
EP 0 402 953 B1 Description The present invention relates to an apparatus
according to the first part of claim 1. The air/fuel ratio of an air and
fuel mixture supplied to an internal combustion engine is generally
controlled 5   based on a signal sent from an oxygen sensor provided in the
exhaust system of the engine so as to lower the emission of exhaust
discharge of the engine. As shown In Fig. 19, the air/fuel ratio Is
controlled in accor- dance with output signal of the oxygen sensor in order
to maintain the air/fuel ratio near the stoichiometric ratio at which
purification of exhaust components reaches the optimum stage. When the
oxygen sensor used forfeed-back controlling the air/fuel ratio Is abnormal,
the emission of ex- 10  haust discharge may increase. Various techniques
have hence been proposed for diagnosing abnormality of the oxygen sensor
and furthermore for, when abnormality of the oxygen sensor Is detected,
compensating the feed-back control of the air/fuel ratio. An apparatus
according to the first part of claim 1 is known from DE 33 11 131 A1. The
known apparatus Is able to detect abnormality of such an oxygen sensor,
however, if abnormality is once detected there is no 15  exact teaching how
to take this finding Into account during the furter operation of the
internal compustion en- gine. A similar apparatus is knwon from US-A
3,938,075 where the same problems arise. Still some further examples of
such an apparatus for diagnosing abnormality of the oxygen sensor are
Illustrated in Japanese Published Unexamined Patent Applications No.
Sho-62-151770 and No. Sho-53-95421, and apparatus for compensating the
air/fuel ratio control are shown in Japanese Published Unexamined Patent
Applications No. 20  Sho-58-222939 and No. Sho-59-3137. When the oxygen
sensor is contaminated by various substances, the sensor output shifts to
lean or rich as shown in Fig. 20; that is, the performance of the oxygen
sensor varies. The feedback control of the air/fuel ratio according to an
output signal of the oxygen sensor is thereby not performed satisfactorily,
and thus the emission of exhaust discharge Increases. 26      For example,
when the oxygen sensor contaminated by silicon is used for feed-back
control of the air/fuel ratio, nitrogen oxides (NOx) in the exhaust
discharge Increase; and when the oxygen sensor contaminated by lead is
used, carbon monoxide (CO) in the exhaust discharge increases. SUMMARY OF
THE INVENTION 30 The object of the invention is to provide an apparatus for
appropriately controlling the air/fuel ratio of air and fuel mixture when
an oxygen sensor is abnormal. The solution of this object is given by the
characterizing features of claim 1. One embodiment of the present Invention
that realizes this object Is an abnormality detecting device for 35 oxygen
sensors shown In Fig. 1, which detects abnormality of an oxygen sensor M 2
sending a signal according to the oxygen concentration of exhaust gas
discharged from an internal combustion engine M 1. The abnor- mality
detecting device includes air/fuel ratio setting means M3 for setting the
air/fuel ratio of airand fuel mixture supplied to the Internal combustion
engine M1 lean or rich by open loop control; and abnormality detecting
means M4 fordetermining that the oxygen sensor M2 is abnormal if an output
signal of the oxygen sensor M2 40  Is not less than a predetermined
threshold when the air/fuel ratio is set to be lean by the air/fuel ratio
setting means M3. Alternatively, the oxygen sensor Is determined to be
abnormal if an output signal of the oxygen sensor M2 Is not greater than a
predetermined threshold when the air/fuel ratio Is set to be rich. In the
abnormality detecting device for oxygen sensors shown in Fig. 1, the
air/fuel ratio of air and fuel mixture supplied to the Internal combustion
engine M1 Issetto be lean or rich byopen loop control bythe air/fuel 46
ratio setting means M3. If an output signal of the oxygen sensor M2 is not
less than a predetermined threshold when the air/fuel ratio is set lean,
the abnormality detecting means M4 determines that the oxygen sensor M2 is
abnormal. If, on the other hand, an output signal of the oxygen sensor M2
Is not greater than a prede- termined threshold when the air/fuel ratio Is
set rich, the abnormality detecting means M4 also determines that the
oxygen sensor M2 is abnormal. 50      Another embodiment of the invention
is an abnormality detecting device for oxygen sensors shown In Fig. 2,
which detects an abnormality of an oxygen sensor M6 sending a signal
according to the oxygen concentra- tion of exhaust gas discharged from an
Internal combustion engine M5. The abnormality detecting device in- cludes
air/fuel ratio setting means M7 for periodically changing the air/fuel
ratio of air and fuel mixture supplied 



