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57 ABSTRACT

An internal combustion engine comprises an exhaust puri-
fication catalyst which can store oxygen, controller for
controlling the air-fuel ratio of exhaust gas to become a
target air-fuel ratio, and a downstream side air-fuel ratio
sensor. An abnormality diagnosis system performs an active
air-fuel ratio control which alternately controls the target
air-fuel ratio to rich and lean air-fuel ratios, and diagnoses
abnormality of said exhaust purification catalyst based on
the output air-fuel ratio of the air-fuel ratio sensor. The
abnormality diagnosis system judges that the exhaust puri-
fication catalyst is abnormal when the output air-fuel ratio of
the air-fuel ratio sensor reaches a rich judgment air-fuel ratio
and a lean judgment air-fuel ratio during the active air-fuel
ratio control, and judges that said air-fuel ratio control is
abnormal when the output air-fuel ratio reaches only one of
the rich and lean judgment air-fuel ratios.

20 Claims, 11 Drawing Sheets
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FIG. 2A
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FIG. 3

\ 5<5 5\7 50 5\"" r """""""" ®J ————————— o0

EXHAUST GAS—
51-

53/— ————————————————

EXHAUST GAS /J




U.S. Patent Jun. 13,2017 Sheet 4 of 11 US 9,677,490 B2

FIG. 4

‘Ail_,—ATMOSPHERIC

GAS
AIF=20

RICH STOICHIOMETRIC  LEAN
AIR FUEL RATIO 1o FuEL RATIO




US 9,677,490 B2

Sheet 5 of 11

Jun. 13, 2017

U.S. Patent

FIG. 6

1

tty

Cmax
Cref —-—-

LISATYLVD QIS
WvZd1Sdn 40 LNNOWY
JOVH0LS NIDAXO

011wy 011vd T1an4-ylv
TaNd-Y¥1v 1NdIN0 YOSNS
1394v1 30AIS Wy341Sdn

14.6
AFreffl— . .1

011vd 13N4-Y1V
1NdIN0 HOSN3S
3041S WvIHLSNMOd



US 9,677,490 B2

Sheet 6 of 11

Jun. 13, 2017

U.S. Patent

FIG. 7
ONE CYCLE

ONE CYCLE

1
1
1
1
e i B i eI S

o
OO0
ISAIVLIYO
104 .LINOD J4IS WyId1Sdn
JATLOV 40 LNNOWY

J9VH0LS NIDAXO

i
b
<

01.1vd

1and-dIv
1394v1

(L] S g S Y

AFTar

0Ilvd HNI-dIV
1NdLN0 YOSNAS
4AIS WYIHLSdN

Frefl}—. .
14.6
AFrefr—-—-

[an]
fromame
L
[

TaN4-41v 1nd1no
4OSNAS 4dIS
WY3HLSNMOd

(3NVA 31n170S4Y)

39V LUOHS/SS30XT
N39AX0 40 3NTVA
AATLVINNND



US 9,677,490 B2

Sheet 7 of 11

Jun. 13, 2017

U.S. Patent

FIG. 8
ONE CYCLE

ONE CYCLE

AFTr
AFTarf—-—-
AFreftl . .
14.6
AFrefr—-—-

(e»]
@NIVA 3L070S4Y)
T0MINGOD T T T T L T Y = P Lt Ao
Moy OIS WVRMSN - mngwiv o 34i¢ yaursan _ LNdLno HOSNaS IATLVINKND
40 LNNOWY 1394v1 3QIS WYFYLSNMOD

J9VHOLS N39AXO



US 9,677,490 B2

Sheet 8 of 11

Jun. 13, 2017

U.S. Patent

FIG. 9
ONE CYCLE

ONE CYGLE

e [ T B
“ | 1k
! | g
i | 1
' I
: | |
S T B R T ™
| 1 ! |
B s SEEEREERE B L — e
! ! _ !
! ! ;!
_ m L
B Y S R HE
_ | Pyl
i rog il
I _ I { I
! oo A
| | 1%
e e e e mm— : 1
_ﬂ rod " !
I IO S S S d N
“ : | I
| ! ! 1 f
LN I — L S
=T _ o
| | /| ]
| L1 Ly |1 |
56 ZeE S BYS °
M. «— L - L~
<" < <"%  @nvA 3inosay)
e ISATVLYD O[lvy  3QIS WvA¥ISdn  OILv¥ Tand-yly  FDVLHOHS/SSI0X3
1 301S WYISAN  qgng-yy 40 OILVY Tand  IndLno ¥OSN3S NIDAX0 0

40 LINNOWY
JOVHOLS NIDAXO

1394v1 -d1vV WNLOV  3AIS WYIHLSNMOC

ANIVA FATLVINKND



U.S. Patent

ACTIVE AIR-FUEL
RATIO CONTROL

EXECUTION
CONDITION

INVERT TARGET
AIR-FUEL RATIOQ

RESET

Jun. 13, 2017

No

Sheet 9 of 11

FIG. 10

CALCULATE OXYGEN
EXCESS/SHORTAGE 0SA

2 0SA— Z0SA+0SA

ACTIVE FL

AG Xa—ON

INVERT TARGET
AIR-FUEL RATIO

| RESET S0SA |

US 9,677,490 B2

PREDETERMINED
TIME ELAPSED?

No

S21

Yes

S22
L

NORMAL CONTROL

523

ACTIVE FLAG
Xa—OFF

|

C M )




U.S. Patent Jun. 13,2017 Sheet 10 of 11 US 9,677,490 B2

FIG. 11

ABNORMALITY
DIAGNOSIS CONTROL

S31

Yes S32

RICH FLAG Xr—ON

S33
Afmax= No
AFrefl ?

LEAN FLAG X1—ON

Xr=0N and
XI=0N7

S39

5S40

Xr=0FF and No
XI=ON~?

Yes

S41 S42
5% b Yes A
Cb—Cb+1 Cr<—Cr+1 Cl—Cl+1
S37 S43

Cb=Cbref?

Cr,Cl=Cref?

JUDGE CATALYST JUDGE SENSOR ABNORMAL

ABNORMAL

Xr, XI—OFF |~ 1-545
Y
C =m0 )




US 9,677,490 B2

Sheet 11 of 11

Jun. 13, 2017

U.S. Patent

1
]
]
]
L
1
i
t
i
1
1
]
!
]
]
1
1
!
]
I
I
I

e A

iataink: Saluinie hieinbubait f S St

> O T0 T
20> —>
oo —Wo
CO— | o
Zmomm
o o T el |
— m
— —
o
=
T =T O
> > T
o=
nmcc
owmmr
o >
CN O
0 —f ¢ T -
MIE | =<
Soom
<z 30 ><
I ] =
—>»o
coMm
mm=
p—
O Y
ol = O
—oHO =
gyL ohEMH
5 R
ol — =1m
o4V Zm
o=
v
NS o>
e T 3 O
oyl RE=T 2
TOoOM>
m_
2> O rm
E= S
OCI>O
> O = X<
0 O =<
> o
—x=m
SET=
XBW) D= wm
M —
[7- B o)
— p-w )
o >
Mmoo
m



US 9,677,490 B2

1
ABNORMALITY DIAGNOSIS SYSTEM OF
INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an abnormality diagnosis
system of an internal combustion engine.

BACKGROUND ART

In general, an exhaust passage of an internal combustion
engine is provided with an exhaust purification catalyst for
puritying exhaust gas which is exhausted from the internal
combustion engine. As such an exhaust purification catalyst,
for example, an exhaust purification catalyst which has an
oxygen storage ability is used. An exhaust purification
catalyst which has an oxygen storage ability can remove the
unburned gas (HC or CO etc.) or NOy etc. in the exhaust gas
which flows into the exhaust purification catalyst when the
oxygen storage amount is a suitable amount which is smaller
than a maximum storable oxygen amount (maximum
amount of oxygen which can be stored by exhaust purifi-
cation catalyst). That is, if exhaust gas of an air-fuel ratio
which is richer than the stoichiometric air-fuel ratio (below,
also referred to as a “rich air-fuel ratio”) flows into the
exhaust purification catalyst, the oxygen which is stored in
the exhaust purification catalyst enables the unburned gas in
the exhaust gas to be removed by oxidation. On the other
hand, if exhaust gas of an air-fuel ratio which is leaner than
the stoichiometric air-fuel ratio (below, also referred to as a
“lean air-fuel ratio”) flows into the exhaust purification
catalyst, the oxygen in the exhaust gas is stored in the
exhaust purification catalyst. Due to this, the surface of the
exhaust purification catalyst becomes an oxygen-deficient
state. Along with this, the NO, in the exhaust gas is removed
by reduction. As a result, the exhaust purification catalyst
can purify the exhaust gas regardless of the air-fuel ratio of
the exhaust gas which flows into the exhaust purification
catalyst so long as the oxygen storage amount is a suitable
amount.

In this regard, the exhaust purification catalyst deterio-
rates as the length of use becomes longer. It is known that
if the exhaust purification catalyst deteriorates in this way,
along with this, the exhaust purification catalyst deteriorates
in the maximum storable oxygen amount. For this reason, by
detecting the maximum storable oxygen amount of the
exhaust purification catalyst, it is possible to detect the
degree of deterioration of the exhaust purification catalyst.
As such a method of detection of the maximum storable
oxygen amount, for example, it is known to perform active
air-fuel ratio control which periodically switches the target
air-fuel ratio of the exhaust gas which flows into the exhaust
purification catalyst between the rich air-fuel ratio and the
lean air-fuel ratio. In this method, the output during perfor-
mance of the active air-fuel ratio control of the oxygen
sensor which is provided at the downstream side in the
exhaust flow direction of the exhaust purification catalyst is
used as the basis to diagnose deterioration of the exhaust
purification catalyst.

For example, in the abnormality diagnosis system which
is described in PLT 1, in the period when the target air-fuel
ratio is set to the rich air-fuel ratio or lean air-fuel ratio, the
period of the active air-fuel ratio control is set so that the
cumulative value of the amount of unburned gas or the
amount of oxygen in the exhaust gas which flows into the
exhaust purification catalyst becomes an amount between
the maximum storable oxygen amount (breakthrough
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amount) when the exhaust purification catalyst is normal
(when the degree of deterioration is small) and the maxi-
mum storable oxygen amount when the degree of deterio-
ration of the exhaust purification catalyst is large. Further,
when the output of the downstream side oxygen sensor
greatly swings, it is judged that the exhaust purification
catalyst has deteriorated, while when the swing is small, it
is judged that the exhaust purification catalyst has not
deteriorated.

CITATIONS LIST
Patent Literature

PLT 1: Japanese Patent Publication No. 2002-130018A
PLT 2: Japanese Patent Publication No. 2007-278075A
PLT 3: Japanese Patent Publication No. 2007-285288A

SUMMARY OF INVENTION
Technical Problem

In this regard, in general, the air-fuel ratio of the exhaust
gas which flows into the exhaust purification catalyst is
feedback controlled to become the target air-fuel ratio based
on the output of the upstream direction air-fuel ratio sensor
which is provided at the upstream side of the exhaust
purification catalyst in the exhaust flow direction. For this
reason, when the output air-fuel ratio of the upstream
direction air-fuel ratio sensor deviates with respect to the
actual air-fuel ratio, even if performing feedback control as
explained above, the actual air-fuel ratio of the exhaust gas
which flows into the exhaust purification catalyst ends up
deviating from the target air-fuel ratio. In this way, if an
abnormality occurs in the air-fuel ratio control means for
controlling the exhaust gas which flows into the exhaust
purification catalyst to become the target air-fuel ratio, it is
no longer possible to use the abnormality diagnosis system
to suitably diagnose deterioration of the exhaust purification
catalyst.

