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(57) Abstract: An internal combustion engine comprises an exhaust puri-
fication catalyst 20. The control system comprises a temperature detect-
ing means 46 for detecting or estimating a temperature of the exhaust
purification catalyst, performs feedback control so that an air-fuel ratio of
exhaust gas tlowing into the exhaust purification catalyst becomes a tar -
get air-fuel ratio, and performs target air-fuel ratio setting control which
alternately sets the target air-fuel ratio to a rich set air-fuel ratio and a
lean set air-fuel ratio. In addition, the control system increases a variation
difterence, obtained by subtracting a rich degree of the rich set air-fuel
ratio from a lean degree of a lean set air-fuel ratio, when a temperature of
the exhaust purification catalyst detected or estimated by the temperature
detecting means is a predetermined upper limit temperature or less com-
pared with when it is higher than the upper limit temperature. As a result,
a sulfur ingredient storage amount of an exhaust purification catalyst is
maintained low.
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DESCRIPTION

Title of Invention: Control System of Internal Cbmbuétion

Engine

Technical Field |

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

Background Art

[0002] In the past, a control system of an intetrnal
combustion engine which is provided with an air-fuel
ratio sensor in an exhaust passage of the internal
combustion engine and.controls the amouht of fuel
supplied‘to the internal combustion engine based oh the
output of this air-fuel ratio sensor, has been widely
kndwn.'In particular, as such a control system,bone which -
is provided with an air-fuel ratio sensor at an upstream
side of an exhaust purification catalyst provided in the
engine exhaust passage and which is provided with an
oxygen sensor at a downstream side thereof, is known (for
example, PLT's 1 to 4). :
[{0003] In particular, in the control system described
in PLT 1, the amount of fuel fed to the internal
combustion enginélis_controlled in accordance with the
air-fuel ratio detected by the upstream side air-fuel’

ratio sensor so that this air-fuel ratio becomes a target

air-fuel ratio. In addition, the target air-fuel ratio is

corrected in accordance with the oxygen concentration
detected by the downstream side oxygen sensor. According
tb.PLT 1, due to this, even if the upstream side air-fuel
ratio sensor deteriorates due to age or there are
individual Variability, the air-fuel ratio of the exhaust

gas flowing into the exhaust purification catalyst can

match with the target value.

Citations List
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[0004] PLT 1: Japanese Patent Publication No. 8-
2327237A

PLT 2: Japanese Patent Publication No. 2005-163614A
PLT 3: Japanese Patent Publication No. 2006-183636A

PLT 4: Japanese Patent Publication No. 6-307271A

PLT 5: Japanese Patent Publication No.. 62-126234A

Summary of Invention

Technical Problem ‘ }
{0005].  In this regard, according to the inventors of
this application, a control system performing control
different from the control system described in the above-
mentioned PLT 1, has been proposed. In this control
system, when the air-fuel ratioldetected by the

downstream side air-fuel ratio sensor becomes a rich

- judgment air-fuel ratio (air-fuel ratio slightly richer

than stoichiometric air-fuel ratio) or less, the target
air-fuel ratio. is set to an air-fuel ratio leaner than
the stoichiometric air-fuel ratio (below, referred to és
a”"iean air-fuel ratio"). On the other hand, when, while

the target air-fuel ratio is set to the lean air-fuel

. ratio, the amount of ongeh storage of the exhaust

purification catalyst becomes not smaller thén a
switching reference storage amount which is smallerithan
the maximum étorable orygen amount, the target air-fuel
ratio is set to an air-fuel ratio richer thaﬁ thé
stoichiometric air-fuel ratio (below, referred_to as a
"rich air—fuel ratiQ"). That is; in this,control system,
the target.air—fuel'ratib is alternatély switcheg between
the rich‘air—fuel ratio and the lean air-fuel rdtio.
[6006] . When performing control in this way for
alternately switching the target air-fuel ratio between
the rich air-fuel ratio and the lean air-fuel ratio, the
exhaust purificatiOn catalyst stores ‘and reieases oxygen.
If the oxygen storage amount of the exhaust purification
catalyst reaches the maximum storable oxygen amount, the

exhaust purification catalyst can no longer store more
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oxygen. For this reason, oxygen and NOx flow out from the
exhaust purification catalyst. Therefore, to suppress the
outflow of NOx from the exhaust purification catalyst, the
maximum storable oxygen amount of the exhaust
purification catalyst must be maintained large.

[0007] In this regard, exhaust gas discharged frem an
engine body contains sulfur ingredients including SOx. If
the exhaust purification catalyst stores these sulfur
ingredients, the maximum storable oxygen amount of the
exhaust purification catalyst is reduced by that amount.
Therefore, from the viewpoint of maintaining the maximum
storable oxygen amount of the exhaust purification‘
catalyst high, the amount of storage of the sulfur
ingredients of tHe exhaust purification catalet must be
kept low. » .
[0008] Therefore, in view of this problem, an object
of the present invention is to provide a controlvsystem'
of an internal combustion engine which performs control
to alternately switch a target air-fuel ratio between a
rich air-fuel ratie and a lean air-fuel ratio Wherein the
amount of storage of the sulfur ingredients of the

exhaust purification catalyst,6 is kept low.

Solution to Problem :

[0009] To solve this problem, in a first‘aspect of the
invention, there is provided a control system of an
ihternal combustiog engine, the internal eombustion

engine comprising an exhaust purification catalyst which

is arranged in an exhaust passage of the internal

combustion engine and which can store oxygen,, the

control system of an internal combustion engine

comprising a temperature detecting means for detecting or
estimating a temperature of the exhaust purification
catalyst, performing feedback eontrel so that an air-fuel
ratio of exhaust gas flowing into the exhaust |
purification catalyst becomes 'a target air-fuel ratio,

and performing target air-fuel ratio setting control
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which alternately sets the target air-fuel ratio to a
rich set air—fuél ratio richer than a stoichiometric air-
fuel ratio and‘a lean set air-fuel ratio leaner than the
stoichiometric air-fuel ratio, wherein when the
temperature of the exhaust purification cétalyst which

has been detected or estimated by the temperature

‘detectihg means 1is a predetermined upper limit

temperature or less, compared to when it is higher than
the upper limit temperature, a variation difference, ‘
obtained by subtracting a rich degree which is a
difference of the rich set air-fuel ratio and |
stoichiometric air-fuel ratio from a lean degree which is
a difference of the lean set air-fuel ratio and |
stoichiometric air-fuel ratio, is increased.

[0010] In a second aspect of the invention, there is
provided the first aspect of the invention, wherein when
the temperature of the exhaust purification caﬁalyst
which has beeh detected or estimated by the temperature’
detecting means is the predetermined upper limit
temperature or less, compared to when it is higher than

the upper limit temperature, a lean degree of the lean

set air-fuel ratio is set larger.

[0011]‘ In a third aépect Qf the invention, there is
provided the first or second aspect of the invention,
wherein when the temperature of the exhaust purification

catalyst which has been detected or estimated by the

- temperature detecting means is the predetemined upper

limit temperature or less, compared to when it is higher
than the upper limit.temperature, é rich degree of the
rich set air-fuel ratio is set smaller.

[0012] In a fourth aspect of the invention, there is
provided any one of the first to third aspects of the
invention, wherein the temperature detecting means is an
intake air amount detecting means for. detecting or
estimating an intake air amount of the internal
combustion engine and, when an intake air amount detected

or estimated by the intake air amount detecting means -is
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a predetermined upper limit intake air amount or less, it
is estimated that the temperaturé of the exhaust
purification catalyst is the upper limit temperature or
lesé. _ .
[0013] In a fifth aspect of the invention, there is
provided any‘one of the first to third aspécts of the
invention, wherein the temperature detecting means
estimates that the temperature of the exhaust
purification catalyst is the upper limit ﬁemperature or
less when the internal combustion engine is engaged in
idling operation. 4

[0014] In a sixth aspect of the invention, there is

'provided any one of the first to fifth aspect of the

invention, further comprising a downétream side air-fuel
ratio sensor which is arranged at a downstream side of a
direction éf flow of exhaust of the exhaust purification
catalyst and which detects an air-fuel ratio of the
exhaust gas flowing out from the exhaust purification
catalyst, wherein in the target air-fuel ratio setting
control, when the air-fuel ratio detected by the

downstream side air-fuel ratio sensor becomes not higher

-than a rich judgment air-fuel ratio richer than the

stoichiometric air-fuel ratio or less, the target air-
fuel ratio is éwitched to the lean set air-fuel ratio,‘
and when an oxygen storage amount of the exhaust
purification catalyst becomes not smaller than é
predetermined the switching reference storage amount
which is smaller than the maximum storable oxygen amount,
the target air-fuel ratio is switched to the rich set
air-fuel ratio. |

[0015] In a seventh aspect of the invention, .there is
provided any one of. the first to fifth aspects of the
invention, further comprising a downstream side air-fuel
ratio sensor which is arranged at a downstream side of é
direction of flow of exhaust of the exhaust purification
catalyst‘and which detects an air-fuel ratio of the

exhaust gas flowing out from the exhaust purification
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catalyst, wherein in the target air-fuel ratio setting

control, when the air-fuel ratio detected'by the
downstream side air-fuel ratio sensor becomes not higher

than a rich judgment air-fuel ratio richer than the

‘stoichiometric air-fuel ratio, the target air-fuel ratio

is switched to the lean set air-fuel ratio, and when the
air-fuel ratio detected by the downstream side air-fuel
ratio sensor becomes not lower than a lean judgment air-
fuel ratio leaner than the stoichiometric air-fuel ratio;
the target air-fuel ratio is switched to the rich set

air-fuel ratio.

Advantégeous Effects of Invention
[0016] According to the present invention, the amount
of storage of the sulfur ingredients of the exhaust

purification catalyst can be kept low.

Brief Description of Drawings

[0017] | [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. 21 FIG. 2 is a view which shows the relationship
between the stored amount of oxygen of the exhaust
purification cétalyst and concentration of NOy or
concentration of HC or CO in the exhaust gas flowing out
from the exhaust purification catalyst.

[FIG, 3] FIG. 3 is a view which shows the relationship
between the voltage applied to the sensor and output
curfent, 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 applied to the sensor constant.
[FIG. 5] FIG. 5 is a time chart of a target air-fuel
ratio etc. when performing the air-fuel ratio control.:
[FIG. 6] FIG. 6 is a time chart of a target air-fuel
ratio etc. when performing control to change a rich set

air-fuel ratio and a lean set air-fuel ratio in the
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_present embodiment .