to the internal combustion engine M1 between lean and rich by open loop
control; limit value detecting means 55   M8 for detecting the minimum and
maximum values of an output signal sent from the oxygen sensor M6 when the
air/fuel ratio Issetto be rich or lean by the air/fuel ratio setting means
M7; and abnormality detecting means M9 for determining that the oxygen
sensor M6 Is abnormal when at least one of the minimum and maximum values
detected by the limit value detecting means M8 is within a predetermined
output range. 2    EP 0 402 953 B1 The minimum and maximum values of an
output signal may be the average of plural measurements. In the abnormality
detecting device for oxygen sensors shown in Fig. 2, the air/fuel ratio of
air and fuel mixture supplied to the internal combustion engine M5 is
periodically changed between lean and rich by open 5   loop control by the
air/fuel ratio setting means M7. The minimum and maximum values of an
output signal, sent from the oxygen sensor M6 when the air/fuel ratio is
set rich or lean, are detected by the limit value detecting means M8. When
at least one of the minimum and maximum values is within a predetermined
output range, the abnormality detecting means M9 determines that the oxygen
sensor M6 Is abnormal. A further embodiment of the invention is an
abnormality detecting device for oxygen sensors shown In 10  Fig. 3, which
detects abnormality of an oxygen sensor M11 outputting a signal according
to the oxygen con- centration of exhaust gas discharged from an Internal
combustion engine M10. The abnormality detecting de- vice includes air/fuel
ratio controlling means M12 for feed-back controlling the air/fuel ratio of
alrand fuel mixture supplied to the Internal combustion engine M10
according to an output signal of the oxygen sensor M11; and abnormality
detecting means M13 for determining that the oxygen sensor M11 is abnormal
if an output signal 15  of the oxygen sensor M11 is within a predetermined
range when the feed-back control of the air/fuel ratio is executed by the
air/fuel ratio controlling means M12. In the abnormality detecting
deviceforoxygen sensors shown in Fig. 3, thefeed-back control of the
air/fuel ratio is performed based on an output signal sent from the oxygen
sensor M11 by the air/fuel ratio controlling means M12. If the output
signal of the oxygen sensor M11 Is within a predetermined range when the
feed- 20  back control of the air/fuel ratio is executed, the abnormality
detecting means M13 determines that the oxygen sensor M11 Is abnormal. An
embodiment of the present invention for realizing the first second, and
other related objectives is an alr/fuel ratio controlling device shown in
Fig. 4, which controls the air/fuel ratio of air and fuel mixture supplied
to an Internal combustion engine M14 according to an output signal sent
from an oxygen sensor M15 provided 25  In the exhaust system of the
Internal combustion engine M14. The air/fuel ratio controlling device
includes ab- normality detecting means M16 for determining that the oxygen
sensor M15 is abnormal according to the va- riation of an output signal of
the oxygen sensor M15; air/fuel ratio setting means M17 for setting the
air/fuel ratio of air and fuel mixture supplied to the Internal combustion
engine M14 lean and rich by open loop control; median computing mean Ml 8
for determining the median of lean and rich signals outputted from the
oxygen 30  sensor M15 when the air/fuel ratio is set to be lean and rich by
the air/fuel ratio setting means M17; and thresh- old setting means M19
forsetting the median determined by the median computing means M18 as a
threshold which discriminates between rich and lean states of the air/fuel
ratio In feed-back control when abnormality of the oxygen sensor M15 is
detected by the abnormality detecting means M16. In the air/fuel ratio
controlling device of the invention shown in Fig. 4, the air/fuel ratio of
air and fuel mixture 35  supplied tothe Internal combustion engine M14 is
controlled according to an output signal sentfrom the oxygen sensor M15
provided in the exhaust system of the Internal combustion engine M14. When
the abnormality detecting means M16 determines that the oxygen sensor M15
is abnormal, the air/fuel ratio of the mixture supplied tothe internal
combustion engine M14 is set lean or rich byopen loop control by the
air/fuel ratiosetting means M17. Then the median of lean orrich signal
sentfrom the oxygen sensor M15 is computed bythe median 40  computing mean
M18. The threshold setting means M19 sets the median as a threshold which
discriminates between rich and lean states of the air/fuel ratio in
feed-back control. Here the abnormality detecting means M16 may be operated
by variety of principles; for example, the means M16 may be substantially
identical to any of the abnormality detecting means M4, M9 and M13. 



