratio, which is leaner than the stoichiometric air-fuel ratio, or
more, and in the learning control, when the target air-fuel ratio is set to one of the rich
air-fuel ratio and the lean air-fuel ratio and the output air-fuel ratio of the downstream
side air-fuel ratio sensor is maintained in an air-fuel ratio region in proximity to the
stoichiometric air-fuel ratio between the rich judged air-fuel ratio and the lean judged
air-fuel ratio, for the stoichiometric air-fuel ratio judgment time or more, or in a time
period until the cumulative oxygen excess/deficiency becomes a predetermined value
or more, stoichiometric air-fuel ratio stuck learning is performed which corrects a
parameter relating to the feedback control so that the air-fuel ratio of the exhaust gas
flowing into the exhaust purification catalyst changes to the one side in the feedback
control.

In a second aspect of the invention, there is provided the first aspect of the invention,
wherein the target air-fuel ratio is switched from the rich air-fuel ratio to a lean set air-
fuel ratio which is leaner than the stoichiometric air-fuel ratio, when the output air-fuel
ratio of the downstream side air-fuel ratio sensor becomes the rich judged air-fuel ratio
or less, the target air-fuel ratio is set to a lean air-fuel ratio which is smaller in lean
degree than the lean set air-fuel ratio, from the lean degree changing timing after the
target air-fuel ratio is set to the lean set air-fuel ratio and before the output air-fuel ratio
of the downstream side air-fuel ratio sensor becomes the lean judged air-fuel ratio or
more, to when the output air-fuel ratio of the downstream side air-fuel ratio sensor
becomes the lean judged air-fuel ratio or more, the target air-fuel ratio is switched from
the lean air-fuel ratio to a rich set air-fuel ratio which is richer than the stoichiometric
air-fuel ratio, when the output air-fuel ratio of the downstream side air-fuel ratio sensor
becomes the lean judged air-fuel ratio or more, and the target air-fuel ratio is set to a
rich air-fuel ratio which is smaller in rich degree than the rich set air-fuel ratio, from
the rich degree changing timing after the target air-fuel ratio is set to the rich set air-
fuel ratio and before the output air-fuel ratio of the downstream side air-fuel ratio
sensor becomes the rich judged air-fuel ratio or less, to when the output air-fuel ratio of
the downstream side air-fuel ratio sensor becomes the rich judged air-fuel ratio or less.

In a third aspect of the invention, there is provided the first or second aspect of the
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invention, wherein the stoichiometric air-fuel ratio judgment time is not less than the
time until the absolute value of the oxygen excess/deficiency which is cumulatively
added from when the target air-fuel ratio is switched to an air-fuel ratio which is
deviated from the stoichiometric air-fuel ratio to said one side, reaches a maximum
storable oxygen amount of the exhaust purification catalyst which is unused.

In a fourth aspect of the invention, there is provided any one of the first to third
aspects of the invention, wherein in the learning control, when the target air-fuel ratio
is set to a rich air-fuel ratio, if the output air-fuel ratio of the downstream side air-fuel
ratio sensor is maintained at an air-fuel ratio which is leaner than the lean judged air-
fuel ratio for the rich/lean air-fuel ratio judgment time or more, lean stuck learning is
performed which corrects a parameter relating to the feedback control so that the air-
fuel ratio of the exhaust gas flowing into the exhaust purification catalyst changes to
the rich side.

In a fifth aspect of the invention, there is provided the fourth aspect of the invention,
wherein a correction amount in the lean stuck learning is larger than a correction
amount in the stoichiometric air-fuel ratio stuck learning.

In a sixth aspect of the invention, there is provided any one of the first to fifth aspects
of the invention, wherein in the learning control, when the target air-fuel ratio is set to
a lean air-fuel ratio, if the output air-fuel ratio of the downstream side air-fuel ratio
sensor is maintained at an air-fuel ratio which is richer than the rich judged air-fuel
ratio for the rich/lean air-fuel ratio judgment time or more, rich stuck learning is
performed which corrects a parameter relating to the feedback control so that the air-
fuel ratio of the exhaust gas flowing into the exhaust purification catalyst changes to
the lean side.

In a seventh aspect of the invention, there is provided the sixth aspect of the
invention, wherein a correction amount in the rich stuck learning is larger than a
correction amount in the stoichiometric air-fuel ratio stuck learning.

In a eighth aspect of the invention, there is provided any one of the fourth to seventh
aspects of the invention, wherein the rich/lean air-fuel ratio judgment time is shorter
than the stoichiometric air-fuel ratio judgment time.

In a ninth aspect of the invention, there is provided any one of the fourth to eight
aspects of the invention, wherein the rich/lean air-fuel ratio judgment time is changed
in accordance with an amount of flow of exhaust gas which is cumulatively added
from when the target air-fuel ratio is switched between the rich air-fuel ratio and the
lean air-fuel ratio.

In a tenth aspect of the invention, there is provided any one of the fourth or ninth
aspect of the invention, wherein the rich/lean air-fuel ratio judgment time is not less

than a response delay time of the downstream side air-fuel ratio sensor which is taken
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from when switching the target air-fuel ratio to when the output air-fuel ratio of the

downstream side air-fuel ratio sensor changes according to the switch.
In a 11th aspect of the invention, there is provided any one of the first to tenth

aspects of the invention, wherein in the learning control, a normal learning control is
performed in which a parameter relating to feedback control is corrected, based on a
first oxygen amount cumulative value which is an absolute value of cumulative oxygen
excess/deficiency in a first time period from when switching the target air-fuel ratio to
the lean air-fuel ratio to when the output air-fuel ratio of the downstream side air-fuel
ratio sensor becomes the lean judged air-fuel ratio or more, and a second oxygen
amount cumulative value which is an absolute value of cumulative oxygen excess/
deficiency in a second time period from when switching the target air-fuel ratio to the
rich air-fuel ratio to when the output air-fuel ratio of the downstream side air-fuel ratio
sensor becomes the rich judged air-fuel ratio or less, so that the difference between
these first oxygen amount cumulative value and second oxygen amount cumulative
value becomes smaller.

In a 12th aspect of the invention, there is provided any one of the first to 11th aspects
of the invention, wherein the parameter relating to feedback control is either of the
target air-fuel ratio, fuel feed amount, and air-fuel ratio serving the center of control.

In a 13th aspect of the invention, there is provided any one of the first to 11th aspects
of the invention, wherein the engine further comprises an upstream side air-fuel ratio
sensor which is arranged at an upstream side, in the direction of exhaust flow, of the
exhaust purification catalyst and which detects the air-fuel ratio of exhaust gas flowing
into the exhaust purification catalyst, wherein the amount of feed of fuel which is fed
to the combustion chamber of the internal combustion engine is feedback controlled so
that the output air-fuel ratio of the upstream side air-fuel ratio sensor becomes a target
air-fuel ratio, and the parameter relating to the feedback control is the output value of

the upstream side air-fuel ratio sensor.

Advantageous Effects of Invention

According to the present invention, there is provided a control system of an internal
combustion engine wherein even if deviation occurs in the output value of the
upstream side air-fuel ratio sensor, etc., that deviation can be suitably compensated for.
Brief Description of Drawings
[fig. 1]FIG. 1 is a view which schematically shows an internal combustion engine in
which a control device of the present invention is used.
[fig.2A]FIG. 2A is a view which shows the relationship between the oxygen storage
amount of the exhaust purification catalyst and concentration of NOy in the exhaust

gas which flows out from the exhaust purification catalyst.
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[fig.2B]FIG. 2B is a view which shows the relationship between the oxygen storage
amount of the exhaust purification catalyst and concentration of HC or CO in the
exhaust gas which flows out from the exhaust purification catalyst.
[fig.3]FIG. 3 is a view which shows the relationship between the voltage supplied to
the sensor and output current at different exhaust air-fuel ratios.
[fig.4]FIG. 4 is a view which shows the relationship between the exhaust air-fuel ratio
and output current when making the voltage supplied to the sensor constant.
[fig.5]FIG. 5 is a time chart of air-fuel ratio adjustment amount, etc., when performing
basic air-fuel ratio control by the control system of an internal combustion engine
according to the present embodiment.
[fig.6]FIG. 6 is a time chart of air-fuel ratio adjustment amount, etc., when a deviation
occurs in the output air-fuel ratio of the upstream side air-fuel ratio sensor.
[fig.7]FIG. 7 is a time chart of air-fuel ratio adjustment amount, etc., when performing
normal learning control.
[fig.8]FIG. 8 is a time chart of air-fuel ratio adjustment amount, etc., when a large
deviation occurs in the output air-fuel ratio of the upstream side air-fuel ratio sensor.
[fig.9]FIG. 9 is a time chart of air-fuel ratio adjustment amount, etc., when a large
deviation occurs in the output air-fuel ratio of the upstream side air-fuel ratio sensor.
[fig. 10]FIG. 10 is a time chart of the air-fuel ratio adjustment amount, etc., when
performing stoichiometric air-fuel ratio stuck learning.
[fig. 11]FIG. 11 is a time chart of air-fuel ratio adjustment amount etc. when
performing lean stuck learning, etc.
[fig.12]FIG. 12 is a functional block diagram of a control device.
[fig.13]FIG. 13 is a flow chart which shows a control routine of control for calculation
of an air-fuel ratio adjustment amount.
[fig.14]FIG. 14 is a flow chart which shows a control routine of normal learning
control.
[fig. 15]FIG. 15 is part of a flow chart which shows a control routine of stuck learning
control.
[fig.16]FIG. 16 is part of a flow chart which shows a control routine of stuck learning
control.
Description of Embodiments

Below, referring to the drawings, embodiments of the present invention will be
explained in detail. Note that, in the following explanation, similar component
elements are assigned the same reference numerals.

<Explanation of Internal Combustion Engine as a Whole>

FIG. 1 is a view which schematically shows an internal combustion engine in which
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a control device according to the present invention is used. In FIG. 1, 1 indicates an
engine body, 2 a cylinder block, 3 a piston which reciprocates inside the cylinder block
2, 4 a cylinder head which is fastened to the cylinder block 2, 5 a combustion chamber
which is formed between the piston 3 and the cylinder head 4, 6 an intake valve, 7 an
intake port, 8 an exhaust valve, and 9 an exhaust port. The intake valve 6 opens and
closes the intake port 7, while the exhaust valve 8 opens and closes the exhaust port 9.

As shown in FIG. 1, a spark plug 10 is arranged at a center part of an inside wall
surface of the cylinder head 4, while a fuel injector 11 is arranged at a side part of the
inner wall surface of the cylinder head 4. The spark plug 10 is configured to generate a
spark in accordance with an ignition signal. Further, the fuel injector 11 injects a pre-
determined amount of fuel into the combustion chamber 5 in accordance with an
injection signal. Note that, the fuel injector 11 may also be arranged so as to inject fuel
into the intake port 7. Further, in the present embodiment, as the fuel, gasoline with a
stoichiometric air-fuel ratio of 14.6 is used. However, the internal combustion engine
of the present embodiment may also use another fuel.

The intake port 7 of each cylinder is connected to a surge tank 14 through a corre-
sponding intake runner 13, while the surge tank 14 is connected to an air cleaner 16
through an intake pipe 15. The intake port 7, intake runner 13, surge tank 14, and
intake pipe 15 form an intake passage. Further, inside the intake pipe 15, a throttle
valve 18 which is driven by a throttle valve drive actuator 17 is arranged. The throttle
valve 18 can be operated by the throttle valve drive actuator 17 to thereby change the
aperture area of the intake passage.

On the other hand, the exhaust port 9 of each cylinder is connected to an exhaust
manifold 19. The exhaust manifold 19 has a plurality of runners which are connected
to the exhaust ports 9 and a header at which these runners are collected. The header of
the exhaust manifold 19 is connected to an upstream side casing 21 which houses an
upstream side exhaust purification catalyst 20. The upstream side casing 21 is
connected through an exhaust pipe 22 to a downstream side casing 23 which houses a
downstream side exhaust purification catalyst 24. The exhaust port 9, exhaust manifold
19, upstream side casing 21, exhaust pipe 22, and downstream side casing 23 form an
exhaust passage.

The electronic control unit (ECU) 31 is comprised of a digital computer which is
provided with components which are connected together through a bidirectional bus 32
such as a RAM (random access memory) 33, ROM (read only memory) 34, CPU
(microprocessor) 35, input port 36, and output port 37. In the intake pipe 15, an air
flow meter 39 is arranged for detecting the flow rate of air which flows through the
intake pipe 15. The output of this air flow meter 39 is input through a corresponding
AD converter 38 to the input port 36. Further, at the header of the exhaust manifold 19,
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an upstream side air-fuel ratio sensor 40 is arranged which detects the air-fuel ratio of
the exhaust gas which flows through the inside of the exhaust manifold 19 (that is, the
exhaust gas which flows into the upstream side exhaust purification catalyst 20). In
addition, in the exhaust pipe 22, a downstream side air-fuel ratio sensor 41 is arranged
which detects the air-fuel ratio of the exhaust gas which flows through the inside of the
exhaust pipe 22 (that is, the exhaust gas which flows out from the upstream side
exhaust purification catalyst 20 and flows into the downstream side exhaust pu-
rification catalyst 24). The outputs of these air-fuel ratio sensors 40 and 41 are also
input through the corresponding AD converters 38 to the input port 36.

Further, an accelerator pedal 42 has a load sensor 43 connected to it which generates
an output voltage which is proportional to the amount of depression of the accelerator
pedal 42. The output voltage of the load sensor 43 is input to the input port 36 through
a corresponding AD converter 38. The crank angle sensor 44 generates an output pulse
every time, for example, a crankshaft rotates by 15 degrees. This output pulse is input
to the input port 36. The CPU 35 calculates the engine speed from the output pulse of
this crank angle sensor 44. On the other hand, the output port 37 is connected through
corresponding drive circuits 45 to the spark plugs 10, fuel injectors 11, and throttle
valve drive actuator 17. Note that the ECU 31 functions as a control system for con-
trolling the internal combustion engine.

Note that, the internal combustion engine according to the present embodiment is a
non-supercharged internal combustion engine which is fueled by gasoline, but the
internal combustion engine according to the present invention is not limited to the
above configuration. For example, the internal combustion engine according to the
present invention may have cylinder array, state of injection of fuel, configuration of
intake and exhaust systems, configuration of valve mechanism, presence of su-
percharger, supercharged state, etc. which are different from the above internal
combustion engine.

<Explanation of Exhaust Purification Catalyst>

The upstream side exhaust purification catalyst 20 and downstream side exhaust pu-
rification catalyst 24 in each case have similar configurations. The exhaust purification
catalysts 20 and 24 are three-way catalysts which have oxygen storage abilities.
Specifically, the exhaust purification catalysts 20 and 24 are comprised of carriers
which are comprised of ceramic on which a precious metal which has a catalytic action
(for example, platinum (Pt)) and a substance which has an oxygen storage ability (for
example, ceria (CeQ,)) are carried. The exhaust purification catalysts 20 and 24 exhibit
a catalytic action of simultaneously removing unburned gas (HC, CO, etc.) and
nitrogen oxides (NOy) when reaching a predetermined activation temperature and, in

addition, an oxygen storage ability.
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According to the oxygen storage ability of the exhaust purification catalysts 20 and
24, the exhaust purification catalysts 20 and 24 store the oxygen in the exhaust gas
when the air-fuel ratio of the exhaust gas which flows into the exhaust purification
catalysts 20 and 24 is leaner than the stoichiometric air-fuel ratio (lean air-fuel ratio).
On the other hand, the exhaust purification catalysts 20 and 24 release the oxygen
which is stored in the exhaust purification catalysts 20 and 24 when the inflowing
exhaust gas has an air-fuel ratio which is richer than the stoichiometric air-fuel ratio
(rich air-fuel ratio).

The exhaust purification catalysts 20 and 24 have a catalytic action and oxygen
storage ability and thereby have the action of removing NOy and unburned gas
according to the oxygen storage amount. That is, in the case where the air-fuel ratio of
the exhaust gas which flows into the exhaust purification catalysts 20 and 24 is a lean
air-fuel ratio, as shown in FIG. 2A, when the oxygen storage amount is small, the
exhaust purification catalysts 20 and 24 store the oxygen in the exhaust gas. Further,
along with this, the NOx in the exhaust gas is removed by reduction. On the other
hand, if the oxygen storage amount becomes larger, the exhaust gas flowing out from
the exhaust purification catalysts 20 and 24 rapidly rises in concentration of oxygen
and NOx at a certain stored amount (in the figure, Cuplim) near the maximum storable
oxygen amount Cmax (upper limit storage amount).

On the other hand, in the case where the air-fuel ratio of the exhaust gas flowing into
the exhaust purification catalysts 20 and 24 is the rich air-fuel ratio, as shown in FIG.
2B, when the oxygen storage amount is large, the oxygen stored in the exhaust pu-
rification catalysts 20 and 24 is released, and the unburned gas in the exhaust gas is
removed by oxidation. On the other hand, if the oxygen storage amount becomes
small, the exhaust gas flowing out from the exhaust purification catalysts 20 and 24
rapidly rises in concentration of unburned gas at a certain stored amount (in the figure,
Clowlim) near zero (lower limit storage amount).