[FIG. 7] FIG. 7 is a graph which expresses a Cmax ratio
with respect to a ratio of a rich time in one cycle.
[FIG. 8] FIG. 8 is a time chart of a target air-fuel
ratio etc. similar to FIG. 6. :

[FIG. 9] FIG. 9 is a time chart of a target air-fuel
ratio etc. similar to FIG. 6. ,

[FIG. 10] FIG. 10 is a flow chart which shows a control
foutine'in target air-fuel ratio setting control. '
[FIG. 11] FIG. 11 is a flow chart which shows a control
roﬁtine of control for changing set air-fuel ratios in a
first embodiment. |

- [FIG. 12] FIG. 12 is a time chart of a target air-fuel
ratio etc. similar to FIG. 6. : ,

'[FiG.v13] FIG. 13 is a flow chart which shows a control
routine of control for changing set ai;—fuel ratios in a
second‘embodiment. »

[FIG. 14] FIG. 14 is a time éhart of a target air-fuel
ratio etc. similar to FIG. 6.

[FIG. 15] FIG. 15 is a flow chart which shows a control
routine of control for changing set air-fuel tatios in a
third embodiment. ‘, | _

[FIG. 16] FIG. 16 is a time chart of a target air-fuel

ratio etc. similar to FIG. 6.

Description of Embodiments

[0018] Below, referring to the drawings, embodiments

of the present invention will be explained in detail.

Note that, in the following explanation, similar

éompOnent elements are assigned the same reference

numerals. | _ | '

[0019] <Explanation of Internél Combustion Engine as a
" Whole> | .

FIG. 1 is a view which séhematically shows an
internal combustion engine in which a control system
according to the'present invention is used. In FIG. 1, 1

indicates an engine body, 2 a cylinder block, 3 a piston
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which reciprocates in the cylinder block 2, 4 a cylinder
head which is fastened to the cylinder block 2, 5 a
compbustion 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 exhaustlport. The

intake valve 6 opens and closes the intake port 7, while

~the exhaust valve 8'opens and closes the exhaust port 9.

[0020] 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 peripheral part of the inner wall surface of the
cylinder head 4. The spark plug 10 is confignred to
generate a spark in accordance with an ignition signal.
Furfher, the fuel injecter 11 injects a predetermined
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.

[0021] The intake“port 7 of each cylinder is connected
to a surge tank 14 threugh a corresponding 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.
[0022] 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 exhéust ports 9 and a collected part at

which these runners are collected. The collected part of
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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.

[0023] The electronic control unit (ECU) 31 consists
of a digital computer which is provided with components
which are connected together thfoughva bidirectional bus
32 such as a RAM (random access memory) 33, ROM (read
ohly memory) 34, CPU (miéroprocessor) 35, input port 36,
and output port 37. In the intake pipe 15, an airflow
meter 39 is arranged for détecting the flow rate of air
flowing through the intake pipe 15. The output of this
airflow meter 39 is input throuéh a corresponding AD
converter 38 to the input port 36. Further, at the
collected part of the exhaust manifold 1é, an upstream
side air-fuel ratio sensor 40 is arranged which detects
the air-fuel ratio of the exhaﬁst gas flowing through the
inside of the exhaust manifold 19 (that is, the exhaust
gas flowing 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
flowing through the inside of the exhaust pipe 22 (that
is, the exhaust gas floWing out from the upstream side
exhaust purification catalyst 20 and flowing into the
downstream side exhaust purification catalyst 24). The
outputs of these.air—fuel ratio sensors 40 énd 41 are
also input through the corresponding AD converters 38 to
the input port 36. Further, the upstream side exhaust
purification catalyst 20 1is provided with an upstream
side temperature sensor 46 for detecting a temperature of
the ubstream side exhaust purification catalyst 20, and

the downstream side exhaust purification catalyst 24 is
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provided with a downstream side temperature sensor 47 for

detecting the temperature of the downstream side exhaust

purification catalyst 24. The outputs of these

temperature sensors 46 and 47 are also input through the

corresponding AD converters 38 to the input port 36.

[0024] Further, an accelerator pedal 42 is connected

“to a load sensor 43 genérating 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
engihe speed from the output pulse of this crank angle
sensor 44. On the other hand, the output port 37 is
connected through cbrresponding drive circuits 45 to the
spark plugs 10, fuel injectors 11, and throttle valve
drive actuétor 17. Note that,‘the'ECU 31 functions as a
contiol system for controlling the internal combustion
engine.

[0025] Note that, the internal cémbustion engine
according to the'preseﬁt embodiment is a non-supercharged
internal combustion engine whi¢h is fueled by gasoline,
but the internal combustion engine according to the
presentvinvention is not limited to the above ,
cbnfiguration. For example, the internal combustion

engine according to the present invention may have way of -

fuel injection,‘configuration of intake and exhaust

systems, configuration of valvevmechanism, presence of
supercharger, and/or supercharging way, etc. which are
different from the above internal combustion engine.
[0026] <Explanation of Exhaust Purification Catalyst>
The upstream side exhaust purification catalyst 20 and
downstream side exhaust purification catalyst 24 have
similar coﬁfigurations. The exhaust purification

catalysts 20 and 24 are three-way catalysts having oxygen



10

15

20

25

30

35

WO 2015/105013 ‘ . PCT/JP2014/084444

_11_

storage abilities{ Specifically, the exhaust purification
catalysts 20 and 24 are formed such that on substrate
consisting of ceramic, a precious metal having a
catalytic action (for example, platinum (Pt)) and a
substance having an oxygen storage ability (for example,
ceria (Ce0y)) are carried.»The exhaust purification
catalysts 20 and 24 exhibit a catalytic action of
simultaneously removing unburned gas (HC, CO, etc.) and
nitrogen oxides (NOx) and, in addition, ah‘oxygen storage
ability, when reaching a predetermined activation
temperature. \

[0027] According to the_oxygén storage ability of the
exhaugt'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

-flowing 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
stored in the exhaust pu;ification catalysts 20 and 24
when the air-fuel ratio of the inflowing exhaust gas is
richer than the stoichiometric air-fuel ratio (rich air-
fuel ratio). S “

[0028] 'The exhaust purification catalysts 20 and 24
have a catalytic action and oxygen storage ability and
thereby have the action of purifying NOx and unburned gas
according to the stored amount of oxygen. That is, as
shown on solid line iﬁ‘FIG. 2A, in the case where the
air-fuel ratio of the exhaust gas flowing into the

exhaust purification catalysts 20 and 24 is a lean air-

'fuel ratio, when the stored amount of oxygen is small,

the exhaust purification catalysts 20 and 24 store‘the

oxygen in the exhaust gas. Further, along with this, the

'NOy in the exhaust gas is reduced and purified. On the

other hand, if the stored amount of oxygen becomes larger
beyond a certain stored amount near the maximum storable

oxygen amount Cmax (in the figure, Cuplim), the exhaust
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gas flowing out from the exhaust purification catalysts
20 and 24 rises in concentration of oxygen and NOyx
[0029] On the other hand, as shown on solid line in
FIG. 2B, 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, when the
stored amount of oxygen is‘lafge, the oxygen stored in
the exhaust purification catalysts 20 and 24 is released,
and the unburned gas in the exhaust gas 1is oxidized and
purified. On the other hand, if the stored amount of
oxygen 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

vstored amount near zero (in the figure, Cdwnlim).

{0030] In the above way, according to the exhaust
purification catalysts 20 and 24 used in the present
embodiment, the purification characteristics of NOyx and

unburned gas in the exhaust gas change depending on the

~air-fuel ratio and stored amount of oxygen of the exhaust

gas flowing into the exhaust purification catalysts 20
and 24. Note that, if having a catalytic action and

oxygen storage ability, the exhaust purification

‘catalysts 20 and 24 may also be catalysts different from

three-way «catalysts.

'[0031] <Qutput 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 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 exhaust gas (below, referred to as
"exhaust air-fuel ratio") flowing around the air-fuel

ratio sensors 40 and 41 and outputs current I when making

the supplied voltage constant. Note that, in this

embodiment, the air-fuel ratio sensor having the same



10

15

20°

25

30

35

WO 2015/105013 _ PCT/JP2014/084444

- 13 -

configurations is used as both air-fuel ratio sensors 40
and 41. ' '
[0032]  As will be understood from FIG. 3, in the air-

fuel ratio sensors 40 and 41 of the present embodiment,

the output current I beéomes larger the higher (the
leaner) the exhaust air-fuel ratio. Further, at the line
V-I of each exhaust air-fuel ratio, there is a region
parallel to‘the‘V axis, that is, a region where the
output current does not change much at all even if the
sensor voltage changes. This voltage region is called. the
"limit current region". The current at this time is
called the "limit current”™. In FIG. 3, the limit curreht
region and limit current when the exhaust air-fuel ratio
is 18 are shown by W;g and I;s. Therefore, the air-fuel‘
ratio sensors 40 and 41 can be referred to as ‘limit
current~-type air-fuel ratio sensors.

[0033] FIG. 4 is a view which shows the relationship»
between the exhaust air-fuel ratio and the output current
I when making the supplied 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'is’linearly
changed with respect to the exhaust air fuel ratio such
that the higher the eXhaust air-fuel ratio (that is, the
leaner), the greater theloutput cufrent 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
curient I becomes zero when the exhaust air-fuel ratio is
the‘stoichiometric air-fuel ratio. Further,‘wheﬁ the
exhaust air-fuel ratio becomes' larger by a certain extent
or more or when it becomes smaller by a certain extent or
more, the ratio of change of the output current to the
change of the exhaust air-fuel ratio becomes smaller.
[0034] . Note that, in the above example, as the air-
fuel ratio sensors 40 and 41, limit curfent type air-fuel
ratio sensors of the structure shown in FIG. 3 are uéed.
Howevér, as the air-fuel ratio sensors 40, 41 for

example, it is also possible to use a cup-type limit
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current type air—fugl ratio sensor or other‘structure of
limit currént type air-fuel ratio sensor or air-fuel
ratio‘sénsor not a limit current type or any other air-
fuel ratio sensor, as long és the output current changes
linearly with respeét to the exhaust air—fuel‘ratio.
Further, the air-fuel ratio‘sensors 40 and 41 may have a
structure différent from each other..