For example, in the abnormality diagnosis system which
is described in PLT 1, when the exhaust purification catalyst
is normal, the output of the downstream side oxygen sensor
is maintained at a value which corresponds to either of the
rich air-fuel ratio and the lean air-fuel ratio. That is, when the
exhaust purification catalyst is normal, the air-fuel ratio of
the exhaust gas which is discharged from the exhaust
purification catalyst becomes substantially the stoichiomet-
ric air-fuel ratio. However, there is hysteresis in the oxygen
sensor, unless the actual air-fuel ratio of exhaust gas changes
from the rich air-fuel ratio to the lean air-fuel ratio or from
the lean air-fuel ratio to the rich air-fuel ratio, the output also
will not change. As a result, even if the air-fuel ratio of the
exhaust gas which is discharged from the exhaust purifica-
tion catalyst becomes substantially the stoichiometric air-
fuel ratio, the output of the oxygen sensor is maintained at
a value which corresponds to either the rich air-fuel ratio or
lean air-fuel ratio. Therefore, in the abnormality diagnosis
system which is described in PLT 1, the output of the oxygen
sensor is maintained at a value which corresponds to either
of the rich air-fuel ratio or lean air-fuel ratio. When the
fluctuation in output is small, it is judged that the exhaust
purification catalyst is normal.

In this regard, if an abnormality occurs in the air-fuel ratio
control means for controlling the exhaust gas which flows
into the exhaust purification catalyst to become the target
air-fuel ratio, even if the exhaust purification catalyst has
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deteriorated, sometimes the output of the downstream side
oxygen sensor will be maintained at a value which corre-
sponds to either of the rich air-fuel ratio or lean air-fuel ratio.
For example, when the output air-fuel ratio of the upstream
direction air-fuel ratio sensor deviates from the actual air-
fuel ratio to the rich side, in active air-fuel ratio control, the
actual air-fuel ratio of the exhaust gas becomes leaner than
the target air-fuel ratio. As a result, in active air-fuel ratio
control, when the target air-fuel ratio is made the rich
air-fuel ratio, exhaust gas of a rich air-fuel ratio with an
actual degree of richness lower than the one envisioned
flows into the exhaust purification catalyst.

In this case, even if the exhaust purification catalyst
deteriorates and the maximum storable oxygen amount
becomes smaller, the oxygen storage amount of the exhaust
purification catalyst no longer decreases to zero and, as a
result, exhaust gas of a rich air-fuel ratio no longer flows out
from the exhaust purification catalyst. In this way, if exhaust
gas of the rich air-fuel ratio no longer flows out from the
exhaust purification catalyst, the output of the oxygen sensor
is maintained at a value which corresponds to the lean
air-fuel ratio and therefore the fluctuation of the output of the
oxygen sensor ends up becoming smaller. That is, despite the
exhaust purification catalyst deteriorating, it ends up being
judged that the exhaust purification catalyst is normal.

Therefore, in consideration of the above problem, an
object of the present invention is to provide an abnormality
diagnosis system which can accurately diagnose an abnor-
mality of an exhaust purification catalyst.

Solution to Problem

To solve this problem, in the first aspect of the invention,
there is provided an abnormality diagnosis system of an
internal combustion engine, which internal combustion
engine comprises an exhaust purification catalyst which is
arranged in an exhaust passage of the internal combustion
engine and which can store oxygen, a controller for con-
trolling the air-fuel ratio of exhaust gas flowing into the
exhaust purification catalyst to become a target air-fuel ratio,
and a downstream side air-fuel ratio sensor which is
arranged at a downstream side of said exhaust purification
catalyst in an exhaust flow direction and which can detect an
air-fuel ratio of exhaust gas discharged from said exhaust
purification catalyst,
wherein the abnormality diagnosis system of an internal
combustion engine performs active air-fuel ratio control
which alternately controls said target air-fuel ratio to a rich
air-fuel ratio which is richer than a stoichiometric air-fuel
ratio and a lean air-fuel ratio which is leaner than the
stoichiometric air-fuel ratio at a given interval, and diagno-
ses abnormality of said exhaust purification catalyst based
on the output air-fuel ratio of the downstream side air-fuel
ratio sensor during execution of said active air-fuel ratio
control, and
wherein said abnormality diagnoses system judges that said
exhaust purification catalyst is abnormal when the output
air-fuel ratio of the downstream side air-fuel ratio sensor
reaches a rich judgment air-fuel ratio which is richer than the
stoichiometric air-fuel ratio or less, and a lean judgment
air-fuel ratio which is leaner than the stoichiometric air-fuel
ratio or more in the period where said target air-fuel ratio is
successively made the rich air-fuel ratio and lean air-fuel
ratio due to said active air-fuel ratio control, and
judges that said air-fuel ratio control by said controller is
abnormal when the output air-fuel ratio of the downstream
side air-fuel ratio sensor reaches only one of said rich
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judgment air-fuel ratio or less or said lean judgment air-fuel
ratio or more in the period where said target air-fuel ratio is
successively made the rich air-fuel ratio and lean air-fuel
ratio due to said active air-fuel ratio control.

In a second aspect of the invention, there is provided the
first aspect of the invention wherein said abnormality diag-
nosis system judges that said exhaust purification catalyst is
not abnormal when the output air-fuel ratio of the down-
stream side air-fuel ratio sensor is maintained in a range
which is leaner than the rich judgment air-fuel ratio and
richer than said lean judgment air-fuel ratio in the period
where said target air-fuel ratio is successively made the rich
air-fuel ratio and lean air-fuel ratio due to said active air-fuel
ratio control.

In a third aspect of the invention, there is provided the first
or second aspect of the invention wherein said abnormality
diagnosis system suspends diagnosis of abnormality of said
exhaust purification catalyst when it is judged that said
air-fuel ratio control by said controller is abnormal.

In a fourth aspect of the invention, there is provided any
one of the first to third aspects of the invention wherein said
abnormality diagnosis system suspends said active air-fuel
ratio control when it is judged that said air-fuel ratio control
by said controller has become abnormal.

In a fifth aspect of the invention, there is provided any one
of the first to fourth aspects of the invention wherein the
internal combustion engine further comprises an upstream
side air-fuel ratio sensor which is arranged at an upstream
side of said exhaust purification catalyst in the exhaust flow
direction and which can detect the air-fuel ratio of the
exhaust gas flowing into the exhaust purification catalyst,
and the controller calculates, based on the output air-fuel
ratio of the upstream direction air-fuel ratio sensor, the
amount of oxygen which is in excess or the amount of
oxygen which becomes insufficient when trying to make the
air-fuel ratio of the exhaust gas flowing into the exhaust
purification catalyst the stoichiometric air-fuel ratio as an
oxygen excess/shortage, and said given interval is an inter-
val from when switching said target air-fuel ratio from the
rich air-fuel ratio to the lean air-fuel ratio or from the lean
air-fuel ratio to the rich air-fuel ratio to when the absolute
value of the cumulative oxygen excess/shortage which is
cumulatively added by the controller becomes a predeter-
mined amount.

In a sixth aspect of the invention, there is provided the
fifth aspect of the invention wherein the controller can
correct the output air-fuel ratio of the upstream direction
air-fuel ratio sensor or target air-fuel ratio, and corrects said
output air-fuel ratio of the upstream direction air-fuel ratio
sensor or said target air-fuel ratio when said abnormality
diagnosis system judges that said air-fuel ratio control by
said controller is abnormal.

In a seventh aspect of the invention, there is provided the
sixth aspect of the invention wherein said controller corrects
the target air-fuel ratio or said output air-fuel ratio of the
downstream side air-fuel ratio sensor to the lean side when
the output air-fuel ratio of the downstream side air-fuel ratio
sensor reaches only said rich judgment air-fuel ratio or less
in the period where said target air-fuel ratio is successively
made the rich air-fuel ratio and lean air-fuel ratio due to said
active air-fuel ratio control and corrects the target air-fuel
ratio or said output air-fuel ratio of the downstream side
air-fuel ratio sensor to the rich side when said output air-fuel
ratio of the downstream side air-fuel ratio sensor reaches
only said lean judgment air-fuel ratio or more.

In a eighth aspect of the invention, there is provided sixth
aspect of the invention wherein said controller corrects said
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output air-fuel ratio of the upstream direction air-fuel ratio
sensor or said target air-fuel ratio so that a difference
becomes smaller between the absolute value of the cumu-
lative oxygen excess/shortage which is cumulatively added
by the controller from when said target air-fuel ratio is
switched from the rich air-fuel ratio to the lean air-fuel ratio
then again is switched to the rich air-fuel ratio or said output
air-fuel ratio of the downstream side air-fuel ratio sensor
becomes the lean judgment air-fuel ratio or more and the
absolute value of the cumulative oxygen excess/shortage
which is cumulatively added by the controller from when
said target air-fuel ratio is switched from the lean air-fuel
ratio to the rich air-fuel ratio then is again switched to the
lean air-fuel ratio or said output air-fuel ratio of the down-
stream side air-fuel ratio sensor becomes the rich judgment
air-fuel ratio or less.

In a ninth aspect of the invention, there is provided any
one of the first to eighth aspects of the invention wherein
said the downstream side air-fuel ratio sensor is a limit
current type air-fuel ratio sensor.

Advantageous Effects of Invention

According to the present invention, there is provided an
abnormality diagnosis system which can accurately diag-
nose an abnormality of an exhaust purification catalyst while
taking into consideration the occurrence of an abnormality
in an air-fuel ratio control means for controlling the exhaust
gas which flows into the exhaust purification catalyst to
become a target air-fuel ratio.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view which schematically shows an internal
combustion engine in which an abnormality diagnosis
device of the first embodiment of the present invention is
used.

FIG. 2A is a view which shows the relationship between
the stored amount of oxygen of the upstream side exhaust
purification catalyst and concentration of components in the
exhaust gas which flows out from the exhaust purification
catalyst.

FIG. 2B is a view which shows the relationship between
the stored amount of oxygen of the upstream side exhaust
purification catalyst and concentration of components in the
exhaust gas which flows out from the exhaust purification
catalyst.

FIG. 3 is a schematic cross-sectional view of an air-fuel
ratio sensor.

FIG. 4 is a view which shows the relationship between the
voltage supplied to the sensor and output current at different
exhaust air-fuel ratios.

FIG. 5 is a view which shows the relationship between the
exhaust air-fuel ratio and output current when making the
voltage supplied to the sensor constant.

FIG. 6 is a time chart of the oxygen storage amount etc.
of an upstream direction exhaust purification catalyst at the
time of normal operation of an internal combustion engine.

FIG. 7 is a time chart of the oxygen storage amount etc.
when performing active air-fuel ratio control

FIG. 8 is a time chart of the oxygen storage amount etc.
when performing active air-fuel ratio control

FIG. 9 is a time chart of the oxygen storage amount etc.
when performing active air-fuel ratio control

FIG. 10 is a flow chart which shows a control routine of
the active air-fuel ratio control.
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FIG. 11 is a flow chart which shows a control routine of
abnormality diagnosis control.

FIG. 12 is a time chart of the oxygen storage amount etc.
when performing active air-fuel ratio control

DESCRIPTION OF EMBODIMENTS

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

<Explanation of Internal Combustion Engine as a Whole>

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

As shown in FIG. 1, a spark plug 10 is arranged at a center
part of an inside wall surface of the cylinder head 4, while
a fuel injector 11 is arranged at a side part of the inner wall
surface of the cylinder head 4. The spark plug 10 is con-
figured to generate a spark in accordance with an ignition
signal. Further, the fuel injector 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 using the diagnosis device of
the present invention may also use another fuel.

The intake port 7 of each cylinder is connected to a surge
tank 14 through 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.

