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(57) ABSTRACT 
There is provided an apparatus for determining a failure of 
an oxygen concentration sensor, Which is capable of deter 
mining a failure of the oxygen concentration sensor accu 
rately and promptly. The oxygen concentration sensor 25 is 
arranged at a location doWnstream of a catalyst 8 in an 
exhaust system of an internal combustion engine 3. The 
apparatus 1 measures a time period elapsed after termination 
of a fuel cut-off operation, and calculates an integrated 
amount SUMSVS of exhaust gases exhausted after the 
termination of the fuel cut-off operation (step S13). A failure 
of the oxygen concentration sensor is determined depending 
on Whether or not a signal value SVO2 of a signal from the 
oxygen concentration sensor 25 has crossed a predetermined 
threshold value #SVOZCHK (steps S51, 55). Further, When 
a predetermined time period #TMFCCKD has elapsed, if the 
signal value SVO2 has not crossed the predetermined 
threshold value #SVOZCHK, and at the same time When the 
integrated amount SUMSVS of the exhaust gases has not 
reached a predetermined value #SUMSVAF C (the ansWer to 
the question of the step S51 is negative (No), and at the same 
time the ansWer to the question of the step S55 is negative 
(No)), the failure determination is suspended (the ansWer to 
the question of the step S55 is negative (No)). 
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APPARATUS FOR DETERMINING A FAILURE OF 
AN OXYGEN CONCENTRATION SENSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an apparatus for determin 
ing a failure of an oxygen concentration sensor that is 
arranged at a location doWnstream of a catalyst in the 
exhaust system of an internal combustion engine and detects 
a concentration of oxygen in exhaust gases. 

[0003] 2. Description of the Prior Art 

[0004] Conventionally, an apparatus for determining a 
failure of an oxygen concentration sensor that is arranged in 
the exhaust system of an internal combustion engine has 
been proposed eg in Japanese Laid-Open Patent Publica 
tion (Kokai) No. 4-36651, in Which a failure of the oxygen 
concentration sensor (hereinafter referred to as “the O2 
sensor”) is determined in the folloWing manner: First, the 
output (hereinafter referred to as “the sensor output”) from 
the O2 sensor is sampled before, during, and after a fuel 
cut-off operation (hereinafter referred to as “the F/C opera 
tion”) in Which supply of fuel to the engine is cut off. When 
a gradient of fall (response) of the sensor output immedi 
ately after the start of the F/C operation is smaller than a 
predetermined reference value, When a gradient of rise of the 
sensor output immediately after the end of the F/C operation 
is smaller than a predetermined reference value, or When the 
difference betWeen the minimum value of the sensor output 
during the F/C operation and the maximum value of the 
sensor output after the termination of the F/C operation is 
smaller than a predetermined value, it is determined that the 
O2 sensor has failed (been degraded). 

[0005] According to the above conventional apparatus, for 
instance, if the engine is running in idle immediately after 
termination of the F/C operation, the amount of exhaust 
gases supplied to the O2 sensor is very small, so that the 
gradient of rise of the sensor output can be smaller than the 
above predetermined reference value, causing erroneous 
determination that the O2 sensor has failed although actually 
it has not. 

[0006] Further, if the apparatus is applied to an O2 sensor 
arranged at a location doWnstream of a catalyst in an exhaust 
pipe, the folloWing inconvenience arises: During an F/C 
operation, oxygen is stored in the catalyst, so that immedi 
ately after termination of the F/C operation, the concentra 
tion of oxygen in exhaust gases having passed through the 
catalyst is high. As a result, the gradient of rise of the sensor 
output can be smaller than the predetermined reference 
value, or the above difference betWeen the minimum value 
of the sensor output during the F/C operation and the 
maximum value of the sensor output after the termination of 
the F/C operation can be smaller than the predetermined 
value, causing the same erroneous determination as men 
tioned above. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the invention to provide an 
apparatus for determining a failure of an oxygen concentra 
tion sensor, Which is capable of accurately and promptly 
determining the failure of the sensor. 
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[0008] To attain the above object, the invention provides 
an apparatus for determining a failure of an oxygen con 
centration sensor of an internal combustion engine that 
includes an exhaust system, and a catalyst arranged in the 
exhaust system, and is capable of carrying out a fuel cut-off 
operation, the oxygen concentration sensor being arranged 
in the exhaust system at a location doWnstream of the 
catalyst, for generating a signal indicative of a sensed 
concentration of oxygen in exhaust gases. 

[0009] The apparatus according to the ?rst aspect of the 
invention is characteriZed by comprising: 

[0010] oxygen concentration change-determining 
means for determining Whether or not a signal value 
of the signal from the oxygen concentration sensor 
has crossed a predetermined threshold value after 
termination of the fuel cut-off operation; 

[0011] exhaust gas amount calculation means for 
calculating an integrated amount of the exhaust gases 
exhausted from the engine after the termination of 
the fuel cut-off operation; and 

[0012] failure determination means for determining 
that the oxygen concentration sensor has failed When 
the oxygen concentration change-determining means 
determines that the signal value has not crossed the 
predetermined threshold value, in the case of the 
integrated amount of the exhaust gases having 
reached a predetermined value. 

[0013] According to this apparatus, it is determined 
Whether or not the signal value of the signal from the oxygen 
concentration sensor has crossed the predetermined thresh 
old value after termination of a fuel cut-off operation, and 
When the integrated amount of exhaust gases exhausted after 
the termination of the fuel cut-off operation has reached the 
predetermined value, if it is determined that the signal value 
has not crossed the predetermine threshold value, it is 
determined that the oxygen concentration sensor has failed. 
Thus, When the integrated amount of exhaust gases has 
reached the predetermined value, the determination of a 
failure of the oxygen concentration sensor is carried out 
based on the signal value output therefrom. Therefore, even 
When the amount of exhaust gases is small, it is possible to 
determine the failure of the oxygen concentration sensor 
When the exhaust gases are supplied to the catalyst in a 
sufficient amount, i.e. When the catalyst has recovered from 
its excess oxygen-storing state in Which too much oxygen is 
stored, by full consumption of the stored oxygen by the 
exhaust gases. This enables accurate determination of a 
failure of the oxygen concentration sensor. 

[0014] Preferably, the apparatus further includes failure 
determination-suspending means for suspending determina 
tion of the failure of the oxygen concentration sensor by the 
failure determination means, When a predetermined time 
period has elapsed after the termination of the fuel cut-off 
operation, on condition that the integrated amount of the 
exhaust gases has not reached the predetermined value, and 
at the same time, the oxygen concentration sensor deter 
mines that the signal value has not crossed the predeter 
mined threshold value. 

[0015] According to this preferred embodiment, on con 
dition that the integrated amount of exhaust gases has not 
reached the predetermined value, and at the same time it is 
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determined that the signal value from the sensor has not 
crossed the predetermined threshold value, When the prede 
termined time has passed after the termination of the fuel 
cut-off operation, ie when exhaust gases continue to be 
supplied in a small amount over a long time period, the 
determination of a failure of the oxygen concentration 
sensor by the failure determination means is suspended. This 
makes it possible to prevent an increase in an error in the 
integrated amount of exhaust gases resulting from a long 
term integration of a small amount of the supply of exhaust 
gases thereto, and thereby prevent an erroneous determina 
tion of a failure of the oxygen concentration sensor due to an 
erroneous value of the integrated amount of exhaust gases. 
Further, since the determination of a failure of the oxygen 
sensor is suspended With reference to the predetermined 
time period elapsed after the termination of the fuel cut-off 
operation, it is possible to properly set the timing of dis 
continuation of the oxygen concentration sensor failure 
determination process. 

[0016] Preferably, the apparatus further includes air-fuel 
mixture-enriching means that makes an air-fuel mixture 
supplied to the internal combustion engine immediately after 
the termination of the fuel cut-off operation, richer than a 
stoichiometric air-fuel ratio. 