[0035] <Basic Air Fuel Ratio Control>

Next, an outline of the basic air-fuel ratio control in a
control device of-an internal combustion engine of the
present embodimént will be expléined. In the air-fuel
ratio control in the present embodiment, the fuel feed

amount from the fuel injectors 11 are controlled by

feedback based on the output air-fuel ratio of the

upstream side air—fuel_ratio sensor 40 (corresponding to
air-fuel ratio of exhaust gas flowing into the exhaust
purification catalyst) so that the output air-fuel ratio
of the upstreém side air-fuel ratio sensor 40 becomes the
target air-fuel ratio. Note that, "output air -fuel
ratio" means air-fuel ratio corresponding to the output
value of an air-fuel ratio sensor. _

[0036] ~ On the ofher hand, in the air-fuel control of
the‘present empodiment, a target air-fuel ratiovéetting
control for setting the target air-fuel ratio is
performed based on the butput air-fuel ratio of the
downstream side air-fuel ratio sensor 41 etc. 1In the
target air-fuel ratio setting control, when the output
air-fuel ratio of thé downstream side air-fuel ratio ‘
sensor 41 becomes the rich air-fuel ratio, the target
air-fuel ratio is made the lean set air-fuel ratio. After
this, it is maintained at this air-fuel ratio. Note that,
the lean set air-fuel ratio is a predetermined air-fuel
ratio which is leaner by a certain extent than the
stoichiometric air-fuel ratio (an air-fuel ratio of
center of control). For example, it is made,abéut 14.65
to 20, preferably about 14.65 to 18, more preferably
about 14.65 to 16. Further, the lean set air-fuel ratio
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can be expressed as ah air-fuel ratio bbtained'by adding
a lean correction amouht‘to the air-fuel ratio of center
of control (in the present embodiment, stoichiometric
air-fuel ratio). - v
[0037] If the target air-fuel ratio is changed to the
lean set air-fuel ratio, the oxygen excess/deficiency of
the exhaust gas flowing into the upstream side exhaust
purification catalyst 20 is cumulatively added. The

"oxygen excess/deficiency" means the amount of the oxygen

- which becomes excessive or the amount of the oxygen which

becomes deficient (amount of excess unburned gas etc.)

when trying to make the air-fuel ratio of the exhaust gas

flowing into the upstream side exhaust purification

catalyst 20 the stoichiometric air-fuel ratio. In
particular, when the target air-fuel ratio is the lean

set air-fuel ratio,,the exhaust gas flowing -into the

- upstream side exhaust purification catalyst 20 becomes

exceésive in oxygen. This excess oxygen is stored in the
upstream side exhaust purification catalyst 20.
Therefore, the cumulative value of the oxygen
excess/deficiency (below, also referred to.as the
"cumulative oxygen excess/deficiency") can be said to
express the stored amount of oxygen OSA of the upstream
side exhaust purification catalyst 20. ‘

[0038] Note that, the oxygen excess/deficiency is

calculated based on the output air4fuel_ratio of. the

‘upstream side air-fuel ratio sensor 40 and the estimated

value of the intake air amount to the inside of the
combustion chamber 5 which is calculated based on the
output of the airflow meter 39 etc. or the fuel feed
amount of the fuel injector 11 etc. Specifically, the
oxygen excess/deficiency OED is, for example, calculated
by the following formula (15:
ODE=0.23 -Qi/ (AFup 14.6) ...(1) .

where 0.23 indicates the concentration of oxygen in the

v

air, Qi indicates the amount of fuel injection, and AFup

indicates the air-fuel ratio corresponding to the output
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current Irup of the upstream side air-fuel ratio sensor
40. | “ |
[0039] If the thus calculated oxygen excess/deficiency

‘becomes the predetermined switching reference value

(corresponding to predetermined switching reference
storége amount Cref) or more, the target air—fﬁel ratio,
which had up to that time been the.lean set air-fuel
ratio, is made the rich set air-fuel ratio, then is
maintained at this air-fuel ratio. The rich set "air-fuel
ratio i1s a predetermined air-fuel ratio which is richer
than the stoichiometric air-fuel ratio (air-fuel ratio of-
center of control) in a certain degree. For example, it
is about 12 to 14.58, preferably about 13 to 14.57, more
preferably about 14_to*14.55. Further, the rich set air-

fuel ratio can be expressed as an air-fuel ratio .obtained

by subtracting a rich correction amount from the air-fuel

. ratio of center of control (in the present.embodiment,a

stoichiometric air-fuel ratio). Note that, in the present
embodiment, the difference of the rich set air-fuel ratio
from the stoichiometric air-fuel ratio (rich degree) is
the difference of the lean set air-fuel ratio from the
stoichiometrie air-fuel ratio (lean degree) or less..
[0040] After rhis, when the output air-fuel ratio of
the downstream side air-fuel rétie sensor 41 again
becomes the rich judgment air-fuel ratio or less, the
target air-fuel ratio is again made the lean set air-fuel
ratio. After this, a similar eperation is repeated. In
this way, in the presenf embodiment, the target air-fuel
ratio of the exhaust gés flowing into the upstream side
exhaust purification catalyst 20 is alternately set to
the lean set air-fuel ratio and the rich set air-fuel
ratio. | |

[0041] However, even if performing the control stated .
above, the actual oXygen storage amount of the upstream
side exhaust purification catalyst 20 may reach the
maximum storable oxygen amount before the cumulative

oxygen excess/deficiency reaches the switching reference
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value. As a reason for it, the feduction of the maximum
storable oxygen amount of the upstream side exhaust
purification catalyét 20 or significant temporal changes
in the air-fuel ratio of the exhaust gas flowing into the
upstream side exhaust purification Catélyst 20 can-be
considered. If the oxygen storage amount reaches the
maximum storable oxygen amount as such, the exhaust gas'
of lean air-fuel ratio flows out from the upstreamAside
exhaust purification catalyst 20. Therefore, in the

present embodiment, when the output air-fuel ratio of the

" downstream side air-fuel ratio sensor 41 becomes lean

air-fuel ratio, the target air-fuel ratio is switched to
the rich set air-fuel ratio. In particular, in the
present embodiment,‘wheg the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 becomes a lean
judgment air-fuel ratio which is slightly leaner than the
stoichiometric.air—fuel ratio, it is Jjudged that the
output air-fuel ratio of the downstream side air-fuel
senéor 41 becomes‘a lean air-fuel ratio.

[0042] | <Explanation of Air Fuel Ratio Control Using.
Time Chart>

- Referring to FIG. 5, the operation explained as above

will be explained'in.detail..FIG. 5 is a time chart of
the target aii—fuél ratio AFT, the-output air-fuel ratio
AFup of the upstream side air-fuel ratio sensor 40, the:
stored amount of oxygen OSA of the upstream side exhaust
purification catalyst 20, the cumulative oxygen _
excess/deficiency XOED, the output air-fuel ratio AFdwn
of the downstream'side_air—fuel ratio sensor 41, and the

concentration of NOy in the exhaust gas. flowing out from

‘the upstream side exhaust purification catalyst 20, when

performing the air-fuel ratio control of the present
embodiment. ' ,

[0043] In the illustrated example, in the state before
the time t;, the target air-fuel ratio AFT is set to the
rich set air-fuel ratio AFTr. Along with this, the output

air-fuel ratio of the upstream side air-fuel ratio sensor
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40 becomes a rich air-fuel fatio. Unburned gas contained:
in the exhaust gas flowing into the upstream side exhaust
purification catalyst 20 is purified by the upstream side
exhaust purification catalyst 20, and along with this the
upstream side exhaust purification catalyst 20 is

gradually decreased in the stored amount of oxygen OSA.

Therefore, the cumulative oxygen excess/deficiency ZOED
is also gradually decreased. The unburned gas is not
contained in the exhaust gas flowing out from the
upstream side exhaust purificatioﬁ catalyst 20 by the
purificétidn at the upstream side exhaust purifiCation
catalyst 20, and therefore the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41
becomes substantially stoichiometric air-fuel ratio.
Further, since the air-fuel ratio of the exhaust gas
flowing into the upstream side exhaust purification
catalyst 20 becomes the rich air—fuel fatio, the amount

of NOy exhausted from the upstream side exhaust

~purification catalyst 20 becomes substantially zZero.

[0044] If the upstream side exhaust purification

~catalyst 20 gradually decreases in stored amount of

oxygen OSA, the stored amount of oxygen OSA approaches
zero 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 wiﬁhout being purified by
the dpstream side exhaust purification catalyst 20. Due
to this, from the time t; on, the output air-fuel ratio
AFdwn of the downstream side air-fuel ratio sensor 41
gradually falls. As a result, at the time t,, the output
air-fuel ratioc AFdwn of the downstream side air-fuel
ratio sensbr 41 reaches the rich judgment air-fuel ratio
AFrich. |
[0045] In. the present.embodiment, when the output air-
fuel ratio AFdwn of the downstream side air-fuel ratio
sensor 41 becomes the rich judgment air-fuel ratio AFrich
or less, to increase the stored amount of oxygen OSA, the

target air-fuel ratio AFT is switched to the lean set
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air-fuel ratio AFT1. Further, at this time, the
cumulative. oxygen éxcess/deficiency SOED is reset to 0.
[0046] When the target air-fuel ratio AFT is switched
to the lean set air-fuel ratio AFTL 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 aii—fuel ratio AFup
of the upstream side air-fuel ratio sensor 40 becomes a
lean air-fuel ratio (in actuality, a délay occurs from
whén the target air-fuel ratio is switched to when the
air-fuel ratio of the exhaust gas flowing into the

upstréam side exhaust purification catalyst 20 c¢hanges,

_but in the illustrated example, it is deemed for

convenience that the change is simultaneous). If at the
time t, the air-fuel ratio of the exhaust gas flowing into
the upstream side exhaust purification catalyst 20
changes to the lean air-fuel ratio, the upstream side
exhaust,pﬁrificatibn catalyst 20 incrgases in the stored.

amount of oxygen OSA. Further, along with this, the

cumulétive oxygen excess/deficienqy 20ED also gradually
increases.

[0047] Due to this, the air-fuel ratio of the exhaust
gas flowing out from the upstream side‘exhaust
purification catalyst 20 changes to the stoichiometric

air-fuel ratio, and the output air-fuel ratio AFdwn of

the downstream side air-fuel ratio sensor 41 converges to

' the stoichiometric air-fuel ratio. At this time, the air-

fuel ratio of the exhaust gas flowing into the upstream
side exhaust purificatioh catalyst 20 bécomes the lean
air-fuel ratio, but there is sufficient leeway in the
oxygen storage ability of the upstream side exhaust
purification. catalyst 20, and therefore the oxygen in the
inflowing exhaust gas is stored in the upstream side
exhaust purification catalyst 20 and the NOy is reduced
and purified. Therefore, the exhaust amount of NOx from

the upstream side exhaust purification catalyst 20
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becomes substantially zero.