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

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

Further, an accelerator pedal 42 has a load sensor 43
connected to it which generates an output voltage which is
proportional to the amount of depression of the accelerator
pedal 42. The output voltage of the load sensor 43 is input
to the input port 36 through a corresponding AD converter
38. The crank angle sensor 44 generates an output pulse
every time, for example, a crankshaft rotates by 15 degrees.
This output pulse is input to the input port 36. The CPU 35
calculates the engine speed from the output pulse of this
crank angle sensor 44. On the other hand, the output port 37
is connected through corresponding drive circuits 45 to the
spark plugs 10, fuel injectors 11, and throttle valve drive
actuator 17. Note that, ECU 31 acts as an abnormality
diagnosis device (means) for diagnosing abnormality of the
internal combustion engine (in particular, the upstream side
exhaust purification catalyst 20 and the upstream air-fuel
ratio sensor 40), an air-fuel ratio control device (means) for
the exhaust gas flowing into the upstream exhaust purifica-
tion catalyst 20, and a target air-fuel ratio control device
(means) for controlling a target air-fuel ratio explained
below.

<Explanation of Exhaust Purification Catalyst>

The upstream side exhaust purification catalyst 20 and
downstream side exhaust purification catalyst 24 in each
case have similar configurations. Although the upstream side
exhaust purification catalyst 20 will be explained below, the
upstream side exhaust purification catalyst 24 has similar
configurations and functions.

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

According to the oxygen storage ability of the upstream
side exhaust purification catalyst 20, the upstream side
exhaust purification catalyst 20 stores the oxygen in the
exhaust gas when the air-fuel ratio of the exhaust gas which
flows into the upstream side exhaust purification catalyst 20
is leaner than the stoichiometric air-fuel ratio (lean air-fuel
ratio). On the other hand, the upstream side exhaust purifi-
cation catalyst 20 releases the oxygen which is stored in the
upstream side exhaust purification catalyst 20 when the
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inflowing exhaust gas has an air-fuel ratio which is richer
than the stoichiometric air-fuel ratio (rich air-fuel ratio).

The upstream side exhaust purification catalyst 20 has a
catalytic action and oxygen storage ability and thereby have
the action of removing NO, and unburned gas according to
the stored amount of oxygen. That is, as shown in FIG. 2A,
when the air-fuel ratio of the exhaust gas which flows into
the upstream side exhaust purification catalyst 20 is a lean
air-fuel ratio, when the stored amount of oxygen is small, the
upstream side exhaust purification catalyst 20 stores the
oxygen in the exhaust gas, and thus the NO, is removed by
reduction. Further, if the stored amount of oxygen becomes
larger, the exhaust gas which flows out from the exhaust
purification catalyst 20 rapidly rises in concentration of
oxygen and NO, at a certain stored amount near the maxi-
mum storable oxygen amount Cmax (in the figure, Cuplim).

On the other hand, as shown in FIG. 2B, when the air-fuel
ratio of the exhaust gas which flows into the upstream side
exhaust purification catalyst 20 is the rich air-fuel ratio,
when the stored amount of oxygen is large, the oxygen
which is stored in the upstream side exhaust purification
catalyst 20 is released, and the unburned gas in the exhaust
gas is removed by oxidation. Further, if the stored amount of
oxygen becomes small, the exhaust gas which flows out
from the exhaust purification catalyst rapidly rises in con-
centration of unburned gas at a certain stored amount near
zero (in the figure, Clowlim).

In the above way, according to the exhaust purification
catalysts 20 and 24 which are used in the present embodi-
ment, the characteristics of removal of NO,, and unburned
gas in the exhaust gas change depending on the air-fuel ratio
and stored amount of oxygen of the exhaust gas which flows
into the exhaust purification catalysts 20 and 24. Note that,
if having a catalytic action and oxygen storage ability, the
exhaust purification catalysts 20 and 24 may also be cata-
lysts different from three-way catalysts.

<Configuration of Air-Fuel Ratio Sensor>

Next, referring to FIG. 3, the configurations of air-fuel
ratio sensors 40 and 41 in the present embodiment will be
explained. FIG. 3 is a schematic cross-sectional view of
air-fuel ratio sensors 40 and 41. As will be understood from
FIG. 3, the air-fuel ratio sensors 40 and 41 in the present
embodiment are single-cell type air-fuel ratio sensors each
comprised of a solid electrolyte layer and a pair of electrodes
forming a single cell.

As shown in FIG. 3, each of the air-fuel ratio sensors 40
and 41 is provided with a solid electrolyte layer 51, an
exhaust side electrode (first electrode) 52 which is arranged
at one side surface of the solid electrolyte layer 51, an
atmosphere side electrode (second electrode) 53 which is
arranged at the other side surface of the solid electrolyte
layer 51, a diffusion regulation layer 54 which regulates the
diffusion of the passing exhaust gas, a protective layer 55
which protects the diffusion regulation layer 54, and a heater
part 56 which heats the air-fuel ratio sensor 40 or 41.

On one side surface of the solid electrolyte layer 51, a
diffusion regulation layer 54 is provided. On the side surface
of the diffusion regulation layer 54 at the opposite side from
the side surface of the solid electrolyte layer 51 side, a
protective layer 55 is provided. In the present embodiment,
a measured gas chamber 57 is formed between the solid
electrolyte layer 51 and the diffusion regulation layer 54.
Further, the exhaust side electrode 52 is arranged inside the
measured gas chamber 57, and the exhaust gas is introduced
through the diffusion regulation layer 54 into the measured
gas chamber 57. On the other side surface of the solid
electrolyte layer 51, the heater part 56 is provided. Between
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the solid electrolyte layer 51 and the heater part 56, a
reference gas chamber 58 is formed. Inside this reference
gas chamber 58, a reference gas (for example, atmospheric
gas) is introduced. The atmosphere side electrode 53 is
arranged inside the reference gas chamber 58.

The solid electrolyte layer 51 is formed by a sintered body
of ZrO, (zirconia), HfO,, ThO,, Bi,0;, or other oxygen ion
conducting oxide in which CaO, MgO, Y,0;, Yb,0;, etc. is
blended as a stabilizer. Further, the diffusion regulation layer
54 is formed by a porous sintered body of alumina, mag-
nesia, silica, spinel, mullite, or another heat resistant inor-
ganic substance. Furthermore, the exhaust side electrode 52
and atmosphere side electrode 53 is formed by platinum or
other precious metal with a high catalytic activity.

Further, between the exhaust side electrode 52 and the
atmosphere side electrode 53, sensor voltage Vr is supplied
by the voltage supply device 60 which is mounted on the
ECU 31. In addition, the ECU 31 is provided with a current
detection device 61 which detects the current which flows
between these electrodes 52 and 53 through the solid elec-
trolyte layer 51 when the voltage supply device 60 supplies
the sensor voltage Vr. The current which is detected by this
current detection device 61 is the output current of the
air-fuel ratio sensors 40 and 41.

The thus configured air-fuel ratio sensors 40 and 41 have
the voltage-current (V-I) characteristic such as shown in
FIG. 4. As will be understood from FIG. 4, the output current
1 becomes larger the higher the exhaust air-fuel ratio (the
leaner). 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. 4, the limit current region and limit
current when the exhaust air-fuel ratio is 18 are shown by
W,gand ;5.

FIG. 5 is a view which shows the relationship between the
exhaust air-fuel ratio and the output current | when making
the supplied voltage constant at about 0.45V. As will be
understood from FIG. 5, in the air-fuel ratio sensors 40 and
41, the higher the exhaust air-fuel ratio (that is, the leaner),
the greater the output current I from the air-fuel ratio sensors
40 and 41. In addition, the air-fuel ratio sensors 40 and 41
are configured so that the output current I becomes zero
when the exhaust air-fuel ratio is the stoichiometric air-fuel
ratio. Further, when the exhaust air-fuel ratio becomes 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.

Note that, in the above example, as the air-fuel ratio
sensors 40 and 41, limit current type air-fuel ratio sensors of
the structure which is shown in FIG. 3 are used. However,
as the upstream side air-fuel ratio sensor 40, for example, it
is also possible to use a cup-type limit current type air-fuel
ratio sensor or other structure of limit current type air-fuel
ratio sensor or air-fuel ratio sensor not a limit current type
or any other air-fuel ratio sensor.

Basic Control

In the internal combustion engine which is configured in
this way, the outputs of the upstream direction air-fuel ratio
sensor 40 and the downstream side air-fuel ratio sensor 41
are used as the basis to set the fuel injection quantity from
the fuel injector 11 so that the air-fuel ratio of exhaust gas
which flows into the upstream direction exhaust purification
catalyst 20 becomes the optimum target air-fuel ratio based
on the operating state of the engine. As the method of setting
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such a fuel injection quantity, the method of using the output
of the upstream direction air-fuel ratio sensor 40 as the basis
to control the air-fuel ratio of exhaust gas which flows into
the upstream direction exhaust purification catalyst 20 (or
the air-fuel ratio of exhaust gas which flows out from the
engine body) to become the target air-fuel ratio and using the
output of the downstream side air-fuel ratio sensor 41 as the
basis to correct the output of the upstream direction air-fuel
ratio sensor 40 or change the target air-fuel ratio may be
mentioned.

Referring to FIG. 6, an example of such control of the
target air-fuel ratio will be simply explained. FIG. 6 is a time
chart of the oxygen storage amount of the upstream direction
exhaust purification catalyst, the target air-fuel ratio, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor, and the output air-fuel ratio of the downstream side
air-fuel ratio sensor at the time of normal operation (normal
control) of an internal combustion engine. Note that, the
“output air-fuel ratio” means the air-fuel ratio corresponding
to the output of the air-fuel ratio sensor. Further, “the time
of normal operation (normal control)” means the operating
state (control state) where control for adjusting the fuel
injection quantity in accordance with a specific operating
state of the internal combustion engine (for example, cor-
rection to increase the fuel injection quantity performed at
the time of acceleration of the vehicle which mounts the
internal combustion engine or fuel cut control, the later
explained active air-fuel ratio control, etc.)

In the example which is shown in FIG. 6, when the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
is a rich judgment air-fuel ratio AFrefr which is richer than
the stoichiometric air-fuel ratio (air-fuel ratio which is richer
than the stoichiometric air-fuel ratio, for example, 14.55) or
less, the target air-fuel ratio is set to and maintained at the
lean setting air-fuel ratio AFTI (for example, 15). After that,
the oxygen storage amount of the upstream direction exhaust
purification catalyst 20 is estimated. When this estimated
value becomes a predetermined judgment reference storage
amount Cref (amount smaller than maximum storable oxy-
gen amount Cmax) or more, the target air-fuel ratio is set to
and maintained at the rich setting air-fuel ratio AFTr (for
example, 14.4). In the example which is shown in FIG. 6,
this operation is repeatedly performed.

Specifically, in the example which is shown in FIG. 6,
before the time t,, the target air-fuel ratio is made the rich
setting air-fuel ratio AFTr. Along with this, the output
air-fuel ratio of the upstream direction air-fuel ratio sensor
40 also becomes the rich air-fuel ratio. Further, the upstream
direction exhaust purification catalyst 20 stores oxygen, so
the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes substantially the stoichiometric air-fuel
ratio (14.6). At this time, the air-fuel ratio of exhaust gas
which flows into the upstream direction exhaust purification
catalyst 20 becomes the rich air-fuel ratio, so the oxygen
storage amount of the upstream direction exhaust purifica-
tion catalyst 20 gradually falls.