The open loop control is not feed-back control In which the air/fuel ratio
of air and fuel mixture is controlled 45  according to an output signal
sent from an oxygen sensor, but is simple selection control in which the
air/fuel ratio is simply set to a rich or lean state. The principles of the
abnormality detecting devices for oxygen sensors are described now. (1)
Abnormality detecting device for oxygen sensors shown In Fig. 1 As shown In
Fig. 5, in a normal oxygen sensor, when the air/fuel ratio is shifted from
lean (e.g., ratio 50      of air excess [err] = 1.03) to rich ( [err] =
0.97) by open loop control, the output signal of the oxygen sensor changes
from lower than a first threshold VI (e.g., 300 mV) and to higher than a
second threshold V2 (e.g., 700 mV); namely an output signal of the oxygen
sensor oscillates with a large variation in. When the feed-back control of
the air/fuel ratio is executed based on an output signal of an oxygen
sensor contaminated by silicon, exhaust of nitrogen oxides (NOx) increases.
In the oxygen sensor con- 55     taminated by silicon, the output signal
(voltage) is higher than those of the normal oxygen sensor when the
air/fuel ratio is in lean state. On the other hand, when the feed-back
control of the air/fuel ratio Is exe- cuted based on an output signal of an
oxygen sensor contaminated by lead, exhaust of carbon monoxide (CO)
increases. In the oxygen sensorcontaminated by lead, the outputsignal
(voltage) is lowerthan those of the normal oxygen sensor when the air/fuel
ratio is in rich state. 3    I EP 0 402 953 B1 When the output signal of
the oxygen sensor becomes not less than the first threshold [err] In the
lean air/fuel ratio, the oxygen sensor is determined to deteriorate so as
to cause the internal combustion engine to discharge a large amount of NOx.
On the other hand, when the an output signal of the oxygen sensor 5
become not greater than the second threshold V2 in the rich air/fuel ratio,
the oxygen sensor is determined to deteriorate so as to cause the internal
combustion engine to discharge a large amount of CO. (2) Abnormality
detecting device for oxygen sensors shown in Fig. 2 As shown in Fig. 6, in
a normal oxygen sensor, when the air/fuel ratio Is periodically changed
between lean and rich states by open loop control, the output signal
oscillates with a large variation in; the mininum 10      of the output
signal becomes lower than a first threshold [err] and the maximum becomes
higher than a second threshold V2. In an oxygen sensor contaminated such
that exhaust of NOx increases, the output signal has a high voltage and
oscillates around the second threshold V2 with a small amplitude. In an
oxygen sensor con- taminated such that exhaust of CO increases, the output
signal has a low voltage and oscillate around the 16     first threshold
[err] with a small amplitude. When either the minimum or the maximum of the
output signal sent from the oxygen sensor is within a predetermined range
between the first threshold [err] and the second threshold [err], the
oxygen sensor is determined to be abnormal. (3) Abnormality detecting
device for oxygen sensors shown in Fig. 3 20         As shown In Fig. 7, in
a normal oxygen sensor, when the feed-back control of the air/fuel ratio Is
exe- cuted, the output signal sent from the oxygen sensor oscillates with a
large variation In. In an oxygen sensor deteriorated such that exhaust of
either NOx or CO Increases, when the feed- back control of the air/fuel
ratio is executed, the output signal oscillates with a small amplitude near
a slice level [err] located between threshold VL and threshod [err]. 25
When the output signal of the oxygen sensor Is within a predetermined range
around the slice level [err], the oxygen sensor is determined to be
abnormal. BRIEF DESCRIPTION OF THE DRAWINGS 30      The invention may be
best understood by referring to the following detailed description of
preferred em- bodiments and the accompanying drawings, wherein like
numerals denote like elements and in which: Fig. 1 Is a block diagram
showing a feature of an abnormality detecting device for oxygen sensors
accord- ing to the Invention; 



Fig. 2 Is a block diagram showing another feature of an abnormality
detecting device for oxygen sensors 35      according to the Invention;
Fig. 3 Is a block diagram showing a further feature of an abnormality