[0048] After this, if the upstream side exhaust
purification catalyst 20 increases in stored amount of
oxygen OSA, at the time ts, the stored amount of oxygen
OSA of the upstream side exhaust purification catalyst 20

reaches the switching referenceistorage amount Cref. For

this reason, the cumulative oxygen excess/deficiency XOED
reaches the switching reference value OEDref which
corresponds to the switching reférence storage amount
Cref. .In the present embodiment, if the cumulative oxygen
excéss/deficiency 2O0ED becomes the switching reference
value OEDref or more, the storage of oxygen in the
upstream side exhaust purification catalyst 20 is
suspended by switching the target air-fuel ratio AFT to
the rich set air-fuel ratio AFTr. Further, at this time,
the cumulative oxygen excess/deficiency ZOED is reset to
0. |

[0049] In the example which is shown in FIG. 5, the
stored amount of oxygen OSA falls simultaneously with the

target air-fuel ratio being switched at the time t3, but’

in actuality, a delay occurs from when the target air-

fuel ratio is switched to when the stored amount of .
oxygen OSA falls. Further, the air-fuel ratio of the
exhaust gas flow1ng into the upstream side exhaust

purlflcatlon catalyst 20 is sometimes unlntentlonally

significantly shifted, for example, in the case where

engine load becomes high by accelerating a vehicle
provided with the internal combustion engine and thus the
air intake amount is instantaneously significantly

shifted. As opposed to this, the switching reference

'storage amount Cref is set sufficiently lower than the

maximum storable oxygen amount Cmax when the upstream
eXhaust purification catalyst 20 is new. For this reason,
even if such a delay occurs, or even if the air-fuel ’

ratio is unintentionally and instantaneously shifted from

the target air-fuel ratio, the stored amount of oxygen
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OSA does not basically reach the maximum storable oxygen
amount Cmax. Conversely, the switching reference storage
amount Cref is set to an amdunt sufficiently small so
that the stored amount of oxygen OSA does not reach the
maximum storable oxygen amount Cmax even if a delay or
unintentional shift in air-fuel ratio occurs. For ‘
example, the switching reference storage amount Cref is

3/4 or less of the maximum storable oxygen amount Cmax

‘when the upstream side exhaust purification catalyst 20

is new, preferably 1/2 or less, more preferably 1/5 or
less. ) . .

[0050] If the target air-fuel ratio AFT is switéhed to
the rich set air-fuel ratio AFTr at the time t3,, the air-
fuel ratio of the exhaust gas flowing into the upstream
side exhaust purificatioh_catalyst 20 changes from the
lean air-fuel ratio to the rich air-fuel ratio. Along .
with this, the output air-fuel ratio AFup of the upstream
side air-fuel ratio sensor 40 becomes a rich air-fuel
ratio (in actuality, a delay occurs from when the target
air-fuel ratio is switched to when the exhaust gas
flowing into the upstream side exhaust purification
catalyst 20 changes in air-fuel ratio, but in the
illustrated example, it 1s deemed for convenience that
the change is simultaneous). The exhaust gas flowing into‘

the upstream side exhaust purification catalyst 20

- contains unburned gas, and therefore the ﬁpstream side

exhaust purification catalyst 20 gradually'decreases in
stored amount of oxygen OSA. At the time t,, in the same
way as the time t;, the output air-fuel ratio AFdwn of the
downstream side air-fuel ratio sensor 41 starts to fall.
At this time as‘well, the air-fuel ratio of the exhaust
gas flowing into the upstream side exhaust purification
catalyst 20 is the rich air-fuel ratio, and thereforé NOx
exhauéted from the upstream side ‘exhaust purification
catalyst 20 is substantially zero.

[0051] Next, at the time ts, in the same way as time

ty; the output air-fuel ratio AFdwn of the downstream side
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air-fuel ratio sensor 41 reaches the rich judgment air-
fuel ratio AFrich. Due to this, the target air-fuel ratio
AFT is switched to the lean set air-fuel ratioAFT1. After
this, the cycle of the above mentioned 'times t; to ts is
repeated. ’

[0052] As will be understood from thevabove
explanation, according to the present embodiment, it is

possible to constantly suppress the amount of NOg

- exhausted from the upstream side exhaust purification

catalyst 20. That is, as long as performing the control
explained above, the exhaust amount of NOx from the
upstream.side exhaust purification catalyst 20 can
basically be zero. Further, since the cumulative period

for calculating the cumulative oxygen excess/deficiency

YOED is short, comparing with the case where the

cumulative pefiod is long, a possibility of error

'occurring is low. Therefore, it 1is suppressed that NOx- is

exhausted from the upstream side exhaust purification

catalyst 20 due to the calculation error in the

cumulative oxygen excess/deficiency OED.

- [0053] Further, in geﬂeral, if the stored amount of

oxygen of the exhaust purification catalyst is maintained
constant, the exhaust purification catalyst falls in
oxygen storage ability. That is, it is necessary that the
oxygen storage amount of the exhaust purificatibn
éatalyst is varied in order to maintain the oxygen
storage ability of the exhaust purification catalyst
high. On the other hand, according to the present
embodiment, as shown in FIG. 5, the stored amount of
oxygen OSA of the upstream side exhaust purification
cataiyst 20.constantly fluctuates up and down, and
therefore the oxygen storage ability is kept from
falling. \ , ‘

[0054] Note ﬁhat, in the above embodiment, the target
air-fuel ratio AFT is maintained to the constant lean set
air-fuel ratio AFT1 in the time t, to t;. However, in this

period, the lean set air-fuel ratio AFTl is not
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‘necessarily maintained constant, and can be set so as to

vary, for example to be gradually reduced.

"Alternatively, in the period from the time t, to time ts,

the lean set air-fuel ratio AFT1 may be temporally set to
the rich air-fuel ratio. ' ‘

[0055] Similarly, in the above embodiment, the target

.alr-fuel ratio AFT is maintained to the constant rich set

air-fuel ratio AFTr in the time 'ts to ts., However, in

this period, the rich set air-fuel ratio AFTr is not

‘necessarily maintained constant, and can be set so as to

vary, for example to be gradually increased.
Alternatively, in the period from the time t3.tobt5, the
rich set air-fuel ratio AFTr may be témporally set to the
lean air-fuel ratio. _ '
[0056] 'However, even in this case,‘the target air-fuel
ratio in the time t; to t3 is set so that the difference
between the average value of the target air-fuel ratio at
this period and the stoichiometric air-fuel ratio is
larger than the difference between the average value of
the target air-fuel ratio in the time ts to ts ahd the
stoichiometric air-fuel ratio. ' |
[0057] Note that, in the present embodiment, setting
of the target air-fuel ratio is. performed by the ECU 31.
Therefore, it can be said that when thevair—fuelkratio of
the exhaust gas detected by the downstream side air-fuel
ratio sensor 41 becomes the richvjudgment air-fuel raﬁio»
or less, the ECU 31 makeé the target air-fuel ratio of
the exhaust'gas flowing irito the upstream side exhaust
purification~catalyst 20 the lean air-fuel ratio
continuously or intermittently until the stored amount of
oxygen OSA of the upstream side exhaust purification ‘
catalyst 20 becomes the switching reference storage

amount Cref, and when the stored amouht of "oxygen OSA of

. the upstream side exhaust purification catalyst 20

becomes the switching reference storage amount Cref or

more the ECU 31 makes the target.air—fuel ratio the rich

-air-fuel ratio continuously or intermittently until the
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air-fuel ratio of the exhaust gas detected by the

_downstream side air-fuel ratio sensor 41 becomes the rich

judgment air-fuel ratio or less without the stored amount
of oxygen OSA reaching the maximum storable oxygen amount
Cmaxn. _ N

[0058] More simply speaking, in the present
embodiment, it can be said,that.the ECU 31 switches the
target air-fuel ratio to the lean air-fuel ratio when the
air—fuel ratio detected by the downstream side air-fuel
ratio sensor 41 becomes the rich judgment air-fuel ratio
or less and switches the target air-fuel ratio to the

rich air-fuel ratio when the stored amount of oxygen OSA

‘of the upstream side exhaust purification catalyst 20

becomes the switching reference storage amount Cref or
more. . .

[0059] Further,,in_the above,embodiment,vthe
cumulative oxygen excess/deficiency ZOED is calculated,
baSed‘on the output air-fuel ratio‘AFuﬁ of the upstream
air<fuel ratio sensor 40 and the estimated value of the
air intake amount to the combustion chamber 6, etc.
However, the -stored amount of oxygen OSA may also be
calculated based on parameters other than these
parameters and may be estimated based on parameters which
are different from these parameters. Further, in the
above embodiment, if the estimated value of the bxygen
storage amount OSA becomes the switching reference
storage'amount Cref or more, the target air-fuel ratio is
switched from the lean set air-fuel ratio to the rich set
air-fuel ratio. However, the timing of switching the
target air-fuel ratio from the lean set air-fuel ratio to
the rich set air-fuel ratio may, for example, also be
based on the engine operating time from when switching
the target air-fuel ratio from the rich set air-fuel
ratio to the lean set air-fuel ratio or other parameter
However, even in this case, the target air-fuel ratio has
to be switched from the lean set air-fuel ratio to the

rich set air-fuel ratio while the stored amount of oxygen



10

15

20

25

30

35

WO 2015/105013 PCT/JP2014/084444

- 25 -

- OSA of the upstream side exhaust purification catalyst 20

is estimated to be smaller than the maximum storable

. 0oxygen amount.

[0060] <Characteristic Relating to Storage of Sulfur
Ingredients> —

In this regard, the above-mentioned switching reference
storage amount Cref is set sufficiently lower than the
maximum storable'OXygen amount Cmax when the upstream
side exhaust purification catalyst 20 is a new catalyst.
For this reason, so long as the maximum storable oxygen
amount Cmax is maintained high, the oxygen storage amouﬁt
0SA of the upstream side exhaust purification catalyst 20
almbst never reaches the maximum storable oxygen amount
Cmax. However, the maximum storable oxygen amount Cmax of
the upstream side exhaust purification catalyst 20 is not
constantly'fixed and falls due to the deterioration of
the upstream side exhaust purificatioﬁ catalyst 20. As
one factor causing a drop in the maximum storable oxygen
amount Cmax in this way, storage of the sulfur
ingredients in the upstream side exhaust purificatidn
catalyst 20 may be-mentioned.