After that, at the time t,, the oxygen storage amount of the
upstream  direction exhaust purification catalyst 20
approaches zero, whereby part of the unburned gas which
flows into the upstream direction exhaust purification cata-
lyst 20 starts to flow out without being purified by the
upstream direction exhaust purification catalyst 20. As a
result, at the time t,, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 becomes the rich judg-
ment air-fuel ratio AFrefr. At this time, the target air-fuel
ratio is switched from the rich setting air-fuel ratio AFTr to
the lean setting air-fuel ratio AFTIL
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By switching of the target air-fuel ratio, the air-fuel ratio
of exhaust gas which flows into the upstream direction
exhaust purification catalyst 20 becomes a lean air-fuel ratio
and the outflow of unburned gas decreases and stops.
Further, the oxygen storage amount of the upstream direc-
tion exhaust purification catalyst 20 gradually increases and
at the time t, reaches the judgment reference storage amount
Cref. In this way, when the oxygen storage amount reaches
the judgment reference storage amount Cref, the target
air-fuel ratio is again switched from the lean setting air-fuel
ratio AFT] to the rich setting air-fuel ratio AFTr. By switch-
ing this target air-fuel ratio, the air-fuel ratio of exhaust gas
which flows into the upstream direction exhaust purification
catalyst 20 again becomes the lean air-fuel ratio. As a result,
the oxygen storage amount of the upstream direction exhaust
purification catalyst 20 gradually decreases. After that, this
operation is repeatedly performed. By performing such
control, it is possible to prevent the outflow of NO, from the
upstream direction exhaust purification catalyst 20.

Note that, the control of the target air-fuel ratio based on
the outputs of the upstream direction air-fuel ratio sensor 40
and the downstream side air-fuel ratio sensor 41 is not
limited to the control such as explained above. It may be any
control so long as control based on the outputs of these
air-fuel ratio sensors 40 and 41.

<Diagnosis of Abnormality of Exhaust Purification Cata-
lyst>

Next, referring to FIG. 7 and FIG. 8, the diagnosis of
abnormality of the upstream direction exhaust purification
catalyst 20 will be explained. In the present embodiment,
when diagnosing abnormality of the upstream direction
exhaust purification catalyst 20, active air-fuel ratio control
is performed which periodically switches the target air-fuel
ratio of the exhaust gas which flows into the upstream
direction exhaust purification catalyst 20 between the rich
air-fuel ratio and the lean air-fuel ratio. Note that, in the
following explanation, by active air-fuel ratio control, the
target air-fuel ratio is switched from the rich air-fuel ratio to
the lean air-fuel ratio, then switched to the rich air-fuel ratio
and again switched to the lean air-fuel ratio as one cycle.
Alternatively, the target air-fuel ratio is switched from the
lean air-fuel ratio to the rich air-fuel ratio, then is switched
to the lean air-fuel ratio and again is switched to the rich
air-fuel ratio as one cycle. That is, “one cycle” means the
period in which the target air-fuel ratio is successively made
the rich air-fuel ratio and lean air-fuel ratio.

Further, during this active air-fuel ratio control, the
amount of the oxygen which is stored in the upstream
direction exhaust purification catalyst 20 or the amount of
oxygen which is released from the upstream direction
exhaust purification catalyst 20 is estimated and the cumu-
lative value of the estimated amount of oxygen is used as the
basis to switch the target air-fuel ratio. More specifically, if
the cumulative value obtained by cumulatively adding the
estimated amounts of the oxygen which is stored in the
upstream direction exhaust purification catalyst 20 from the
time the target air-fuel ratio is switched from the rich air-fuel
ratio to the lean air-fuel ratio reaches a predetermined
reference amount, the target air-fuel ratio is switched from
the lean air-fuel ratio to the rich air-fuel ratio. Similarly, if
the cumulative value obtained by cumulatively adding the
estimated amounts of the oxygen which is released from the
upstream direction exhaust purification catalyst 20 from the
time the target air-fuel ratio is switched from the lean air-fuel
ratio to the rich air-fuel ratio reaches a predetermined
reference amount, the target air-fuel ratio is switched from
the lean air-fuel ratio to the rich air-fuel ratio. This reference
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amount is made an amount which is less than the maximum
storable oxygen amount when the upstream direction
exhaust purification catalyst 20 deteriorates and more than
the degree of deterioration of the upstream direction exhaust
purification catalyst 20.

In the present embodiment, the amounts (flow rates) of
oxygen which is stored in the upstream direction exhaust
purification catalyst 20 and oxygen which is released from
the upstream direction exhaust purification catalyst 20 are
calculated based on the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40 and the intake air amount
of the internal combustion engine etc. Specifically, the ECU
31 calculates the amounts of oxygen which becomes exces-
sive or oxygen which becomes insufficient when trying to
make the air-fuel ratio of exhaust gas which flows into the
upstream direction exhaust purification catalyst 20 the stoi-
chiometric air-fuel ratio as the “oxygen excess/shortage”.

That is, the ECU 31 calculates the amount of oxygen
which is contained in the exhaust gas or the amount of
oxygen which is necessary for burning the unburned gas etc.
which is contained in this exhaust gas when assuming that
the oxygen and unburned gas etc. in the exhaust gas which
flows into the upstream direction exhaust purification cata-
lyst 20 completely react. More specifically, it uses the intake
air amount of the internal combustion engine which is
calculated based on the air flowmeter 39 etc. and difference
of the output air-fuel ratio of the upstream direction air-fuel
ratio sensor 40 from the stoichiometric air-fuel ratio (or ratio
to it) as the basis to calculate the oxygen excess/shortage.
Further, the ECU 31 again switches the target air-fuel ratio
when, after switching the target air-fuel ratio, the cumulative
value (absolute value) which is obtained by cumulative
adding the oxygen excess/shortage reaches a predetermined
reference amount.

Further, when, as a result of performing such active
air-fuel ratio control, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 becomes the rich judg-
ment air-fuel ratio or less or the lean judgment air-fuel ratio
or more during one cycle, it is judged that the upstream
direction exhaust purification catalyst 20 has become abnor-
mal due to deterioration. On the other hand, when the output
air-fuel ratio of the downstream side air-fuel ratio sensor is
maintained in a range larger than the rich judgment air-fuel
ratio and smaller than the lean judgment air-fuel ratio during
one cycle, it is judged that the upstream direction exhaust
purification catalyst 20 has not become abnormal due to
deterioration (is normal).

It is also possible to diagnose abnormality not only for one
cycle, but for a plurality of cycles. In this case, when there
are a large number of cycles where, during one cycle, the
output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 is the rich judgment air-fuel ratio or less and the
lean judgment air-fuel ratio or more, it is judged that the
upstream direction exhaust purification catalyst 20 has
become abnormal due to deterioration. On the other hand,
when there are a large number of cycles where, during one
cycle, the output air-fuel ratio of the downstream side
air-fuel ratio sensor is larger than the rich judgment air-fuel
ratio and smaller than the lean judgment air-fuel ratio or
more, it is judged that the upstream direction exhaust
purification catalyst 20 has not become abnormal due to
deterioration (is normal)

FIG. 7 is a time chart of the oxygen storage amount, the
target air-fuel ratio, the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40, the output air-fuel ratio of
the downstream side air-fuel ratio sensor 41, and the cumu-
lative value (absolute value) of the oxygen excess/shortage
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when performing active air-fuel ratio control when diagnos-
ing abnormality of the upstream direction exhaust purifica-
tion catalyst 20. In particular, FIG. 7 shows the case when
the degree of deterioration of the upstream direction exhaust
purification catalyst 20 is small, that is, when the upstream
direction exhaust purification catalyst 20 has not become
abnormal due to deterioration.

In the example which is shown in FIG. 7, before the time
t,, the target air-fuel ratio of the exhaust gas which flows into
the upstream direction exhaust purification catalyst 20 is
made the rich setting air-fuel ratio AFTr. For this reason, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 becomes the rich air-fuel ratio. Along with this, the
oxygen storage amount of the upstream direction exhaust
purification catalyst 20 also gradually decreases. At this
time, the unburned gas in the exhaust gas which flows into
the upstream direction exhaust purification catalyst 20 is
removed by oxidation by the oxygen which is stored in the
upstream direction exhaust purification catalyst 20. For this
reason, the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 becomes the stoichiometric air-fuel
ratio.

At the time t,, if the active air-fuel ratio control is started,
in the example which is shown in FIG. 7, the target air-fuel
ratio is changed to the active control lean air-fuel ratio
AFTal. In the present embodiment, the active control lean
air-fuel ratio AFTal is made substantially the same air-fuel
ratio as the lean setting air-fuel ratio AFTL, but may also be
an air-fuel ratio different from this.

At the time t,, if the target air-fuel ratio is changed to the
active control lean air-fuel ratio AFTal, the output air-fuel
ratio of the upstream direction air-fuel ratio sensor 40 also
changes to the lean air-fuel ratio. Further, the oxygen storage
amount of the upstream direction exhaust purification cata-
lyst 20 gradually increases. At this time, the NO, in the
exhaust gas which flows into the upstream direction exhaust
purification catalyst 20 is removed by reduction along with
the storage of oxygen. For this reason, the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 remains
the stoichiometric air-fuel ratio.

On the other hand, at the time t,, if active air-fuel ratio
control is started, the cumulative value of the oxygen
excess/shortage is calculated. As explained above, at the
time t, on, the output air-fuel ratio of the upstream direction
air-fuel ratio sensor 40 becomes the lean air-fuel ratio. For
this reason, at the time t, on, it can be said that the oxygen
is excessive when trying to make the air-fuel ratio of exhaust
gas which flows into the upstream direction exhaust purifi-
cation catalyst 20 the stoichiometric air-fuel ratio. For this
reason, as shown in FIG. 7, the cumulative value of the
oxygen excess/shortage in the exhaust gas which flows into
the upstream direction exhaust purification catalyst 20
gradually increases.

After that, at the time t, if the cumulative value of the
oxygen excess/shortage reaches the reference amount Ref,
the target air-fuel ratio is switched from the active control
lean air-fuel ratio AFTal to the active control rich air-fuel
ratio AFTar. In the present embodiment, the active control
rich air-fuel ratio AFTar is made an air-fuel ratio which is
richer than the rich setting air-fuel ratio AFTr, but it may also
be made an air-fuel ratio which is substantially the same as
or leaner than the rich setting air-fuel ratio. Note that, the
difference of the active control rich air-fuel ratio AFTar from
the stoichiometric air-fuel ratio and the difference of the
active control lean air-fuel ratio AFTal from the stoichio-
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metric air-fuel ratio are made equal. Further, at the time ts,
the cumulative value of the oxygen excess/shortage is reset
to 0.

In the example which is shown in FIG. 7, the degree of
deterioration of the upstream direction exhaust purification
catalyst 20 is small, therefore the maximum storable oxygen
amount Cmax is large, so at the time t,, the oxygen storage
amount does not reach the maximum storable oxygen
amount Cmax. For this reason, in the period of the time t,
to the time t5, NO, or oxygen does not flow out from the
upstream direction exhaust purification catalyst 20. Accord-
ingly, the output air-fuel ratio of the downstream side
air-fuel ratio sensor remains the stoichiometric air-fuel ratio.

At the time ts, if the target air-fuel ratio is switched, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 also changes to the rich air-fuel ratio. Further, the
oxygen storage amount of the upstream direction exhaust
purification catalyst 20 gradually decreases. At this time, the
unburned gas in the exhaust gas which flows into the
upstream direction exhaust purification catalyst 20 is puri-
fied by oxidation in the upstream direction exhaust purifi-
cation catalyst 20, so the output air-fuel ratio of the down-
stream side air-fuel ratio sensor becomes the stoichiometric
air-fuel ratio. In addition, the output air-fuel ratio of the
upstream direction air-fuel ratio sensor 40 becomes the rich
air-fuel ratio, so it can be said that the oxygen would be
insufficient when trying to make the air-fuel ratio of exhaust
gas which flows into the upstream direction exhaust purifi-
cation catalyst 20 the stoichiometric air-fuel ratio. For this
reason, the cumulative value of oxygen excess/shortage in
the exhaust gas which flows into the upstream direction
exhaust purification catalyst 20 gradually decreases. In par-
ticular, at FIG. 7, the cumulative value of the oxygen
excess/shortage is shown by the absolute value, so the
cumulative value of the oxygen excess/shortage of FIG. 7
gradually increases.