In the above way, according to the exhaust purification catalysts 20 and 24 which are
used in the present embodiment, the characteristics of removal of NOy and unburned
gas in the exhaust gas change depending on the air-fuel ratio and oxygen storage
amount of the exhaust gas which flows into the exhaust purification catalysts 20 and
24. Note that, if having a catalytic action and oxygen storage ability, the exhaust pu-
rification catalysts 20 and 24 may also be catalysts different from three-way catalysts.

<Output Characteristic of Air-Fuel Ratio Sensor>

Next, referring to FIGS. 3 and 4, the output characteristic of air-fuel ratio sensors 40
and 41 in the present embodiment will be explained. FIG. 3 is a view showing the
voltage-current (V-I) characteristic of the air-fuel ratio sensors 40 and 41 of the present

embodiment. FIG. 4 is a view showing the relationship between air-fuel ratio of the
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exhaust gas (below, referred to as "exhaust air-fuel ratio") flowing around the air-fuel
ratio sensors 40 and 41 and output current I, when making the applied voltage constant.
Note that, in this embodiment, the air-fuel ratio sensor having the same configurations
is used as both air-fuel ratio sensors 40 and 41.

As will be understood from FIG. 3, in the air-fuel ratio sensors 40 and 41 of the
present embodiment, the output current I becomes larger the higher (the leaner) the
exhaust air-fuel ratio. Further, the line V-I of each exhaust air-fuel ratio has a region
substantially parallel to the V axis, that is, a region where the output current does not
change much at all even if the applied voltage of the sensor changes. This voltage
region is referred to as the "limit current region". The current at this time is referred to
as the "limit current”. In FIG. 3, the limit current region and limit current when the
exhaust air-fuel ratio is 18 are shown by Wyg and I;;, respectively. Therefore, the air-
fuel ratio sensors 40 and 41 can be referred to as "limit current type air-fuel ratio
sensors".

FIG. 4 is a view which shows the relationship between the exhaust air-fuel ratio and
the output current I when making the applied voltage constant at about 0.45V. As will
be understood from FIG. 4, in the air-fuel ratio sensors 40 and 41, the output current |
varies linearly (proportionally) with respect to the exhaust air-fuel ratio such that the
higher (that is, the leaner) the exhaust air-fuel ratio, the greater the output current I
from the air-fuel ratio sensors 40 and 41. In addition, the air-fuel ratio sensors 40 and
41 are configured so that the output current I becomes zero when the exhaust air-fuel
ratio is the stoichiometric air-fuel ratio. Further, when the exhaust air-fuel ratio
becomes a certain value or more or when it becomes a certain value or less, the ratio of
change of the output current to the change of the exhaust air-fuel ratio becomes
smaller.

Note that, in the above example, as the air-fuel ratio sensors 40 and 41, limit current
type air-fuel ratio sensors are used. However, as the air-fuel ratio sensors 40 and 41, it
is also possible to use air-fuel ratio sensor not a limit current type or any other air-fuel
ratio sensor, as long as the output current varies linearly with respect to the exhaust air-
fuel ratio. Further, the air-fuel ratio sensors 40 and 41 may have structures different
from each other.

<Summary of Basic Air-Fuel Ratio Control>

Next, the air-fuel ratio control in a control system of an internal combustion engine
of the present invention will be summarized. In the present embodiment, feedback
control is performed based on the output air-fuel ratio of the upstream side air-fuel
ratio sensor 40 to control the fuel injection amount from the fuel injector 11 so that the
output air-fuel ratio of the upstream side air-fuel ratio sensor 40 becomes the target air-

fuel ratio. Note that, the "output air-fuel ratio” means the air-fuel ratio which cor-



11

WO 2016/013226 PCT/JP2015/003703

[0042]

[0043]

[0044]

[0045]

responds to the output value of the air-fuel ratio sensor.

On the other hand, in the air-fuel ratio control of the present embodiment, target air-
fuel ratio setting control is performed to set the target air-fuel ratio based on the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41, etc. In target air-fuel ratio
setting control, when the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes a rich judged air-fuel ratio (for example, 14.55), which is slightly
richer than the stoichiometric air-fuel ratio, or less, it is judged that the exhaust air-fuel
ratio of the downstream side air-fuel ratio sensor 41 has become the rich air-fuel ratio.
At this time, the target air-fuel ratio is set to a lean set air-fuel ratio. In this regard, the
"lean set air-fuel ratio” is a predetermined air-fuel ratio which is leaner than the stoi-
chiometric air-fuel ratio (air-fuel ratio serving as center of control) by a certain extent,
and, for example, is 14.65 to 20, preferably 14.65 to 18, more preferably 14.65 to 16 or
SO.

After that, if, in the state where the target air-fuel ratio is set to the lean set air-fuel
ratio, the output air-fuel ratio of the downstream side air-fuel ratio sensor 41 becomes
an air-fuel ratio which is leaner than the rich judged air-fuel ratio (air-fuel ratio which
is closer to the stoichiometric air-fuel ratio than the rich judged air-fuel ratio), it is
judged that the output air-fuel ratio of the downstream side air-fuel ratio sensor 41 has
become substantially the stoichiometric air-fuel ratio. At this time, the target air-fuel
ratio is set to a slight lean set air-fuel ratio. In this regard, the "slight lean set air-fuel
ratio" is a lean air-fuel ratio with a smaller lean degree than the lean set air-fuel ratio
(smaller difference from stoichiometric air-fuel ratio), and, for example, is 14.62 to
15.7, preferably 14.63 to 15.2, more preferably 14.65 to 14.9 or so.

On the other hand, when the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes a lean judged air-fuel ratio (for example, 14.65), which is slightly
leaner than the stoichiometric air-fuel ratio, or more, it is judged that the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 has become the lean air-fuel ratio.
At this time, the target air-fuel ratio is set to a rich set air-fuel ratio. In this regard, the
"rich set air-fuel ratio" is a predetermined air-fuel ratio which is richer than the stoi-
chiometric air-fuel ratio (air-fuel ratio serving as the center of control) by a certain
extent, and, for example, is 10 to 14.55, preferably 12 to 14.52, more preferably 13 to
14.5 or so.

After that, if, in the state where the target air-fuel ratio is set to the rich set air-fuel
ratio, the output air-fuel ratio of the downstream side air-fuel ratio sensor 41 becomes
an air-fuel ratio which is richer than the lean judged air-fuel ratio (air-fuel ratio which
is closer to the stoichiometric air-fuel ratio than the lean judged air-fuel ratio), it is
judged that the output air-fuel ratio of the downstream side air-fuel ratio sensor 41 has

become substantially the stoichiometric air-fuel ratio. At this time, the target air-fuel
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ratio is set to a slight rich set air-fuel ratio. In this regard, the "slight rich set air-fuel
ratio" is a rich air-fuel ratio with a smaller rich degree than the rich set air-fuel ratio
(smaller difference from the stoichiometric air-fuel ratio), and, for example, is 13.5 to
14.58, preferably 14 to 14.57, more preferably 14.3 to 14.55 or so.

As aresult, in the present embodiment, if the output air-fuel ratio of the downstream
side air-fuel ratio sensor 41 becomes the rich judged air-fuel ratio or less, first, the
target air-fuel ratio is set to the lean set air-fuel ratio. After that, if the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 becomes larger than the rich
judged air-fuel ratio, the target air-fuel ratio is set to the slight lean set air-fuel ratio.
On the other hand, if the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes the lean judged air-fuel ratio or more, first, the target air-fuel ratio
is set to the rich set air-fuel ratio. After that, if the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 becomes smaller than the lean judged air-fuel
ratio, the target air-fuel ratio is set to the slight rich set air-fuel ratio. After that, similar
control is repeated.

Note that, the rich judged air-fuel ratio and lean judged air-fuel ratio are air-fuel
ratios of within 1% of the stoichiometric air-fuel ratio, preferably within 0.5%, more
preferably within 0.35%. Therefore, the difference of the rich judged air-fuel ratio and
lean judged air-fuel ratio from the stoichiometric air-fuel ratio is, if the stoichiometric
air-fuel ratio is 14.6, 0.15 or less, preferably 0.073 or less, more preferably 0.051 or
less. Further, the difference of the target air-fuel ratio (for example, the slight rich set
air-fuel ratio or lean set air-fuel ratio) from the stoichiometric air-fuel ratio is set to
become larger than the above-mentioned difference.

<Explanation of Control Using Time Chart>

Referring to FIG. 5, the above-mentioned operation will be specifically explained.
FIG. 5 is a time chart of the air-fuel ratio adjustment amount AFC, the output air-fuel
ratio AFup of the upstream side air-fuel ratio sensor 40, the oxygen storage amount
OSA of the upstream side exhaust purification catalyst 20, the cumulative oxygen
excess/deficiency ZOED in the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20, and the output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41, in the case of performing basic air-fuel ratio control by the control
system of an internal combustion engine according to the present embodiment.

Note that the air-fuel ratio adjustment amount AFC is a adjustment amount relating
to the target air-fuel ratio of the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20. When the air-fuel ratio adjustment amount AFC is 0, the target
air-fuel ratio is set to an air-fuel ratio which is equal to the air-fuel ratio serving as the
control center (below, referred to as the "control center air-fuel ratio") (in the present

embodiment, basically, the stoichiometric air-fuel ratio). When the air-fuel ratio ad-
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justment amount AFC is a positive value, the target air-fuel ratio becomes an air-fuel
ratio leaner than the control center air-fuel ratio (in the present embodiment, the lean
air-fuel ratio), while when the air-fuel ratio adjustment amount AFC is a negative
value, the target air-fuel ratio becomes an air-fuel ratio richer than the control center
air-fuel ratio (in the present embodiment, rich air-fuel ratio). Further, the "control
center air-fuel ratio" means the air-fuel ratio to which of the air-fuel ratio adjustment
amount AFC is added in accordance with the engine operating state, that is, the air-fuel
ratio which is the reference when changing the target air-fuel ratio in accordance with
the air-fuel ratio adjustment amount AFC.

In the illustrated example, in the state before the time t;, the air-fuel ratio adjustment
amount AFC is set to the slight rich set adjustment amount AFCsrich (corresponding to
slight rich set air-fuel ratio). That is, the target air-fuel ratio is set to the rich air-fuel
ratio. Along with this, the output air-fuel ratio of the upstream side air-fuel ratio sensor
40 becomes the rich air-fuel ratio. The unburned gas, which is contained in the exhaust
gas flowing into the upstream side exhaust purification catalyst 20, is purified by the
upstream side exhaust purification catalyst 20. Along with this, the oxygen storage
amount OSA of the upstream side exhaust purification catalyst 20 gradually decreases.
On the other hand, due to purification at the upstream side exhaust purification catalyst
20, the exhaust gas flowing out from the upstream side exhaust purification catalyst 20
does not contain unburned gas, and therefore the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 becomes substantially the stoichiometric air-
fuel ratio.

If the oxygen storage amount OSA of the upstream side exhaust purification catalyst
20 gradually decreases, the oxygen storage amount OSA approaches zero (for
example, Clowlim of FIG. 2B) at the time t,. Along with this, part of the unburned gas
flowing into the upstream side exhaust purification catalyst 20 starts to flow out
without being purified by the upstream side exhaust purification catalyst 20. Due to
this, after the time t,, the output air-fuel ratio AFdwn of the downstream side air-fuel
ratio sensor 41 gradually falls. As a result, in the illustrated example, at the time t,, the
oxygen storage amount OSA becomes substantially zero and the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 reaches the rich judged air-fuel
ratio AFrich.

In the present embodiment, if the output air-fuel ratio AFdwn of the downstream side
air-fuel ratio sensor 41 becomes the rich judged air-fuel ratio AFrich or less, in order to
make the oxygen storage amount OSA increase, the air-fuel ratio adjustment amount
AFC is switched to the lean set adjustment amount AFClean (corresponding to lean set
air-fuel ratio). Therefore, the target air-fuel ratio is switched from the rich air-fuel ratio

to the lean air-fuel ratio.
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Note that, in the present embodiment, the air-fuel ratio adjustment amount AFC is
not switched immediately after the output air-fuel ratio AFdwn of the downstream side
air-fuel ratio sensor 41 changes from the stoichiometric air-fuel ratio to the rich air-fuel
ratio, but is switched after the rich judged air-fuel ratio AFrich is reached. This is
because even if the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 is sufficient, sometimes the air-fuel ratio of the exhaust gas
flowing out from the upstream side exhaust purification catalyst 20 deviates very
slightly from the stoichiometric air-fuel ratio. Conversely speaking, the rich judged air-
fuel ratio is set to an air-fuel ratio which the air-fuel ratio of the exhaust gas flowing
out from the upstream side exhaust purification catalyst 20 never reaches when the
oxygen storage amount of the upstream side exhaust purification catalyst 20 is
sufficient. Note that the same can be said for the above-mentioned lean judged air-fuel
ratio.

If switching the target air-fuel ratio to the lean air-fuel ratio at the time t,, the air-fuel
ratio of the exhaust gas flowing into the upstream side exhaust purification catalyst 20
changes from the rich air-fuel ratio to the lean air-fuel ratio. Further, along with this,
the output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 becomes the
lean air-fuel ratio (in actuality, a delay occurs from when switching the target air-fuel
ratio to when the air-fuel ratio of the exhaust gas flowing into the upstream side
exhaust purification catalyst 20 changes, but in the illustrated example, it is assumed
for convenience that they change simultaneously). If the air-fuel ratio of the exhaust
gas flowing into the upstream side exhaust purification catalyst 20 changes to the lean
air-fuel ratio at the time t,, the oxygen storage amount OSA of the upstream side
exhaust purification catalyst 20 increases.

If the oxygen storage amount OSA of the upstream side exhaust purification catalyst
20 increases in this way, the air-fuel ratio of the exhaust gas flowing out from the
upstream side exhaust purification catalyst 20 changes toward the stoichiometric air-
fuel ratio. In the example shown in FIG. 5, at the time t;, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 becomes a value larger than the
rich judged air-fuel ratio AFrich. That is, the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 becomes substantially the stoichiometric air-
fuel ratio. This means that the oxygen storage amount OSA of the upstream side
exhaust purification catalyst 20 has become larger by a certain extent.

Therefore, in the present embodiment, when the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 changes to a value larger than the rich judged
air-fuel ratio AFrich, the air-fuel ratio adjustment amount AFC is switched to the slight
lean set adjustment amount AFCslean (corresponding to slight lean set air-fuel ratio).

Therefore, at the time t;, the lean degree of the target air-fuel ratio falls. Below, the



15

WO 2016/013226 PCT/JP2015/003703

[0057]

[0058]

[0059]

[0060]

[0061]

time t; will be referred to as the "lean degree change timing".

At the lean degree change timing of the time t;, if switching the air-fuel ratio ad-
justment amount AFC to the slight lean set adjustment amount AFCslean, the lean
degree of the exhaust gas flowing into the upstream side exhaust purification catalyst
20 also becomes smaller. Along with this, the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40 becomes smaller and the speed of increase of the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20 falls.

After the time t;, the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 gradually increases, through the speed of increase is slow. If the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20
gradually increases, the oxygen storage amount OSA will finally approach the
maximum storable oxygen amount Cmax (for example, Cuplim of FIG. 2A). If at the
time t, the oxygen storage amount OSA approaches the maximum storable oxygen
amount Cmax, part of the oxygen flowing into the upstream side exhaust purification
catalyst 20 will start to flow out without being stored at the upstream side exhaust pu-
rification catalyst 20. Due to this, the output air-fuel ratio AFdwn of the downstream
side air-fuel ratio sensor 41 will gradually rise. As a result, in the illustrated example,
at the time ts, the oxygen storage amount OSA reaches the maximum storable oxygen
amount Cmax and the output air-fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 reaches the lean judged air-fuel ratio AFlean.

In the present embodiment, if the output air-fuel ratio AFdwn of the downstream side
air-fuel ratio sensor 41 becomes the lean judged air-fuel ratio AFlean or more, the air-
fuel ratio adjustment amount AFC is switched to the rich set adjustment amount
AFCrich so as to make the oxygen storage amount OSA decrease. Therefore, the target
air-fuel ratio is switched from the lean air-fuel ratio to the rich air-fuel ratio.

If, at the time ts, the target air-fuel ratio is switched to the rich air-fuel ratio, the air-
fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20 changes from the lean air-fuel ratio to the rich air-fuel ratio. Further, along
with this, the output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40
becomes the rich air-fuel ratio (in actuality, a delay occurs from when the target air-
fuel ratio is switched to when the air-fuel ratio of the exhaust gas flowing into the
upstream side exhaust purification catalyst 20 changes, but in the illustrated example,
for convenience, it is assumed that they change simultaneously). If, at the time ts, the
air-fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20 changes to the rich air-fuel ratio, the oxygen storage amount OSA of the
upstream side exhaust purification catalyst 20 decreases.