[0017] According to this preferred embodiment, an air 
fuel mixture richer than the stoichiometric air-fuel ratio is 
supplied to the internal combustion engine immediately after 
termination of an fuel cut-off operation, Whereby exhaust 
gases containing a high concentration of HC and a high 
concentration of CO are supplied to the catalyst. This makes 
it possible to positively cause consumption of oxygen stored 
in the catalyst during the fuel cut-off operation, thereby 
causing the catalyst to promptly recover from a state in 
Which an excessive amount of oxygen is stored therein. As 
a result, exhaust gases With a rich air-fuel ratio, i.e. having 
a loW concentration of oxygen can be supplied to the oxygen 
concentration sensor soon after termination of the fuel 
cut-off operation, Whereby it is possible to promptly deter 
mine a failure of the oxygen concentration sensor, as 
described above. 

[0018] To attain the above object, according to a second 
aspect of the invention, there is provided an apparatus for 
determining a failure of an oxygen concentration sensor of 
an internal combustion engine that includes an exhaust 
system, and a catalyst arranged in the exhaust system, and is 
capable of carrying out a fuel cut-off operation, the oxygen 
concentration sensor being arranged in the exhaust system at 
a location doWnstream of the catalyst, for generating a signal 
indicative of a sensed concentration of oxygen in exhaust 
gases. 

[0019] The apparatus according to the second aspect of the 
invention is characteriZed by comprising: 

[0020] timer means for measuring a time period 
elapsed after termination of the fuel cut-off opera 
tion; 

[0021] oxygen concentration change-determining 
means for determining Whether or not a signal value 
of the signal from the oxygen concentration sensor 
has crossed a predetermined threshold value after the 
termination of the fuel cut-off operation; 
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[0022] exhaust gas amount calculation means for 
calculating an integrated amount of the exhaust gases 
exhausted from the engine after the termination of 
the fuel cut-off operation; 

[0023] failure determination means for determining 
the failure of the oxygen concentration sensor based 
on a result of determination of the oxygen concen 

tration change-determining means; and 

[0024] failure determination-suspending means for 
suspending the determination of the failure of the 
oxygen concentration sensor by the failure determi 
nation means, When the time period measured by the 
timer means has reached a predetermined time 
period, on condition that the oxygen concentration 
sensor determines that the signal value has not 
crossed the predetermined threshold value, and at the 
same time the integrated amount of the exhaust gases 
has not reached a predetermined value. 

[0025] According to this apparatus, it is determined 
Whether or not the signal value of the signal from the oxygen 
concentration sensor has crossed the predetermined thresh 
old value after termination of a fuel cut-off operation, and 
the integrated amount of exhaust gases exhausted after the 
termination of the fuel cut-off operation is calculated. Then, 
a failure of the oxygen concentration sensor is determined 
based on a result of determination of the oxygen concen 
tration change-determining means. Further, When a time 
period elapsed after the termination of the fuel cut-off 
operation has reached a predetermined time period, if the 
signal value output from the oxygen concentration sensor 
has not crossed the predetermined threshold value, and at the 
same time the integrated amount of the exhaust gases has not 
reached the predetermined value, failure determination on 
the oxygen concentration sensor is suspended. Thus, When 
the predetermined time period has elapsed after termination 
of a fuel cut-off operation, if exhaust gases are not suffi 
ciently supplied to the oxygen concentration sensor, differ 
ently from the conventional oxygen concentration sensor, 
determination of a failure of the sensor is not carried out 
unless the signal value from the oxygen concentration sensor 
has crossed the predetermined threshold value. Hence, it is 
possible to prevent erroneous determination of a failure of 
the sensor, Which can be caused by an insufficient supply of 
exhaust gases to the oxygen concentration sensor. 

[0026] Preferably, the apparatus further includes air-fuel 
mixture-enriching means that makes an air-fuel mixture 
Which is supplied to the internal combustion engine imme 
diately after the termination of the fuel cut-off operation, 
richer than a stoichiometric air-fuel ratio. 

[0027] The above and other objects, features, and advan 
tages of the invention Will become more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram schematically shoWing 
the arrangement of an internal combustion engine to Which 
is applied an apparatus for determining a failure of an 
oxygen concentration sensor, according to a ?rst embodi 
ment of the invention; 

[0029] FIG. 2 is a ?oWchart shoWing a program executed 
by the apparatus according the ?rst embodiment, for carry 
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ing out an executable condition determination process for 
determining a failure of the oxygen concentration sensor; 

[0030] 
[0031] FIG. 4 is a ?oWchart shoWing part of a program 
executed by the apparatus according the ?rst embodiment, 
for carrying out a failure determination process for deter 
mining a failure of the oxygen concentration sensor; 

[0032] FIG. 5 is a continuation of the FIG. 4 ?owchart, 
Which includes a portion of the program executed particu 
larly during a fuel cut-off operation; 

[0033] FIG. 6 is a continuation of the FIG. 4 ?oWchart 
Which includes a portion of the program executed particu 
larly after termination of the fuel cut-off operation; 

[0034] FIG. 7 is a timing chart shoWing examples of 
changes in a vehicle speed VP, a signal value KACT of a 
signal from a LAF sensor, a signal value SVO2 of a signal 
from the oxygen concentration sensor, and a desired air-fuel 
ratio KCMD, With the lapse of time, as Well as changes in 
?ags F_DECFC, F_MCND, and a monitor ?ag MFCCHK, 
Which take place during the executable condition determi 
nation process and the failure determination process shoWn 
in FIGS. 2 to 5; 

FIG. 3 is a continuation of the FIG. 2 ?owchart; 

[0035] FIG. 8 is a ?oWchart shoWing a program executed 
by an apparatus for determining a failure of an oxygen 
concentration sensor, according to a second embodiment, for 
carrying out an executable condition determination process 
for determining a failure of the sensor; and 

[0036] FIG. 9 is a ?oWchart shoWing part of a program 
executed by the apparatus according the second embodi 
ment, for carrying out a failure determination process for 
determining a failure of the oxygen concentration sensor, 
Which includes a portion of the program executed particu 
larly after termination of a fuel cut-off operation. 

DETAILED DESCRIPTION 

[0037] The invention Will noW be described in detail With 
reference to the draWings shoWing an embodiment thereof. 
Referring ?rst to FIG. 1, there is schematically shoWn the 
arrangement of an apparatus for determining a failure of an 
oxygen concentration sensor, according to a ?rst embodi 
ment of the invention. As shoWn in the ?gure, this apparatus 
1 includes an ECU 2 (oxygen concentration change-deter 
mining means, exhaust gas amount calculation means, fail 
ure determination means, failure determination-suspending 
means, air-fuel mixture-enriching means). The ECU 2 con 
trols the air-fuel ratio of an internal combustion engine 3 
(hereinafter simply referred to as “the engine 3”), and 
determines based on conditions of exhaust gases emitted 
from the engine 3 Whether or not the oxygen concentration 
sensor has failed, as Will be described in detail hereinafter. 

[0038] The engine 3 is a straight type four-cylinder gaso 
line engine of a so-called direct injection type in Which fuel 
is directly injected into a combustion chamber of the engine. 
Each cylinder has a corresponding cylinder head portion 3a 
having a fuel injection valve 4 (hereinafter simply referred 
to as “the injector 4”) mounted therein. The injector 4 is 
electrically connected to the ECU 2 such that a fuel injection 
time period TOUT of the injector 4 is controlled in response 
to a drive signal delivered from the ECU 2. Thus, the amount 
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of fuel to be supplied to the engine 3 is controlled by 
controlling the fuel injection time period TOUT. 

[0039] The engine 3 has a crankshaft, not shoWn, to Which 
is mounted a magnet rotor 20a Which constitutes a crank 
angle position sensor 20 together With an MRE (magnetic 
resistance element) pickup 20b. The crank angle position 
sensor 20 delivers to the ECU 2 a CRK signal and a TDC 
signal, Which are both pulse signals, in accordance With 
rotation of the crankshaft. The CRK signal is indicative of a 
sensed rotational angle position of the crankshaft, and each 
pulse of the CRK signal (CRK signal pulse) is generated at 
each of predetermined crank angle positions Whenever the 
crankshaft rotates through a predetermined angle (eg one 
degree). The ECU 2 determines a rotational speed NE of the 
engine 3 (engine rotational speed NE) based on the CRK 
signal. On the other hand, each pulse of the TDC signal 
(TDC signal pulse) is generated at a predetermined crank 
angle position of each cylinder in the vicinity of a top dead 
center position at the start of an intake stroke of the piston 
3b in the cylinder Whenever the crankshaft rotates through 
180 degrees in the case of the engine 3 according to the 
embodiment. 