After that, at the time t, if the cumulative value (absolute
value) of the oxygen excess/shortage reaches the reference
amount Ref, the target air-fuel ratio is switched from the
active control rich air-fuel ratio AFTar to the active control
lean air-fuel ratio AFTal. In the example which is shown in
FIG. 7, as explained above, the maximum storable oxygen
amount Cmax is large, so at the time t,, the oxygen storage
amount does not reach zero. For this reason, in the period
from the time t5 to the time tg, unburned gas does not flow
out from the upstream direction exhaust purification catalyst
20. Accordingly, the output air-fuel ratio of the downstream
side air-fuel ratio sensor remains the stoichiometric air-fuel
ratio. After this, a similar operation is repeatedly performed.
Note that, in the example which is shown in FIG. 7, the
period from when target air-fuel ratio is switched to the lean
air-fuel ratio (time t,) to when it is then again switched to the
lean air-fuel ratio (time t) is defined as one cycle.

In this way, when the degree of deterioration of the
upstream direction exhaust purification catalyst 20 is low,
the maximum storable oxygen amount of the upstream
direction exhaust purification catalyst 20 becomes the ref-
erence amount Ref or more. For this reason, while active
air-fuel ratio control is being performed, the unburned gas
which flows into the upstream direction exhaust purification
catalyst 20 is completely removed and oxygen is completely
stored. As a result, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 is maintained at substan-
tially the stoichiometric air-fuel ratio. Therefore, in the
present embodiment, during active air-fuel ratio control,
when the output air-fuel ratio of the downstream side air-fuel
ratio sensor 41 is maintained in a range between the rich
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judgment air-fuel ratio AFrefr and the lean judgment air-fuel
ratio AFref], it is judged that the upstream direction exhaust
purification catalyst 20 has not deteriorated and is normal.

FIG. 8 is also a time chart of the oxygen storage amount
when performing active air-fuel ratio control and is a view
similar to FIG. 7. In particular, FIG. 8 shows the case where
the degree of deterioration of the upstream direction exhaust
purification catalyst 20 is large, that is, the case where the
upstream direction exhaust purification catalyst 20 becomes
abnormal due to deterioration.

In the example which is shown in FIG. 8 as well, before
the time t,, control is performed in the same way as the
example which is shown in FIG. 7. If] at the time t,, active
air-fuel ratio control is started, the target air-fuel ratio is
changed to the active control lean air-fuel ratio AFTal. Due
to this, the output air-fuel ratio of the upstream direction
air-fuel ratio sensor 40 also changes to the lean air-fuel ratio
and the oxygen storage amount of the upstream direction
exhaust purification catalyst 20 gradually increases. How-
ever, at this time, the output air-fuel ratio of the downstream
side air-fuel ratio sensor 41 remains the stoichiometric
air-fuel ratio.

In the example which is shown in FIG. 8, the degree of
deterioration of the upstream direction exhaust purification
catalyst 20 is high, so before reaching the time ts, the oxygen
storage amount of the upstream direction exhaust purifica-
tion catalyst 20 reaches the maximum storable oxygen
amount Cmax'. For this reason, the upstream direction
exhaust purification catalyst 20 no longer can store any
further oxygen. As a result, oxygen starts to flow out from
the upstream direction exhaust purification catalyst 20.
Further, at the time t, ., the output air-fuel ratio of the
downstream side air-fuel ratio sensor reaches the lean judg-
ment air-fuel ratio AFrefl, then is maintained at the lean
judgment air-fuel ratio AFrefl or more.

At the time ts, if the cumulative value of the oxygen
excess/shortage reaches the reference amount Ref, the target
air-fuel ratio is switched from the active control lean air-fuel
ratio AFTal to the active control rich air-fuel ratio AFTar.
Due to this, the output air-fuel ratio of the upstream direction
air-fuel ratio sensor 40 also changes to the rich air-fuel ratio
and the oxygen storage amount of the upstream direction
exhaust purification catalyst 20 gradually decreases. Along
with this, the output air-fuel ratio of the downstream side
air-fuel ratio sensor converges to the stoichiometric air-fuel
ratio.

As explained above, in the example which is shown in
FIG. 8, the degree of deterioration of the upstream direction
exhaust purification catalyst 20 is high. For this reason,
before reaching the time t4, the oxygen storage amount of
the upstream direction exhaust purification catalyst 20
reaches zero. For this reason, the upstream direction exhaust
purification catalyst 20 can no longer remove any further
unburned gas by oxidation. As a result, unburned gas starts
to flow out from the upstream direction exhaust purification
catalyst 20. Further, at the time t 5, the output air-fuel ratio
of the downstream side air-fuel ratio sensor reaches the rich
judgment air-fuel ratio AFreft, then is maintained at the rich
judgment air-fuel ratio AFrefr or more.

In this way, when the degree of deterioration of the
upstream direction exhaust purification catalyst 20 is high,
the maximum storable oxygen amount of the upstream
direction exhaust purification catalyst 20 becomes smaller
than a reference amount Ref. For this reason, while the
active air-fuel ratio control is being performed, unburned gas
and oxygen flow out from the upstream direction exhaust
purification catalyst 20. As a result, the output air-fuel ratio
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of'the downstream side air-fuel ratio sensor 41 swings to the
rich air-fuel ratio and lean air-fuel ratio. Therefore, in the
present embodiment, during active air-fuel ratio control,
when the output air-fuel ratio of the downstream side air-fuel
ratio sensor reaches the rich judgment air-fuel ratio or less
and the lean judgment air-fuel ratio or more, it is judged that
the upstream direction exhaust purification catalyst 20
becomes abnormal due to deterioration.

In the above way, according to the present embodiment,
it is possible to use the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 when performing active
air-fuel ratio control as the basis to diagnose abnormality of
the upstream direction exhaust purification catalyst 20.

Note that, in the example which is shown in FIG. 7 and
FIG. 8, active air-fuel ratio control is performed over a
plurality of cycles. However, the diagnosis of abnormality of
the upstream direction exhaust purification catalyst 20 may
be performed if performing active air-fuel ratio control for
at least one cycle, so active air-fuel ratio control may be
performed for just one cycle.

On the other hand, as shown in FIG. 7 and FIG. 8, when
performing active air-fuel ratio control over a plurality of
cycles, the number of cycles among the plurality of cycles
where, during one cycle, the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 becomes the rich
judgment air-fuel ratio or less and the lean judgment air-fuel
ratio or more (cycle judged abnormal) is calculated. Further,
when the number of cycles judged abnormal is a predeter-
mined number or more or when the ratio of the number of
cycles judged abnormal to the number of all cycles in the
active air-fuel ratio control becomes a predetermined num-
ber or more, it may be judged that the upstream direction
exhaust purification catalyst 20 becomes abnormal due to
deterioration. In addition, when performing active air-fuel
ratio control over a plurality of cycles, the number of cycles
among the plurality of cycles where, during one cycle, the
output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 becomes larger than the rich judgment air-fuel
ratio and smaller than the lean judgment air-fuel ratio (cycle
judged normal) is calculated. Further, when the number of
cycles judged normal is a predetermined number or more or
when the ratio of the number of cycles judged normal to the
number of all cycles in the active air-fuel ratio control
becomes a predetermined number or more, it may be judged
that the upstream direction exhaust purification catalyst 20 is
normal.

Further, in the example which is shown in FIG. 7 and FIG.
8, the output air-fuel ratio of the downstream side air-fuel
ratio sensor 41 at the first cycle (t, to t;) from the start of
active air-fuel ratio control is used as the basis to diagnose
abnormality of the upstream direction exhaust purification
catalyst 20. However, right after the start of active air-fuel
ratio control, sometimes the oxygen storage amount etc. at
the time of start of control causes the output air-fuel ratio of
the downstream side air-fuel ratio sensor 41 to become
unsuitable. Therefore, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 from the elapse of at least
one cycle after the start of active air-fuel ratio control (that
is, in the example of FIG. 7 and FIG. 8, time t; on) may also
be used as the basis for diagnosis.

<Diagnosis of Abnormality Considering Deviation of
Sensor>

In this regard, as explained above, the air-fuel ratio of
exhaust gas which flows into the upstream direction exhaust
purification catalyst 20 is feedback controlled to the target
air-fuel ratio based on the output air-fuel ratio of the
upstream direction air-fuel ratio sensor 40. In this regard, the
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output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 sometimes deviates from the actual air-fuel ratio.
For example, when using a limit current type air-fuel ratio
sensor of the above such configuration as the upstream
direction air-fuel ratio sensor 40, if the ratio of hydrogen
which is contained in the exhaust gas increases, the output
air-fuel ratio will end up deviating to the rich side along with
this. In this way, if the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40 deviates in value, even if
performing the above-mentioned feedback control, the
actual air-fuel ratio of the exhaust gas which flows into the
upstream direction exhaust purification catalyst 20 ends up
deviating from the target air-fuel ratio.

FIG. 9 is a time chart of the oxygen storage amount etc.
at the time of active air-fuel ratio control and is a view which
is similar to FIG. 8. In particular, FIG. 9 shows the case
where the output air-fuel ratio of the upstream direction
air-fuel ratio sensor 40 deviates to the rich side. Further,
FIG. 9, like FIG. 8, shows the case of a large degree of
deterioration of the upstream direction exhaust purification
catalyst 20. Note that, in FIG. 9, instead of the output air-fuel
ratio of the upstream direction air-fuel ratio sensor 40 of
FIG. 8, the actual air-fuel ratio of the exhaust gas which
flows into the upstream direction exhaust purification cata-
lyst 20 is shown (below, referred to as the “actual air-fuel
ratio of the inflowing exhaust gas™). Further, in FIG. 9, the
broken line shows the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40.

In the example which is shown in FIG. 9 as well, before
the time t,, control is performed in the same way as the
example which is shown in FIGS. 7 and 8. However, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 deviates in value, so the actual air-fuel ratio of the
inflowing exhaust gas becomes leaner than the target air-fuel
ratio. If, at the time t,,, active air-fuel ratio control is started,
the target air-fuel ratio is changed to the active control lean
air-fuel ratio AFTal. The output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40 deviates in value, so the
actual air-fuel ratio of the inflowing exhaust gas becomes
leaner than the active control lean air-fuel ratio AFTal. As a
result, the oxygen storage amount of the upstream direction
exhaust purification catalyst 20 rapidly increases and imme-
diately reaches the maximum storable oxygen amount
Cmax'. As a result, at the time t, 5, the output air-fuel ratio
of the downstream side air-fuel ratio sensor 41 reaches the
lean judgment air-fuel ratio AFrefl, then is maintained at the
lean judgment air-fuel ratio AFrefl or more.

At the time ts, if the cumulative value of the oxygen
excess/shortage reaches the reference amount Ref, the target
air-fuel ratio is switched from the active control lean air-fuel
ratio AFTal to the active control rich air-fuel ratio AFTar.
However, the output air-fuel ratio of the upstream direction
air-fuel ratio sensor 40 deviates in value, so the actual
air-fuel ratio of the inflowing exhaust gas becomes leaner
than the active control rich air-fuel ratio AFTar. That is, the
actual air-fuel ratio of the inflowing exhaust gas becomes a
rich air-fuel ratio with a small degree of richness. As a result,
the oxygen storage amount of the upstream direction exhaust
purification catalyst 20 decreases extremely slowly.