[0061] In general, exhaust gas discharged from a
combustion chamber 5 contains small amounts of sulfur
ingredients including SOx. Accordingly, exhaust'gas
containing these sulfur ingredients flows into the
upstream side exhaust ?urification catalyst 20. At the
upstream side exhaust purification catalyst 20, if the
inflowing exhaust gas contains sulfur ingredients,
depend}ng on the temperature of the upstream side exhaust

purification catalyst 20 or other conditions, the sulfur

" ingredients will be stored. If the upstream side exhaust

purification catalyst 20 stores the sulfur ingredients in
this way, the maximum storable oxygen amount Cmax of the
upstream .side exhaust purification catalyst 20 will be
decreased by that amount. Therefore, to_maintain the
maximum storable oxygen amount Cmax of the upstream side

exhaust purification catalyst 20 high, it is necessary to
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keep the amount of storage of sulfur ingredients of the

upstream side exhaust purification catalyst 20 low.

-[0062] Whether or not the upstream side exhaust

purification catalyst 20 stores sulfur ingredients
greatly changes depending on the temperature of the
upstream side- exhaust purification catalyst 20. When the
temperature of the upstream side exhaust purification
catalyst 20 is a certain sulfur storage upper limit
temperaturé (for example, 600°C) or less, if the air-fuel

ratio of the exhaust gas flowing into the upstream side

‘exhaust purification catalyst 20 is a lean air-fuel

ratio, the sulfur ingredients in the inflowing exhaust
gas are stored in the upstream side exhaust purification
catalyst 20. On the other hand, at'this time as well, if

" the air-fuel ratio of the exhaust gaS'flowing into the

upstream side exhaust purification catalyst 20 is a rich

" air-fuel ratio, even if the inflowing exhaust gas

contains sulfur’ingredients,‘the‘upstream side exhaust
purification catalyst 20 willvnot store almostvany of the
sulfur ingredients. On the other hand, when the
temperature of the upstream side exhaust purification
catalyst 20 is the sulfur storage upper limit temperature
or more, regardless of the air-fuel ratio of the exhaust

gas flowing into the upstream side exhaust purification

‘catalyst 20, the upstream side exhaust purification

catalyst 20 will not store the sulfur ingredients.
[0063] <Control of Rich Set Air-Fuel Ratio and Lean
Set Air-Fuel Ratio>

Therefore, in an embodiment of the present invention, the

difference of the lean set air-fuel ratio from the

stoichiometric air-fuel ratio (lean degree) and the

difference of the rich set air-fuel ratio from the

.stoichiometric air-fuel ratio (rich degree) are changed

in accordance with the temperature of the upstream side

exhaust purification catalyst 20.
[0064] FIG. 6 is -a time chart of a target air-fuel

~ratio AFT etc. when performing control to changé the rich
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set air-fuel ratio and the lean set air-fuél ratio
(below; referred to together as the "set air-fuel
ratios") in the present embodiment. In the example shown
in FIG. 6, basically air-fuel ratio control similar td
FIG. 5 is performed.

[0065] In the éxample shown in FIG. 6, before the time
ts, the temperature CT of the‘upstream side exhaust
purification catalyst 20 becomes a temperature higher
than the sulfur storage upper limit temperature CTlim. At
this time, the rich set air-fuel ratio AFTr and the lean
set air-fuel ratio AFT1 are fespectively set to a first
rich set air-fuel ratio AFTr; and a first lean set air-
fuel ratio AFT1,. Here, the difference of the first rich
set air-fuel ratio AFTr; from the stoichiometric air-fuel
ratio is the firstsrich degree AAFTr;. Further, the
difference of the first lean set air-fuel ratio AFT1l; from
the stoichiometric air-fuel ratio is the first lean
degree AAFT];. '

[0066] Therefore; at thé time t;, if the output air-
fuel ratio AFdwn of the downstream’side air-fuel ratio
sensor 41 becomes thé rich judgment air-fuel ratio AFrich

or less, the target air-fuel ratio AFT is switched to the

first lean set air-fuel ratio AFT1,;. After that, if the

oxygen storage amount OSA of the upstream side exhaust
purification catalyst 20 becomes the switching reference
storage amount Cref or more, that is, if fhe_cumulative
oxygen exCess/déficiency 2OED becomes the_switchingi
réference.vélue OEDref or more, the target air-fuel ratio
AFT is switched to the first rich set air-fuel ratio v |
AFTr;. After that, this cycle is repeated up to the' time
ts. . | '

[0067j After that, at the time ts, if the temperaturev
CT ofithe upstream side exhaust purification Catalyst 20
becomes the sulfur storage upper limit température‘CTlim
or less, the values of the rich set air-fuel ratio AFTr .

and the lean set air-fuel ratio AFTl are changed. In the
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example shown in FIG. 6, the fich set air-fuel ratio AFTr
is changed from the first rich set air-fuel ratio AFTr; to
the second rich set air-fuel ratio AFTr,. The difference
of the second rich set air-fuel ratio AFTr, from the
stoichiometric air-fuel ratio is the second rich degree
AAFTr, which is smaller than the first rich degree AAFTr;.
Therefore, the second rich set air-fuel ratio AFTr, is a

air-fuel ratio larger (leaner) than the first rich set

‘air-fuel ratio AFTr;.

[0068] In addition, in the example shown in FIG. 6, at
the time ts, the lean set air-fuel ratio AFT1l is changed
from the first lean set air-fuel ratio AFT1; to the second

lean set air-fuel ratio AFTl,. The difference of the

- second lean set air-fuel ratio AFle from the

stoichiometric air-fuel ratio is the second lean degree
AAFT1, which is larger than ﬁhe first lean degree AAFT1,.
Therefore, the second lean set éir—fuelvratio AFTl, is the
air-fuel ratio which is larger (leaner) than the first
lean set air—fuel'ratio AFTI1,. ‘ .
[0069] : Heie, the value of the first lean degree AAFTL,
minus the first rich degree AAFTr; before the time ts is
defineq&as the first variation difference ALR;
(ALR1=AAFTllfAAFTr1);'Similarly,,the value of the second
lean degree AAFTI1, minus the second rich degree AAFTr,
after the time ts is defined as the second variation
difference ALR, (ALR,=AAFT1,-AAFTr,). In this case, in an

embodiment of the present invention, the second variation
difference ALR; is set to the value of the first variation

difference ALR; or more (ALR,2ALR;).

{0070] After that, while the temperature CT of the
upstream side exhaust purification catalyst 20 is the
sulfur storage upper limit temperature CTlim or less, the
rich set air-fuel ratio AFTr is maintained at the second
rich set air-fuel ratio AFTr,;, and the lean set air-fuel

ratio AFT1 is maintained at the second lean set air-fuel
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ratio AFTI1,. Further, if the temperature CT of the
upstream side exhaust purification catalyst 20 again
changes to a temperature higher than the sulfur storage
upper limit temperature CTlim at the time ti9,, the rich
set air-fuel ratio AFTr is chahged to the first rich set
airffuel ratio AFTr;, while the lean set air-fuel ratio
AFT1 isvchangéd to the first lean set air-fuel ratio
AFT1,. | o

[0071] <Effects of Set Air-Fuel Ratio Control>

In this way, in the present embodiment, when the
temperature CT of the upstream side exhaust purification
catalyst 20 is the sulfur storage upper limit temperature
CTlim or less, compared to when it is higher than the

sulfur‘storage upper limit temperature CTlim, the

variation difference ALR of the lean degree of the lean
set air-fuel ratio minus the rich degree of the rich set
air-fuel ratio is set greater. Below, the effects of
controlling the rich set air-fuel ratio and the lean set
air-fuel ratio in this way will be eXpléined.

[0072] As shown in FIG. 6, the time from when the
output air-fuel ratio AFdwn of the downstream.side air-
fuel ratio sensor 41 reaches the rich judgmént ai}—fuel
ratio AFrich to when the oxygen storage amount OSA |
reaches the switching reference storage amount Cref, when
the temperature CT of the upstream side exhaust
purification Catalyst.ZO is higher than the sulfur
storage upper limit temperature CTlim, is defined as Ty
(for example, the times t; to ti). Similarly, the time
from when the oxygen storage amount OSA reaéhés the
switching reference Storége amount Cref to when the
output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 reaches the rich judgment air-fuel
ratio AFrich is defined as T, (for example, the times t,
to t3). Therefore, the time taken for one cycle from the
output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 reaching the rich judgment air-fuel

ratio AFrich to then again reaching the rich judgment
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air-fuel ratio AFrich is expressed as T;+T; (for example,
the times ti; to tj). '
[0073] On the other hand, the time from when the
oufput air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 reaches the rich judgment air-fuel
ratio AFrich to when the oxygen storage amount OSA
reaches the switching_refefence storage amount Cref, when
the temperature CT of the upstream side exhaust
purification catalyst 20 is the sulfur storage upper
limit temperaturé CTlim or less, is defined_as T3 (for
example, the times tg to ty). Similarly, the time from
when the oxygen storage amount OSA reaches the switching
reference storage amount Cref to when the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio seﬁsor
41 reaches the rich judgment air-fuel ratio AFrich is
defined as T, (for example, the times t; to tg).
Therefore, the time taken for one cycle from the output
air-fuel ratio AFdwn of the downstream side air-fuel
ratio sensor 41 reaching the rich judgment air-fuel ratio
AFrich to then again reaching the rich judgment air-fuel
rétio AFrich is expressed as T3+T, (for example; the times
te to te). .

[0074] - AS will be understood from FIG. 6, in the
present embodiment,’when the temperature of the upstream
side exhaust purification catalyst 20 is high (in the
figure, before the time ts), thé ratio of the time Ty in
one cycle of time (T1+T;) does not become that low. That
is, the time in oné cycle of time in which the air-fuel
ratio of the exhaust gas flowing into the upstream side

exhaust purification catalyst 20 is the lean air-fuel

ratio (below, referred to as the "lean time") is not that

short. As opposed to this, when the temperature of the
upstream side exhaust purification catalyst 20 is low (in
the figure, the times ts to tip), the ratio of the time Tj
in one cycle of time (T3+T4) becomes extfemely low. That

is, in one cycle of time, the lean time becomes short.