If the oxygen storage amount OSA of the upstream side exhaust purification catalyst

20 decreases in this way, the air-fuel ratio of the exhaust gas flowing out from the
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upstream side exhaust purification catalyst 20 changes toward the stoichiometric air-
fuel ratio. In the example shown in FIG. 5, at the time t¢, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 becomes a value which is
smaller than the lean judged air-fuel ratio AFlean. That is, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 becomes substantially the stoi-
chiometric air-fuel ratio. This means that the oxygen storage amount OSA of the
upstream side exhaust purification catalyst 20 has become smaller by a certain extent.

Therefore, in the present embodiment, when the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 changes to a value which is smaller than the
lean judged air-fuel ratio AFlean, the air-fuel ratio adjustment amount AFC is switched
from the rich set adjustment amount to the slight rich set adjustment amount AFCsrich
(corresponding to slight rich set air-fuel ratio).

If, at the time t¢, the air-fuel ratio adjustment amount AFC is switched to the slight
rich set adjustment amount AFCsrich, the rich degree of the air-fuel ratio of the
exhaust gas flowing into the upstream side exhaust purification catalyst 20 also
becomes smaller. Along with this, the output air-fuel ratio AFup of the upstream side
air-fuel ratio sensor 40 increases and the speed of decrease of the oxygen storage
amount OSA of the upstream side exhaust purification catalyst 20 falls.

After the time te, the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 gradually decreases, though the speed of decrease is slow. If the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20
gradually decreases, the oxygen storage amount OSA finally approaches zero at the
time t; in the same way as the time t; and decreases to the Cdwnlim of FIG. 2B. Then,
at the time tg, in the same way as the time t,, the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 reaches the rich judged air-fuel ratio AFrich.
After that, an operation similar to the operation of the times t, to t; is repeated.

<Advantages in Basic Control>

According to the above-mentioned basic air-fuel ratio control, right after the target
air-fuel ratio is changed from the rich air-fuel ratio to the lean air-fuel ratio at the time t
» and right after the target air-fuel ratio is changed from the lean air-fuel ratio to the
rich air-fuel ratio at the time ts, the difference from the stoichiometric air-fuel ratio is
set large (that is, the rich degree or lean degree is set large). For this reason, it is
possible to rapidly decrease the unburned gas which flowed out from the upstream side
exhaust purification catalyst 20 at the time t, and the NOx which flowed out from the
upstream side exhaust purification catalyst 20 at the time ts. Therefore, it is possible to
suppress the outflow of unburned gas and NOy from the upstream side exhaust pu-
rification catalyst 20.

Further, according to the air-fuel ratio control of the present embodiment, the target
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air-fuel ratio is set to the lean set air-fuel ratio at the time t,, then the outflow of
unburned gas from the upstream side exhaust purification catalyst 20 stops and the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20
recovers to a certain extent, then at the time t;, the target air-fuel ratio is switched to
the slight lean set air-fuel ratio. By making the rich degree (difference from stoi-
chiometric air-fuel ratio) of the target air-fuel ratio smaller, even if NOy flows out from
the upstream side exhaust purification catalyst 20, it is possible to decrease the amount
of outflow thereof per unit time. In particular, if performing the above air-fuel ratio
control, at the time ts, NOy flows out from the upstream side exhaust purification
catalyst 20, but the amount of outflow at this time can be kept small.

In addition, according to the air-fuel ratio control of the present embodiment, the
target air-fuel ratio is set to the rich set air-fuel ratio at the time ts, then the outflow of
NOx (oxygen) from the upstream side exhaust purification catalyst 20 stops and the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20
decreases by a certain extent, then at the time te, the target air-fuel ratio is switched to
the slight rich set air-fuel ratio. By making the rich degree (difference from stoi-
chiometric air-fuel ratio) of the target air-fuel ratio smaller, even if unburned gas flows
out from the upstream side exhaust purification catalyst 20, it is possible to decrease
the amount of outflow thereof per unit time. In particular, according to the above air-
fuel ratio control, during the times t, and ts, unburned gas flows out from the upstream
side exhaust purification catalyst 20, but the amount of outflow at this time can be kept
small.

Furthermore, in the present embodiment, as the sensor which detects the air-fuel ratio
of the exhaust gas at the downstream side, the air-fuel ratio sensor 41 is used. This air-
fuel ratio sensor 41, unlike an oxygen sensor, does not have hysteresis. Therefore, the
air-fuel ratio sensor 41 has a high response with respect to the actual exhaust air-fuel
ratio, and thus it is possible to quickly detect the outflow of unburned gas and oxygen
(and NOy) from the upstream side exhaust purification catalyst 20. Therefore, by this
as well, according to the present embodiment, it is possible to suppress the outflow of
unburned gas and NOy (and oxygen) from the upstream side exhaust purification
catalyst 20.

Further, in an exhaust purification catalyst which can store oxygen, if maintaining the
oxygen storage amount substantially constant, the oxygen storage capacity will be
dropped. Therefore, in order to maintain the oxygen storage capacity as much as
possible, it is necessary to make the oxygen storage amount change up and down at the
time of use of the exhaust purification catalyst. According to the air-fuel ratio control
according to the present embodiment, the oxygen storage amount OSA of the upstream

side exhaust purification catalyst 20 repeatedly changes up and down between near
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zero and near the maximum storable oxygen amount. For this reason, the oxygen
storage capacity of the upstream side exhaust purification catalyst 20 can be
maintained high as much as possible.

Note that, in the above embodiment, when, at the time t;, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 becomes a value larger than the
rich judged air-fuel ratio AFrich, the air-fuel ratio adjustment amount AFC is switched
from the lean set adjustment amount AFlean to the slight lean set adjustment amount
AFCslean. Further, in the above embodiment, when, at the time t;, the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor 41 becomes a value smaller
than the lean judged air-fuel ratio AFlean, the air-fuel ratio adjustment amount AFC is
switched from the rich set adjustment amount AFCrich to the slight rich set adjustment
amount AFCsrich. However, the timings for switching the air-fuel ratio adjustment
amount AFC do not necessarily have to be set based on the output air-fuel ratio AFdwn
of the downstream side air-fuel ratio sensor 41, and may also be determined based on
other parameters.

For example, the timings for switching the air-fuel ratio adjustment amount AFC
may also be determined based on the oxygen storage amount OSA of the upstream side
exhaust purification catalyst 20. For example, as shown in FIG. 5, when, after the
target air-fuel ratio is switched to the lean air-fuel ratio at the time t,, the oxygen
storage amount OSA of the upstream side exhaust purification catalyst 20 reaches the
predetermined amount a, the air-fuel ratio adjustment amount AFC is switched to the
slight lean set adjustment amount AFCslean. Further, when, after the target air-fuel
ratio is switched to the rich air-fuel ratio at the time ts, the oxygen storage amount OSA
of the upstream side exhaust purification catalyst 20 is decreased by a predetermined
amount a, the air-fuel ratio adjustment amount AFC is switched to the slight rich set
adjustment amount.

In this case, the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 is estimated based on the cumulative oxygen excess/deficiency of
exhaust gas flowing into the upstream side exhaust purification catalyst 20. The
"oxygen excess/deficiency" means the oxygen which becomes in excess or the oxygen
which becomes deficient (amount of excessive unburned gas, etc.) when trying to
make the air-fuel ratio of the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20 the stoichiometric air-fuel ratio. In particular, when the target air-
fuel ratio becomes the lean set air-fuel ratio, oxygen in the exhaust gas flowing into the
upstream side exhaust purification catalyst 20 becomes excessive. This excess oxygen
is stored in the upstream side exhaust purification catalyst 20. Therefore, the cu-
mulative value of the oxygen excess/deficiency (below, referred to as "cumulative

oxygen excess/deficiency"”) can be said to express the oxygen storage amount OSA of
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the upstream side exhaust purification catalyst 20. As shown in FIG. 5, in the present
embodiment, the cumulative oxygen excess/deficiency ZOED is reset to zero when the
target air-fuel ratio changes beyond the stoichiometric air-fuel ratio.

Note that, the oxygen excess/deficiency is calculated based on the output air-fuel
ratio AFup of the upstream side air-fuel ratio sensor 40 and the estimated value of the
amount of intake air to the inside of the combustion chamber 5 which is calculated
based on the air flow meter 39, etc. or the amount of feed of fuel from the fuel injector
11, etc. Specifically, the oxygen excess/deficiency OED is, for example, calculated by
the following formula (1):

OED=0.23 - Qi * (AFup-14.6)...(1)

In this regard, 0.23 is the oxygen concentration in the air, Q1 indicates the fuel
injection amount, and AFup indicates the output air-fuel ratio of the upstream side air-
fuel ratio sensor 40.

Alternatively, the timing of switching the air-fuel ratio adjustment amount AFC to
the slight lean set adjustment amount AFCslean (lean degree change timing) may be
determined based on the elapsed time from when switching the target air-fuel ratio to
the lean air-fuel ratio (time t,), or the cumulative amount of intake air, etc. Similarly,
the timing of switching the air-fuel ratio adjustment amount AFC to the slight rich set
adjustment amount AFCsrich (rich degree change timing) may be determined based on
the elapsed time from when switching the target air-fuel ratio to the rich air-fuel ratio
(time t5), or the cumulative amount of intake air, etc.

In this way, the rich degree change timing or lean degree change timing is de-
termined based on various parameters. Whatever the case, the lean degree change
timing is set to a timing after the target air-fuel ratio is set to the lean set air-fuel ratio
and before the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor
41 becomes the lean judged air-fuel ratio or more. Similarly, the rich degree change
timing is set to a timing after the target air-fuel ratio is set to the rich set air-fuel ratio
and before the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor
41 becomes the rich judged air-fuel ratio or less.

Further, in the above embodiment, during the times t, to t;, the air-fuel ratio ad-
justment amount AFC is maintained constant at the lean set air-fuel ratio AFClean.
However, during this time period, the air-fuel ratio adjustment amount AFC need not
necessarily be maintained constant and may also change so as to gradually fall
(approach the stoichiometric air-fuel ratio). Similarly, in the above embodiment,
during the times t; to ts, the air-fuel ratio adjustment amount AFC is maintained
constant at the slight lean set air-fuel ratio AFClean. However, during this time period,
the air-fuel ratio adjustment amount AFC does not necessarily have to be maintained

constant. For example, it may also change so as to gradually fall (approach the stoi-
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chiometric air-fuel ratio). Further, the same can be said for the times ts to t; and the
times tg to tg.

<Deviation at Upstream Side Air Fuel Ratio Sensor>

In this regard, when the engine body 1 has a plurality of cylinders, sometimes a
deviation occurs between the cylinders in the air-fuel ratio of the exhaust gas which is
exhausted from the cylinders. On the other hand, the upstream side air-fuel ratio sensor
40 is arranged at the header of the exhaust manifold 19, but depending on the position
of arrangement, the extent by which the exhaust gas which is exhausted from each
cylinder is exposed to the upstream side air-fuel ratio sensor 40 differs between
cylinders. As a result, the output air-fuel ratio of the upstream side air-fuel ratio sensor
40 is strongly affected by the air-fuel ratio of the exhaust gas which is exhausted from
a certain specific cylinder. For this reason, when the air-fuel ratio of the exhaust gas
which is exhausted from a certain specific cylinder becomes an air-fuel ratio which
differs from the average air-fuel ratio of the exhaust gas which is exhausted from all
cylinders, deviation occurs between the average air-fuel ratio and the output air-fuel
ratio of the upstream side air-fuel ratio sensor 40. That is, the output air-fuel ratio of
the upstream side air-fuel ratio sensor 40 deviates to the rich side or lean side from the
average air-fuel ratio of the actual exhaust gas.

Further, hydrogen, among unburned gas, has a fast speed of passage through the
diffusion regulation layer of the air-fuel ratio sensor. For this reason, if the con-
centration of hydrogen in the exhaust gas is high, the output air-fuel ratio of the
upstream side air-fuel ratio sensor 40 deviates to the lower side with respect to the
actual air-fuel ratio of the exhaust gas (that is, the rich side). If deviation occurs in the
output air-fuel ratio of the upstream side air-fuel ratio sensor 40 in this way, the above
mentioned control cannot be performed appropriately. Below, this phenomenon will be
explained with reference to FIG. 6.

FIG. 6 is a time chart of the air-fuel ratio adjustment amount AFC, etc., similar to
FIG. 5. FIG. 6 shows the case where the output air-fuel ratio of the upstream side air-
fuel ratio sensor 40 deviates to the rich side. In the figure, the solid line in the output
air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 shows the output air-
fuel ratio of the upstream side air-fuel ratio sensor 40. On the other hand, the broken
line shows the actual air-fuel ratio of the exhaust gas flowing around the upstream side
air-fuel ratio sensor 40.

In the example shown in FIG. 6 as well, in the state before the time t,, the air-fuel
ratio adjustment amount AFC is set to the slight rich set adjustment amount AFCsrich.
Accordingly, the target air-fuel ratio is set to the slight rich set air-fuel ratio. Along
with this, the output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40

becomes an air-fuel ratio equal to the slight rich set air-fuel ratio. However, since, as
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explained above, the output air-fuel ratio of the upstream side air-fuel ratio sensor 40
deviates to the rich side, the actual air-fuel ratio of the exhaust gas becomes an air-fuel
ratio which is at the lean side from the slight rich set air-fuel ratio. That is, the output
air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 becomes lower (richer)
than the actual air-fuel ratio (broken line in figure).

Further, in the example shown in FIG. 6, if, at the time t;, the air-fuel ratio ad-
justment amount AFC is switched to the lean set adjustment amount AFClean, the
output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 becomes an air-
fuel ratio which is equal to the lean set air-fuel ratio. However, since, as explained
above, the output air-fuel ratio of the upstream side air-fuel ratio sensor 40 deviates to
the rich side, the actual air-fuel ratio of the exhaust gas becomes an air-fuel ratio which
is leaner than the lean set air-fuel ratio. That is, the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40 becomes lower (richer) than the actual air-fuel
ratio (broken line in figure).

In this way, if the output air-fuel ratio of the upstream side air-fuel ratio sensor 40
deviates to the rich side, the actual air-fuel ratio of the exhaust gas flowing into the
upstream side exhaust purification catalyst 20 will always become an air-fuel ratio
leaner than the target air-fuel ratio. Therefore, for example, if the deviation in the
output air-fuel ratio of the upstream side air-fuel ratio sensor 40 becomes larger than
the example shown in FIG. 6, during the times t, to ts, the actual air-fuel ratio of the
exhaust gas flowing into the upstream side exhaust purification catalyst 20 will become
the stoichiometric air-fuel ratio or lean air-fuel ratio.

If, during the times t, to ts, the actual air-fuel ratio of the exhaust gas flowing into the
upstream side exhaust purification catalyst 20 becomes the stoichiometric air-fuel
ratio, after that, the output air-fuel ratio of the downstream side air-fuel ratio sensor 41
no longer becomes the rich judged air-fuel ratio or less, or the lean judged air-fuel ratio
or more. Further, the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 is also maintained constant as it is. Further, if, during the times t,
to ts, the actual air-fuel ratio of the exhaust gas flowing into the upstream side exhaust
purification catalyst 20 becomes the lean air-fuel ratio, the oxygen storage amount
OSA of the upstream side exhaust purification catalyst 20 increases. As a result, the
oxygen storage amount OSA of the upstream side exhaust purification catalyst 20 can
no longer change between the maximum storable oxygen amount Cmax and zero and
thus the oxygen storage ability of the upstream side exhaust purification catalyst 20
will fall.

Due to the above, it is necessary to detect the deviation of the output air-fuel ratio of
the upstream side air-fuel ratio sensor 40 and is necessary to correct the output air-fuel

ratio, etc., based on the detected deviation.
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<Normal Learning Control>

Therefore, in an embodiment of the present invention, learning control is performed
during normal operation (that is, when performing feedback control based on the above
mentioned target air-fuel ratio) to compensate for deviation in the output air-fuel ratio
of the upstream side air-fuel ratio sensor 40. At first, among the learning control, a
normal learning control will be explained.

In this regard, the time period from when switching the target air-fuel ratio to the
lean air-fuel ratio to when the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes the lean judged air-fuel ratio or more, is defined as the oxygen
increase time period (first time period). Similarly, the time period from when the target
air-fuel ratio is switched to the rich air-fuel ratio to when the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 becomes the rich judgment air-fuel ratio or
less, is defined as the oxygen decrease time period (second time period). In the normal
learning control of the present embodiment, as the absolute value of the cumulative
oxygen excess/deficiency ZOED in the oxygen increase time period, the lean cu-
mulative value of oxygen amount (first cumulative value of oxygen amount) is
calculated. In addition, as the absolute value of the cumulative oxygen excess/de-
ficiency in the oxygen decrease time period, the rich cumulative value of oxygen
amount (second cumulative value of oxygen amount) is calculated. Further, the control
center air-fuel ratio AFR is corrected so that the difference between the lean cu-
mulative value of oxygen amount and rich cumulative value of oxygen amount
becomes smaller. Below, FIG. 7 shows this state.