If the oxygen storage amount of the upstream direction
exhaust purification catalyst 20 slowly decreases in this way,
despite the upstream direction exhaust purification catalyst
20 being high in degree of deterioration and the maximum
storable oxygen amount being small, even at the time t, the
oxygen storage amount does not reach zero. Therefore, even
at the time t,, the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 is maintained at substantially the
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stoichiometric air-fuel ratio. For this reason, at the time t,
before the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 reaches the rich judgment air-fuel
ratio AFreftr, the target air-fuel ratio is switched from the
active control rich air-fuel ratio AFTar to the active control
lean air-fuel ratio AFTal. After that, a similar operation is
repeated.

As will be understood from FIG. 9, when the output
air-fuel ratio of the upstream direction air-fuel ratio sensor
40 deviates in value, the degree of richness of the actual
air-fuel ratio when making the target air-fuel ratio in active
air-fuel ratio control the rich air-fuel ratio and the degree of
leanness of the actual air-fuel ratio when making the target
air-fuel ratio the lean air-fuel ratio do not become equal. For
this reason, the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 swings to only one of the rich air-fuel
ratio and the lean air-fuel ratio. In particular, in the example
which is shown in FIG. 9, the case is shown where the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
deviates to the rich side, so the output air-fuel ratio swings
to only the lean side. On the other hand, when the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
deviates to the lean side, the output air-fuel ratio swings to
only the rich side. Further, in the example which is shown
in FIG. 9, the case is shown where the degree of deteriora-
tion of the upstream direction exhaust purification catalyst
20 is high, but a similar phenomenon occurs even when the
degree of deterioration of the upstream direction exhaust
purification catalyst 20 is low.

Therefore, in the present embodiment, during active air-
fuel ratio control, when the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 reaches only one of
the rich judgment air-fuel ratio or less or lean judgment
air-fuel ratio or more, it is judged that the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 becomes
abnormal. Further, when judged in this way, in the present
embodiment, diagnosis of abnormality of the upstream
direction exhaust purification catalyst 20 is suspended and
further the active air-fuel ratio control is suspended.

As explained above, when the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 deviates in value,
regardless of the degree of deterioration of the upstream
direction exhaust purification catalyst 20, during active
air-fuel ratio control, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 swings to only one of the
rich air-fuel ratio side or lean air-fuel ratio side. For this
reason, when the output air-fuel ratio swings to only one
side, it cannot be judged what extent the degree of deterio-
ration of the upstream direction exhaust purification catalyst
20 is. According to the present embodiment, in such a case,
diagnosis of abnormality of the upstream direction exhaust
purification catalyst 20 is suspended, so the degree of
deterioration of the upstream direction exhaust purification
catalyst 20 can be prevented from ending up being mistak-
enly judged.

Note that, in the example which is shown in FIG. 9, the
active air-fuel ratio control is performed over a plurality of
cycles. However, diagnosis of abnormality of the upstream
direction air-fuel ratio sensor 40, in the same way as
diagnosis of abnormality of the upstream direction exhaust
purification catalyst 20, may be performed if performing
active air-fuel ratio control for at least one cycle, so active
air-fuel ratio control may be performed for just one cycle.
Further, when active air-fuel ratio control is performed over
a plurality of cycles, in the same way as diagnosis of
abnormality of the upstream direction exhaust purification
catalyst 20, the number of the cycles judged abnormal where
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the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 swings to either the rich air-fuel ratio or lean
air-fuel ratio or the ratio thereof may be used as the basis for
judgment.

Note that, in the above embodiment, as control whereby
the air-fuel ratio of exhaust gas which flows into the
upstream direction exhaust purification catalyst 20 becomes
the target air-fuel ratio, feedback control which uses the
upstream direction air-fuel ratio sensor 41 is used. However,
for example, it is also possible to control the fuel injection
quantity so that the air-fuel ratio of exhaust gas which is
calculated based on the intake air amount which is detected
by the air flowmeter 39 and the fuel injection quantity from
the fuel injector 11 becomes the target air-fuel ratio. Even in
such a case, sometimes deviation occurs between the cal-
culated air-fuel ratio of exhaust gas and the actual air-fuel
ratio. Therefore, even in such a case, when, during active
air-fuel ratio control, the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 swings to either the rich
air-fuel ratio or lean air-fuel ratio, it is judged that the
air-fuel ratio control means has become abnormal.

<Flow Chart>

FIG. 10 is a flow chart which shows the control routine of
the active air-fuel ratio control. The illustrated control
routine is performed by interruption every certain time
interval.

As shown in FIG. 10, first, at step S11, it is judged if the
active flag Xa is OFF. The active flag Xa is a flag which is
set ON when active air-fuel ratio control is being performed
and is set OFF when otherwise. When it is judged at step S11
that the active flag Xa is OFF, the routine proceeds to step
S12. At step S12, it is judged if the condition for executing
active air-fuel ratio control stands. The condition for execut-
ing active air-fuel ratio control stands, for example, when the
upstream direction exhaust purification catalyst 20 and the
air-fuel ratio sensors 40 and 41 are active and abnormality
diagnosis is not yet performed after the start of the internal
combustion engine (or after the ignition key of a vehicle
mounting the internal combustion engine is turned ON).
When it is judged at step S12 that the condition for executing
active air-fuel ratio control does not stand, the control
routine is ended. On the other hand, when it is judged that
the condition for executing active air-fuel ratio control
stands, the routine proceeds to step S13.

At step S13, the target air-fuel ratio is made to invert.
Therefore, when the current target air-fuel ratio is the rich
air-fuel ratio, the target air-fuel ratio is switched to the active
control lean air-fuel ratio AFTal. On the other hand, when
the current target air-fuel ratio is the lean air-fuel ratio, the
target air-fuel ratio is switched to the active control rich
air-fuel ratio AFTar. Next, at step S14, the cumulative value
ZOSA of the oxygen excess/shortage OSA is reset to zero.
At step S15, the active flag Xa is set ON.

At step S15, in the control routine after the active flag Xa
is set to ON, it is judged that the active flag Xa is ON at step
S11 and the routine proceeds to step S16. At step S16, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 and the intake air amount which is detected by the
air flowmeter 39 are used as the basis to calculate the oxygen
excess/shortage OSA. Next, at step S17, the oxygen excess/
shortage OSA which was calculated at step S16 is added to
the cumulative value ZOSA of the oxygen excess/shortage
which was calculated at the previous control routine and the
result is made the new oxygen excess/shortage ZOSA
(ZOSA=Z0SA+0SA).

Next, at the step S18, it is judged if the absolute value of
the cumulative value ZOSA of the oxygen excess/shortage
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which was calculated at step S17 is the reference amount Ref
or more. When it is judged at step S18 that the absolute value
of the cumulative value ZOSA is smaller than the reference
amount Ref, the routine proceeds to step S21. On the other
hand, when it is judged at step S18 that the absolute value
of the cumulative value ZOSA is the reference amount Ref
or more, the routine proceeds to step S19.

At step S19, the target air-fuel ratio is made to invert.
Therefore, when the current target air-fuel ratio is the active
control rich air-fuel ratio AFTar, the target air-fuel ratio is
switched to the active control lean air-fuel ratio AFTal. On
the other hand, when the current target air-fuel ratio is the
active control lean air-fuel ratio AFTal, the target air-fuel
ratio is switched to the active control rich air-fuel ratio
AFTar. Next, at step S20, the cumulative value 2OSA of the
oxygen excess/shortage is reset to zero.

At step S21, it is judged if the elapsed time from when
starting active air-fuel ratio control has become a predeter-
mined time or more. If it is judged that the elapsed time is
shorter than the predetermined time, the control routine is
made to end. On the other hand, when it is judged that the
elapsed time is a predetermined time or more, the routine
proceeds to step S22. At step S22, the active air-fuel ratio
control is made to end and normal control is resumed. Next,
at step S23, the active flag Xa is set to OFF.

Note that, in the above example, the timing of ending the
active air-fuel ratio control is made the timing at which the
elapsed time from the start becomes a predetermined time or
more. However, the end timing of the active air-fuel ratio
control may also be another timing. As such another timing,
for example, the timing at which the number of inversions
of the target air-fuel ratio from when starting active air-fuel
ratio control becomes a predetermined number of more, the
timing at which the diagnosis of abnormality of the timing
upstream direction exhaust purification catalyst 20 ends, etc.
may be mentioned.

FIG. 11 is a flow chart which shows the control routine of
abnormality diagnosis control. The control routine which is
illustrated is executed at the timing of the end of one cycle
of active air-fuel ratio control.

As shown in FIG. 11, first, at step S31, it is judged if the
minimum AFmin of the output air-fuel ratio of the down-
stream side air-fuel ratio sensor 41 at the current cycle is the
rich judgment air-fuel ratio AFrefr or less. If it is judged at
step S31 that the minimum value AFmin of the output
air-fuel ratio is the rich judgment air-fuel ratio AFreft or less,
the routine proceeds to step S32. At step S32, the rich flag
Xr is set ON. The rich flag Xr is set ON when the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
at each cycle is the rich judgment air-fuel ratio AFrefr or less
and is OFF when otherwise. On the other hand, if'it is judged
at step S31 that the minimum value AFmin of the output
air-fuel ratio is larger than the rich judgment air-fuel ratio
AFreft, step S32 is skipped.

Next, at step S33, it is judged if the maximum value
AFmax of the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 at the current cycle is the lean
judgment air-fuel ratio AFrefl or more. When it is judged at
step S31 that the maximum value AFmax of the output
air-fuel ratio is the rich judgment air-fuel ratio AFref or
more, the routine proceeds to step S34. At step S34, the lean
flag X1 is set to ON. The rich flag Xl is a flag which is set
ON when the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 has become the lean judgment
air-fuel ratio AFrefl or more at each cycle and is set OFF at
other times. On the other hand, when it is judged at step S33
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that the maximum value AFmax of the output air-fuel ratio
is smaller than the rich judgment air-fuel ratio AFrefl, step
S34 is skipped.

Next, at step S35, it is judged if the rich flag Xr and the
lean flag X1 are both ON. When it is judged at step S35 that
both flags Xr and X1 are ON, the routine proceeds to step
S36. At step S36, the abnormality counter CB is incremented
by “1”. The abnormality counter Cb is a counter which
expresses the number of times the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 greatly swings to
both the rich air-fuel ratio and lean air-fuel ratio during one
cycle. Next, at step S37, it is judged if the abnormal counter
Cb has become a predetermined number Cbref or more. If
smaller than the predetermined number Cbref, the control
routine is ended. On the other hand, when the predetermined
number Cbref or more, the routine proceeds to step S38. At
step S38, it is judged that the upstream direction exhaust
purification catalyst 20 has become abnormal and the control
routine is ended.

On the other hand, when it is judged at step S35 that at
least one of the rich flag Xr and the lean flag X1 becomes
OFF, the routine proceeds to steps S39 and S40. At steps S39
and S40, it is judged if either of the rich flag Xr and lean flag
Xlis ON. When it is judged that only the rich flag Xr is ON,
the routine proceeds to S41. At step S41, the rich counter Cr
is incremented by “17, then the routine proceeds to step S43.
The rich counter Cr is a counter which expresses the number
of times the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 greatly swings to only the rich
air-fuel ratio in one cycle.

On the other hand, when it is judged at steps S39 and S40
that only the lean flag X1 is ON, the routine proceeds to S42.
At step S42, the lean counter Cl is incremented by “17, then
the routine proceeds to step S43. The lean counter Cl is a
counter which expresses the number of times the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
greatly swings to only the lean air-fuel ratio in one cycle.

At step S43, it is judged if the rich counter Cr and lean
counter Cl have become the predetermined number Cref or
more. If smaller than the predetermined number Cref, the
control routine is made to end. On the other hand, if the
predetermined number Cref or more, the routine proceeds to
step S44. At step S44, it is judged if the output air-fuel ratio
of'the upstream direction air-fuel ratio sensor 40 has become
abnormal and the control routine is made to end. On the
other hand, when it is judged at steps S39 and S40 that both
of the rich flag Xr and lean flag X1 are OFF, the control
routine is made to end.