[0040] An engine coolant temperature sensor 21 formed of 
a thermistor or the like is mounted in the cylinder block of 
the engine 3. The engine coolant temperature sensor 21 
senses an engine coolant temperature TW Which is a tem 
perature of an engine coolant circulating Within the cylinder 
block of the engine 3 and supplies an electric signal indica 
tive of the sensed engine coolant temperature to the ECU 2. 

[0041] The engine 3 has an intake pipe 5 having a throttle 
valve 6 arranged in an intermediate portion thereof. An 
intake pipe absolute pressure sensor 22 is inserted into the 
intake pipe 5 at a location doWnstream of the throttle valve 
6. The intake pipe absolute pressure sensor 22 formed eg by 
a semiconductor pressure sensor senses an intake pipe 
absolute pressure PBA Within the intake pipe 5, and delivers 
a signal indicative of the sensed absolute pressure PBA to 
the ECU 2. Further, an intake air temperature sensor 23 is 
inserted into the intake pipe 5 at a location doWnstream of 
the intake pipe absolute pressure sensor 22. The intake air 
temperature sensor 23 formed of a thermistor or the like 
senses an intake air temperature TA Within the intake pipe 5 
and delivers a signal indicative of the sensed temperature TA 
to the ECU 2. 

[0042] On the other hand, arranged in an intermediate 
portion of an exhaust pipe 7 is a catalyst device 8 (catalyst). 
The catalyst device 8 is a combination of an NOx catalyst 
and a three-Way catalyst, Which puri?es NOx in exhaust 
gases emitted during lean burn drive operation of the engine 
3 by oxidation-reduction catalytic actions of the NOx cata 
lyst, and puri?es CO, HC, and NOx in exhaust gases emitted 
during drive operations of the engine 3 other than the lean 
burn drive operation by oxidation-reduction catalytic actions 
of the three-Way catalyst. 
[0043] ALAF sensor 24 is arranged at a location upstream 
of the catalyst device 8. The LAF sensor 24 is comprised of 
Zirconia, platinum electrodes, and the like, and linearly 
detects the concentration of oxygen in exhaust gases in a 
broad air-fuel ratio range from a rich region to a lean region, 
to deliver a signal proportional to the sensed concentration 
of oxygen to the ECU 2. 

[0044] At a location doWnstream of the catalyst device 8, 
there is arranged an oxygen concentration sensor 25 (here 
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inafter referred to as “the O2 sensor 25”). The O2 sensor 25 
is comprised of Zirconia, platinum electrodes, and the like, 
and detects the concentration of oxygen in exhaust gases at 
a location doWnstream of the catalyst device 8, to deliver a 
signal indicative of the sensed oxygen concentration to the 
ECU 2. More speci?cally, a signal value SVO2 of the signal 
from the O2 sensor 25 assumes a high-level voltage value 
(eg 0.8V) When an air-fuel mixture richer than a stoichio 
metric air-fuel ratio is burned, Whereas When a lean air-fuel 
mixture is burned, the signal value SVO2 assumes a loW 
level voltage value (eg 0V). 

[0045] Further, a vehicle speed sensor 26 is arranged in an 
automotive vehicle, not shoWn, having the engine 3 mounted 
therein. The vehicle speed sensor 26 detects a traveling 
speed (vehicle speed) VP of the vehicle, and delivers a signal 
indicative of the sensed vehicle speed VP to the ECU 2. 

[0046] The ECU 2 is formed by a microcomputer includ 
ing a CPU, a RAM, a ROM, and an I/O interface, none of 
Which are shoWn. The signals input from the sensors 20 to 
26 to the ECU 2 are each delivered to the I/O interface for 
A/D conversion and Waveform shaping, and then inputted 
into the CPU. The CPU carries out an executable condition 
determination process and a failure determination process, 
for determining a failure or breakdown of the O2 sensor 25 
in response to the above signals, as Will be described in 
detail hereinafter. 

[0047] Further, the CPU determines a desired air-fuel ratio 
KCMD based on operating conditions of the engine 3, and 
feedback-controls the air-fuel ratio of an air-fuel mixture 
such that a signal value KACT of the signal from the LAF 
sensor 24 becomes equal to the desired air-fuel ratio KCMD 
(see FIG. 7). The desired air-fuel ratio KCMD and the signal 
value KACT are each represented by an equivalent ratio 
Which is proportional to the reciprocal of an air-fuel ratio 
corresponding thereto. Particularly, the desired air-fuel ratio 
KCMD is set to a value 1.0 When it is equal to the 
stoichiometric air-fuel ratio, Whereas When the desired air 
fuel ratio KCMD is richer than the stoichiometric air-fuel 
ratio, the same is set to a value larger than the value 1.0. In 
this air-fuel ratio control, When conditions for a deceleration 
fuel cut-off operation (hereinafter referred to as “F/C opera 
tion”) are satis?ed, supply of fuel to the combustion cham 
ber by the injector 4 is cut off, thereby causing the engine 3 
to carry out the F/C operation. 

[0048] After termination of the F/C operation, the desired 
air-fuel ratio KCMD is held at a value (eg 1.2) larger than 
the stoichiometric air-fuel ratio (1.0) for a predetermined 
time period (time period from a time t2 to a time t3 in FIG. 
7). In short, the mixture is enriched, Whereby rich exhaust 
gases having a loW concentration of oxygen are supplied to 
the catalyst device 8. The air-fuel ratio is controlled as 
described above for the folloWing reasons: During an F/C 
operation, lean exhaust gases having a very high concentra 
tion of oxygen are supplied to the catalyst device 8, Whereby 
an excessive amount of oxygen is stored in the catalyst 
device 8, and after termination of the F/C operation, a state 
continues in Which the signal value SVO2 of the signal from 
the O2 sensor 25 is not changed from the loW level to the 
high level, Which makes it impossible to accurately deter 
mine a failure of the O2 sensor 25. To overcome this 
problem, the air-fuel ratio is enriched after termination of an 
F/C operation to thereby cause the catalyst device 8 to 
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promptly recover from an excess oxygen-storing state in 
Which the excessive amount of oxygen is stored therein. 

[0049] FIGS. 2 and 3 are ?oWcharts shoWing a program 
for carrying out the executable condition determination 
process, in Which it is determined Whether or not conditions 
for carrying out a failure determination process for deter 
mining a failure of the O2 sensor 25 are satis?ed, and ?ags 
and a monitor fag are set according to results of the 
determination. The executable condition determination pro 
cess is executed by an interrupt handling routine in synchro 
nism With generation of the TDC signal. 

[0050] In the executable condition determination process, 
?rst, at a step S1, values of a ?ag F_MCND and a monitor 
?ag MFCCHK, stored in the RAM are set to immediately 
preceding values F_MCND1 and MFCCHK1, respectively. 

[0051] Next, the program proceeds to a step S2, Wherein 
it is determined Whether or not a ?ag F_NSO2 assumes 1. 
The ?ag F_NSO2 is set to “1” When the O2 sensor 25 is 
activated, Whereas When the sensor is not active, the ?ag 
F_NSO2 is set to “0”. If the ansWer to the question of the 
step S2 is affirmative (Yes), ie if the ?ag F_NSO2=1 holds, 
the program proceeds to a next step S3, Wherein it is 
determined Whether or not a time period T20ACR elapsed 
after the start of the engine 3 is longer than a predetermined 
time period #TMMCND. This determination is carried out to 
prevent inaccurate determination of a failure of the O2 
sensor 25, Which can be caused by an unstable operating 
condition of the O2 sensor 25 due to a loW temperature of 
its sensor element immediately after the start of the engine 
3. Therefore, the predetermined time period #TMMCND is 
set to a value (eg 60 sec) long enough to place the O2 
sensor 25 in a stable operating condition. 

[0052] If the ansWer to the question of the step S3 is 
af?rmative (Yes), ie if the time period 
T20ACR>#TMMCND holds, the program proceeds to a 
next step S4, Wherein it is determined Whether or not the 
engine rotational speed NE, the engine coolant temperature 
TW, and the intake air temperature TA satisfy the folloWing 
conditions: 

[0056] The upper and loWer limit values of the above 
inequalities are used for determining Whether or not the 
engine 3 is in an operating condition assumed to be stable 
enough to permit determination of a failure of the O2 sensor 
25. The loWer and upper limit values #NESO2CKL and 
#NESO2CKH of the engine rotational speed NE are set eg 
to 500 rpm and 4000 rpm, respectively. The loWer and upper 
limit values #TWSO2CKL and #TWSO2CKH of the engine 
coolant temperature TW are set eg to 50° C. and 100° C., 
respectively. Further, the loWer and upper limit values 
#TASO2CKL and #TASO2CKH of the intake air tempera 
ture TA are set eg to 0° C. and 50° C., respectively. 