FIG. 7 is a time chart of the control center air-fuel ratio AFr, the air-fuel ratio ad-
justment amount AFC, the output air-fuel ratio AFup of the upstream side air-fuel ratio
sensor 40, the oxygen storage amount OSA of the upstream side exhaust purification
catalyst 20, the cumulative oxygen excess/deficiency 2OED, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41, and the learning value sfbg.
FIG. 7 shows the case, like FIG. 6, where the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40 deviates to the low side (rich side). Note that, the
learning value sfbg is a value which changes in accordance with the deviation of the
output air-fuel ratio (output current) of the upstream side air-fuel ratio sensor 40 and,
in the present embodiment, is used for correction of the control center air-fuel ratio
AFR. Further, in the figure, the solid line in the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40 shows the output air-fuel ratio of the upstream
side air-fuel ratio 40, while the broken line shows the actual air-fuel ratio of the
exhaust gas flowing around the upstream side air-fuel ratio 40. In addition, one-dot
chain line shows the target air-fuel ratio, that is, an air-fuel ratio corresponding to the

air-fuel ratio adjustment amount AFC.
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In the illustrated example, in the same way as FIG. 5 and FIG. 6, in the state before
the time t,, the control center air-fuel ratio is set to the stoichiometric air-fuel ratio and
therefore the air-fuel ratio adjustment amount AFC is set to the slight rich set ad-
justment amount AFCsrich. At this time, the output air-fuel ratio AFup of the upstream
side air-fuel ratio sensor 40, as shown by the solid line, becomes an air-fuel ratio which
corresponds to the slight rich set air-fuel ratio. However, since the output air-fuel ratio
AFup of the upstream side air-fuel ratio sensor 40 deviates, the actual air-fuel ratio of
the exhaust gas becomes an air-fuel ratio which is leaner than the slight rich set air-fuel
ratio (broken line in FIG. 7). However, in the example shown in FIG. 7, as will be un-
derstood from the broken line in FIG. 7, the actual air-fuel ratio of the exhaust gas
before the time t, is a rich air-fuel ratio, while it is richer than the stoichiometric air-
fuel ratio. Therefore, the upstream side exhaust purification catalyst 20 is gradually
decreased in the oxygen storage amount.

At the time t;, the output air-fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 reaches the rich judged air-fuel ratio AFrich. Due to this, as explained above,
the air-fuel ratio adjustment amount AFC is switched to the lean set adjustment amount
AFClean. After the time t;, the output air-fuel ratio of the upstream side air-fuel ratio
sensor 40 becomes an air-fuel ratio which corresponds to the lean set air-fuel ratio.
However, due to deviation of the output air-fuel ratio of the upstream side air-fuel ratio
sensor 40, the actual air-fuel ratio of the exhaust gas becomes an air-fuel ratio which is
leaner than the lean set air-fuel ratio, that is, an air-fuel ratio with a larger lean degree
(see broken line in FIG. 7). Therefore, the oxygen storage amount OSA of the
upstream side exhaust purification catalyst 20 rapidly increases. Further, when the
output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 becomes
larger than the rich judged air-fuel ratio AFrich at the time t,, the air-fuel ratio ad-
justment amount AFC is switched to the slight lean set adjustment amount AFCslean.
At this time as well, the actual air-fuel ratio of the exhaust gas becomes a lean air-fuel
ratio which is leaner than the slight lean set air-fuel ratio.

Then, when the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 becomes greater and thus the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 becomes the lean judged air-fuel ratio AFlean
or more at the time t;, the air-fuel ratio adjustment amount AFC is switched to the rich
set adjustment amount AFCrich. However, due to the deviation of the output air-fuel
ratio of the upstream side air-fuel ratio sensor 40, the actual air-fuel ratio of the exhaust
gas becomes an air-fuel ratio leaner than the rich set air-fuel ratio, that is, an air-fuel
ratio with a small rich degree (see broken line in FIG. 7). Therefore, the speed of
decrease of the oxygen storage amount OSA of the upstream side exhaust purification

catalyst 20 is slow. Further, when the output air-fuel ratio AFdwn of the downstream
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side air-fuel ratio sensor 41 becomes smaller than the lean judged air-fuel ratio AFlean
at the time t4, the air-fuel ratio adjustment amount AFC is switched to the slight rich set
adjustment amount AFCsrich. At this time as well, the actual air-fuel ratio of the
exhaust gas becomes an air-fuel ratio which is leaner than the slight rich set air-fuel
ratio, that is, an air-fuel ratio with a small rich degree.

In the present embodiment, as explained above, the cumulative oxygen excess/
deficiency 2OED is calculated from the time t; to the time t,. In this regard, if referring
to the time period from when the target air-fuel ratio is switched to the lean air-fuel
ratio (time t;) to when the output air-fuel ratio AFdwn of the downstream side air-fuel
sensor 41 becomes the lean judged air-fuel ratio AFlean or more (time t;) as the
"oxygen increase time period Tinc", in the present embodiment, the cumulative oxygen
excess/deficiency 2OED is calculated in the oxygen increase time period Tinc. In FIG.
7, the absolute value of the cumulative oxygen excess/deficiency ZOED in the oxygen
increase time period Tinc from the time t, to time t; is shown as R;.

The cumulative oxygen excess/deficiency XOED(R;) of this oxygen increase time
period Tinc corresponds to the oxygen storage amount OSA at the time t;. However, as
explained above, the oxygen excess/deficiency is estimated by using the output air-fuel
ratio AFup of the upstream side air-fuel ratio sensor 40, and deviation occurs in this
output air-fuel ratio AFup. For this reason, in the example shown in FIG. 7, the cu-
mulative oxygen excess/deficiency 2OED in the oxygen increase time period Tinc
from the time t; to time t; becomes smaller than the value which corresponds to the
actual oxygen storage amount OSA at the time t;.

Further, in the present embodiment, the cumulative oxygen excess/deficiency ZOED
is calculated even from the time t; to time ts. In this regard, if referring to the time
period from when the target air-fuel ratio is switched to the rich air-fuel ratio (time t;)
to when the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41
becomes the rich judged air-fuel ratio AFrich or less (time t;) as the "oxygen decrease
time period Tdec", in the present embodiment, the cumulative oxygen excess/de-
ficiency 2OED is calculated in the oxygen decrease time period Tdec. In FIG. 7, the
absolute value of the cumulative oxygen excess/deficiency 2OED at the oxygen
decrease time period Tdec from the time t; to time t5 is shown as F;.

The cumulative oxygen excess/deficiency XOED(F,) of this oxygen decrease time
period Tdec corresponds to the total amount of oxygen which is released from the
upstream side exhaust purification catalyst 20 from the time t; to the time ts. However,
as explained above, deviation occurs in the output air-fuel ratio AFup of the upstream
side air-fuel ratio sensor 40. Therefore, in the example shown in FIG. 10, the cu-
mulative oxygen excess/deficiency ZOED in the oxygen decrease time period Tdec

from the time t; to time ts is larger than the value which corresponds to the total



25

WO 2016/013226 PCT/JP2015/003703

[0095]

[0096]

[0097]

amount of oxygen which is actually released from the upstream side exhaust pu-
rification catalyst 20 from the time t; to the time ts.

In this regard, in the oxygen increase time period Tinc, oxygen is stored at the
upstream side exhaust purification catalyst 20, while in the oxygen decrease time
period Tdec, the stored oxygen is completely released. Therefore, the absolute value R,
of the cumulative oxygen excess/deficiency at the oxygen increase time period Tinc
and the absolute value F, of the cumulative oxygen excess/deficiency at the oxygen
decrease time period Tdec must be basically the same value as each other. However, as
explained above, when deviation occurs in the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40, the cumulative values change in accordance with
the deviation. As explained above, when the output air-fuel ratio of the upstream side
air-fuel ratio sensor 40 deviates to the low side (rich side), the absolute value F,
becomes greater than the absolute value R,. Conversely, when the output air-fuel ratio
of the upstream side air-fuel ratio sensor 40 deviates to the high side (lean side), the
absolute value F, becomes smaller than the absolute value R,. In addition, the
difference AZOED of the absolute value R; of the cumulative oxygen excess/de-
ficiency at the oxygen increase time period Tinc and the absolute value F, of the cu-
mulative oxygen excess/deficiency at the oxygen decrease time period Tdec (=R;-F;.
below, also referred to as the "excess/deficiency error") expresses the extent of
deviation at the output air-fuel ratio of the upstream side air-fuel ratio sensor 40. The
larger the difference between these absolute values R, and F;, the greater the deviation
in the output air-fuel ratio of the upstream side air-fuel ratio sensor 40.

Therefore, in the present embodiment, the control center air-fuel ratio AFR is
corrected based on the excess/deficiency error AZOED. In particular, in the present
embodiment, the control center air-fuel ratio AFR is corrected so that the difference
AZOED of the absolute value R, of the cumulative oxygen excess/deficiency at the
oxygen increase time period Tinc and the absolute value F; of the cumulative oxygen
excess/deficiency at the oxygen decrease time period Tdec becomes smaller.

Specifically, in the present embodiment, the learning value sfbg is calculated by the
following formula (2), and the control center air-fuel ratio AFR is corrected by the
following formula (3).

stbg(n)=stbg(n-1)+k; * AZOED ...(2)

AFR=AFRbase+stbg(n) ...(3)

Note that, in the above formula (2), "n" expresses the number of calculations or time.
Therefore, stbg(n) is the current calculated or current learning value. In addition, "k;"
in the above formula (2) is the gain which shows the extent by which the excess/
deficiency error AXOED is reflected in the control center air-fuel ratio AFR. The larger

the value of the gain "k,", the larger the correction amount of the control center air-fuel
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ratio AFR. In addition, in the above formula (3), the base control center air-fuel ratio
AFRbase is a control center air-fuel ratio which is used as base, and is the stoi-
chiometric air-fuel ration in the present embodiment.

At the time t; of FIG. 7, as explained above, the learning value sfbg is calculated
based on the absolute values R, and F;. In particular, in the example shown in FIG. 7,
the absolute value F; of the cumulative oxygen excess/deficiency at the oxygen
decrease time period Tdec is larger than the absolute value R, of the cumulative
oxygen excess/deficiency at the oxygen increase time period Tinc, and therefore at the
time t;, the learning value sfbg is decreased.

In this regard, the control center air-fuel ratio AFR is corrected based on the learning
value sfbg by using the above formula (3). In the example shown in FIG. 7, since the
learning value stbg is a negative value, the control center air-fuel ratio AFR becomes a
value smaller than the base control center air-fuel ratio AFRbase, that is, the rich side
value. Due to this, the air-fuel ratio of the exhaust gas flowing into the upstream side
exhaust purification catalyst 20 is corrected to the rich side.

As aresult, after the time ts, the deviation of the actual air-fuel ratio of the exhaust
gas flowing into the upstream side exhaust purification catalyst 20 with respect to the
target air-fuel ratio becomes smaller than before the time ts. Therefore, the difference
between the broken line showing the actual air-fuel ratio and the one-dot chain line
showing the target air-fuel ratio after the time ts becomes smaller than the difference
before the time ts (before the time ts, since the target air-fuel ratio conforms to the
output air-fuel ratio of the downstream side air-fuel ratio sensor 41, the one-dot chain
line overlaps the solid line).

Further, after the time t5 as well, an operation similar to the operation during the time
t; to time t; is performed. Therefore, at the time t,, if the cumulative oxygen excess/
deficiency ZOED reaches the switching reference value OEDref, the target air-fuel
ratio is switched from the lean set air-fuel ratio to the rich set air-fuel ratio. After this,
at the time ts, when the output air-fuel ratio AFdwn of the downstream side air-fuel
ratio sensor 41 reaches the rich judgment reference value Irrich, the target air-fuel ratio
is again switched to the lean set air-fuel ratio.

The time ts to time t;, as explained above, corresponds to the oxygen increase time
period Tinc, and therefore, the absolute value of the cumulative oxygen excess/de-
ficiency 2OED during this period is expressed by R, of FIG. 7. Further, the time t; to
time ty, as explained above, corresponds to the oxygen decrease time period Tdec, and
therefore the absolute value of the cumulative oxygen excess/deficiency ZOED during
this period is expressed by F, of FIG. 7. Further, the learning value sfbg is updated
based on the difference AOED(=R,-F,) of these absolute values R, and F, by using

the above formula (2). In the present embodiment, similar control is repeated after the
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time t, and thus the learning value sfbg is repeatedly updated.

By updating the learning value sfbg in this way by means of normal learning control,
the output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 is gradually
separated from the target air-fuel ratio, but the actual air-fuel ratio of the exhaust gas
flowing into the upstream side exhaust purification catalyst 20 gradually approaches
the target air-fuel ratio. Due to this, it is possible to compensate the deviation at the
output air-fuel ratio of the upstream side air-fuel ratio sensor 40.

Note that, as explained above, the learning value sfbg is preferably updated based on
the cumulative oxygen excess/deficiency ZOED at the oxygen increase time period
Tinc and the cumulative oxygen excess/deficiency ZOED at the oxygen decrease time
period Tdec which follows this oxygen increase time period Tinc. This is because, as
explained above, the total amount of oxygen stored at the upstream side exhaust pu-
rification catalyst 20 in the oxygen increase time period Tinc and the total amount of of
oxygen released from the upstream side exhaust purification catalyst 20 in the directly
following oxygen decrease time period Tdec, become equal.

In addition, in the above embodiment, the learning value stbg is updated based on the
cumulative oxygen excess/deficiency 2OED in a single oxygen increase time period
Tinc and the cumulative oxygen excess/deficiency ZOED in a single oxygen decrease
time period Tdec. However, the learning value sfbg may be updated based on the total
value or average value of the cumulative oxygen excess/deficiency ZOED in a
plurality of oxygen increase time periods Tinc and the total value or average value of
the cumulative oxygen excess/deficiency ZOED in a plurality of oxygen decrease time
periods Tdec.

Further, in the above embodiment, the control center air-fuel ratio is corrected based
on the learning value sfbg. However, a parameter which is corrected based on the
learning value sfbg may another parameter relating to the air-fuel ratio. The other
parameter, for example, includes one of the amount of fuel fed to the inside of the
combustion chamber 5, the output air-fuel ratio of the upstream side air-fuel ratio
sensor 40, the air-fuel ratio adjustment amount, etc.

Note that, in the above embodiment, in the basic air-fuel ratio control, the rich set air-
fuel ratio, slight rich set air-fuel ratio, lean set air-fuel ratio, and slight lean set air-fuel
ratio are set constant. However, as explained above, these air-fuel ratio do not nec-
essarily have to be maintained constant.

Summarizing the above, in the present embodiment, the learning means can be said
to correct a parameter relating to feedback control, based on a first oxygen amount cu-
mulative value, which is an absolute value of cumulative oxygen excess/deficiency in a
first time period from when switching the target air-fuel ratio to the lean air-fuel ratio

to when the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41
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becomes a lean judged air-fuel ratio AFlean or more, and a second oxygen amount cu-
mulative value, which is an absolute value of cumulative oxygen excess/deficiency in a
second time period from when switching the target air-fuel ratio to the rich air-fuel
ratio to when the output air-fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 becomes a rich judged air-fuel ratio AFrich or less, so that the difference
between these first oxygen amount cumulative value and second oxygen amount cu-
mulative value becomes smaller.

<Large Deviation in Upstream Side Air-Fuel Ratio Sensor>

In the example shown in FIG. 6, deviation occurs in the output air-fuel ratio of the
upstream side exhaust purification catalyst 20, but the extent thereof is not that large.
Therefore, as will be understood from the broken line of FIG. 6, when the target air-
fuel ratio is set to the rich set air-fuel ratio, the actual air-fuel ratio of the exhaust gas
becomes a rich air-fuel ratio while leaner than the rich set air-fuel ratio.

As opposed to this, if the deviation which occurs at the upstream side exhaust pu-
rification catalyst 20 becomes larger, as explained above, even if the target air-fuel
ratio is set to the slight rich set air-fuel ratio, sometimes the actual air-fuel ratio of the
exhaust gas becomes the stoichiometric air-fuel ratio. This state is shown in FIG. 8.

In the example shown in FIG. 8§, if, at the time t,, the output air-fuel ratio AFup of the
upstream side air-fuel ratio sensor 40 becomes the lean judged air-fuel ratio AFlean or
more, the air-fuel ratio adjustment amount AFC is switched to the rich set adjustment
amount AFCrich. After that, if the output air-fuel ratio AFup of the upstream side air-
fuel ratio sensor 40 becomes smaller than the rich judged air-fuel ratio AFlean, at the
time t;, the air-fuel ratio adjustment amount AFC is set to the slight rich set adjustment
amount AFCsrich. Along with this, the output air-fuel ratio AFup of the upstream side
air-fuel ratio sensor 40 becomes an air-fuel ratio which corresponds to the slight rich
set air-fuel ratio. However, since the output air-fuel ratio of the upstream side air-fuel
ratio sensor 40 greatly deviates to the rich side, the actual air-fuel ratio of the exhaust
gas becomes the stoichiometric air-fuel ratio (broken line in figure).