Second Embodiment

Next, referring to FIG. 12, an abnormality diagnosis
system of a second embodiment of the present invention will
be explained. The configuration etc. of the abnormality
diagnosis system of the second embodiment are basically
similar to the abnormality diagnosis system of the first
embodiment. However, in the abnormality diagnosis system
of'the first embodiment, if it is judged that the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 has
become abnormal, the abnormality diagnosis of the
upstream direction exhaust purification catalyst 20 and the
active air-fuel ratio control were suspended. As opposed to
this, in the abnormality diagnosis system of the second
embodiment, in such a case, the output air-fuel ratio of the
upstream direction air-fuel ratio sensor 41 or the target
air-fuel ratio is corrected.
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FIG. 12 is a time chart of the oxygen storage amount of
the upstream direction exhaust purification catalyst 20, the
actual air-fuel ratio of the exhaust gas which flows into the
upstream direction exhaust purification catalyst 20, the
output air-fuel ratio of the downstream side air-fuel ratio
sensor 41, the cumulative value (absolute value) of the
oxygen excess/shortage, and the correction amount of the
output air-fuel ratio when performing active air-fuel ratio
control. FIG. 12 shows the case where, like in FIG. 9, the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40 deviates to the rich side.

In the example which is shown in FIG. 12, before the time
ts, active air-fuel ratio control has already been performed
for one cycle or more. In the example which is shown in
FIG. 12, at the times t; and t,, the target air-fuel ratio is
switched to the active control lean air-fuel ratio AFTal, while
at the times t, and t,, the target air-fuel ratio is switched to
the active control rich air-fuel ratio AFTar. In addition, in the
example which is shown in FIG. 12, at the times t 5 and tg s,
the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 is the lean judgment air-fuel ratio AFrefl or more.

Here, as shown in FIG. 12, the amount of oxygen which
is stored in the upstream direction exhaust purification
catalyst 20 between the times t4 to ts 5 and the amount of
oxygen which is released from the upstream direction
exhaust purification catalyst 20 between the times t, to tg are
equal. On the other hand, the cumulative value of the oxygen
excess/shortage between the times t, to t5 5 and the cumu-
lative value of the oxygen excess/shortage between the times
t, to tg are different values. If no deviation occurs in the
output air-fuel ratio of the upstream direction air-fuel ratio
sensor 40, these cumulative values of oxygen excess/short-
age should be equal. In other words, the difference AXOSC
of these cumulative values of the oxygen excess/shortage
can be said to express the amount of deviation of the output
air-fuel ratio of the upstream direction air-fuel ratio sensor
40.

Therefore, in the present embodiment, if it is judged that
the output air-fuel ratio of the downstream side air-fuel ratio
sensor 41 has become abnormal, the active air-fuel ratio
control is not suspended, but is continued and the difference
AZO0OSC of the cumulative values of oxygen excess/shortage
is used as the basis to correct deviation of the output air-fuel
ratio of the upstream direction air-fuel ratio sensor 40. In
particular, in the present embodiment, the deviation of the
output air-fuel ratio is corrected so that the cumulative value
of the oxygen excess/shortage at the times t4 to t, 5 and the
cumulative value of the oxygen excess/shortage at the times
t, to ty become equal, that is, so that the difference ZOSC of
the cumulative value of the oxygen excess/shortage
approaches zero.

Here, AZOSC can be expressed as in the following
equation (1) if making the deviation rate at the output
air-fuel ratio of the downstream side air-fuel ratio sensor 41
“k”. Note that, in the following equation (1), Ga indicates
the amount (g/sec) of exhaust gas which flows into the
upstream direction exhaust purification catalyst 20, 0.23
indicates the mass ratio of oxygen in the atmosphere, AFst
indicates the air-fuel ratio forming the center of control (in
the present embodiment, the stoichiometric air-fuel ratio),
and AF indicates the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40. Further, in the following
equation (1), 2 means the cumulative addition at one cycle
or several cycles.
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AF - AFst— W
AN

AF

AZOSA = Z 0.23-Ga-

On the other hand, the cumulative value of the oxygen
excess/shortage (excess) at the times t4 to t, and the cumu-
lative value of the oxygen excess/shortage (shortage) at the
times t, to tg are equal, so the cumulative value of the oxygen
excess/shortage at the times tg to t; becomes 0. For this
reason, the following equation (2) stands.

AF — AFst 2
0:20.23-Ga-TS @

Further, if together solving said equation (1) and equation
(2), the following equation (3) can be derived.

AZOSA
AFst

ZO.Z3-Ga-
AF

Therefore, according to equation (3), the difference
AZOSA between the cumulative value of the oxygen excess/
shortage at the times tg to t; 5 and the cumulative value
(absolute value) of the oxygen excess/shortage at the times
t, to tg can be used as the basis to calculate the deviation rate
“k” of the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41.

Therefore, in the present embodiment, the deviation rate
“k” of the output air-fuel ratio which is calculated in this way
is used as the basis to correct the target air-fuel ratio.
Specifically, the target air-fuel ratio AFT is corrected based
on the following equations (4) and (5).

©)

k=
—AZOSA

AFT=AFTbase(1+sfbg(k)) (©)]

ybg(ly=sfbg(k=1)+gaimk(k) ®

Note that, in the above equation (4), the target base
air-fuel ratio AFTbase is the air-fuel ratio which is deter-
mined based on the above-mentioned control of the target
air-fuel ratio. In accordance with the situation of control, the
active control lean air-fuel ratio AFTal etc. is entered.
Further, stbg(k) is the target air-fuel ratio correction amount
at the current calculation. The gain in said equation (5) is the
gain which expresses the extent of the calculated deviation
rate “k” reflected in the target air-fuel ratio. The gain is made
a predetermined value between O and 1.

At the time tg, as explained above, by correcting the target
air-fuel ratio, from the time tg on, the effect of the deviation
of the output air-fuel ratio of the upstream direction air-fuel
ratio sensor 40 becomes smaller. As shown in FIG. 12, at the
time tq on, the actual air-fuel ratio of the inflowing exhaust
gas approaches the output air-fuel ratio of the upstream
direction air-fuel ratio sensor 40. As a result, in active
air-fuel ratio control, the difference between the richness
degree of the actual air-fuel ratio at the time of making the
target air-fuel ratio a rich air-fuel ratio and the leanness
degree of the actual air-fuel ratio at the time of making the
target air-fuel ratio a lean air-fuel ratio becomes smaller.

By repeating this operation at the time t; on, the difference
2Z0SC of the cumulative value of the oxygen excess/short-
age also gradually becomes smaller
(ZOSC,>208C,>208C;). Further, finally, the effect of
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deviation of the output air-fuel ratio of the upstream direc-
tion air-fuel ratio sensor 40 can be made smaller. At this
stage, by again diagnosing abnormality of the upstream
direction exhaust purification catalyst 20 explained above, it
becomes possible to more accurately diagnose abnormality
of the upstream direction exhaust purification catalyst 20.

Note that, in the above embodiment, the calculated devia-
tion rate “k” is used as the basis to correct the target air-fuel
ratio, but it is also possible to correct the output air-fuel ratio
of the upstream direction air-fuel ratio sensor 40. Further,
the above embodiment shows the case where the output
air-fuel ratio of the upstream direction air-fuel ratio sensor
40 deviates to the rich side, but similar control may be
performed even if it deviates to the lean side. Therefore, in
the present embodiment, it can be said that the output
air-fuel ratio of the upstream direction air-fuel ratio sensor
40 or target air-fuel ratio is corrected so that the difference
becomes smaller between the absolute value of the cumu-
lative oxygen excess/shortage which is cumulatively added
by the oxygen excess/shortage estimating means from when
the target air-fuel ratio is switched from the rich air-fuel ratio
to the lean air-fuel ratio then again switched to the rich
air-fuel ratio or the output air-fuel ratio of the downstream
side air-fuel ratio sensor 41 becomes the lean judgment
air-fuel ratio or more and the absolute value of the cumu-
lative oxygen excess/shortage which is cumulatively added
by the oxygen excess/shortage estimating means from when
the target air-fuel ratio is switched from the lean air-fuel
ratio to the rich air-fuel ratio then again switched to the lean
air-fuel ratio or the output air-fuel ratio of the downstream
side air-fuel ratio sensor 41 becomes the rich judgment
air-fuel ratio or less.

Further, the example which is shown in FIG. 12 shows the
case where the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 does not become the rich judgment
air-fuel ratio AFrefr or less and only becomes the lean
judgment air-fuel ratio AFrefl or more. In this case, as
explained above, the target air-fuel ratio is corrected to the
rich side. Alternatively, the output air-fuel ratio of the
downstream side air-fuel ratio sensor 41 may be corrected to
the rich side. On the other hand, when the output air-fuel
ratio of the downstream side air-fuel ratio sensor 41 does not
become the lean judgment air-fuel ratio AFrefl or more but
becomes only the rich judgment air-fuel ratio AFrefr or less,
the target air-fuel ratio is corrected to the lean side. Alter-
natively, the output air-fuel ratio of the downstream side
air-fuel ratio sensor 41 may be corrected to the lean side.

REFERENCE SIGNS LIST

1 engine body

5 combustion chamber

7 intake port

9 exhaust port

19 exhaust manifold

20 upstream direction exhaust purification catalyst
24 downstream side exhaust purification catalyst
31 ECU

40 upstream direction air-fuel ratio sensor

41 downstream side air-fuel ratio sensor

The invention claimed is:

1. An abnormality diagnosis system of an internal com-
bustion engine wherein the internal combustion engine
includes an exhaust purification catalyst which is arranged in
an exhaust passage of the internal combustion engine and
which can store oxygen, the abnormality diagnosis system
comprising:
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an electronic control unit configured to control the air-fuel
ratio of exhaust gas flowing into the exhaust purifica-
tion catalyst to become a target air-fuel ratio, and

a downstream side air-fuel ratio sensor which is arranged

at a downstream side of said exhaust purification cata-
lyst in an exhaust flow direction and which can detect
an air-fuel ratio of exhaust gas discharged from said
exhaust purification catalyst,

wherein the electronic control unit is configured to per-

form an active air-fuel ratio control which alternately
controls said target air-fuel ratio to a rich air-fuel ratio
which is richer than a stoichiometric air-fuel ratio and
a lean air-fuel ratio which is leaner than the stoichio-
metric air-fuel ratio at a given interval, and to diagnose
abnormality of said exhaust purification catalyst based
on an output air-fuel ratio of the downstream side
air-fuel ratio sensor during execution of said active
air-fuel ratio control,

wherein the electronic control unit is configured to judge

that said exhaust purification catalyst is abnormal when
the output air-fuel ratio of the downstream side air-fuel
ratio sensor becomes as rich as or richer than a rich
judgment air-fuel ratio which is richer than the stoi-
chiometric air-fuel ratio and becomes as lean as or
leaner than a lean judgment air-fuel ratio which is
leaner than the stoichiometric air-fuel ratio in a period
where said target air-fuel ratio is successively made the
rich air-fuel ratio and the lean air-fuel ratio due to said
active air-fuel ratio control, and

wherein the electronic control unit is configured to judge

that the control of the air-fuel ratio is abnormal when
the output air-fuel ratio of the downstream side air-fuel
ratio sensor becomes only one of: (i) as rich as or richer
than said rich judgment air-fuel ratio; and (ii) as lean as
or leaner than said lean judgment air-fuel ratio, in the
period where said target air-fuel ratio is successively
made the rich air-fuel ratio and the lean air-fuel ratio
due to said active air-fuel ratio control.