[0057] If the ansWer to the question of the step S4 is 
af?rmative (Yes), ie if the engine rotational speed NE, the 
engine coolant temperature TW, and the intake air tempera 
ture TA satisfy the above conditions, the program proceeds 
to a next step S5, Wherein the ?ag F_MCND is set to “1”. 
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[0058] Next, the program proceeds to a next step S6 in 
FIG. 3, Wherein it is determined Whether or not a ?ag 
F_DECFC assumes “1”. This ?ag F_DECFC is set to “1” 
When the engine 3 is in the F/C operation, Whereas When the 
engine 3 is in the other operating conditions, the ?ag F 
DECFC is set to “0”. If the ansWer to the question of the step 
S6 is af?rmative (Yes), ie if F_DECFC=1 holds, the pro 
gram proceeds to the following step S7, Wherein a doWn 
count timer tmMFCCKD is set to a predetermined time 
period #TMFCCKD. This timer tmMFCCKD is a program 
timer implemented by a program and used for determining 
Whether or not the predetermined time period #TMFCCKD 
has elapsed after termination of an F/C operation. The 
predetermined time period #TMFCCKD is set to a value 
(eg 30 sec) over Which rich exhaust gases are supplied to 
the catalyst device 8 after termination of an F/C operation, 
under normal operating conditions of the engine 3, in an 
amount expected to be suf?cient for causing the catalyst 
device 8 to recover from its excess oxygen-storing state. 

[0059] Next, the program proceeds to the folloWing step 
S8, Wherein an integrated amount SUMSVS is set to “0”. 
Then, the program proceeds to the folloWing step S9, 
Wherein the monitor ?ag MFCCHK is set to “1”, folloWed 
by immediately terminating the program. The integrated 
amount SUMSVS designates an integrated value of the 
amount of exhaust gases exhausted after termination of an 
F/C operation, and is calculated at a step S13, referred to 
hereinafter. Further, the monitor ?ag MFCCHK is employed 
in carrying out failure determination (i.e. determination of a 
failure of the O2 sensor 25), and set to “1” When the 
execution conditions for determining a failure of the O2 
sensor 25 during the F/ C operation are satis?ed, as described 
above. 

[0060] On the other hand, if the ansWer to the question of 
the step S6 is negative (No), ie if the ?ag F_DECFC=0 
holds, Which means that the engine 3 is not in the F/C 
operation, the program proceeds to a step S10, Wherein it is 
determined Whether or not the immediately preceding value 
MFCCHKl of the monitor ?ag MFCCHK assumes “2”. If 
the ansWer to the question of the step S10 is negative (No), 
the program proceeds to a step S11, Wherein it is determined 
Whether or not the immediately preceding value MFCCHKl 
of the monitor ?ag MFCCHK assumes “1”. If this is a ?rst 
loop carried out immediately after termination of an F/C 
operation, the ansWer to the question of the step S10 is 
negative (No), and the ansWer to the question of the step S11 
is af?rmative (Yes), so that the program proceeds to a step 
S12, Wherein it is determined Whether or not the timer 
tmMFCCKD has timed out. 

[0061] If this a ?rst loop carried out immediately after 
termination of an F/C operation, the ansWer to the question 
of the step S12 is negative (No), and hence the program 
proceeds to a next step S13, Wherein the integrated amount 
SUMSVS is calculated. The integrated amount SUMSVS is 
calculated by using a space velocity de?ned by the engine 
rotational speed NE, the intake pipe absolute pressure PBA, 
and the capacity of the catalyst. Then, the program proceeds 
to a next step S14, Wherein it is determined Whether or not 
the integrated amount SUMSVS is equal to or larger than a 
predetermined value #SUMSVAF C. This predetermined 
value #SUMSVAFC is set to a value large enough for the 
catalyst device 8 to recover from its excess oxygen-storing 
state, after termination of an F/C operation. 
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[0062] If the ansWer to the question of the step S14 is 
af?rmative (Yes), ie if SUMSVS Z#SUMSVAF C holds, it 
is judged that a suf?cient amount of exhaust gases has been 
supplied to the O2 sensor 25 after the termination of the F/C 
operation, and the catalyst device 8 has recovered from its 
excess oxygen-storing state, and to indicate this, the pro 
gram proceeds to a step S15, Wherein an integrated amount 
?ag F_SVCH is set to “1”. On the other hand, if the ansWer 
to the question of the step S14 is negative (No), ie if 
SUMSVS<#SUMSVAF C holds, it is judged that a suf?cient 
amount of exhaust gases has not been supplied to the O2 
sensor 25 after the termination of the F/C operation, and to 
indicate this, the program proceeds to a step S16, Wherein 
the integrated amount ?ag F SVCH is set to “0”. 

[0063] From the step S15 or S16, the program proceeds to 
a step S17, Wherein the monitor ?ag MFCCHK is set to “2”, 
folloWed by immediately terminating the program. As 
described hereinabove, When the execution conditions for 
determining a failure of the O2 sensor 25 after the termi 
nation of the F/C operation are satis?ed, and at the same time 
the timer tmMFCCKD has not yet timed out, the monitor 
?ag MFCCHK is set to “2”. 

[0064] Further, if this is a second or later loop carried out 
after the termination of the F/C operation, the ansWer to the 
question of the step S10 is af?rmative (Yes), so that the 
program proceeds to the step S12 by skipping over the step 
11, and the steps S12 to S17 are carried out similarly to the 
above, folloWed by terminating the program. When the 
predetermined time period #TMFCCKD has elapsed imme 
diately after the termination of the F/C operation, the ansWer 
to the question of the step S12 is af?rmative (Yes), and hence 
the program proceeds to a step S20, Wherein the monitor ?ag 
MFCCHK is set to “0”, folloWed by terminating the pro 
gram. As described hereinabove, the integrated amount 
SUMSVS continues to be calculated until the predetermined 
time period #TMFCCKD elapses. 

[0065] On the other hand, if the ansWer to the question of 
the step S2, S3 or S4 is negative (No), the ?ag F_MCND is 
set to “0”, the integrated amount SUMSVS is set to “0”, and 
further the monitor ?ag MFCCHK is set to “0” (steps S18 to 
S20), folloWed by terminating the program. As described 
above, When the execution conditions for determining a 
failure of the O2 sensor 25 are not satis?ed, or When the 
predetermined time period #TMFCCKD has elapsed imme 
diately after the termination of the F/C operation, the moni 
tor ?ag MFCCHK is set to “0”. 

[0066] Next, a main routine for carrying out the failure 
determination process for determining a failure of the O2 
sensor 25 Will be described With reference to FIGS. 4 to 6. 
The failure determination process is executed by an interrupt 
handling routine folloWing the above executable condition 
determination process, When the TDC signal is generated. 
Further, in FIGS. 5 and 6, portions enclosed by one-dot 
chain lines indicate steps of failure determination carried out 
during an F/C operation, and steps of failure determination 
carried out after the termination of the F/C operation, 
respectively. 

[0067] In the failure determination process, ?rst, it is 
determined at a step S30 Whether or not a ?ag F_DONE 
assumes “1”. This ?ag F_DONE is set to “0” When the 
engine 3 is started, and as described hereinafter, When failure 
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determination is carried out on the O2 sensor 25 by the 
present process, the ?ag F_DONE is set to “1” (see a step 
S45). 
[0068] If the ansWer to the question of the step S30 is 
af?rmative (Yes), i.e. if F_DONE=1 holds, and failure 
determination has been carried out on the O2 sensor 25, the 
program proceeds to a step S55 in FIG. 6, Wherein a ?ag 
F_AFCCHK and a ?ag F_FCTM are set to “0”. As Will be 
described hereinafter, the ?ag F_AFCCHK is set to “1” on 
condition that the engine 3 has entered an F/C operation 
from a lean air-fuel ratio operating condition of the engine, 
and provided for carrying out failure determination after 
termination of the F/C operation in such a case. Further, the 
?ag F_FCTM continues to be set to “1” until a predeter 
mined time period #TFCCHK elapses on condition that the 
engine has entered an F/C operation from a rich air-fuel ratio 
operating condition of the engine. This is for inhibiting 
execution of failure determination after termination of an 
F/C operation When the F/C operation terminated before the 
predetermined time period #TFCCHK elapses. 