As aresult, the oxygen storage amount OSA of the upstream side exhaust pu-
rification catalyst 20 does not change, but is maintained at a constant value. Therefore,
even if a long time elapses after the air-fuel ratio adjustment amount AFC is switched
to the slight rich set adjustment amount AFCsrich, unburned gas is never discharged
from the upstream side exhaust purification catalyst 20. Therefore, the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor 41 is maintained at sub-
stantially the stoichiometric air-fuel ratio. As explained above, the air-fuel ratio ad-
justment amount AFC is switched from the slight rich set adjustment amount AFCsrich
to the lean set adjustment amount AFClean when the output air-fuel ratio AFdwn of

the downstream side air-fuel ratio sensor 41 reaches the rich judged air-fuel ratio
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AFrich. However, in the example shown in FIG. 8, since the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 is maintained at the stoi-
chiometric air-fuel ratio as is, the air-fuel ratio adjustment amount AFC is maintained
at the slight rich set adjustment amount AFCsrich for a long time. In this regard, the
above-mentioned normal learning control is predicated on the target air-fuel ratio being
alternately switched between the rich air-fuel ratio and the lean air-fuel ratio.
Therefore, when the output air-fuel ratio of the upstream side air-fuel ratio sensor 40
greatly deviates, the above-mentioned normal learning control cannot be performed.

FIG. 9 is a view similar to FIG. §, which shows the case where the output air-fuel
ratio of the upstream side air-fuel ratio sensor 40 extremely greatly deviates to the rich
side. In the example shown in FIG. 9, similarly to the example shown in FIG. 8, at the
time t,, the air-fuel ratio adjustment amount AFC is set to the rich set adjustment
amount AFCrich. Along with this, the output air-fuel ratio AFup of the upstream side
air-fuel ratio sensor 40 becomes an air-fuel ratio which corresponds to the rich set air-
fuel ratio. However, due to deviation of the output air-fuel ratio of the upstream side
air-fuel ratio sensor 40, the actual air-fuel ratio of the exhaust gas becomes a lean air-
fuel ratio (broken line in the figure).

As aresult, regardless of the air-fuel ratio adjustment amount AFC being set to the
rich set adjustment amount AFCrich, exhaust gas of a lean air-fuel ratio flows into the
upstream side exhaust purification catalyst 20. At this time, the oxygen storage amount
OSA of the upstream side exhaust purification catalyst 20 reaches the maximum
storable oxygen amount Cmax, and therefore the exhaust gas of the lean air-fuel ratio
which flows into the upstream side exhaust purification catalyst 20, flows out as it is.
Therefore, after the time t,, the output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 is maintained at the lean judged air-fuel ratio or more. Therefore,
the air-fuel ratio adjustment amount AFC is maintained as is without being switched to
the slight rich set adjustment amount AFCsrich or lean set adjustment amount
AFClean. As a result, when the output air-fuel ratio of the upstream side air-fuel ratio
sensor 40 deviates extremely greatly, the air-fuel ratio adjustment amount AFC is also
not switched and therefore the above-mentioned normal control cannot be performed.
In addition, in this case, exhaust gas containing NOy continues to flow out from the
upstream side exhaust purification catalyst 20.

<Stuck Learning Control>

Therefore, in the present embodiment, even if the deviation of the output air-fuel
ratio of the upstream side air-fuel ratio sensor 40 is large, to compensate that deviation,
in addition to the above-mentioned normal learning control, stoichiometric air-fuel
ratio stuck learning control, lean stuck learning control, and rich stuck learning control

are performed.
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<Stoichiometric Air-Fuel Ratio Stuck Learning>

First, the stoichiometric air-fuel ratio stuck learning control will be explained. The
stoichiometric air-fuel ratio stuck learning control is learning control which is
performed when the output air-fuel ratio of the downstream side air-fuel ratio sensor
41 is stuck at the stoichiometric air-fuel ratio as shown in the example shown in FIG.
8.

In this regard, the region between the rich judged air-fuel ratio AFrich and the lean
judged air-fuel ratio AFlean will be referred to as the "middle region M". This middle
region M corresponds to a "stoichiometric air-fuel ratio proximity region" which is the
air-fuel ratio region between the rich judged air-fuel ratio and the lean judged air-fuel
ratio. In stoichiometric air-fuel ratio-stuck learning control, after the air-fuel ratio ad-
justment amount AFC is switched to the rich set adjustment amount AFCrich, that is,
in the state where the target air-fuel ratio is set to the rich air-fuel ratio, it is judged if
the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 has
been maintained in the middle region M for a predetermined stoichiometric air-fuel
ratio judged time or more. Alternatively, after the air-fuel ratio adjustment amount
AFC is switched to the lean set adjustment amount AFClean, that is, in the state where
the target air-fuel ratio is set to the lean air-fuel ratio, it is judged if the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor 41 has been maintained in the
middle region M for the predetermined stoichiometric air-fuel ratio judged time or
more. Further, if it has been maintained in the middle region M for the stoichiometric
air-fuel ratio judged time or more, the learning value sfbg is changed so that the air-
fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20 changes. At this time, when the target air-fuel ratio has been set to the rich
air-fuel ratio, the learning value sfbg is decreased so that the air-fuel ratio of the
exhaust gas flowing into the upstream side exhaust purification catalyst 20 changes to
the rich side. On the other hand, when the target air-fuel ratio has been set to the lean
air-fuel ratio, the learning value sfbg is increased so that the air-fuel ratio of the
exhaust gas flowing into the upstream side exhaust purification catalyst 20 changes to
the lean side. FIG. 10 shows this state.

FIG. 10 is a view similar to FIG. 7 which shows a time chart of the air-fuel ratio ad-
justment amount AFC, etc. FIG. 10, similarly to FIG. 8, shows the case where the
output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 greatly deviates
to the low side (rich side).

In the illustrated example, similarly to FIG. 8, at the time t;, the air-fuel ratio ad-
justment amount AFC is set to the slight rich set adjustment amount AFCsrich.
However, since the output air-fuel ratio of the upstream side air-fuel ratio sensor 40

greatly deviates to the rich side, similarly to the example shown in FIG. 8, the actual
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air-fuel ratio of the exhaust gas is substantially the stoichiometric air-fuel ratio.
Therefore, after the time t;, the oxygen storage amount OSA of the upstream side
exhaust purification catalyst 20 is maintained at a constant value. As a result, the
output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 is
maintained near the stoichiometric air-fuel ratio and accordingly is maintained in the
middle region M, for a long time period.

Therefore, in the present embodiment, when the target air-fuel ratio is set to a rich
air-fuel ratio, if the output air-fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 is maintained in the middle region M for a predetermined stoichiometric air-
fuel ratio judged time Tsto or more, the control center air-fuel ratio AFR is corrected.
In particular, in the present embodiment, the learning value sfbg is updated so that the
air-fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20 changes to the rich side.

Specifically, in the present embodiment, the learning value sfbg is calculated by the
following formula (4), and the control center air-fuel ratio AFR is corrected by the
above formula (3).

stbg(n)=stbg(n-1)+k, - AFC ...(4)

Note that in the above formula (4), k, is the gain which shows the extent of
correction of the control center air-fuel ratio AFR (0<k,<1). The larger the value of the
gain k,, the larger the correction amount of the control center air-fuel ratio AFR
becomes. Further, the current air-fuel ratio adjustment amount AFC is plugged in for
AFC in formula (4), and in the case of the time t, of FIG. 10, this is the slight rich set
adjustment amount AFCsrich.

In this regard, as explained above, when the target air-fuel ratio is set to the rich air-
fuel ratio, if the output air-fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 is maintained in the middle region M for a long period of time, the actual air-
fuel ratio of the exhaust gas becomes a value close to substantially the stoichiometric
air-fuel ratio. Therefore, the deviation at the upstream side air-fuel ratio sensor 40
becomes the same extent as the difference between the control center air-fuel ratio
(stoichiometric air-fuel ratio) and the target air-fuel ratio (in this case, the rich set air-
fuel ratio). In the present embodiment, as shown in the above formula (4), the learning
value sfbg is updated based on the air-fuel ratio adjustment amount AFC corre-
sponding to the difference between the control center air-fuel ratio and the target air-
fuel ratio. Due to this, it is possible to more suitably compensate for deviation in the
output air-fuel ratio of the upstream side air-fuel ratio sensor 40.

In the example shown in FIG. 10, at the time t4, the air-fuel ratio adjustment amount
AFC is set to the slight rich set adjustment amount AFCsrich. Therefore, if using

formula (4), at the time t,, the learning value sfbg is decreased. As a result, the actual
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air-fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20 changes to the rich side. Due to this, after the time t,, the deviation of the
actual air-fuel ratio of the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20 from the target air-fuel ratio becomes smaller compared with
before the time t,. Therefore, after the time t,, the difference between the broken line
which shows the actual air-fuel ratio and the one-dot chain line which shows the target
air-fuel ratio becomes smaller than the difference before the time t,.

In the example shown in FIG. 10, the gain k, is set to a relatively small value. For
this reason, even if the learning value stbg is updated at the time t,, deviation of the
actual air-fuel ratio of the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20, from the target air-fuel ratio, remains. Therefore, the actual air-
fuel ratio of the exhaust gas becomes an air-fuel ratio which is leaner than the slight
rich set air-fuel ratio, that is, an air-fuel ratio with a small rich degree (see broken line
of FIG. 10). For this reason, the decreasing speed of the oxygen storage amount OSA
of the upstream side exhaust purification catalyst 20 is slow.

As aresult, from the time t, to the time t; when the stoichiometric air-fuel ratio
judged time Tsto elapses, the output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 is maintained close to the stoichiometric air-fuel ratio, and ac-
cordingly is maintained in the middle region M. Therefore, in the example shown in
FIG. 10, even at the time ts, the learning value sfbg is updated by using formula (4).

In the example shown in FIG. 10, after that, at the time t¢, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 becomes the rich judged air-
fuel ratio AFrich or less. After the output air-fuel ratio AFdwn becomes the rich judged
air-fuel ratio AFrich or less in this way, as explained above, the target air-fuel ratio is
alternately set to the lean air-fuel ratio and the rich air-fuel ratio. Along with this, the
above-mentioned normal learning control is performed.

By updating the learning value stbg by the stoichiometric air-fuel ratio stuck learning
control in this way, the learning value can be updated even when the deviation of the
output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 is large. Due to
this, it is possible to compensate deviation at the output air-fuel ratio of the upstream
side air-fuel ratio sensor 40.

<Modification of Stoichiometric Air-Fuel Ratio Stuck Learning>

Note that in the above embodiment, the stoichiometric air-fuel ratio judged time Tsto
is a predetermined time. In this case, the stoichiometric air-fuel ratio judged time is set
to not less than the usual time taken from when switching the target air-fuel ratio to the
rich air-fuel ratio to when the absolute value of the cumulative oxygen excess/de-
ficiency 2OED reaches the maximum storable oxygen amount of the upstream side

exhaust purification catalyst 20 at the time of unused product. Specifically, it is
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preferably set to two to four times that time.

Alternatively, the stoichiometric air-fuel ratio judged time Tsto may be changed in
accordance with other parameters, such as the cumulative oxygen excess/deficiency
20ED in the period while the output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 is maintained in the middle region M. Specifically, for example,
the greater the cumulative oxygen excess/deficiency ZOED, the shorter the stoi-
chiometric air-fuel ratio judged time Tsto is set. Due to this, it is also possible to
update the above-mentioned learning value sfbg when the cumulative oxygen excess/
deficiency 2OED in the period while the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is maintained in the middle region M becomes
a predetermined amount. Further, in this case, the above predetermined amount in the
cumulative oxygen excess/deficiency 2OED has to be set to not less than the
maximum storable oxygen amount of the upstream side exhaust purification catalyst
20 at the time of a new product. Specifically, an amount of about two to four times the
maximum storable oxygen amount is preferable.

Further, in the above-mentioned stoichiometric air-fuel ratio stuck learning control,
the learning value is updated if the output air-fuel ratio of the downstream side air-fuel
ratio sensor 41 is maintained in the air-fuel ratio region close to stoichiometric air-fuel
ratio for the stoichiometric air-fuel ratio judged time Tsto or more. However, stoi-
chiometric air-fuel ratio stuck learning may be performed based on a parameter other
than time.

For example, when the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 is stuck to the stoichiometric air-fuel ratio, the cumulative oxygen excess/
deficiency becomes greater after the target air-fuel ratio is switched between the lean
air-fuel ratio and the rich air-fuel ratio. Therefore, it is also possible to update the
learning value in the above-mentioned way if the absolute value of the cumulative
oxygen excess/deficiency after switching the target air-fuel ratio or the absolute value
of the cumulative oxygen excess/deficiency in the period when the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 is maintained in the middle
region M becomes larger than a predetermined value or more.

Furthermore, the example shown in FIG. 10 shows the case where the target air-fuel
ratio is switched to the rich air-fuel ratio, and then the output air-fuel ratio AFdwn of
the downstream side air-fuel ratio sensor 41 is maintained in the air-fuel ratio region
close to stoichiometric air-fuel ratio, for the stoichiometric air-fuel ratio judged time
Tsto or more. However, similar control is possible even where the target air-fuel ratio
is switched to the lean air-fuel ratio, and then the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is maintained in the air-fuel ratio region close

to the stoichiometric air-fuel ratio, for the stoichiometric air-fuel ratio judged time Tsto
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air-fuel ratio is set to an air-fuel ratio deviating from the stoichiometric air-fuel ratio to
one side (that is, the rich air-fuel ratio or lean air-fuel ratio), if the output air-fuel ratio
of the downstream side air-fuel ratio sensor 41 is maintained in the air-fuel ratio region
close to the stoichiometric air-fuel ratio, for the stoichiometric air-fuel ratio judged
time Tsto or more or during the time period when the cumulative oxygen excess/
deficiency becomes a predetermined value or more, the learning means performs "stoi-
chiometric air-fuel ratio-stuck learning" in which the parameter relating to feedback
control is corrected so that in the feedback control, the air-fuel ratio of the exhaust gas
flowing into the upstream side exhaust purification catalyst 20 changes to the one side.
<Rich/Lean Stuck Learning>

Next, lean stuck learning control will be explained. The lean stuck learning control is
learning control which is performed where, as shown in the example of FIG. 9,
although the target air-fuel ratio is set to the rich air-fuel ratio, the output air-fuel ratio
of the downstream side air-fuel ratio sensor 41 is stuck at the lean air-fuel ratio. In lean
stuck learning control, it is judged if the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 has been maintained at the lean air-fuel ratio
for a predetermined lean air-fuel ratio judged time or more after the air-fuel ratio ad-
justment amount AFC is switched to the rich set adjustment amount AFCrich, that is,
in the state where the target air-fuel ratio is set to the rich air-fuel ratio. Further, when
it is maintained at the lean air-fuel ratio for the lean air-fuel ratio judged time or more,
the learning value sfbg is decreased so that the air-fuel ratio of the exhaust gas flowing
into the upstream side exhaust purification catalyst 20 changes to the rich side. FIG. 11
shows this state.

FIG. 11 is a view, similar to FIG. 9, which shows a time chart of the air-fuel ratio ad-
justment amount AFC, etc. FIG. 11, like FIG. 9, shows the case where the output air-
fuel ratio AFup of the upstream side air-fuel ratio sensor 40 deviates extremely greatly
to the low side (rich side).

In the illustrated example, at the time t,, the air-fuel ratio adjustment amount AFC is
switched from the slight lean set adjustment amount AFCslean to the rich set ad-
justment amount AFCrich. However, since the output air-fuel ratio of the upstream
side air-fuel ratio sensor 40 deviates extremely greatly to the rich side, similarly to the
example shown in FIG. 9, the actual air-fuel ratio of the exhaust gas becomes the lean
air-fuel ratio. Therefore, after the time t,, the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is maintained at the lean air-fuel ratio.

Therefore, in the present embodiment, when the output air-fuel ratio AFdwn of the

downstream side air-fuel ratio sensor 41 has been maintained at the lean air-fuel ratio
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for the predetermined lean air-fuel ratio judged time Tlean or more after the air-fuel
ratio adjustment amount AFC is set to the rich set adjustment amount AFCrich, the
control center air-fuel ratio AFR is corrected. In particular, in the present embodiment,
the learning value sfbg is corrected so that the air-fuel ratio of the exhaust gas flowing
into the upstream side exhaust purification catalyst 20 changes to the rich side.