This i1s because the variation difference ALR is set large
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whenkthe temperature CT of the upstream side -exhaust
purification catalyst 20 is low. | |

[0075] As explained above, at. the upstream side
exhaust purification catalyst 20, if the temperature CT
becomes the sulfur storage upper limit temperature CTlim
or less, when the air-fuel ratio of the exhaust gas
flowing into the upstream side_éxhaust‘purification
catalyst 20 is the lean air-fuel ratio, thé sulfur
ingredients are stored. In the present embodiment, when
the temperature of the upstream side exhaust purification
catalyst 20 is low, the time during which the air-fuel
ratio of the exhaust gas flowing into the upstream side
exhaust purification catalyst 20 is the lean air-fuel
ratio becomes short, and therefore the ups%ream side
exhaust purification catalyst 20 is kept from storing the
sulfur ihgredients., '
[0076] On the other hand, in the present embodiment,
when the tempefature of the upstream side exhaust
purification catalyst 20 is high, in one cycle of time,
the lean time is not that short. However, as explained
above, in the upstream side exhaust‘purification catalyst
20, when the temperature CT is higher than the sulfur
storage upper limit temperature CTlim, even if the air—
fuel ratio of the“exhaust gas 1s the lean air-fuel ratio,
the upétream side exhaust purification catalyst 20 does
not store almost any sulfur ingredients at all.
Therefore, even if the time during which the air-fuel
ratio of the exhaust gas is the lean air-fuel ratio is
not that short, the upstream side exhaust purification
catalyst 20 does not store almost any sulfur ingredients.
at all. From the above, according to the present
embodiment, the upstream side exhaust purification
catalyst 20 can be kept from storing the sulfur
ingredients and accordingly the upstream side exhaust
purification catalyst 20 can be kept low in amount of
storage of sulfur ingredients.

[0077] Experimental results relating to this are shown
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in FIG. 7. FIG. 7 is a graph which shows the relationship
between the ratio of the rich time in one cycle of time
(for example, T/ (T1+T;) or T,/ (T3+T,)) and the Cmax ratio.
The graph shown in FIG. 7 is obtained by operating an
internal combustion engine using -a new exhaust
purification catalyst and maintaining the ratio of the
rich time in one cycle constant and expresses how the
maximum storable oxygen amount Cmax changes as a result.
The Cmax ratio in the figure expresses the ratio of the
maximum storable oxygen amount Cmax when defining the
maximum storable oxygen amount Cmax at the time of a new
catalyst as myn, .

[0078] As will be understood from FIG. 7, when the
temperature of the exhaust purification catalyst is low
(400°C), if the ratio of the rich time becomes greater,
that is, if the ratio of the lean time becomes smaller,
the Cmax ratio increases. This supports the thinking that

the smaller the ratio of the lean time, the more

difficult it becomes for the exhaust purification

catalyst to store the sulfur ingredients. On the other
hand, if the temperature of the exhaust purification
catalyst is high (700°C), the Cmax ratio is higher than
when the teméerature of the exhaust purification catalyst
is low and is substantially constant régardless of the
ratio of the rich time. Therefore, from the graph shown

in FIG. 7 as well, according to the present embodiment,

. the thinking that storage of the sulfur ingredients in .

the upstream side exhaust purification catalyst 20 can be
suppressed is supported.

[0079] Note that, in the above embodiment, fromvwhen
the output air-fuel ratio AFdwn of the downstream side
air-fuel ratio sensor 41 reaches the rich judgment air-
fuel ratio AFrich to when the oxygen storage amount OSA
reaches the switching reference storage amount Cref (for
example, the times t; to tz; te to ty), the target air-fuel
ratio AFT is maintained constant. That is, thé lean set

air-fuel ratio is maintained constant. However, the lean
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set air-fuel ratio is not necessarily constant and may
fluctuate by a certain extent.'However, in this case as
well, the lean degree of the average value of the lean
set air-fuel ratios at the times te to t; is set larger
than the lean degree of the average value of the lean set
air-fuel ratios at the times t; to t,. 7 ‘

[0080] Similarly, in the above embodiment, from when
the oxygen storage amouﬁt OSA reaches the switching
reference storage amount Cref to when the output air-fuel
ratio AFdwn of the downstream side air-fuel ratio sensor
41 reaches the rich judgment air-fuel ratio AFrich (for
example, the times tzito t3, t; to tg), the target air-fuel
ratio AFT is maintained constant. That is, the rich set
air-fuel ratio is maintained eonstant. However, the rich

set air-fuel ratio need not necessarily be constant and

- may fluctuate by a certain extent. However, in this case

as well, the rich degree of the average value of the rich

set air-fuel ratios at the times ty to tg is set smaller

‘than the rich degree of the average value of the rich set

air-fuel ratios at the times t, to ts.

{0081} Further, in the above-mentiocned example, when
the temperature CT of the upstream side exhaust
purification catalyst 20 is the sulfur storage upper
limit temperature CTlim or less, both of the rich set
alr-fuel ratio AFTr and the lean set air-fuel ratio AFTl
are ehanged.'However, it is also possible to not change
both set air-fuel ratios and to change ohly one of them.
[0082] FIG. 8 shows an example where when the
temperature CT of the upstream side exhaust purifiCation
catalyst 20 is the sulfur storage upper limit temperature
CTlim or less, only the lean set air-fuel ratio AFTL is
changed from the first lean set air-fuel ratio AFT1; to
the second lean set air-fuel ratio AFT1, while the .rich
set air-fuel ratio AFTr is maintained eonstant. In this

case as well, the second vafiation difference of
ALR; (=AAFT1,-AAFTr;) is a value larger than the first
variation difference ALR; (=AAFT1,-AAFTr:;) (ALR;>ALR:). As
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’a result, when/the temperature CT of the upstream side
exhaust purifidation catalyst 20 is high, the ratio. of
the lean time can be increased and accordingly the
storage of the sulfur ingredients in the upstream side
exhaust purification'catalyst 20 can be suppressed.
[0083] FIG. 9 shows an example where when thev
temperature CT of the upstream side exhaustipurification
catalyst 20 is the sulfur storage upper limit temperature
CTlim or less, only the rich set air—fuel‘ratio AFTr is
changed from the first rich set air-fuel ratio AFTr; to
the second.rich set air-fuel ratio AFTr, while the léan
set air-fuel ratio AFTl is maintained constant. In this
case as wéll, the second Variatién difference of ALR,
(=AAFT1,~-AAFTr;) is a value larger than the first
variation difference ALR; (=AAFT1,-AAFTr;) (ALR,>ALR;). As
a result, in the example shown in FIG. 9 as well, when
the temperature CT of the upstream side exhaust
purificatioh‘catalyst 20 is high, the ratio of the lean
time can be increased and‘accordingly'the'storage of the

sulfur ingredients in the upstream'side exhaust

_ purification catalyst 20 can be suppressed.
’[0084] Further, in the above embodiment, the rich set

" air-fuel ratio and the lean set air-fuel ratio are

changed when the temperature CT of the upstream side
exhaust purification catalyst 20 becomes the sulfur
storage upper limit temperature CTlim. However, the
temperature for switching the set air-fuel ratios does
not necessarily have to be the sulfur storage upper limit
temperature CTlim and may be a temperature lower than
this as well. Further, the temperature of the upstream
side exhaust purification catalyst 20 need not
necessarily be a value obtéined by pfoviding an upstream
side temperaturé sensor 46 and actually detecting the
temﬁerature. The temperature of the upstréam side exhaust
purification catalyst 20 may be estimated based on other

parameters relating the temperature of the upstream side
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exhaust -purification catalyst 20 (for example, the intake
air amount etc.’such as in the laﬁer explained second
embodiment) . _ ‘

[0085] - <Flow Chart>

FIG. 10 is a flow chart showing a control routine at the

target air-fuel ratio setting control. The illustrated

control routine is performed by interruption every
certain time interval.
[0086] As shown in FIG. 10, first, at step S11, it is

-judged if the condition for setting the target air-fuel

ratio AFT stands. As the case where the condition for
setting the target air-fuel ratio AFT stands, the engine
operation in ordinary control, for example, the engine

operatien not in the fuel cut control etc. may be

mentioned. When it is judged at step S11 that the

condition for setting the target air-fuel ratio stands,

the routine proceeds to step S12. At step S12, the

cumulative oxygen excess/deficiency ZOED is calculated

based on the output air-fuel ratio of the upstream side

. air-fuel ratio sensor 40 and the fuel injection Quahtity

Qi.

[0087] Next, at step S13, it is judged if a lean
setting flag Fl is set to 0. The lean setting flag Fl is
a fiag which is set to 1 when the target air-fuel ratio
AFT is set to the lean set air-fuel ratio AFT1 and is-set
to 0 at other times. When it is judged at step S13 that

the lean setting flag Fl is set to 0, that is, when the

target ailr-fuel ratio AFT is set‘to the rich set air-fuel
ratio AFTr, 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 the rich
judgment air-fuel ratio AFrich or less. When it is judged
that the output air-fuel ratio AFdwn of the downstream
side air-fuel ratio sensor 41 is greater than the rich
judgment air-fuel ratio AFrich, the control routine 1is
ended. :

[0088] On the other hand, if the oxygen storage amouht
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OSA of the upstream side exhaust purification catalyst 20
is reduced and the air-fuel ratio of the exhaust gas
flowing out from the upstream side exhaust purification
catalyst520 falls, at the next control routine, it.is
judged at step S14 that the output air-fuel ratio AFdwn
of the downstream side éir—fuel ratio sensor 41 is the

rich judgment air-fuel ratio AFrich or less. In this

case, the routine proceeds to step S15 where the target

air-fuel ratio AFT is set to the lean set air?fuel ratio
AFT1l. Next, at step 516, the lean setting flag Fl1 is set
to 1 and the control routine is ended. '
[0089] At the next control routine, at step S13, it is
judged that the lean setting flag F1 has been set to 0
and the routine proceeds to step S17. At step S17, it is
judged if the cumulative‘oXygen éxcesé/deficiency 20ED
which was calculated at step S12 is smaller than the
judgment reference value OEDref. When it is judged that
the cum@lative oxygen excess/deficiency XZOED is smaller

than the judgment reference value OEDref, the routine

. proceeds to step S18. At step 518, it is judged if the

- output air-fuel ratio AFdwn of the downstream side air-

fuel ratio sensor 41 is the léan_judgmenﬁ air-fuel ratio
AFlean or more, that is, if the oxygen storage amount OSA
has reached the»vicinity of the maximum storable oxygen
amount Cmax. When, at step S18, it is judged that the
output air-fuel ratio AFdwn is smaller than the lean
judgment air-fuel ratio AFlean, the routine proceeds to
step S19.. At step S19, thé target air-fuel ratio‘AFT
QontinﬁeS'to be set to the lean set air-fuel ratio AFTL.
[0090] = On the other hand, if the oxygen storage amount
of the upstream side exhaust purification catalyst 20.
increases, finally, at step S17, it is judged that the
cumulative oxygen excess/deficiency ZOED is the judgment
reference value OEDref or more and the routine proceeds
to step S20. Alternatively,. whén the oxygen storage

amount OSA reaches the vicinity of the maximum storable
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oxygen ‘amount Cmax; at step $18, it is judged that thé
output air-fuel ratio AFdwn of the downstream side air-
fuel ratio sensor 41 is the lean judgment air-fuel ratio
AFlean or more and the routine prdceeds to step S20. At
step S20, the target air-fuel ratio AFT is set to the
rich set air-fuel ratio AFTr, then, at step S21, the lean
setting flag Fl is reset to 0 and the control routine is
ended. ?