detecting device for oxygen sensors according to the Invention; Fig. 4 Is a
block diagram showing a feature of an air/fuel ratio controlling device
according to the Invention; Fig. 5 Is an illustrative view showing the
principles of the feature of the invention shown in Fig. 1; 40      Fig. 8
Is an illustrative view showing the principles of the feature of the
Invention shown In Fig. 2; Fig. 7 Is an illustrative view showing the
principles of the feature of the invention shown In Fig. 3; Fig. 8 is a
schematic view Illustrating the Invention; Fig. 9 Is a flow chart showing
process of a first embodiment according to the feature shown In Fig. 1;
Fig. 10 is a flow chart showing process of a second embodiment according to
the feature shown in Fig. 1; 45      Fig. 11 Is a flow chart showing
process of a third embodiment according to the feature shown in Fig. 2;
Fig. 12 Is a flow chart showing process of a fourth embodiment according to
the feature shown in Fig. 3; Fig. 13 Is a flow chart showing process of a
fifth embodiment according to the feature shown in Fig. 4; Figs. 14A and
14B are graphs showing an output signal of the fifth embodiment of Fig. 13;
Fig. 15 is a flow chart showing process of a sixth embodiment according to
the feature shown In Fig. 4; 50      Figs. 16A and 16B are graphs showing
an output signal of the sixth embodiment of Fig. 15; Fig. 17 is a flow
chart showing process of a seventh embodiment according to the feature
shown in Fig. 4; Fig. 18 Is a graph showing an output signal of the seventh
embodiment; Fig. 19 Is a graph showing the relationship between the
air/fuel ratio and emission; and 55      Fig. 20 Is a graph showing the
relationship between the air/fuel ratio and sensor output. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS Preferred embodiments of the invention
are now described referring to the drawings. Since there may be 4    EP 0
402 953 B1 many modifications without departing from the scope of the
invention, the embodiments beloware not intended to limit the invention to
the embodiments, but are intended to illustrate the invention more dearly.
Fig. 8 is a schematic view illustrating the invention; i.e., an
apparatusfordetecting abnormalltyof an oxygen 5   sensor and for feed-back
controlling the air/fuel ratio. The apparatus 1 includes an electronic
control unit (hereinafter referred to as ECU) 3 fordetecting the con-
ditions of an engine 2 and executing various operations, e.g., controlling
the air/fuel ratio and diagnosing ab- normality of the oxygen sensor. The
engine 2 has a combustion chamber 7 including a cylinder4, a piston 5, and
cylinder head 6. The com- 10  bustion chamber further includes an ignition
plug 8. The inlet system of the engine 2 includes an intake valve 9, an
inlet port 10, an Inlet pipe 11, a surge tank 12 for absorbing surges of
intake air, a throttle valve 14 for controlling the amount of intake air,
and an air cleaner 15. The exhaust system of the engine 2 includes an
exhaust valve 16, an exhaust port 17, an exhaust manifold 15  18, a
catalytic converter 19 filled with a three-way catalyst and an exhaust pipe
20. The Ignition system ofthe engine 2 includes an igniter 21 forgenerating
a high voltage sufficientfor ignition and a distributor 22 connected to a
crank shaft (not shown) for selectively distributing the high voltage
gener- ated by the igniter 21 to the ignition plug 8. The fuel system of
the engine 2 Includes an electromagnetic fuel Injection valve 25 for
injecting fuel sent 20  from a fuel tank (not shown) into the inlet port
10. The engine 2 further has sensors for detecting the driving conditions;
i.e., a manifold air pressure sensor 31 for detecting the pressure of
intake air, an intake air temperature sensor 32 for detecting the
temperature of intake air, a throttle position sensor 33 for detecting the
opening of the throttle valve 14, a water temperature sensor 35 for
detecting the temperature of cooling water, and an upstream oxygen sensor
36 (hereinafter re- 



25  ferred to as an oxygen sensor) for detecting the oxygen concentration
of exhaust gas before it flows into the catalytic converter 19. A
downstream oxygen sensor 37 (hereinafter referred to as a sub-oxygen
sensor) may be provided ifnecessaryfordetecting the oxygen concentration of