Specifically, in the present embodiment, the learning value sfbg is calculated by
using the following formula (5) and the control center air-fuel ratio AFR is corrected
based on the learning value sfbg by using the above formula (3).

stbg(n)=stbg(n-1)+k; * (AFCrich-(AFdwn-14.6)) ...(5)

Note that in the above formula (5), k; is the gain which expresses the extent of
correction of the control center air-fuel ratio AFR (0O<k;<1). The larger the value of the
gain k;, the larger the correction amount of the control center air-fuel ratio AFR.

In this regard, in the example shown in FIG. 11, when the air-fuel ratio adjustment
amount AFC is set at the rich set adjustment amount AFCrich, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 is maintained at the lean air-
fuel ratio. In this case, the deviation at the upstream side air-fuel ratio sensor 40 cor-
responds to the difference between the target air-fuel ratio and the output air-fuel ratio
of the downstream side air-fuel ratio sensor 41. If breaking this down, the deviation at
the upstream side air-fuel ratio sensor 40 can be said to be of the same extent as the
difference between the target air-fuel ratio and the stoichiometric air-fuel ratio
(corresponding to rich set adjustment amount AFCrich) and the difference between the
stoichiometric air-fuel ratio and the output air-fuel ratio of the downstream side air-fuel
ratio sensor 41 added together. Therefore, in the present embodiment, as shown in the
above formula (5), the learning value sfbg is updated based on the value acquired by
adding the rich set adjustment amount AFCrich to the difference between the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41 and the stoichiometric air-
fuel ratio. In particular, in the above-mentioned stoichiometric air-fuel ratio stuck
learning, the learning value is corrected by an amount corresponding to the rich set ad-
justment amount AFCrich, while in lean stuck learning, the learning value is corrected
by this amount plus a value corresponding to the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41. Further, the gain k; is set to a similar extent to
the gain k,. For this reason, the correction amount in the lean stuck learning is larger
than the correction amount in stoichiometric air-fuel ratio stuck learning.

In the example shown in FIG. 11, if using formula (5), the learning value sfbg is
decreased at the time t;. As a result, the actual air-fuel ratio of the exhaust gas flowing
into the upstream side exhaust purification catalyst 20 changes to the rich side. Due to
this, after the time t,, the deviation of the actual air-fuel ratio of the exhaust gas

flowing into the upstream side exhaust purification catalyst 20 from the target air-fuel
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ratio becomes smaller, compared with before the time t;. Therefore, after the time t;,
the difference between the broken line which shows the actual air-fuel ratio and the
one-dot chain line which shows the target air-fuel ratio becomes smaller than the
difference before the time t;.

In the example shown in FIG. 11, if the learning value sfbg is updated at the time t,,
the actual air-fuel ratio of the exhaust gas flowing into the upstream side exhaust pu-
rification catalyst 20 becomes the rich air-fuel ratio. As a result, at the time t,, the air-
fuel ratio of the exhaust gas flowing out from the upstream side exhaust purification
catalyst 20 becomes substantially the stoichiometric air-fuel ratio and the output air-
fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 becomes smaller than
the lean judged air-fuel ratio AFlean. For this reason, at the time t,, the air-fuel ratio
adjustment amount AFC is switched from the rich set adjustment amount AFCrich to
the slight rich set adjustment amount AFCsrich.

However, the output air-fuel ratio of the upstream side air-fuel ratio sensor 40 still
greatly deviates to the rich side, and therefore the actual air-fuel ratio of the exhaust
gas becomes the lean air-fuel ratio. As a result, in the illustrated example, after the time
t,, the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 is
maintained at the lean air-fuel ratio for the lean air-fuel ratio judged time Tlean. For
this reason, in the illustrated example, at the time t; when the lean air-fuel ratio judged
time Tlean elapses, due to the lean stuck learning, the learning value stbg is corrected
by using the following formula (6) similar to the above formula (5).

stbg(n)=stbg(n-1)+k; * (AFCsrich-(AFdwn-14.6))...(6)

If, at the time t;, the learning value sfbg is corrected, the deviation of the actual air-
fuel ratio of the exhaust gas flowing into the upstream side exhaust purification
catalyst 20, from the target air-fuel ratio, becomes smaller. Due to this, in the il-
lustrated example, after the time t;, the actual air-fuel ratio of the exhaust gas becomes
substantially the stoichiometric air-fuel ratio. Along with this, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 changes from the lean air-fuel
ratio to substantially the stoichiometric air-fuel ratio. In particular, in the example
shown in FIG. 11, from the time t, to the time ts, the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is maintained at substantially the stoi-
chiometric air-fuel ratio, that is, in the middle region M, for the stoichiometric air-fuel
ratio judged time Tsto. For this reason, at the time ts, stoichiometric air-fuel ratio stuck
learning is performed by using the above formula (4) to correct the learning value sfbg.

By updating the learning value sfbg in this way by lean stuck learning control, it is
possible to update the learning value even when the deviation of the output air-fuel
ratio AFup of the upstream side air-fuel ratio sensor 40 is extremely large. Due to this,

it is possible to reduce the deviation in the output air-fuel ratio of the upstream side air-
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fuel ratio sensor 40.

Note that, in the above embodiment, the lean air-fuel ratio judged time Tlean is a pre-
determined time. In this case, the lean air-fuel ratio judged time Tlean is set to not less
than the delayed response time of the downstream side air-fuel ratio sensor which is
usually taken from when switching the target air-fuel ratio to the rich air-fuel ratio to
when, according to this, the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 changes. Specifically, it is preferably set to two times to four times that time.
Further, the lean air-fuel ratio judged time Tlean is shorter than the time usually taken
from when switching the target air-fuel ratio to the rich air-fuel ratio to when the
absolute value of the cumulative oxygen excess/deficiency 2OED reaches the
maximum storable oxygen amount of the upstream side exhaust purification catalyst
20 at the time of non-use. Therefore, the lean air-fuel ratio judged time Tlean is set
shorter than the above-mentioned stoichiometric air-fuel ratio judged time Tsto.

Alternatively, the lean air-fuel ratio judged time Tlean may be changed in accordance
with another parameter, such as the cumulative exhaust gas flow amount or cumulative
oxygen excess/deficiency in the period while the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is the lean judged air-fuel ratio or more.
Specifically, for example, the larger the cumulative exhaust gas flow amount 2Ge or
the cumulative oxygen excess/deficiency, the shorter the lean air-fuel ratio judged time
Tlean is set. Due to this, when the cumulative exhaust gas flow or the cumulative
oxygen excess/deficiency, from when switching the target air-fuel ratio to the rich air-
fuel ratio, becomes a given amount, the above-mentioned learning value sfbg can be
updated. Further, in this case, the predetermined amount has to be not less than the
total amount of flow of the exhaust gas which is required from when switching the
target air-fuel ratio to when the output air-fuel ratio of the downstream side air-fuel
ratio sensor 41 changes according to the switch. Specifically, it is preferably set to an
amount of 2 to 4 times that total flow.

Next, rich stuck learning control will be explained. The rich stuck learning control is
control similar to the lean stuck learning control, and is learning control which is
performed when although the target air-fuel ratio is set to the lean air-fuel ratio, the
output air-fuel ratio of the downstream side air-fuel ratio sensor 41 is stuck at the rich
air-fuel ratio. In rich stuck learning control, in the state where the target air-fuel ratio is
set to the lean air-fuel ratio, it is judged if the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is maintained at the rich air-fuel ratio for a
predetermined rich air-fuel ratio judged time (similar to lean air-fuel ratio judged time)
or more. Further, when maintained at the rich air-fuel ratio for the rich air-fuel ratio
judged time or more, the learning value stbg is increased so that the air-fuel ratio of the

exhaust gas flowing into the upstream side exhaust purification catalyst 20 changes to
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the lean side. That is, in rich stuck learning control, control is performed with rich and
lean reversed from the above lean stuck learning control.

<Explanation of Specific Control>

Next, referring to FIG. 12 to FIG. 16, the control device in the above embodiment
will be specifically explained. The control device in the present embodiment is
configured so as to include the functional blocks A1 to A9 of the block diagram of
FIG. 12. Below, while referring to FIG. 12, the different functional blocks will be
explained. The operations of these functional blocks Al to A9 are basically executed
by the ECU 31.

<Calculation of Fuel Injection Amount>

First, calculation of the fuel injection amount will be explained. In calculating the
fuel injection amount, the cylinder intake air calculating means A1, basic fuel injection
calculating means A2, and fuel injection calculating means A3 are used.

The cylinder intake air calculating means A1l calculates the intake air amount Mc to
each cylinder based on the intake air flow rate Ga, engine speed NE, and map or cal-
culation formula which is stored in the ROM 34 of the ECU 31. The intake air flow
rate Ga is measured by the air flow meter 39, and the engine speed NE is calculated
based on the output of the crank angle sensor 44.

The basic fuel injection calculating means A2 divides the cylinder intake air amount
Mc which was calculated by the cylinder intake air calculating means A1l by the target
air-fuel ratio AFT to calculate the basic fuel injection amount Qbase
(Qbase=MCc/AFT). The target air-fuel ratio AFT is calculated by the later explained
target air-fuel ratio setting means A7.

The fuel injection calculating means A3 adds the later explained F/B correction
amount DQI to the basic fuel injection amount Qbase which was calculated by the
basic fuel injection calculating means A2 to calculate the fuel injection amount Qi
(Qi=Qbase+DQi). An injection is instructed to the fuel injector 11 so that fuel of the
thus calculated fuel injection amount Qi is injected from the fuel injector 11.

<Calculation of Target Air Fuel Ratio>

Next, calculation of the target air-fuel ratio will be explained. In calculating the target
air-fuel ratio, air-fuel ratio adjustment amount calculating means A4, learning value
calculating means AS, control center air-fuel ratio calculating means A6, and target air-
fuel ratio setting means A7 are used.

The air-fuel ratio adjustment amount calculating means A4 calculates the air-fuel
ratio adjustment amount AFC of the target air-fuel ratio, based on the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor 41. Specifically, the air-fuel
ratio adjustment amount AFC is calculated based on the flow chart shown in FIG. 13.

The learning value calculating means A5 calculates the learning value sfbg, based on
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the output air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40, the output
air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41, intake air flow
rate Ga (exhaust gas flow rate Ge is calculated), etc. Specifically, the learning value
sfbg is calculated based on the flow chart shown in FIGS. 14 - 16.

The control center air-fuel ratio calculating means A6 calculates the control center
air-fuel ratio AFR, based on the basic control center air-fuel rato AFRbase and the
learning value which was calculated by the learning value calculating means AS, by
using the above mentioned formula (3).

The target air-fuel ratio setting means A7 adds the calculated air-fuel ratio ad-
justment amount AFC which was calculated by the target air-fuel ratio correction cal-
culating means A4 to the control center air-fuel ratio AFR to calculate the target air-
fuel ratio AFT. The thus calculated target air-fuel ratio AFT is input to the basic fuel
injection calculating means A2 and later explained air-fuel ratio deviation calculating
means AS.

<Calculation of F/B Correction Amount>

Next, calculation of the F/B correction amount based on the output air-fuel ratio
AFup of the upstream side air-fuel ratio sensor 40 will be explained. In calculating the
F/B correction amount, air-fuel ratio deviation calculating means A8, and F/B
correction calculating means A9 are used.

The air-fuel ratio deviation calculating means A8 subtracts the target air-fuel ratio
AFT which was calculated by the target air-fuel ratio setting means A7 from the output
air-fuel ratio AFup of the upstream side air-fuel ratio sensor 40 to calculate the air-fuel
ratio deviation DAF (DAF=AFup-AFT). This air-fuel ratio deviation DAF is a value
which expresses the excess/deficiency of the amount of fuel feed to the target air-fuel
ratio AFT.

The F/B correction calculating means A9 processes the air-fuel ratio deviation DAF
which was calculated by the air-fuel ratio deviation calculating means A8 by pro-
portional integral derivative processing (PID processing) to calculate the F/B
correction amount DFi for compensating for the excess/deficiency of the fuel feed
amount based on the following formula (7). The thus calculated F/B correction amount
DFi is input to the fuel injection calculating means A3.

DFi=Kp * DAF+Ki + SDAF+Kd - DDAF ...(7)

Note that, in the above formula (7), Kp is a preset proportional gain (proportional
constant), Ki is a preset integral gain (integral constant), and Kd is a preset derivative
gain (derivative constant). Further, DDAF is the time derivative of the air-fuel ratio
deviation DAF and is calculated by dividing the difference between the currently
updated air-fuel ratio deviation DAF and the previously updated air-fuel ratio deviation

DAF by a time corresponding to the updating interval. Further, SDAF is the time
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integral of the air-fuel ratio deviation DAF. This time derivative DDAF is calculated
by adding the currently updated air-fuel ratio deviation DAF to the previously updated
time integral DDAF (SDAF=DDAF+DAF).

<Flow Chart of Air-Fuel Ratio Adjustment amount Calculation Control>

FIG. 13 is a flow chart which shows the control routine in control for calculation of
the air-fuel ratio adjustment amount. The illustrated control routine is performed by in-
terruption every certain time interval.

As shown in FIG. 13, first, at step S11, it is judged if the condition for calculation of
the air-fuel ratio adjustment amount AFC stands. As the case where the condition for
calculation of the air-fuel ratio adjustment amount AFC stands, normal operation being
performed, for example, fuel cut control not being performed, etc., may be mentioned.
When it is judged at step S11 that the condition for calculation of the air-fuel ratio ad-
justment amount AFC stands, the routine proceeds to step S12.

At step S12, it is judged if the lean set flag Fl is set to OFF. The lean set flag Fl is a
flag which is set ON when the target air-fuel ratio is set to the lean air-fuel ratio, that
is, the air-fuel ratio adjustment amount AFC is set to 0 or more, and is set OFF
otherwise. When it is judged at step S12 that the lean set flag Fl is set OFF, the routine
proceeds to step S13. At step S13, it is judged if the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is the rich judged air-fuel ratio AFrich or less.

When, at step S13, it is judged that the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is larger than the rich judged air-fuel ratio
AFrich, the routine proceeds to step S14. At step S14, it is judged if the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor 41 is smaller than the lean
judged air-fuel ratio AFlean. When it is judged that the output air-fuel ratio AFdwn is
the lean judged air-fuel ratio AFlean or more, the routine proceeds to step S15. At step
S15, the air-fuel ratio adjustment amount AFC is set to the rich set adjustment amount
AFCerich, and then the control routine is ended.

Then, if the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor
41 approaches the stoichiometric air-fuel ratio and becomes smaller than the lean
judged air-fuel ratio AFlean, at the next control routine, the routine proceeds from step
S14 to step S16. At step S16, the air-fuel ratio adjustment amount AFC is set to the
slight rich set adjustment amount AFCsrich, and then the control routine is ended.

Then, if the oxygen storage amount OSA of the upstream side exhaust purification
catalyst 20 becomes substantially zero and the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 becomes the rich judged air-fuel ratio AFrich
or less, at the next control routine, the routine proceeds from step S13 to step S17. At
step S17, the air-fuel ratio adjustment amount AFC is set to the lean set adjustment
amount AFClean. Next, at step S18, the lean set flag Fl is set ON, then the control
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routine is ended.

If the lean set flag Fl is set ON, at the next control routine, the routine proceeds from
step S12 to step S19. At step S19, it is judged if the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 is the lean judged air-fuel ratio AFlean or
more.

When it is judged at step S19 that the output air-fuel ratio AFdwn of the downstream
side air-fuel ratio sensor 41 is smaller than the lean judged air-fuel ratio AFlean, the
routine proceeds to step S20. At step S20, it is judged if the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41 is larger than the rich judged
air-fuel ratio AFrich. When it is judged that the output air-fuel ratio AFdwn is the rich
judged air-fuel ratio AFrich or less, the routine proceeds to step S21. At step S21, the
air-fuel ratio adjustment amount AFC continues to be set at the lean set adjustment
amount AFClean, and then the control routine is ended.

Then, if the output air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor
41 approaches the stoichiometric air-fuel ratio and becomes larger than the rich judged
air-fuel ratio AFrich, at the next control routine, the routine proceeds to step S20 to
step S22. At step S22, the air-fuel ratio adjustment amount AFC is set to the slight lean
set air-fuel ratio AFCslean, and then the control routine is ended.

Then, if the oxygen storage amount OSA of the upstream side exhaust purification
catalyst 20 becomes substantially the maximum storable oxygen amount and the output
air-fuel ratio AFdwn of the downstream side air-fuel ratio sensor 41 becomes the lean
judged air-fuel ratio AFlean or more, at the next control routine, the routine proceeds
from step S19 to step S23. At step S23, the air-fuel ratio adjustment amount AFC is set
to the rich set adjustment amount AFCrich. Next, at step S24, the lean set flag Fl is
reset to OFF, and the control routine is ended.

<Flow Chart of Normal Learning Control>

FIG. 14 is a flow chart which shows the control routine of normal leaning control.
The illustrated control routine is performed by interruption every certain time interval.