[0069] Next, the program proceeds to a step S56, Wherein 
a doWncount timer tmFCCHK is set to a predetermined time 
period #TFCCHK, folloWed by terminating the program. 
This predetermined time period #TFCCHK is set as delay 
time (eg 1 sec) for delaying execution of failure determi 
nation until the concentration of oxygen in exhaust gases 
becomes stable after the engine 3 enters the F/C operation. 

[0070] If the ansWer to the question of the step S30 is 
negative (No), i.e. if F_DONE=0 holds, Which means the 
failure determination has not yet been carried out, the 
program proceeds to a step S31, Wherein a value of a ?ag 
F_SZONE currently stored in the RAM is set to its imme 
diately preceding value F_SZONE1. 

[0071] Next, the program proceeds to a step S32, Wherein 
it is determined Whether or not the signal value SVO2 of the 
signal from the O2 sensor 25 is equal to or smaller than a 
predetermined threshold value #SVO2CHK. The threshold 
value #SVO2CHK is set to a value (eg 0.2V) Which is 
positively crossed by the signal value SVO2 When the signal 
value SVO2 is changed betWeen the loW level and the high 
level in accordance With a change in the air-fuel ratio of the 
air-fuel mixture betWeen the rich region and the lean region. 

[0072] If the ansWer to the question of the step S32 is 
af?rmative (Yes), i.e. if SVO2<#SVO2CHK holds, Which 
means that the air-fuel ratio is lean, the program proceeds to 
a step S33, Wherein the ?ag F_SZONE is set to “0” to 
indicate the lean status of the air-fuel ratio. On the other 
hand, if the ansWer to the question of the step S32 is negative 
(No), i.e. if SVO2>#SVO2CHK holds, Which means that the 
air-fuel ratio is rich, the program proceeds to a step S34, 
Wherein the ?ag F_SZONE is set to “1” to indicate the rich 
status of the air-fuel ratio. 

[0073] From the step S33 or S34, the program proceeds to 
a step S35, Wherein it is determined Whether or not the ?ag 
F_MCND set at the step 55 or the step S18 described above 
With reference to FIG. 2 assumes “1”. If the ansWer to the 
question of the step S35 is negative (No), i.e. if F_MCND=0 
holds, Which means that the execution conditions for carry 
ing out failure determination on the O2 sensor 25 are not 
satis?ed, the steps S55 and S56 are carried out, folloWed by 
terminating the program. 
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[0074] On the other hand, if the ansWer to the question of 
the step S35 is af?rmative (Yes), i.e. if F_MCND=1 holds, 
Which means that the execution conditions for carrying out 
the failure determination are satis?ed, the program proceeds 
to a step S36, Wherein it is determined Whether or not the 
monitor ?ag MFCCHK assumes “1”. If the ansWer to the 
question of the step S36 is af?rmative (Yes), i.e. if MFC 
CHK=1 holds, Which means that the engine 3 is in the F/C 
operation and at the same time the execution conditions for 
carrying out the failure determination are satis?ed, the 
program proceeds to a step S37 in FIG. 5, Wherein it is 
determined Whether or not the immediately preceding value 
MFCCHKl of the monitor ?ag MFCCHK assumes “1”. 

[0075] If the ansWer to the question of the step S37 is 
negative (No), i.e. if MFCCHK1¢1 holds, Which means this 
is a ?rst loop carried out after the engine 3 has entered the 
F/C operation and at the same time the execution conditions 
for the failure determination during the F/C operation are 
satis?ed, the program proceeds to a step S38, Wherein it is 
determined Whether or not the immediately preceding value 
F_SZONE1 of the ?ag F_SZONE is equal to “1”. 

[0076] If the ansWer to the question of the step S38 is 
negative (No), i.e. F_SZONE1=0 holds, Which means that 
the air-fuel ratio Was lean in the immediately preceding loop 
of the process, the program proceeds to a step S46, Wherein 
the ?ag F_AFCCHK is set to “1”, and the F_FCTM is set to 
“0”, folloWed by terminating the program. As described 
above, When the engine 3 enters the F/C operation from the 
lean air-fuel ratio operating condition, the failure determi 
nation is not carried out since it is assumed that the signal 
value SVO2 of the signal from the O2 sensor 25 is not 
changed from the loW level. 

[0077] On the other hand, if the ansWer to the question of 
the step S38 is af?rmative (Yes), i.e. if F_SZONE1=1 holds, 
Which means the air-fuel ratio Was rich in the immediately 
preceding loop and at the same time the engine 3 has entered 
the F/C operation in the present loop, the program proceeds 
to a step S39. 

[0078] Further, if the ansWer to the question of the step 
S37 is affirmative (Yes), i.e. if MFCCHK1=1 holds, Which 
means the engine 3 entered the F/C operation in the imme 
diately preceding or earlier loop, the program proceeds to 
the step S39 by skipping over the step 38. 

[0079] At the step S39, it is determined Whether or not the 
?ag F_AFCCHK assumes “1”. If the ansWer to the question 
of the step S39 is affirmative (Yes), i.e. if the ?ag F 
AF CCHK=1 holds, Which means that the engine 3 entered 
the F/C operation from a lean air-fuel ratio operating con 
dition in the immediately preceding or earlier loop, the 
program is terminated Without carrying out the failure 
determination. On the other hand, if the ansWer to the 
question of the step S39 is negative (No), i.e. if F_AFC 
CHK=1 holds, the program proceeds to a step S40, Wherein 
it is determined Whether or not the timer tmFCCHK has 
timed out. 

[0080] If the ansWer to the question of the step S40 is 
negative (No), i.e. if tmFCCHK¢0 holds, Which means that 
the predetermined time period #TFCCHK, described here 
inabove, has not yet elapsed, the program proceeds to a step 
S47, Wherein the ?ag F_FCTM is set to “1”, folloWed by 
terminating the program. On the other hand, if the ansWer to 
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the question of the step S40 is af?rmative (Yes), i.e. if 
tmFCCHK=0 holds, Which means that the predetermined 
time period #TFCCHK has elapsed, the program proceeds to 
a step S41, Wherein it is determined Whether or not the ?ag 
F_SZONE assumes “0”. 

[0081] If the ansWer to the question of the step S41 is 
af?rmative (Yes), ie if F_SZONE=0 holds, Which means 
that the signal value SVO2 of the signal from the O2 sensor 
25 crossed the predetermined threshold value #SVO2CHK 
to shift from the high level (rich region) to the loW level 
(lean region), it is determined that the O2 sensor is normally 
operating, and the program proceeds to a step S42, Wherein 
a failure determination ?ag F_OK is set to “1”. On the other 
hand, if the ansWer to the question of the step S41 is negative 
(No), ie if F_SZONE=1 holds, Which means that the signal 
value SVO2 remains at the high level Without crossing the 
predetermined threshold value #SVO2CHK, it is determined 
that the O2 sensor has failed, and the program proceeds to 
a step S43, Wherein a fail safe ?ag F_FSD is set to “1”, and 
at the same time the failure determination ?ag F_OK is set 
to “0”. As described above, the failure determination ?ag 
F_OK is set to “1” When the O2 sensor 25 is normally 
operating, Whereas When the O2 sensor has failed, the failure 
determination ?ag F_OK is set to “0”. 

[0082] After execution of the step S42 or S43, the program 
proceeds to a step S44, Wherein the ?ag F AF CCHK and the 
?ag F_FCTM are set to “1”. Then, the program proceeds to 
a step S45, Wherein the ?ag F_DONE is set to “1”, folloWed 
by terminating the program. As described above, the ?ag 
F_DONE is set to “1” When failure determination is carried 
out. 

[0083] If the ansWer to the question of the step S36 is 
negative (No), ie if MFCCHK¢1 holds, the program pro 
ceeds to a step S48 in FIG. 6, Wherein it is determined 
Whether or not the monitor ?ag MFCCHK assumes “2”. 