2. The abnormality diagnosis system of an internal com-
bustion engine according to claim 1 wherein the electronic
control unit is configured to judge that said exhaust purifi-
cation catalyst is not abnormal when the output air-fuel ratio
of the downstream side air-fuel ratio sensor is maintained in
a range which is leaner than the rich judgment air-fuel ratio
and richer than said lean judgment air-fuel ratio in the period
where said target air-fuel ratio is successively made the rich
air-fuel ratio and the lean air-fuel ratio due to said active
air-fuel ratio control.

3. The abnormality diagnosis system of an internal com-
bustion engine according to claim 1 wherein the electronic
control unit is configured to suspend diagnosis of abnormal-
ity of said exhaust purification catalyst when it is judged that
the control of the air-fuel ratio is abnormal.

4. The abnormality diagnosis system of an internal com-
bustion engine according to claim 1 wherein the electronic
control unit is configured to suspend said active air-fuel ratio
control when it is judged that the control of the air-fuel ratio
is abnormal.

5. The abnormality diagnosis system of an internal com-
bustion engine according to claim 1 wherein the internal
combustion engine further comprises an upstream direction
air-fuel ratio sensor which is arranged at an upstream side of
said exhaust purification catalyst in the exhaust flow direc-
tion and which can detect the air-fuel ratio of the exhaust gas
flowing into the exhaust purification catalyst, and the elec-
tronic control unit is configured to calculate, based on an
output air-fuel ratio of the upstream direction air-fuel ratio
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sensor, the amount of oxygen which is in excess or the
amount of oxygen which becomes insufficient when trying
to make the air-fuel ratio of the exhaust gas flowing into the
exhaust purification catalyst the stoichiometric air-fuel ratio
as an oxygen excess/shortage, and

said given interval is an interval from when switching said

target air-fuel ratio from the rich air-fuel ratio to the
lean air-fuel ratio or from the lean air-fuel ratio to the
rich air-fuel ratio to when an absolute value of the
cumulative oxygen excess/shortage which is cumula-
tively added by the electronic control unit becomes a
predetermined amount.

6. The abnormality diagnosis system of an internal com-
bustion engine according to claim 5 wherein the electronic
control unit is configured to correct said output air-fuel ratio
of the upstream direction air-fuel ratio sensor or said target
air-fuel ratio when said abnormality diagnosis system judges
that the control of the air-fuel ratio is abnormal.

7. The abnormality diagnosis system of an internal com-
bustion engine according to claim 6 wherein the electronic
control unit is configured to correct the target air-fuel ratio
or said output air-fuel ratio of the downstream side air-fuel
ratio sensor to the lean side when the output air-fuel ratio of
the downstream side air-fuel ratio sensor becomes only as
rich as or richer than said rich judgment air-fuel ratio in the
period where said target air-fuel ratio is successively made
the rich air-fuel ratio and the lean air-fuel ratio due to said
active air-fuel ratio control and to correct the target air-fuel
ratio or said output air-fuel ratio of the downstream side
air-fuel ratio sensor to the rich side when said output air-fuel
ratio of the downstream side air-fuel ratio sensor becomes
only as lean as or leaner than said lean judgment air-fuel
ratio.

8. The abnormality diagnosis system of an internal com-
bustion engine according to claim 6 wherein the electronic
control unit is configured to correct said output air-fuel ratio
of the upstream direction air-fuel ratio sensor or said target
air-fuel ratio so that a difference becomes smaller between
an absolute value of the cumulative oxygen excess/shortage
which is cumulatively added by the electronic control unit
from when said target air-fuel ratio is switched from the rich
air-fuel ratio to the lean air-fuel ratio to when the target
air-fuel ratio is again switched to the rich air-fuel ratio or to
when said output air-fuel ratio of the downstream side
air-fuel ratio sensor becomes as lean as or leaner than the
lean judgment air-fuel ratio and the absolute value of the
cumulative oxygen excess/shortage which is cumulatively
added by the electronic control unit from when said target
air-fuel ratio is switched from the lean air-fuel ratio to the
rich air-fuel ratio to when said target air-fuel ratio is again
switched to the lean air-fuel ratio or to when said output
air-fuel ratio of the downstream side air-fuel ratio sensor
becomes as rich as or richer than the rich judgment air-fuel
ratio.

9. The abnormality diagnosis system of an internal com-
bustion engine according to claim 1 wherein the downstream
side air-fuel ratio sensor is a limit current type air-fuel ratio
sensor.

10. The abnormality diagnosis system of an internal
combustion engine according to claim 1, wherein the elec-
tronic control unit is configured to judge that said down-
stream side air-fuel ratio sensor is abnormal when the output
air-fuel ratio of the downstream side air-fuel ratio sensor
becomes only one of: (i) as rich as or richer than said rich
judgment air-fuel ratio; and (ii) as lean as or leaner than said
lean judgment air-fuel ratio, in the period where said target
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air-fuel ratio is successively made the rich air-fuel ratio and
the lean air-fuel ratio due to said active air-fuel ratio control.

11. An abnormality diagnosis system of an internal com-
bustion engine wherein the internal combustion engine
includes an exhaust purification catalyst which is arranged in
an exhaust passage of the internal combustion engine and
which can store oxygen, the abnormality diagnosis system
comprising:

an electronic control unit configured to control the air-fuel

ratio of exhaust gas flowing into the exhaust purifica-
tion catalyst to become a target air-fuel ratio, and

a downstream side air-fuel ratio sensor which is arranged

at a downstream side of said exhaust purification cata-
lyst in an exhaust flow direction and which can detect
an air-fuel ratio of exhaust gas discharged from said
exhaust purification catalyst,

wherein the electronic control unit is configured to per-

form an active air-fuel ratio control which alternately
controls said target air-fuel ratio to a rich air-fuel ratio
which is richer than a stoichiometric air-fuel ratio and
a lean air-fuel ratio which is leaner than the stoichio-
metric air-fuel ratio at a given interval,

wherein the electronic control unit is configured to judge

that the control of the air-fuel ratio is abnormal when an
output air-fuel ratio of the downstream side air-fuel
ratio sensor becomes only one of: (i) as rich as or richer
than a rich judgment air-fuel ratio; and (ii) as lean as or
leaner than a lean judgment air-fuel ratio, in a period
where said target air-fuel ratio is successively made the
rich air-fuel ratio and the lean air-fuel ratio due to said
active air-fuel ratio control, wherein the rich judgment
air-fuel ratio is richer than the stoichiometric air-fuel
ratio, and wherein the lean judgment air-fuel ratio is
leaner than the stoichiometric air-fuel ratio.

12. The abnormality diagnosis system of an internal
combustion engine according to claim 11 wherein the elec-
tronic control unit is configured to suspend said active
air-fuel ratio control when it is judged that the control of the
air-fuel ratio is abnormal.

13. The abnormality diagnosis system of an internal
combustion engine according to claim 11 wherein the inter-
nal combustion engine further comprises an upstream direc-
tion air-fuel ratio sensor which is arranged at an upstream
side of said exhaust purification catalyst in the exhaust flow
direction and which can detect the air-fuel ratio of the
exhaust gas flowing into the exhaust purification catalyst,
and the electronic control unit is configured to calculate,
based on an output air-fuel ratio of the upstream direction
air-fuel ratio sensor, the amount of oxygen which is in
excess or the amount of oxygen which becomes insufficient
when trying to make the air-fuel ratio of the exhaust gas
flowing into the exhaust purification catalyst the stoichio-
metric air-fuel ratio as an oxygen excess/shortage, and

said given interval is an interval from when switching said

target air-fuel ratio from the rich air-fuel ratio to the
lean air-fuel ratio or from the lean air-fuel ratio to the
rich air-fuel ratio to when an absolute value of the
cumulative oxygen excess/shortage which is cumula-
tively added by the electronic control unit becomes a
predetermined amount.

14. The abnormality diagnosis system of an internal
combustion engine according to claim 13 wherein the elec-
tronic control unit is configured to correct said output
air-fuel ratio of the upstream direction air-fuel ratio sensor or
said target air-fuel ratio when said abnormality diagnosis
system judges that the control of the air-fuel ratio is abnor-
mal.
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15. An electronic control unit for judging that control of
an air-fuel ratio of an internal combustion engine is abnor-
mal, wherein the electronic control unit is configured to:

control the air-fuel ratio of exhaust gas flowing into an

exhaust purification catalyst to become a target air-fuel
ratio;

perform an active air-fuel ratio control which alternately

controls the target air-fuel ratio to a rich air-fuel ratio
which is richer than a stoichiometric air-fuel ratio and
a lean air-fuel ratio which is leaner than the stoichio-
metric air-fuel ratio at a given interval, and to diagnose
abnormality of the exhaust purification catalyst based
on an output air-fuel ratio of a downstream side air-fuel
ratio sensor during execution of the active air-fuel ratio
control;

judge that the exhaust purification catalyst is abnormal

when the output air-fuel ratio of the downstream side
air-fuel ratio sensor becomes as rich as or richer than a
rich judgment air-fuel ratio which is richer than the
stoichiometric air-fuel ratio and becomes as lean as or
leaner than a lean judgment air-fuel ratio which is
leaner than the stoichiometric air-fuel ratio in a period
where the target air-fuel ratio is successively made the
rich air-fuel ratio and the lean air-fuel ratio due to the
active air-fuel ratio control, and

judge that the control of the air-fuel ratio is abnormal

when the output air-fuel ratio of the downstream side
air-fuel ratio sensor-becomes only one of: (i) as rich as
or richer than the rich judgment air-fuel ratio; and (ii)
as lean as or leaner than the lean judgment air-fuel ratio,
in the period where the target air-fuel ratio is succes-
sively made the rich air-fuel ratio and the lean air-fuel
ratio due to the active air-fuel ratio control.

16. The electronic control unit of claim 15 wherein the
electronic control unit is configured to judge that the exhaust
purification catalyst is not abnormal when the output air-fuel
ratio of the downstream side air-fuel ratio sensor is main-
tained in a range which is leaner than the rich judgment
air-fuel ratio and richer than the lean judgment air-fuel ratio
in the period where the target air-fuel ratio is successively
made the rich air-fuel ratio and the lean air-fuel ratio due to
the active air-fuel ratio control.

17. The electronic control unit of claim 15 wherein the
electronic control unit is configured to suspend diagnosis of
abnormality of the exhaust purification catalyst when it is
judged that the control of the air-fuel ratio is abnormal.

18. The electronic control unit of claim 15 wherein the
electronic control unit is configured to suspend the active
air-fuel ratio control when it is judged that the control of the
air-fuel ratio is abnormal.

19. The electronic control unit of claim 15 wherein the
electronic control unit is configured to calculate, based on an
output air-fuel ratio of an upstream direction air-fuel ratio
sensor, the amount of oxygen which is in excess or the
amount of oxygen which becomes insufficient when trying
to make the air-fuel ratio of the exhaust gas flowing into the
exhaust purification catalyst the stoichiometric air-fuel ratio
as an oxygen excess/shortage, and

the given interval is an interval from when switching the

target air-fuel ratio from the rich air-fuel ratio to the
lean air-fuel ratio or from the lean air-fuel ratio to the
rich air-fuel ratio to when an absolute value of the
cumulative oxygen excess/shortage which is cumula-
tively added by the electronic control unit becomes a
predetermined amount.

20. The electronic control unit of claim 15 wherein the
electronic control unit is configured to judge that the down-
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stream side air-fuel ratio sensor is abnormal when the output
air-fuel ratio of the downstream side air-fuel ratio sensor
becomes only one of: (i) as rich as or richer than the rich
judgment air-fuel ratio; and (ii) as lean as or leaner than the
lean judgment air-fuel ratio, in the period where the target 5
air-fuel ratio is successively made the rich air-fuel ratio and
the lean air-fuel ratio due to the active air-fuel ratio control.

#* #* #* #* #*

30