[0091] FIG. 11 is a flow chart which shows‘a control
routine in control for changing the set air-fuel rétios.
The illustrated control routine is performed by
interruption every certain time_interval. First, at step
331, it is judged if the temperature CT of the upstream
side exhaust purificatioh catalyst 20 detected by the
upstream side temperature.sensor‘46 is the sulfur storage
upper limit temperature CTlim or less. When it is judged

that the temperature CT is higher than the sulfur storage

“upper limit temperature CTlim, the routine proceeds to

étep S$32. At step S32, the rich set air-fuel ratio AFTr

'is set to the first rich set air-fuel ratio AFTr;. Next,

at step S33,  the lean set air-fuel ratio AFTl is set to
the first lean set air-fuel ratio AFTl; and control
routine is ended. | ‘ | )
{0092] On the other hand, when, at step S31, it is
judged that the temperature CT is the sulfur storage
upper limit tempetature CTlim or less, the routine
proceeds to step S34. At step S34, the rich set air-fuel
ratio AFTr is set to the second rich set air-fuel ratio
AFTr,. Next, at step 335, the lean set.air—fuel ratio AFT1
is set to the second lean set air-fuel ratio AFT1l, and the
control routine is ended. o

[0093] <Second‘Embodiment> ‘

Next, referring to FIG. 12 and FIG. 13, a control system
according to a second embodiment of the present invention

will be explained. The configuration and control in the

~control system of the second embodiment are basically

similar to the configuration and control of the control
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system of the first embodiment. However, in the second

embodiment, the values of the two set air-fuel ratios are

" changed based on the intake air amount of the internal

combustion engihe.

[0094] In general, the temperature of the upstream
side exhaust purification_catalyst 20 changes in
accordance with the flow rate of high temperature exhaust
gae flowing into the upstream side exhaust purification
catalyst 20, thatiie, the amount of intake air fed to a
combustion chamber 5 of an internal combustion engine.
Therefore, the greater the amount of intake air fed to a
combustion chamber 5 of an internal combustion engine,
the more the temperature of the upstream side exhaust
purification catalyst 20 also rises. For this reason, the
temperature of the upstream side exhaust purification
catalyst 20 can be estimated based on the amount of
intake air fed to a combustion chamber 5 of an internal
combustion engine. Specifically, when the amount of
intake air fed to a combustion chamber 5 of an internal
combustion engine is the upper limit intake air amount or
iess, it can be estimated that the temperature of the
upstream side exhaust purification catalyst 20 is the
sdlfﬁr storage upper limit'temperature or less.
ConVereely, when the amount of intake air fed to a
combustion chamber 5 of an'internal combustion engine is
greater than the upper limit intake air amount, it can be
estimated that the temperature of the upstream side
exhaust purification catalyst 20 is higher than the
sulfur storage upper limit temperature

[0095] Therefore, 1n the present embodiment, the
difference of the lean set air-fuel ratio from the
stoichiometric air-fuel ratio (lean degree) and the

difference of the rich set air-fuel ratio from the

'stoichiometric air-fuel ratio (rich degree) are changed

in accordance with the intake air amount calculated based
on the output of the air flowmeter 39 etc.
[0096] FIG. 12 is a time chart, slmllar to FIG. 6, of
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a target air-fuel iatio AFT ete. when performing control
to change the rich set air-fuel fatio and the lean set
air-fuel ratio in tﬁe present embodiment. In the example
shown in FIG. 12, before the time ts, the intake air
amount Ga fed to the combustion chamber 5 of the internal
combustion engine is greater than the upper limit intake
air amount Galim. At this time, the rich set air-fuel
ratio AFTr and the lean set air-fuel ratio AFT1 are
respectively set to the first rich set air-fuel ratio
AFTr; and the first lean set air-fuel ratio AFTI1;.

l[0097] On the other hand, at the time ts, if the intake
air amount Ga fed to the combustion chamber 5 of the
internal combustion engine becomes the upper limit intake
air amount Galim or less, the rich set air-fuel ratio ‘
AFTr is changed from the first rich set air-fuel ratio
AFTr, to the second rich.set air-fuel ratio AFTr,. In
addition, the lean set air-fuel ratio AFTIl is changed
from the first lean set air-fuel ratio AFTI1, to. the second

lean set air-fuel ratio AFle; Note that, the relationship

of the first rich set air-fuel ratio AFTr;, the first lean

set air-fuel ratio AFT1., the second rich set air-fuel
ratio AFTr;, and the second lean set air-fuel rétio AFTI1,
in the present embodiment are similar to the relationship
in the first embodiment. | ' ' ,’
[0098] In the present embodiment, the both of the set

“air-fuel ratios are changed when the intake air amount Ga

supplied to a combustion chamber 5 of an internal
combustion engine becomes the upper limit intake air
amount Galim. As a result, in substance, it can be said
that the both of the set air-fuel ratios are changed when
the’temperature CT of the upstream side exhaust
purification catalyst 20 becomes the sulfur storage upper
limit temperature CTlim. Therefore, in the present
embodiment as well, in the same way as the first
embodiment, it is possible to suppress the storage of the
sulfur ingredients in the upstream side exhaust

purification catalyst 20 and accordingly it is possible
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to keep low the sulfur ingredieht storage amount of the:
upstream side exhaust purification catalyst 20.

[0099] quther, depending on the operating state of
the internal combustion engine, for example, the intake

air amount Ga supplied to a combustion chamber 5 of an

‘internal combustion engine sometimes rapidly rises. In

this case, if the lean degree of the lean set air-fuel
ratio AFT1 is high, bxygen'and NOx will rapidly flow into
the upstream side exhaust purification catélyst 20.
Therefore, in some cases, the oxygen storage amount OSA
of the upstreaﬁ side exhaust purification catalyst 20
reaches the maximum Storable oxygen amount Cmax, and
there is the pdssibility of NOx flowing out from the
upstream side exhaust purification catalyst 20. However,
in the present embodiment, when the intake air amount Ga
supplied to.a combustion chamber 5 of an internal |
combustiénvengine is large, the lean degree of the lean
set air-fuel ratio- AFTl is lowered. For this reason, even
in such a casé, NOx is kept from flowing out from thé |
upstream side exhaust purification catalyst 20.

[0100] Note that, in the present embodiment as well,
in the same way as the example shown in FIG. 8 and FIG.
9, it is also possible to change only the lean set air-
fuel ratio AFTL or only the rich set air;fuel ratio AFTr.
In addition, in the présént embodiment as well, the lean
set air-fuel ratio AFT1 and the rich set air-fuel ratio
AFTr may be set so as to fluctuate by a certain degree.
Further, the intake air amount for changing the set air-
fuel ratios does not necessarily have to be the uppér
limit intake air amount and may also be a smaller intake-
air amount. ' ,

[0101] FIG. 13 is a flow chart which shows a control
routine of control for changing the set air-fuel ratios
in the présent embodiment. The illustrated control
routine is performed by interruption every certain time
interval. Note that, steps 842 to S45 of FIG. 13 are
similar to steps 532 to S35 of FIG. 11, and therefore an
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explanation will be omitted. ‘

[0102] "In the control routine shown in FIG. 13, at
step S41, it is judged that the intake air amount Ga
calculated based on the output of the air flowmeter 39
etc. is the upper limit intake air amount Galim or less.
When it is judged that the intake air amount Ga is larger
than the upper limit intake air amount Galim, the routine
proceeds  to sﬁeps S42 and.S43 where the rich set air-fuel
ratio AFTr ahd,the‘lean set air-fuel ratio AFT1 are
respectivelyvset to the first rich set air-fuel ratio
AFTr, and the first lean.set air-fuel ratio AFT1;. On the
other hand, when it is judged that the intake air amount
Ga is the upper limit intake air amount Galim or less,
the routine proceeds to steps S44 and S45 where the rich

set air-fuel ratio AFTr and the lean set air-fuel ratio

_ AFT1 are respectively set to the' second rich set air-fuel

ratio AFTr; and the second lean set air-fuel ratio AFT1,.

[0103]  <Third Embodiment>

Next, referring to FIG. 14 and FIG. 15, a control system
accordihg to a third embodiment of the present invention
will be explained; The configuration and control in the
control system of the third embodiment are basically
similar to the configuration and control of the control
eystems of the first embodiment and the second
embodimeﬁt. HoweVer, in the third embodiment, the values
of both of the éet air-fuel retios are changed depending
oh whether the internal combustion engine is engaged in
idling operation. '

[0104] In this regard, when the internal eombusﬁion
engine is engéged in idling operation, comﬁared with when
it is engaged in other operations, the exhaust gas
discharged from a combustion chamber 5 is low in.
temperature. As a result, the upstream side exhaust
purification catalyst 20 also becomes low in temperature.
Therefore, when the internal combustion engine is engaged
in idling operation, the temperature CT_of the upstream

side exhaust purification catalyét 20 can be said te be a
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given temperature not higher than the sulfur storage
upper limit temperature CT1lim. Therefore, in the present
embodiment, depending on whether the internal combustion
engine is engaging in idling operation, the difference of
eheelean set air-fuel ratio from the stoichiometric air-
fuel ratio (lean degree) and the difference of the rich
set air-fuel ratio from the stoichiometric air-fuel ratio
(rich degree) are changed.