[0084] If the ansWer to the question of the step S48 is 
af?rmative (Yes), ie if the execution conditions for carrying 
out failure determination after termination of the F/C opera 
tion are satis?ed, it is determined at steps S49 and S50 
Whether or not the ?ag F_FCTM assumes “0”, and Whether 
or not the ?ag F_AFCCHK assumes “1”, respectively. 

[0085] If each of the ansWers to the questions of the steps 
S49 and S50 is affirmative (Yes), ie if F_FCTM=0 and 
F_AFCCHK=“1” hold, Which means that failure determi 
nation Was not carried out during the F/C operation since the 
engine 3 entered the F/C operation from the lean air-fuel 
ratio operating condition, the program proceeds to a step 
S51, Wherein it is determined Whether or not the ?ag 
F_SZONE assumes “1”. 

[0086] If the ansWer to the question of the step S51 is 
af?rmative (Yes), ie if the signal value SVO2 of the signal 
from the O2 sensor 25 is larger than the predetermined 
threshold value #SVO2CHK, it is judged that the signal 
value SVO2 crossed the predetermined threshold value 
#SVO2CHK after the termination of the F/C operation, and 
hence the O2 sensor 25 is normally operating, so that the 
program proceeds to a step S52, Wherein the failure deter 
mination ?ag F_OK is set to “1” so as to indicate the 
normally operating state of the O2 sensor 25. Then, the 
above-mentioned steps S44 and S45 are carried out, fol 
loWed by terminating the program. 
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[0087] On the other hand, if the ansWer to the question of 
the step S51 is negative (No), ie if the signal value SVO2 
is equal to or smaller than the predetermined threshold value 
#SVO2CHK (the signal value SVO2 has not crossed the 
predetermined threshold value #SVO2CHK), the program 
proceeds to a step S53, Wherein it is determined Whether or 
not the integrated amount ?ag F_SVCH assumes “1”. 

[0088] If the ansWer to the question of the step S53 is 
negative (NO), it is judged that the amount of supply of 
exhaust gases to the catalyst device 8 after the termination 
of the F/C operation is insuf?cient, and the step S56 is 
executed, folloWed by terminating the program. 

[0089] On the other hand, if the ansWer to the question of 
the step S53 is af?rmative (YES), it is judged that in spite of 
the sufficient supply of exhaust gases to the catalyst device 
8 after the termination of the F/C operation, it is not 
con?rmed that the signal value SVO2 has crossed the 
predetermined value #SVO2CHK in an increasing direction, 
and hence judged that the O2 sensor has failed. To indicate 
the failure of the O2 sensor, the program proceeds to a step 
S54, Wherein the failsafe ?ag F_FSD is set to “1” similarly 
to the step S43, and at the same time the failure determina 
tion ?ag F_OK is set to “0”. Then, the steps S44 and S45 are 
carried out, folloWed by terminating the program. 

[0090] As described hereinbefore, if the execution condi 
tions for the failure determination after termination of an 
F/C operation are satis?ed, it is alWays monitored Whether 
or not the signal value SVO2 has exceeded the predeter 
mined threshold value #SVO2CHK (Whether or not the 
air-fuel ratio has become rich), and the instant the condition 
of SVO2>#SVO2CHK is satis?ed, it can be determined that 
the O2 sensor 25 is normally operating. Similarly, it is 
alWays monitored Whether or not the integrated amount 
SUMSVS is equal to or larger than the predetermined value 
#SUMSVAF C, Whereby even if SVO2§#SVO2CHK holds, 
it is possible to determine that the O2 sensor 25 has failed 
the instant the condition of SUMSVS§#SUMSVAFC is 
satis?ed. 

[0091] On the other hand, If the ansWer to the question of 
either of the step S49 or S50 is negative (NO), ie if the 
duration of the F/C operation is short, or the predetermined 
time period #TMFCCKD has elapsed after termination of 
the F/C operation, the step S55 is carried out Without 
executing the determination of the step S51, folloWed by 
terminating the program. 

[0092] On the other hand, if the ansWer to the question of 
the step S48 is negative (No), ie if MFCCHK¢2 (=0) holds, 
Which means that the predetermined time period #TMFC 
CKD has elapsed after termination of the F/C operation, the 
above steps S55 and S56 are carried out, folloWed by 
terminating the program. Thus, if the integrated amount 
SUMSVS does not reach the predetermined value #SUMS 
VAF C, and the at the same time, the signal value SVO2 has 
not crossed the predetermined threshold value #SVO2CHK, 
the failure determination is suspended upon the lapse of the 
predetermined time period #TMFCCKD after termination of 
the F/C operation. This makes it possible to prevent an 
increase in an error in the integrated amount SUMSVS of 
exhaust gases resulting from a long-term integration of a 
small amount of supply of exhaust gases thereto, and thereby 
prevent an erroneous determination of a failure of the O2 
sensor due to an erroneous value of the integrated amount 
SUMSVS of exhaust gases. 
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[0093] The timing chart shown in FIG. 7 illustrates 
examples of changes in the vehicle speed VP, the signal 
value KACT of the signal from the LAF sensor 24, the signal 
value SVO2 of the signal from the O2 sensor 25, and the 
desired air-fuel ratio KCMD, Which take place during the 
above-mentioned executable condition determination pro 
cess and failure determination process for determining a 
failure of the O2 sensor 25, together With changes in the 
?ags F_DECFC, F_MCND, and the monitor ?ag MFCCHK. 

[0094] As shoWn in the ?gure, When the execution con 
ditions for failure determining are satis?ed (?ag F_MCND= 
1), if the F/ C operation is started during vehicle deceleration 
(time t1), the ?ag F_DECFC varies from “0” to “1”. In 
synchronism With this change in the ?ag F_DECFC, the 
desired air-fuel ratio KCMD is set to a lean value, and at the 
same time the monitor ?ag MFCCHK is changed from “0”to 
“1”. In accordance With this change in the monitor ?ag 
MFCCHK, if the O2 sensor is normally operating, the signal 
value SVO2 crosses the predetermined threshold value 
#SVOZCHK With a slight delay from the time t1 from the 
high level side to the loW level side. When the predetermined 
time period #TFCCHK has elapsed after the start of the F/C 
operation (the timer tmFCCHK has timed out), the failure 
determination (the above steps S41 to S43) is carried out on 
the O2 sensor 25 based on the change in levels of the signal 
value SVO2. 

[0095] Then, the ?ag F_DECFC is changed from “1” to 
“0” at a time point (time t2) of termination of the F/C 
operation. In synchronism With this change in the ?ag 
F_DECFC, the desired air-fuel ratio KCMD is set to a richer 
value (1.2) than the stoichiometric air-fuel ratio, and at the 
same time the monitor ?ag MFCCHK is changed from “1” 
to “2”. The desired air-fuel ratio KCMD is held at the richer 
value during a time period from the time t2 up to a time t3. 
Further, for instance, When the failure determination Was not 
carried out during the F/C operation due to a lean air-fuel 
ratio operating condition before the start of the F/C opera 
tion (the ansWer to the question of the step S38 Was negative 
(No)), the failure determination (the above steps S49 to S51) 
is carried out on the O2 sensor 25 during a determination 
time period from the time t2 up to a time t4 at Which the 
predetermined time period #TMFCCHK elapses after the 
time t2. 

[0096] As shoWn by a solid line in FIG. 7(c) (hoWever, as 
to a portion before t2, it is assumed that as shoWn by 
one-dot-chain lines, the actual air-fuel ratio KACT is smaller 
than 1.0, and hence the signal value SVO2 is also smaller 
than the predetermined threshold value #SVOZCHK, so that 
the O2 sensor failure determination during the F/C operation 
is not carried out), if the O2 sensor is normally operating, the 
signal value SVO2 of the signal from the O2 sensor 25 
crosses the predetermined threshold value #SVOZCHK 
from the loW level side to the high level side Within the 
above determination time period, so that the O2 sensor is 
determined to be normally operating. On the other hand, if 
the O2 sensor has failed, the signal value SVO2 does not 
cross the predetermined threshold value #SVOZCHK until 
the predetermined time period #TMFCCKD elapses, and 
When the integrated amount SUMSVS of exhaust gases 
reaches the predetermined value #SUMSAFC, it is deter 
mined that the O2 sensor 25 has failed. Further, as shoWn by 
a broken line in the ?gure, if the signal value SVO2 does not 
cross the predetermined threshold value #SVOZCHK but 
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remains at a loW level, and at the same time, the integrated 
amount SUMSVS of exhaust gases remains smaller than the 
predetermined value #SUMSAF C, When the predetermined 
time period #TMFCCKD has elapsed (time t4), it is judged 
that the supply of exhaust gases to the O2 sensor 25 is 
insufficient, and the failure determination on the O2 sensor 
25 is suspended. Further, at the time t4, the monitor ?ag 
MFCCHK is changed from “2” to “0”. A time t5 thereafter 
in FIG. 7 indicates a time point When the ?ag F_MCND has 
been changed form “1” to “0” due to a decrease in the engine 
rotational speed NE, or the like. 