As shown in FIG. 14, first, at step S31, it is judged if the condition for updating the
learning value sfbg stands. As the case when the condition for updating stands, for
example, normal control being performed, etc., may be mentioned. When it is judged
at step S31 that the condition for updating the learning value sfbg stands, the routine
proceeds to step S32. At step S32, it is judged if the lean flag FI has been set to 0.
When it is judged at step S32 that the lean flag F1 has been set to O, the routine
proceeds to step S33.

At step S33, it is judged if the air-fuel ratio adjustment amount AFC is larger than O,
that is, if the target air-fuel ratio is a lean air-fuel ratio. If, at step S33, it is judged that

the air-fuel ratio adjustment amount AFC is larger than O, the routine proceeds to step



42

WO 2016/013226 PCT/JP2015/003703

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

S34. At step S34, the cumulative oxygen excess/deficiency ZOED is increased by the
current oxygen excess/deficiency OED.

Then, if the target air-fuel ratio is switched to the rich air-fuel ratio, at the next
control routine, at step S33, it is judged if the base air-fuel ratio adjustment amount
AFCbase is 0 or less and thus the routine proceeds to step S35. At step S35, the lean
flag Fl is set to 1, next, at step S36, Rn is made the absolute value of the current cu-
mulative oxygen excess/deficiency 2OED. Next, at step $37, the cumulative oxygen
excess/deficiency 2OED is reset to 0 and then the control routine is ended.

On the other hand, if the lean flag Fl is set to 1, at the next control routine, the routine
proceeds from step S32 to step S38. At step S38, it is judged if the air-fuel ratio ad-
justment amount AFC is smaller than O, that is, the target air-fuel ratio is the rich air-
fuel ratio. When it is judged at step S38 that the air-fuel ratio adjustment amount AFC
is smaller than O, the routine proceeds to step S39. At step S39, the cumulative oxygen
excess/deficiency ZOED is increased by the current oxygen excess/deficiency OED.

Then, if the target air-fuel ratio is switched to the lean air-fuel ratio, at step S38 of the
next control routine, it is judged that the air-fuel ratio adjustment amount AFC is O or
more, then the routine proceeds to step S40. At step S40, the lean flag Fr is set to 0,
then, at step S41, Fn is made the absolute value of the current cumulative oxygen
excess/deficiency ZOED. Next, at step S42, the cumulative oxygen excess/deficiency
20ED is reset to 0. Next, at step S43, the learning value sfbg is updated based on Rn
which was calculated at step S36 and the Fn which was calculated at step S41, then the
control routine is ended.

<Flow Chart of Stuck Learning Control>

FIGS. 15 and 16 are flow charts which show the control routine of stuck learning
control (stoichiometric air-fuel ratio stuck control, rich stuck control, and lean stuck
control). The illustrated control routine is performed by interruption every certain time
interval.

As shown in FIGS. 15 and 16, first, at step S51, it is judged if the lean flag Fl1 is set to
"0". If it is judged, at step S51, that the lean flag Fl is set to "0", the routine proceeds to
step S52. At step S52, it is judged if the air-fuel ratio adjustment amount AFC is larger
than O, that is, if the target air-fuel ratio is the lean air-fuel ratio. If it is judged at step
S52 that the air-fuel ratio adjustment amount AFC is O or less, the routine proceeds to
step S53.

At step S53, it is judged if the output air-fuel ratio AFdwn of the downstream side
air-fuel ratio sensor 41 is larger than the lean judged air-fuel ratio AFlean, and at step
S54, it is judged if the output air-fuel ratio AFdwn is a value between the rich judged
air-fuel ratio AFrich and the lean judged air-fuel ratio AFlean. If it is judged at steps
S53 and S54 that the output air-fuel ratio AFdwn is smaller than the rich judged air-
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fuel ratio AFrich, that is, if it is judged that the output air-fuel ratio is the rich air-fuel
ratio, the control routine is ended. On the hand, if it is judged at steps S53 and S54 that
the output air-fuel ratio AFdwn is larger than the lean judged air-fuel ratio AFlean, that
is, if it is judged that the output air-fuel ratio is the lean air-fuel ratio, the routine
proceeds to step S55.

At step S55, the new lean maintenance time XTlean is set to a value acquired by
adding the time AT to the lean maintenance time ZTlean. Note that, the lean
maintenance time 2Tlean indicates the time during which the output air-fuel ratio is
maintained at the lean air-fuel ratio. Next, at step S56, it is judged if the lean
maintenance time XTlean which was calculated at step S55 is the lean air-fuel ratio
judgment time Tlean or more. At step S56, when it is judged that ZTlean is smaller
than Tlean, the control routine is ended. On the other hand, when the lean maintenance
time XTlean increases and thus, at step S56, it is judged that XTlean is Tlean or more,
the routine proceeds to step S57. At step S57, the learning value sfbg is corrected by
using the above-mentioned formula (5).

On the other hand, when it is judged at steps S53 and S54 that the output air-fuel
ratio AFdwn is a value between the rich judged air-fuel ratio AFrich and the lean
judged air-fuel ratio AFlean, the routine proceeds to step S58. At step S58, the new
stoichiometric air-fuel ratio maintenance time XTsto is set to a value acquired by
adding the time AT to the stoichiometric air-fuel ratio maintenance time XTsto. Next,
at step S59, it is judged if the stoichiometric air-fuel ratio maintenance time 2Tsto
which was calculated at step S58 is the stoichiometric air-fuel ratio judgment time Tsto
or more. If it is judged at step S59 that ZTsto is smaller than Tsto, the control routine is
ended. On the other hand, if the stoichiometric air-fuel ratio maintenance time >~Tsto
increases and thus it is judged at step S59 that XTsto is Tsto or more, the routine
proceeds to step S60. At step S60, the learning value sfbg is corrected by using the
above-mentioned formula (4).

Then, when the target air-fuel ratio is switched and it is judged at step S52 that the
air-fuel ratio adjustment amount AFC is larger than O, the routine proceeds to step S61.
At step S61, the lean air-fuel ratio maintenance time XTlean and the stoichiometric air-
fuel ratio maintenance time XTsto are reset to 0. Next, at step S62, the lean flag Fl is
setto "1".

If the lean flag Fl is set to "1", at the next control routine, the routine proceeds from
step S51 to step S63. At step S63, it is judged if the air-fuel ratio adjustment amount
AFC is smaller than 0, that is, if the target air-fuel ratio is the rich air-fuel ratio. When
it is judged at step S63 that the air-fuel ratio adjustment amount AFC is O or more, the
routine proceeds to step S64.

At step S64, it is judged if the output air-fuel ratio AFdwn of the downstream side
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air-fuel ratio sensor 41 is smaller than the rich judged air-fuel ratio AFrich. At step

565, it is judged if the output air-fuel ratio AFdwn is a value between the rich judged
air-fuel ratio AFrich and the lean judged air-fuel ratio AFlean. If it is judged at steps
S64 at S65 that the output air-fuel ratio AFdwn is larger than the rich judged air-fuel
ratio AFlean, that is, if the output air-fuel ratio is the lean air-fuel ratio, the control
routine is ended. On the other hand, if it is judged at steps S64 and S65 that the output
air-fuel ratio AFdwn is smaller than the rich judged air-fuel ratio AFrich, that is, if it is
judged that the output air-fuel ratio is the rich air-fuel ratio, the routine proceeds to step
S66.

At step S66, the new rich maintenance time ZTrich is set to a value acquired by
adding the time AT to the rich maintenance time XTrich. Note that, the rich
maintenance time 2Trich indicates the time during which the output air-fuel ratio is
maintained at the rich air-fuel ratio. Next, at step S67, it is judged if the rich
maintenance time 2Trich which was calculated at step S66 is the rich air-fuel ratio
judgment time Trich or more. If at step S67 it is judged that XTrich is smaller than
Trich, the control routine is ended. On the other hand, if the rich maintenance time
2Trich increases and thus it is judged at step S67 that ZTrich is Trich or more, the
routine proceeds to step S68. At step S68, the learning value sfbg is corrected by using
the above formula (5).

On the other hand, if it is judged at steps S64 and S65 that the output air-fuel ratio
AFdwn is a value between the rich judged air-fuel ratio AFrich and the lean judged air-
fuel ratio AFlean, the routine proceeds to step S69. At steps S69 to S71, control similar
to steps S58 to S60 is performed.

Then, if the target air-fuel ratio is switched and thus it is judged at step S63 that the
air-fuel ratio adjustment amount AFC is smaller than 0, the routine proceeds to step
S72. At step S72, the rich air-fuel ratio maintenance time ZTrich and the stoi-
chiometric air-fuel ratio maintenance time ZTsto are reset to 0. Next, at step S73, the
lean flag Flis set to "0" and the control routine is ended.

Note that, in the above embodiment, as the basic air-fuel ratio control, control is
performed so that while the target air-fuel ratio is set to the rich air-fuel ratio, the rich
degree is dropped, and while the target air-fuel ratio is set to the lean air-fuel ratio, the
lean degree is dropped. However, as the basic air-fuel ratio control, it is not necessarily
required to employ such air-fuel ratio control. Control may also be performed so that
while the target air-fuel ratio is set to the rich air-fuel ratio, the target air-fuel ratio is
maintained at a certain constant rich air-fuel ratio, and while the target air-fuel ratio is
set to the lean air-fuel ratio, the target air-fuel ratio is maintained at a certain constant

lean air-fuel ratio.
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Reference Signs List
[0190] 1 engine body
5 combustion chamber
7 intake port
9 exhaust port
19 exhaust manifold
20 upstream side exhaust purification catalyst
24 upstream side exhaust purification catalyst
31 ECU
40 upstream side air-fuel ratio sensor

41 downstream side air-fuel ratio sensor
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Claims

A control system of internal combustion engine, which engine
comprises: an exhaust purification catalyst which is arranged in an
exhaust passage of an internal combustion engine and which can store
oxygen; and a downstream side air-fuel ratio sensor which is arranged
at a downstream side, in the direction of exhaust flow, of said exhaust
purification catalyst and which detects the air-fuel ratio of the exhaust
gas flowing out from said exhaust purification catalyst,

the control system of an internal combustion engine performs feedback
control of the feed amount of fuel which is fed to a combustion
chamber of the internal combustion engine so that an air-fuel ratio of
exhaust gas flowing into said exhaust purification catalyst becomes a
target air-fuel ratio, and performs learning control which corrects a
parameter relating to said feedback control based on the output air-fuel
ratio of said downstream side air-fuel ratio sensor,

wherein said target air-fuel ratio is switched from a rich air-fuel ratio
which is richer than the stoichiometric air-fuel ratio to a lean air-fuel
ratio which is leaner than the stoichiometric air-fuel ratio, when the
output air-fuel ratio of said downstream side air-fuel ratio sensor
becomes a rich judged air-fuel ratio, which is richer than the stoi-
chiometric air-fuel ratio, or less, and is switched from the lean air-fuel
ratio to the rich air-fuel ratio, when the output air-fuel ratio of said
downstream side air-fuel ratio sensor is a lean judged air-fuel ratio,
which is leaner than the stoichiometric air-fuel ratio, or more, and

in said learning control, when said target air-fuel ratio is set to one of
the rich air-fuel ratio and the lean air-fuel ratio and the output air-fuel
ratio of said downstream side air-fuel ratio sensor is maintained in an
air-fuel ratio region in proximity to the stoichiometric air-fuel ratio
between said rich judged air-fuel ratio and said lean judged air-fuel
ratio, for the stoichiometric air-fuel ratio judgment time or more, or in a
time period until the cumulative oxygen excess/deficiency becomes a
predetermined value or more, stoichiometric air-fuel ratio stuck
learning is performed which corrects a parameter relating to said
feedback control so that the air-fuel ratio of the exhaust gas flowing
into said exhaust purification catalyst changes to said one side in said
feedback control.

The control system of an internal combustion engine according to claim
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1, wherein

said target air-fuel ratio is switched from the rich air-fuel ratio to a lean
set air-fuel ratio which is leaner than the stoichiometric air-fuel ratio,
when the output air-fuel ratio of said downstream side air-fuel ratio
sensor becomes said rich judged air-fuel ratio or less,

said target air-fuel ratio is set to a lean air-fuel ratio which is smaller in
lean degree than said lean set air-fuel ratio, from the lean degree
changing timing after said target air-fuel ratio is set to said lean set air-
fuel ratio and before the output air-fuel ratio of said downstream side
air-fuel ratio sensor becomes said lean judged air-fuel ratio or more, to
when the output air-fuel ratio of said downstream side air-fuel ratio
sensor becomes said lean judged air-fuel ratio or more,

said target air-fuel ratio is switched from the lean air-fuel ratio to a rich
set air-fuel ratio which is richer than the stoichiometric air-fuel ratio,
when the output air-fuel ratio of said downstream side air-fuel ratio
sensor becomes said lean judged air-fuel ratio or more, and

said target air-fuel ratio is set to a rich air-fuel ratio which is smaller in
rich degree than said rich set air-fuel ratio, from the rich degree
changing timing after said target air-fuel ratio is set to said rich set air-
fuel ratio and before the output air-fuel ratio of said downstream side
air-fuel ratio sensor becomes said rich judged air-fuel ratio or less, to
when the output air-fuel ratio of said downstream side air-fuel ratio
sensor becomes said rich judged air-fuel ratio or less.

The control system of an internal combustion engine according to claim
1 or 2, wherein said stoichiometric air-fuel ratio judgment time is not
less than the time until the absolute value of the oxygen excess/de-
ficiency which is cumulatively added from when said target air-fuel
ratio is switched to an air-fuel ratio which is deviated from the stoi-
chiometric air-fuel ratio to said one side, reaches a maximum storable
oxygen amount of said exhaust purification catalyst which is unused.
The control system of an internal combustion engine according to any
one of claims 1 to 3, wherein in said learning control, when said target
air-fuel ratio is set to a rich air-fuel ratio, if the output air-fuel ratio of
said downstream side air-fuel ratio sensor is maintained at an air-fuel
ratio which is leaner than said lean judged air-fuel ratio for the rich/lean
air-fuel ratio judgment time or more, lean stuck learning is performed
which corrects a parameter relating to said feedback control so that the

air-fuel ratio of the exhaust gas flowing into said exhaust purification
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catalyst changes to the rich side.

The control system of an internal combustion engine according to claim
4, wherein a correction amount in said lean stuck learning is larger than
a correction amount in said stoichiometric air-fuel ratio stuck learning.
The control system of an internal combustion engine according to any
one of claims 1 to 5, wherein in said learning control, when said target
air-fuel ratio is set to a lean air-fuel ratio, if the output air-fuel ratio of
said downstream side air-fuel ratio sensor is maintained at an air-fuel
ratio which is richer than said rich judged air-fuel ratio for the rich/lean
air-fuel ratio judgment time or more, rich stuck learning is performed
which corrects a parameter relating to said feedback control so that the
air-fuel ratio of the exhaust gas flowing into said exhaust purification
catalyst changes to the lean side.

The control system of an internal combustion engine according to claim
6, wherein a correction amount in said rich stuck learning is larger than
a correction amount in said stoichiometric air-fuel ratio stuck learning.
The control system of an internal combustion engine according to any
one of claims 4 to 7, wherein said rich/lean air-fuel ratio judgment time
is shorter than said stoichiometric air-fuel ratio judgment time.

The control system of an internal combustion engine according to any
one of claims 4 to §, wherein said rich/lean air-fuel ratio judgment time
is changed in accordance with an amount of flow of exhaust gas which
is cumulatively added from when said target air-fuel ratio is switched
between the rich air-fuel ratio and the lean air-fuel ratio.

The control system of an internal combustion engine according to any
one of claims 4 to 9, wherein said rich/lean air-fuel ratio judgment time
is not less than a response delay time of the downstream side air-fuel
ratio sensor which is taken from when switching said target air-fuel
ratio to when the output air-fuel ratio of the downstream side air-fuel
ratio sensor changes according to the switch.

The control system of an internal combustion engine according to any
one of claims 1 to 10, wherein in said learning control, a normal
learning control is performed in which a parameter relating to feedback
control is corrected, based on a first oxygen amount cumulative value
which is an absolute value of cumulative oxygen excess/deficiency in a
first time period from when switching the target air-fuel ratio to the
lean air-fuel ratio to when the output air-fuel ratio of the downstream

side air-fuel ratio sensor becomes said lean judged air-fuel ratio or
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more, and a second oxygen amount cumulative value which is an
absolute value of cumulative oxygen excess/deficiency in a second time
period from when switching said target air-fuel ratio to the rich air-fuel
ratio to when the output air-fuel ratio of said downstream side air-fuel
ratio sensor becomes the rich judged air-fuel ratio or less, so that the
difference between these first oxygen amount cumulative value and
second oxygen amount cumulative value becomes smaller.

The control system of an internal combustion engine according to any
one of claims 1 to 11, wherein said parameter relating to feedback
control is either of said target air-fuel ratio, fuel feed amount, and air-
fuel ratio serving the center of control.