[0105] FIG. 14 is a time chart similar to FIG. 6 of a
target air-fuel ratio AFT etc. when performing control to
change the rich set air-fuel ratio and the lean eet air-
fuel ratio in the present embodiment. In the example
shown in FIG. 14, before the time ts, the internal
combustion engine is not engaged in'idling operation.’At
this time, the rich set air-fuel ratio AFTr and the lean
set‘air—fuel ratio AFT1 are feSpectively set to the first
rich set air-fuel ratio AFTr; and the first lean set air-
fuel ratio AFT1;. '

' [0106] On the other hand, at the time ts, if the

internal combustioﬁ engine starts idling operation, the
rich set air-fuel ratio AFTr is changed from the first
rich set eir—fuel ratio AFTrL to the second rich set air—
fuel ratio AFTrz. In addition, the lean set air-fuel ratio
AFT1 is changed from the first lean set air-fuel ratio
AFT1; to ‘the second lean set air-fuel ratio AFT1l,. Note
that, in the present embodiment, the relationship of the
first rich set air—fuel ratio AFTr;, the first lean set
air-fuel ratio AFTll, the second rich set air-fuel ratio
AFTr,, and the second iean set air-fuel ratio AFT1l, is
similar to the relationship in the first embodiment.
[0107] . In the present embodiment, both of the set air- -
fuel ratios are changed depending on whether the interﬁal
combustion engine is engaged in idling operation. As a
result, in substance, it can be said that both of the set
air-fuel ratios are changed when the temperature CT of
the upstream side exhaust purification catalyst 20 -

becomes a constant temperature lower than the sulfur
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storage upper limit temperature CTlim. Therefore, iﬁ the
present embodiment as well, in the same way as the first
embodiment,.it is possible to suppress the storage of the
sulfur ingredients in the upstream side exhaust
purification catalyst 20 and accordingly it is possible
to keep low the sulfur ingredient storage amount of the
upstream side exhaust purification catalyst 20.

{0108] Further, when the internal combustion engine is

‘engaged in idling operation, the amount of intake air fed.

to a combustion chamber 5 of an internal combustion
engine is extremely small. For this reason, even if the

intake air amount etc. becomes disturbed, large amounts

.of oxygen and NOyx almost never flow into the upstream side

exhaust purification catalyst 20. For this reason,
disturbance occurring ih the intake air amoun_t_etc.~
causing NOyx to temporarily flow out from the upstream side
exhaust purification catalyst 20 is suppressed. Note |

that, in the present embodiment as well,jin the same way

~as the example shown in FIG. 8 and FIG. 9, it is also

possible to change only the lean set air-fuel ratio AFTI1
or only the rich set air-fuel ratio AFTr.

[0109] FIG. 15 is a flow chart which shows a control
routine of' control for changing the set air-fuel ratios
in the‘present embodiment. The illustrated control
routine is performed'by interruption'evéry certain time
interval. Note that, steps S52 to S55 of FIG. 15 are
similar to steps $32 to S35 of FIG. 11, and therefore .an
explanation will be omitted. |

[0110] " In the control routine shown in FIG. 15, at
step S$51, it is judged if the internal combustion engine

is in an idling operation. Whether the internal

. combustion engine is in. an idling operation is, for

'eXample, judged based on the engine load detected by the

load sensor 43 and the engine speed detected by the crank
angle sensor 44. In this case, for example, when the
engine load is the predetermined idling judgment load or

less and the engine speed is the predetermined idling
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judgment speed or less, it is judged that the engine is
in an idling operation.

[0111] When it is judged at step S51 that the internal
combustion engine is not in an idling operatibn, the
routine proceeds to steps S52 and S53 where the rich set
air-fuel ratio AFTr and the lean set air-fuel ratio AFT1
are respectively set to the first rich set air-fuel ratio
AFTr; and the first lean set air-fuel ratio AFT1;. On the
other hand, when it is judged at step S51 that the
internal combustion engine is in an idling operation, the

routine proceeds to steps S54 and S55 where the rich set

‘air-fuel ratio AFTr and lean set air-fuel ratio AFT are

respectively set to the second rich set air-fuel ratio
AFTr; and the second lean set air-fuel ratio AFTI,.
[0112] In this regard, each of the first embodiment to

the third embodiment is predicated on performing the

control éhown'in FIG. 5 as the air-fuel ratio control;
However, the predicated air-fuel ratio control does not
néceséérily have to be the-cdntrol shown in FIG. 5. The
control may be any control so long as alternately setting
the target air-fuel ratio to the rich air-fuel ratio and
the lean air-fuel ratio. | '
[0113] As‘such control, for example, the control shown
in FIG. 16 may be .considered. In the control shown in
FIG. 16 as well, a target air-fuel ratio setting control
which sets the target air-fuel ratio based on the output
air-fuel ratio of the downstream side air-fuel ratio
sensor 41 is performed. In this target air-fuel ratio
setting control, when the output air—fuel ratio AFdwn of

the downstream side air-fuel ratio sensor 41 becomes the

‘rich alir-fuel ratio, specifically, whén the output air-

fuel ratio AFdwn becomes the rich judgment air-fuel ratio

" AFrich or less, the target air-fuel ratio AFT is set to

the lean set air-fuel ratio AFT1 (for example, the times
£y, ts, te, tsg in the figure). On the other hand, when the
output air-fuel ratio AFdwn of the downstream side air-

fuel ratio sensor 41 becomes the lean air-fuel ratio,
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specifically, when the output air-fuel ratio AFdwn
becomes the lean judgment air-fuel ratio AFlean or more,
the target air-fuel ratio AFT is set to the rich set air-

fuel ratio AFTr (for example, the times ts, ta, t7, to in

the figqure).

[0114]  Even if performing_such'air—fﬁel ratio control,
control similar to the first embodiment to the third

embodiment is performed. In the example shown in FIG. 16,

‘before the time ts, the temperature CT of the upstream

side exhaust purification catalet 20 becomes higher than
the sulfur storage upper limit temperature CTlim. At this

time, the rich set air-fuel ratio AFTr and the lean set

‘air-fuel ratio AFT1 are respectively set to the first

rich set air-fuel ratio AFTr; and the first lean set air-
fuel ratio AFTI1,. .

[0115]  On the other hand, when, at the time ts, the
temperature CT of the upstream side exhaust purification
catalyst 20 becomes the sulfur storage upper limit _
temperature CTlim or less, the rich set air-fuel ratio
AFTr is changed from the first rich set air-fuel ratio
AFTr; to the second rich set air-fuel ratio AFTr,. In
addition, the lean set air—fuei ratio AFT1 is chénged
from the first lean set air-fuel ratio AFT1l; to the second

léan set air-fuel ratio AFTI1,.

Reference Signs List
[0116] 1 éngine body

5 cbmbustion chamber

7 intake port

9 exhaust port

19 exhaust manifold

20 upstream side exhaust purification catalyst

24 downstream 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
Claim 1. A control system of an internal combustion
engine, the internal combustion engine comprising an
exhausp purification catalyst which is arranged in an

exhaust passage of the internal combustion engine and

which can store oxygen,

said control system of an internal combustion engine

- comprising a temperature detecting means for detecting or

estimating a temperature of said exhaust purification

catalyst, performing feedback ‘control so that an air-fuel

- ratio of exhaust gas flowing into eaid exhaust

purification catalyst becomes a target air-fuel ratio,

and perfbrming target air-fuel ratio setting control

“which alternately sets said target'air~fﬁel ratio to a

. rich set air-fuel ratio richer than a stoichiometric air-

fuel ratio and a lean set air-fuel ratio leaner than the

stoichiometric air-fuel ratio,

wherein when the temperature of said exhaust purification
catalyst which has been detected or estimated by said
temperature detecting means is a predetermined upper
limit temperature or less, compared to when it is higher
than said upper limit temperature, a variation .
difference, obtained by subtracting a rich degree which
is a difference of said rich.set air-fuel ratio and
stoichiometric air-fuel ratio from a lean degree which is

a difference of said lean set air-fuel ratio. and -

‘stoichiometric air-fuel ratio, is increased.

Claim 2. The'control_system of an internal

combustion engine according to claim 1, wherein when the

temperature of said exhaust purification catalyst which
has been detected or estimated by said temperature .
detecting means is said predetermined upper limit:
temperature or less, compared to when it is higher than
said upper limit temperature, a lean degree of said lean.
set air-fuel ratio is set larger.

Claim 3. The control system of an internal

combustion engine according to claim 1 or 2, wherein when
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the temperature of said exhaust purification catalyst
which has been detected or estimated by said tempefature
detecting‘meahs is said predetemined upper limit
temperature or less, compared to when it is higher than
said upper limit temperature, a rich degree of said rich
set air-fuel ratio is set smaller. _

Claim 4. The control system of an internal
combustion engine according to any one of claims 1 to 3,
wherein said temperature detecting means is an intake air
amount detecting means for detecting or estimating an '
intake air amount of the internal combustion engine énd,
when aﬁ intake air amount detected or estimated by said
intake air amount detecting means is a predetermined
upper limit intake air amount or less, it is estimated
that the temperature of said exhaust purifiéafion
catalyst is said upper limit temperature or less.-

Claim 5. The control system of an internal

" combustion engine according'to any one of claims 1 to 3,

wherein said temperature detecting means estimates that
the temperature of.saild exhaust purification catalyst is
said upper limit temperature or less when said internal
combustion engine is engaged in idiing operation.

- Claim 6. The control<system of an internal-
combustion engine according‘to any one of claims 1 to 5,
further comprising a downstream side air-fuel ratio
sensor which is arranged at a downstream side of a
direction of flow of exhaust of said exhaust purification

catalyst and which detects an air-fuel ratio of the

~exhaust gas flowing out from said exhaust purification

catalyst, .
wherein in said target rair-fuel ratio setting control,
when the air-fuel ratio detected by said downstream side
air-fuel ratio sensor becomes not higher than a rich
judgment air-fuel ratio richer than the stoichiometric
air-fuel ratio or less, said target air-fuel ratio is
switched to the lean set air-fuel ratio, and when an

oxygen storage amount of said exhaust purification
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catalyst becomes not smaller than a predetermined the
switching‘reference'storage amount-which‘is smallér than
the maximum storable oxygen amount, said target air¥fuel
ratio is switched to the rich set air-fuel ratio.
 Claim 7. The_cbntrol system of an internal
combustion engine according to any one of claims 1 td 5,
further comprising a downstream side air-fuel ratio
sensor which is arranged at a downstream side of a
direction of flow of exhaust of said exhaust purification
catalyst and which detects an air-fuel ratio of the
exhaust gas.flowing out from said exhaust purification
catalet, v ,
wherein in said target air-fuel ratio setting control,
when the air-fuel rafio detected by said downstream side
air-fuel ratio sensor becomes not higher than a rich
judgment air-fuel ratio richer than the stoichiometric
air-fuel ratio, said target air-fuel ratio is switched to
the lean set air-fuel ratio, and when the éir4fuel ratio
detected bY—said downstream side air-fuel ratio sensor:
becomes not lower than a lean judgment air-fuel ratio
leaner than the stoichiometric air-fuel ratio, said
target air-fuel ratio is switched to the rich set air-

fuel ratio.
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