[0097] As described above in detail, according to the 
apparatus 1 of the invention, during the predetermined time 
period #TMFCCKD after termination of an F/C operation, if 
the signal value SVO2 crosses the predetermined threshold 
value #SVOZCHK before the integrated amount SUMSVS 
of exhaust gases reaches the predetermined value #SUMS 
VAF C, it is determined at this time point that the O2 sensor 
25 is normally operating. Further, during the predetermined 
time period #TMFCCKD after termination of the F/C opera 
tion, if the signal value SVO2 does not cross the predeter 
mined threshold value #SVOZCHK until the integrated 
amount SUMSVS of exhaust gases reaches the predeter 
mined value #SUMSVAFC, it is determined at this time 
point that the O2 sensor has failed. Thus, a failure of the O2 
sensor 15 is determined based on the signal value SVO2 
When the integrated amount SUMSVS of exhaust gases 
reaches the predetermined value #SUMSVAF C, and there 
fore, even When the amount of exhaust gases is small, it is 
possible to determine the failure of the O2 sensor 25 When 
exhaust gases are supplied to the catalyst device 8 in a 
suf?cient amount, ie when the catalyst device 8 has recov 
ered from its excess oxygen-storing state. This enables 
accurate determination of a failure of the oxygen concen 
tration sensor. 

[0098] On the other hand, if the predetermined time period 
#TMFCCKD has elapsed With the signal value SVO2 
remaining smaller than the predetermined threshold value 
#SVOZCHK Without the integrated amount SUMSVS 
reaching the predetermined value #SUMSVAF C, the deter 
mination of a failure of the O2 sensor 25 is suspended. This 
makes it possible to prevent an increase in an error in the 
integrated amount SUMSVS of exhaust gases resulting from 
a long-term integration of a small amount of supply of 
exhaust gases thereto, and thereby prevent an erroneous 
determination of a failure of the O2 sensor due to an 
erroneous value of the integrated amount SUMSVS of 
exhaust gases. Further, the determination of failure of the O2 
sensor 25 is suspended With reference to the predetermined 
time period #TMFCCKD elapsed after the termination of the 
F/C operation, it is possible to properly set the timing of 
discontinuation of the O2 sensor failure determination pro 
cess. 

[0099] Next, a second embodiment of the invention Will 
be described. This embodiment is distinguished from the 
?rst embodiment in that the ECU 2 also functions as timer 
means, and an executable condition determination process 
and a failure determination process are partially different 
from those of the ?rst embodiment. Therefore, basically, 
description of steps of these processes of the present 
embodiment assigned With the same step numbers as those 
in FIGS. 2 to 6, including steps Which are identical to those 
in FIGS. 4 and 5 and are precedent to steps shoWn in FIG. 
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9 are omitted, and only different portions and portions 
closely related thereWith Will be described. 

[0100] First, FIG. 8 is a ?owchart shoWing a program of 
the executable condition determination process for deter 
mining Whether or not the failure determination can be 
executed, and corresponds to the Whole of the ?oWcharts 
shoWn in FIGS. 2 and 3. This process is distinguished from 
the corresponding process of the ?rst embodiment in that 
after the step S13 Wherein the calculation of the integrated 
amount SUMSVS is carried out, the program directly pro 
ceeds to a step S17, Wherein the monitor ?ag MFCCHK is 
set to “2”, folloWed by terminating the program. That is, in 
the executable condition determination process, the steps of 
setting the integrated amount ?ag F_SVCH depending on 
Whether or not the supply of exhaust gases to the catalyst 
device 8 after termination of an F/C operation is suf?cient 
are omitted. 

[0101] Further, FIG. 9 corresponds to FIG. 6, and shoWs 
a portion of the failure determination process mainly includ 
ing steps executed after termination of an F/C operation. 
Since the other portions precedent to this portion are iden 
tical to those shoWn in FIGS. 4 and 5, ?gures and descrip 
tion thereof are omitted. In the FIG. 9 portion of the failure 
determination process, if the ansWer to the question of the 
step S48 is affirmative (YES), i.e. if the execution conditions 
for the failure determination after termination of an F/C 
operation are satis?ed, it is determined at steps S49 and S50 
Whether or not the ?ag F_FCTM assumes “0”, and Whether 
or not the ?ag F_AFCCHK assumes “1”, respectively. 

[0102] If the ansWers to the questions of the steps S49 and 
S50 are af?rmative (Yes), i.e. if F_FCTM=0 and F_AFC 
CHK=“1” hold, Which means that the failure determination 
on the O2 sensor 25 Was not carried out during the F/C 
operation since the engine 3 had entered the F/C operation 
from the lean air-fuel ratio operating condition, the program 
proceeds to a step S51, Wherein it is determined Whether or 
not the ?ag F_SZONE assumes “1”. 

[0103] If the ansWer to the question of the step S51 is 
af?rmative (Yes), i.e. if the signal value SVO2 of the signal 
from the O2 sensor 25 is larger than the predetermined 
threshold value #SVOZCHK, it is determined that the signal 
value SVO2 crossed the predetermined threshold value 
#SVOZCHK after the termination of the F/C operation, and 
that the O2 sensor 25 is normally operating, and the program 
proceeds to a step S52, Wherein the failure determination 
?ag F_OK is set to “1” so as to indicate the normally 
operating state of the O2 sensor 25. Then, the above 
mentioned steps S44 and S45 are carried out, folloWed by 
terminating the program. 

[0104] On the other hand, if the ansWer to the question of 
the step S51 is negative (No), i.e. if the signal value SVO2 
is equal to or smaller than the predetermined threshold value 
#SVOZCHK (the signal value SVO2 has not crossed the 
predetermined threshold value #SVOZCHK), the above step 
S56 is executed, folloWed by terminating the program. 

[0105] As described hereinbefore, if the execution condi 
tions for failure determination after termination of an F/C 
operation are satis?ed, it is alWays monitored Whether or not 
the signal value SVO2 has exceeded the predetermined 
threshold value #SVOZCHK (Whether or not the air-fuel 
ratio has become rich), and the instant the condition of 
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SVO2>#SVO2CHK is satis?ed, it can be determined that 
the O2 sensor 25 is normally operating. 

[0106] On the other hand, If either of the ansWers to the 
questions of the steps S49 and S50 is negative (No), i.e. if 
an F/C operation time period Was short, or if the engine had 
not entered the F/C operation from a lean air-fuel ratio 
operating condition of the engine, the above step S56 is 
carried out by skipping over the determination at the step 
S51, folloWed by terminating the program. 

[0107] If the ansWer to the question of the step S48 is 
negative (No), i.e. if MFCCHK¢2 (=0) holds, it is deter 
mined at steps S57 and S58 Whether or not the ?ag F_FCTM 
assumes “0”, and Whether or not the immediately preceding 
value MFCCHKl of the monitor ?ag MFCCHK is equal to 
“2”, respectively. 

[0108] If both of the ansWers to the questions of the steps 
S57 and S58 are af?rmative (Yes), i.e. if the predetermined 
time period #TMFCCKD has elapsed after the termination 
of the F/C operation before it can be con?rmed that the 
signal value SVO2 of the signal from the O2 sensor 25 has 
exceeded the predetermined threshold value #SVOZCHK, 
the program proceeds to a step S59, Wherein it is determined 
Whether or not the integrated amount SUMSVS of exhaust 
gases calculated at the above step S13 is equal to or larger 
than the predetermined value #SUMSVAF C. This predeter 
mined value #SUMSVAFC is set to a value large enough to 
cause the catalyst device 8 to recover from its excess 
oxygen-storing state, after the termination of the F/C opera 
tion. 