The control system of an internal combustion engine according to any
one of claims 1 to 11, wherein

the engine further comprises an upstream side air-fuel ratio sensor
which is arranged at an upstream side, in the direction of exhaust flow,
of said exhaust purification catalyst and which detects the air-fuel ratio
of exhaust gas flowing into said exhaust purification catalyst,

wherein the amount of feed of fuel which is fed to the combustion
chamber of the internal combustion engine is feedback controlled so
that said output air-fuel ratio of the upstream side air-fuel ratio sensor
becomes a target air-fuel ratio, and

said parameter relating to the feedback control is the output value of

said upstream side air-fuel ratio sensor.



1715

PCT/JP2015/003703

WO 2016/013226

[Fig. 1]

FIG. 1

CPU

,w

140d 1nd1no

o3
32
o
-
——

LOAD SENSOR

CRANK ANGLE SENSOR
4

- -




2/15

WO 2016/013226 PCT/JP2015/003703

[Fig. 2A]

FIG. 2A

N

X

CONCENTRATION OF NO
IN OUTFLOWING GAS

o

Cuplim Cmax
OXYGEN STORAGE
AMOUNT

[Fig. 2B]

FIG. 2B

CONCENTRATION OF

HC AND CO IN
OUTFLOWING GAS

\_

0 Clowlim Cmax

OXYGEN STORAGE
AMOUNT




3/15

WO 2016/013226 PCT/JP2015/003703
[Fig. 3]

FIG. 3

I
A_IATMOSPHERIC

GAS
A/F=20

\{/A/F=18
/_/—‘A/F=14.6

\YJ

N

[Fig. 4]

FIG. 4 I[mA]

RICH STOICHIOMETRIC  LEAN
AIR FUEL RATIO AIR FUEL

RATIO




4/15

PCT/JP2015/003703

FIG. 5

WO 2016/013226

[Fig. 5]

i Vm_ | m 5o
i m S
S I ! by
I R ! b
N m N\
A m /: ot
A m m oy
| [ | ) 1 [ |
AT I ! " R
o i ! ! R
I ! " o
I : _ Loy
1 m i /)
2 ! \ ' o
A " " " L
R m ! m o
I " " ! Loy
_ v | " " Loy
R ! DN B
- m —_— -
! m N N |
T m - -
I ! A | b
R " N o
] “ | |
fI 1 : ! L1 : L . 1
7 6O A S o o
28 08 ° %0 z 8
AA < YOSN4S 3dIS m W 4OSN4S 4dIS
24Y INNOWY NVIHISdN VSO LNNOWY a0 WYJ4LSNMOd
INJWNLISNray 40 dndy 011vy 39VYH01S AINII91430/5539X3 40 ump4y OI1vy
OI1vd 13And ¥1v T13nd-d1vY Lndino N3DAX0 NIDAX0 FATLYINWAD  73n4-¥IV L1Nd1no



5/15
PCT/JP2015/003703

FIG. 6

WO 2016/013226

[Fig. 6]

5

ACTUAL
- AIR-FUEL RATIO

N

R T S
t

Vo N N

/

0
0

AFCsrich

AFClean’p — — — —
FCslean |- - - -} -
AFCrichfF————i——-—

Cmax

Crich

Clean

<
< dOSNAS 4302 40SN3S JdIS
24V INNOWY  3AIS WVIY1SdN VSO LNNOWY AON3I01430/SS30X3 WY341SNMOA
INIWLSNrQY 40 dndy OILVY 39VHOLS NIDAXO N3DAXO JALLYINNND 4o umpdy OILWY
0I1vd T13nd ¥4IV TaN4-dIV 1NdINO 13NJ4-41V 1NdLno



6/15

PCT/JP2015/003703

WO 2016/013226

[Fig. 7]

| i 1 yamm e ] -
" . b = m m |
m I R I= | / m / o | e
| T o N> e
: ! I _R L m | 1 | <
_ B - ! " " " "
! I o= “ " “
" N = " i |
" R - il ; oy . o
! T =< A - R " <> 1 1RR
e e o S < T
“ . P i T 1| ) ) 1 '
" s TN ”///, | /// |
“ Fot i ! " ///L //LA|MW|¢V |
Lo | u - 1 o]
~ BHE j B m .
: I , " " "
= IS f " ! !
™ R 1 ! ! !
i 1 m | o s
o 1 AR =74 i
N T | “ “ -
] N\ )
R N N\ .
o1 _ i “ ' i
< n_nn__ ] < f < \“ H \ <
s  §§°86% 3 g ° ° °
L <
01LvY <L < 40SN3S 3418 yqq ) Nnowy 1302 JOSNIS 3a1S  B94S

14N4-Y1V
LERLER)
TTO41NOD

04V LNNOWY
INJWLSNray
OIlvd 1aNd-dIv

WY3HLSdN

40 dnjy OILWY
13N4-41v 1nd1no

J9V401S  AONIID1430/SS30XT
NI9AXO NIDAXO JATLVINKND

1aN4-d1v 1NdLNO

WY34LSNMOQ ANIVA
40 umpdy o11yy ONINYVA1



7/15

PCT/JP2015/003703

WO 2016/013226

[Fig. 8]

FIG. 8

! Yy ' | 1 H |
o _ i “ ! !
Lo _ i " " “
I ! | “ “ i
I I o | " | “
I _ —_ i " " "
T - | ! ! |
N . | " "
RN B ! ! |
R | “ ! !
B " " “
RN R m m m
| I | V | h
o =0 ! ! !
o 2 ! ! !
= ] M
R i ! ! !
B m m m
_ _ 1 _ ] ] ] 1
b L “ m /
N K " “ !
I B b “ ! !
- ' / ! / "
MR N N\
X coc & O © % cCc © ~ o
@ O O O <t T C®
Q0 5 5 -~ E O
0oZ SR o 00
% 0L L < YOSN3S 3dIS
< WY341sdn 40 302 4OSN3S 341S
04V LNNOWY dngy OILVY VSO INNOWY AON3IO1430/SS30X3 WY3J41SNMOd
INJWLSNrQy TAN4-YIV  FOVHOLS NIDAXO N3IDAXO FAILYINWND 40 umpqy QI1vY
OILlvd T13and Y1V 1nd1no 13aNd-Y¥Iv 1nd1no



8/15

PCT/JP2015/003703

WO 2016/013226

t3

FIG. 9

A

!
[
_
_
_
_
_
_
_
@
_
_
_
_
_
_
!
_
1
I
<5
—
)

AFCrich -+

]

i
|

|

|

|

|

|

|

_
|

|

I
[
|

|

|

i
|
i
[
©
Q
2]
O

Q L

AFClean’R— & - - o i CC

A
A

4OSN3S 3aIS
23V INNOWY WY34LSdN
INJWLSnrav 40 dndy OILvY
OILVY T14nd dIV TIN4-dIV 1Nd1no

[Fig. 9]

Cmax/'-—

di0¢ 40SN3S 3aIS

¥SO INNOWY  AoN3191430/SS39X3 WY3Y1SNMOQ

JOVH01S
N39AX0

NIDAXO 40 uMpdy OILVY
JALLVINNND  13N4-¥1V L1NdLNO



9/15

PCT/JP2015/003703

WO 2016/013226
FIG. 10

[Fig. 10]

i IR ; _ / u i
m b ik m ! e
B N IR ] S BN 1%
! I Ll ! ! !
m BHN e/ 1P
Y S I i = ! T
“ I = | “
IR il - m m
ol ! L L] B " !
| o r = - Co ! !
= “ Loy I = ol e “ "
! I < ! !
! N R T IR ! !
v 1 | 1! 1 L 1 w0 1 1 )
0\ TR Z "
I - = m
o i =< " !
& BT |
il 5 " “
Lol I << _ i m
7 L] i m " .
i | w M .
! HE ) i : +
I ! / !
o \ “ ) oy
el PN ol
© t cog g S © X £c O o
= 88 55 = E 53 0303
[72]
v ouvd 28 QL yosnas 3a1s © © AONA191430/5530X3 3q4s
HEAY <L < WYRLSAN yso (Nnowy  NIDAXO JALLYTONNO  yosn3s 3aIs  3nTvA
&ﬁn% 94V INnowy 30 dndv OLLvd ~"“3pyyols WYULSNMOD  ONINYVIT
INawisneay 1EN-d1V 1Nd1N0 N3DAXO 40 umpy 011y

OILVY 1aN4-dIV 13N4-dIV 1Nd1ino



10/15

PCT/JP2015/003703

Tsto

Tsto

Tlean

Tlean

WO 2016/013226
FIG. 11

[Fig. 11]

i _ ) i U \ L " -
Lo ! e " “ " ¥ “ =
Lo | " " \ F [ “
(I l N ! ! 141 ' R
I H “ ! " i m
N i m m m ! “
P o i ! | ! si| !
I = ! ! ! ! _ !
o = ! ! ! &L_AI !
I = ! ! ! i|i m
! o ! | ! il “
| _ 1 | jusesn iy ) h . i _ .
R R " | | | "
R - oL | i-H ——
] < i m m 1l |
Lo ! =~ “ " ! "
i 2 8 “ _ i "
L = = ! | “ il !
I e | ! ! m
[ T I = . I 1 (| |
RN ! m i ! "
A ERESS m | " i|i !
I i “ " ]! " -
S B i " L rasis " o
T T | _ H ! =
I = " ! H "
il 5 | i M m
I L | j .l ! Y
b | “ { i1 _ =
B P ! " H
I I “ " i
Lo i " “ it
e 5 <L <hie <L
© G0 5 d X cr O o
< §o £& s g @02 I £ 3q4s INWA
L
T <% < gy Wy3uisan ¥SO_LNnowy NI9AXO SALLVNARD 4OSNIS 3a1S
Y3INJO INNONY INJWLSnPQY 4O dndy O11vY JIVH0LS WVIULSNMOQ 40 umpdy
JOYINOD  OILlv¥ T3n4-¥IV TIN4-¥IV LNdLINO NIDAXO OLLVY TAN4-¥IV 1nd1no



11/15

PCT/JP2015/003703

WO 2016/013226

[Fig. 12]

SNVIN ONILVIND1vO_ LNNOWV
INJWLISNAY OI1VY 13Nd-dIV

oy &

ump4v

1SATVIVD
NOI1vOId41dnd 1SNVHX3
30IS WY3IYLSNMOd

N i

ve
STIVNOIS 40 MOTd: «<—

SYD ISNVHX 40 M0Td €=

SNVIN_ONILVINO VY
JNTVA ONINYYIT

*
" 14V

LY

o4V

l<E A

oy v

mem\/hﬁ\(ﬂwwmo_m“z
N,

dndy

1SAIVLYD
NOI1VOIdIdnd LSNVHX3
30Q1IS WY3IHLSdN

N or

0c

dnqy

<

8v |dvd

SNVIW ONILYINO1VO

NOILYIA3Q §/4 3QIS WYIHLSdN

6V .
INIONT . A. . -
NOTLSNGN0D , x
TET R A mwmw/a\ O] dviy
eV Y mza moﬁ

¢l 9I4



12/15

PCT/JP2015/003703

WO 2016/013226

[Fig. 13]

anNd

, sg 1 320=13 071d] g S 1L NO— 14 BV |
[ues)04v— D4V [ues|so v —04v| [UPHDIV—D Y] [UoUDJIY—D4V| [UolsDdv—D Y| [UesIDdV—04Y|
P4 -~ PN P P 7
1ZS 2ZS S8 €ZS G1S 91S SOA /1S
&, UoLY<UMP Y ¢, Uea|4y>umpdy
0ZS : _ ks
¢, Ues|y SUMpSY ¢ UoU4Y S UMpLY

€Ls

SOA

€1 9l4

¢l

LS

¢440=14 9By

6SANVLSLS
NOILIANOD
NOTLVINOIvO

AHJOmhzoo NOTLYINOTYO 1NNOWY

INJWRLSNraY OTLVYH 13n4-d1V




(N3

PCT/JP2015/003703

13/15

WO 2016/013226

[Fig. 14]

_ P S
uj‘uy NO Q3sve 894s
INTVA ONINYVIT 3Lvadn
s
a30+a30x d30+030%
0303 13 Q303 0303 133y Q303
s N pes v
Q302 —u 66S [ a3oz—uy
| | SOA

60=14 9YT1d Nv3I]

CES

¢SANVLS
NOILIANOD 31vddn 3ANIVA
ONINYY31

LES

AHMomhzoo ONINYYIT
TYWON

¥1 914




14/15

PCT/JP2015/003703

WO 2016/013226

aNd

4
O w\_/ K] \_/
q4s ANVA q4s JMIVA l—14 9¥74 NVIT
\ﬂw\’:zmﬁ.— 1934403 ONINYVYIT 1944409 e
L7
09Ss SoA /68 sol 29s

oN é <& uealL = ued|L3

01s] ‘uea|] |3S3Y

65S 95S
1gsv"
LV+0ISI T LV+Uues|| 3
—0}S| 2 —Uuea| X
ge§ v~
Ues|4V S UMPLY S YoudY
SOA
SN~ Ueeldv<ump3y son
£6S
oN ¢ 0<D4Y
268
O ON—_60=}4 DV14 NVIT
1GS
=
E g1 914 (704INCO DNINYVIT YONLS)
(a0



15/15

PCT/JP2015/003703

WO 2016/013226

[Fig. 16]

3948 INTVA
ININYYIT 1034409

1L~

VLS

SOA

1V+0]s1 X
—0]81%

B3|V S UMPLY'S You 4y

ON

394 INTVA
ONINYYIT 1934400 014 9V14 NV
ggs”” N
SOA

¢, you[
= YouLz

03s| ‘Yoldl 133y

an\~\

19
1V+You1z
—YoU]
998 -~
SO\

ON

¢ You4y>ump4y

¥9S

91 914

¢ 0>04V




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2015/003703

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO2D41/02 Fo2D41/14
ADD.

FO2D41/24

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

FO2D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 099 646 A (NADA MITSUHIRO [JP]) 1,4-8,
31 March 1992 (1992-03-31) 10,12
Y abstract 1-3,11,
figures 1, 2A, 2B, 3A, 3B, 4A, 4B, 9, 11 13
column 1, 1line 50 - line 68
column 2, line 14 - line 28
column 3, 1line 15 - line 18
column 3, Tine 40 - line 48
column 4, 1line 24 - line 68
column 5, line 23 - line 33
X US 5 052 177 A (NADA MITSUHIRO [JP]) 1
1 October 1991 (1991-10-01)
abstract
claim 1
figures 1, 4, 5, 6, 9 (and according
description)
column 2, line 19 - line 56
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 December 2015

Date of mailing of the international search report

15/12/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kdmper, Fabian

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2015/003703

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

29 August 2001 (2001-08-29)
abstract
figures 9(A), 9(B)

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2009/151323 Al (SEVERIN CHRISTOPHER 1,3
[DE] ET AL) 18 June 2009 (2009-06-18)
abstract
claims 1, 13
Y EP 2 700 800 Al (NISSAN MOTOR [JP]) 2
26 February 2014 (2014-02-26)
abstract
figure 4
paragraph [0029] - paragraph [0030]
Y EP 1 173 661 Al (NISSAN MOTOR [JP]) 11
23 January 2002 (2002-01-23)
claim 1
figures 3, 7A, 7B
Y US 5 402 640 A (UCHIKAWA AKIRA [JP]) 13
4 April 1995 (1995-04-04)
abstract
figures 1-3
column 3, 1line 45 - column 4, Tine 9
column 6, Tine 6 - column 8, line 30
A EP 1 128 045 A2 (NISSAN MOTOR [JP]) 4-7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2015/003703
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5099646 A 31-03-1992 JP 2666530 B2 22-10-1997
JP HO476241 A 11-03-1992
us 5099646 A 31-03-1992

US 5052177 A 01-10-1991 NONE

US 2009151323 Al 18-06-2009  CN 101454547 A 10-06-2009
DE 102006025050 Al 29-11-2007
EP 2024615 Al 18-02-2009
US 2009151323 Al 18-06-2009
WO 2007137783 Al 06-12-2007

EP 2700800 Al 26-02-2014 CN 103502612 A 08-01-2014
EP 2700800 Al 26-02-2014
US 2014060016 Al 06-03-2014
WO 2012144269 Al 26-10-2012

EP 1173661 Al 23-01-2002 CN 1364214 A 14-08-2002
DE 60126022 T2 06-06-2007
EP 1173661 Al 23-01-2002
JP 3528739 B2 24-05-2004
JP 2001227384 A 24-08-2001
US 2002157379 Al 31-10-2002
WO 0161165 Al 23-08-2001

US 5402640 A 04-04-1995 JP 2906205 B2 14-06-1999
JP HO6346774 A 20-12-1994
us 5402640 A 04-04-1995

EP 1128045 A2 29-08-2001 DE 60116158 T2 29-06-2006
EP 1128045 A2 29-08-2001
Us 2001045089 Al 29-11-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - wo-search-report
	Page 68 - wo-search-report
	Page 69 - wo-search-report