[0109] If the ansWer to the question of the step S59 is 
af?rmative (Yes), i.e. if SUMSVS Z#SUMSVAF C holds, it 
is determined that the O2 sensor 25 has failed, because it 
cannot be con?rmed that the signal value SVO2 has crossed 
the predetermined threshold value #SVOZCHK, in spite of 
a sufficient amount of supply of exhaust gases to the O2 
sensor 25 after the termination of the F/C operation, so that 
the program proceeds to a step S54, Wherein similarly to the 
step S43 described above, the fail safe ?ag F_FSD is set to 
“1”, and at the same time the failure determination ?ag 
F_OK is set to “0”. Then, the above steps S44 to S45 are 
carried out, folloWed by terminating the program. 

[0110] On the other hand, if the ansWer to the question of 
the step S59 is negative (No), i.e. if 
SUMSVS<#SUMSVAFC holds, Which means that a suf? 
cient amount of exhaust gases has not been supplied to the 
O2 sensor 25 over the predetermined time period #TMFC 
CKD after the termination of the F/C operation, the above 
steps S55 and S56 are carried out Without carrying out the 
failure determination on the O2 sensor 25, folloWed by 
terminating program. This makes it possible to prevent 
erroneous determination of a sensor failure, Which is caused 
by an insuf?cient supply of exhaust gases to the O2 sensor 
25. 

[0111] If the ansWer to the question of the step S57 or S58 
is negative (No), i.e. if F_FCTM=1 or MFCCHK1¢2 holds, 
Which means the F/C operation time period Was short, or this 
loop is not carried out immediately after the lapse of the 
predetermined time period #TMFCCKD, the above steps 
S55 and 56 are carried out by skipping over the failure 
determination at the step S59, folloWed by terminating the 
program. 
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[0112] Different points of the second embodiment from 
the ?rst embodiment Will be described With reference to 
FIG. 7 timing chart. During a determination time period 
from the time t2 to the time t4 at Which the predetermined 
time period #TMFCCKD elapses after the time t2, the 
failure determination (steps 49 to 51) on the O2 sensor 25 is 
carried out similarly to the ?rst embodiment. 

[0113] More speci?cally, as shoWn by the solid line in 
FIG. 7(c) (hoWever, as to the portion before t2, it is assumed 
that as shoWn by the one-dot-chain lines, the actual air-fuel 
ratio KACT is smaller than 1.0, and hence the signal value 
SVO2 is also smaller than the predetermined threshold value 
#SVOZCHK, so that the O2 sensor failure determination 
during the F/C operation is not carried out), if the signal 
value SVO2 of the signal from the O2 sensor 25 crosses the 
predetermined threshold value #SVOZCHK from the high 
level side to the loW level side Within the above determina 
tion time period, the O2 sensor is determined to be normally 
operating. This is the same as in the ?rst embodiment. On 
the other hand, as shoWn by the broken line in the ?gure, if 
the signal value SVO2 remains at the loW level Without 
crossing the predetermined threshold value #SVOZCHK, the 
failure determination is carried out based on the integrated 
amount SUMSVS of exhaust gases When the predetermined 
time period #TMFCCKD has elapsed (time t4). More spe 
ci?cally, When the integrated amount SUMSVS is equal to 
or larger than the predetermined value #SUMSVAF C, it is 
determined that the O2 sensor 25 has failed, Whereas When 
the integrated amount SUMSVS is smaller than the prede 
termined value #SUMSVAFC, it is judged that a suf?cient 
amount of exhaust gases has not been supplied to the O2 
sensor 25, so that the failure determination is suspended. 
Further, at the time t4, the monitor ?ag MFCCHK is 
changed from “2” to “0”. A time t5 thereafter in FIG. 7 
indicates a time point When the ?ag F_MCND is changed 
from “1” to “0” due to a decrease in the engine rotational 
speed NE, or the like. 

[0114] As described above in detail, according to the 
apparatus 1 of the second embodiment, it is determined 
Whether or not the signal value SVO2 of the signal from the 
O2 sensor 25 has crossed the predetermined threshold value 
#SVOZCHK after termination of an F/C operation, and the 
integrated amount SUMSVS of exhaust gases exhausted 
after the termination of the F/C operation is calculated. 
When the signal value SVO2 crosses the predetermined 
threshold value #SVOZCHK during a time period from a 
time point of the termination of the F/C operation up to a 
time point the predetermined time period #TMFCCKD has 
elapsed after the termination of the F/C operation, it is 
determined at this time point that the O2 sensor 25 is 
normally operating. Further, When the predetermined time 
period #TMFCCKD has elapsed With the signal value SVO2 
remaining at the loW level equal to or smaller than the 
predetermined threshold value #SVOZCHK, it is determined 
that the O2 sensor 25 has failed on condition that the 
integrated amount SUMSVS is equal to or larger than the 
predetermined value #SUMSVAF C. 

[0115] On the other hand, if the integrated amount 
SUMSVS is smaller than the predetermined value #SUMS 
VAFC, the failure determination on the O2 sensor 25 is 
suspended. Thus, When the predetermined time period 
#TMFCCKD has elapsed after the termination of the F/C 
operation, if exhaust gases are not sufficiently supplied to the 
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O2 sensor although the signal value SVO2 of the signal from 
the O2 sensor 25 has not crossed the predetermined thresh 
old value #SVO2CHK, differently from the conventional 
apparatus, the failure determination on the O2 sensor 25 is 
not carried out. This makes it possible to prevent erroneous 
determination of a failure of the O2 sensor 25, Which is 
caused by an insuf?cient supply of exhaust gases to the O2 
sensor 25. 

[0116] Further, in the ?rst and second embodiments of the 
invention described above, an air-fuel mixture richer than 
the stoichiometric air-fuel ratio is supplied to the engine 3 
immediately after termination of an F/C operation, Whereby 
exhaust gases containing a high concentration of HC (hydro 
carbon) and a high concentration of CO (carbon monoxide) 
are supplied to the catalyst device 8. This makes it possible 
to positively cause consumption of oxygen stored in the 
catalyst device 8 during the F/C operation, thereby causing 
the catalyst device 8 to promptly recover from its excess 
oxygen-storing state. As a result, exhaust gases With a rich 
air-fuel ratio, i.e. having a loW concentration of oxygen can 
be supplied to the O2 sensor 25 soon after the termination of 
the F/C operation, Whereby it is possible to promptly deter 
mine a failure of the O2 sensor, as described above. 

[0117] Although in the ?rst and second embodiments 
described hereinabove, as the oxygen concentration sensor, 
a type is employed Whose output voltage value is changed 
betWeen a high level and a loW level depending on the 
air-fuel ratio of an air-fuel mixture, this is not limitative, but 
in place of this type of oxygen concentration sensor, there 
may be used a so-called LAF sensor Which linearly detects 
the concentration of oxygen in exhaust gases, and delivers a 
signal proportional to the sensed concentration of oxygen. In 
this case, the predetermined threshold value may be set to a 
value Which is positively crossed by a signal value of the 
signal When the air-fuel ratio is changed betWeen a rich 
region and a lean region, eg a value equal to or close to a 
value corresponding to the stoichiometric air-fuel ratio. 
Further, an oxygen concentration sensor may be employed 
Which outputs a voltage value reverse in level to a voltage 
value output by the O2 sensor 25. 

[0118] It is further understood by those skilled in the art 
that the foregoing is a preferred embodiment of the inven 
tion, and that various changes and modi?cations may be 
made Without departing from the spirit and scope thereof. 

What is claimed is: 

1. An apparatus for determining a failure of an oxygen 
concentration sensor of an internal combustion engine that 
includes an exhaust system, and a catalyst arranged in said 
exhaust system, and is capable of carrying out a fuel cut-off 
operation, said oxygen concentration sensor being arranged 
in said exhaust system at a location doWnstream of said 
catalyst, for generating a signal indicative of a sensed 
concentration of oxygen in exhaust gases, 

the apparatus comprising: 

oxygen concentration change-determining means for 
determining Whether or not a signal value of said signal 
from said oxygen concentration sensor has crossed a 
predetermined threshold value after termination of said 
fuel cut-off operation; 