exhaust gas after itflows out of the catalytic converter 19. A cylinder
discrimination sensor 38 for outputting a standard signal at every rotation
of a cam shaft of the distributor 22 and an engine speed sensor 39 for
outputting a signal of rotation angle at every 1/24 30  rotation of the cam
shaft of the distributor 22 are provided. An output signal from the sensors
is sent to the ECU 3. According to the input signal, the engine speed
control, the air/fuel ratio control, and other controls are executed. The
ECU 3 forms a logical operation circuit including a central processing unit
(CPU) 3a, a read only memory (ROM) 3b, a random access memory (RAM) 3c, a
backup RAM 3d, and a timer 3e; the components in the CPU are connected to
an input/output port 3g 35  through a common bus 3f and further connected
to peripheral devices. The CPU 3a receives detection signals sent through
an AID converter 3h and the input/output port 3g from the manifold air
pressure sensor 31, the intake air temperature sensor 32, the throttle
position sensor 33, the watertemperature sensor 35, the oxygen sensor 36,
and the sub-oxygen sensor 37. The CPU also receives signals sentfrom the
cylinder discrimination sensor 38 and the engine speed sensor 39 through a
waveform shaping circuit 3i and the input/output port 40  3g. The CPU 3a
drives and controls the igniter 21, the fuel ejection valve 25, and a check
lamp 40 for informing an operator of an abnormality of the oxygen sensor
36. Electricity is supplied to the backup RAM 3d of the ECU 3 without
running through an ignition switch (not shown); thus various data, such as
thresholds for feed-back control, are thus maintained irrespective of the
conditions of the ignition switch. 45      Processes offirstthrough fourth
embodiments for detecting abnormality of the oxygen sensor36 executed by
the ECU 3 are now explained based on the corresponding flow charts. Devices
of the first through fourth embodiments have a substantially similar
construction to that shown in the schematic view of Fig. 8. The first
embodiment will now be discussed with reference to Fig. 1. Processing
fordetermining if the oxy- gen sensor 36 is contaminated by silicon and
thus deteriorated such that the use of the sensor 38 increases 50  nitrogen
oxides (NOx) of exhaust discharge in feed-back control is explained based
on the flow chart of Fig. 9. This processing starts after warm-up of the
engine 2. At step 100, the feed-back control of the air/fuel ratio stops
and open loop control starts. At step 110, the air/fuel ratio is set to
lean in the open loop control by driving and regulating the fuel ejection
valve 25. The open- ing time period of the fuel ejection valve 25 is
shortened, and the air/fuel ratio is set to lean, for example, at 55    air
excess rate [err] =1.03, and is maintained for a certain time period. The
output signal sent from the oxygen sensor 36 is detected at step 120. When
the output signal of the oxygen sensor 36 is not less than a prede-
termined threshold [err] (e.g., 300mV), at step 130 the oxygen sensor is
determined to be contaminated by sil- icon. The exhaust of nitrogen oxides
will therefore be excessive. The check lamp 40 Is then lit at step 140 and
program exits from the processing. 5    EP 0 402 953 B1 This process
enables deteriorating oxygen sensors that are contaminated such that
exhaust of NOx is ex- cessive to be easily discriminated. The second
embodiment will also be discussed with reference to Fig. 1. Processing for
determining if the 5    oxygen sensor 36 Is contaminated by lead and thus
deteriorated such that the use of the sensor 36 increases carbon monoxide
(CO) of exhaust discharge In feed-back control is explained based on the
flow chart of Fig. 10. At step 200, the feed-back control of the air/fuel
ratio stops and open loop control starts. At step 210, the air/fuel ratio
Is set to rich in the open loop control by driving and regulating the fuel
ejection valve 25. The open- 10   ing time period of the fuel ejection
valve 25 is increased, and the air/fuel ratio Is set rich, for example to
[err] = 0.97, and is maintained for a certain time period. The output
signal sent from the oxygen sensor 36 is detected at step 220. When the
output signal of the oxygen sensor 36 is not greater than a predetermined
threshold V4 (e.g., 700mV), at step 230 the oxygen sensor is determined to
be contaminated by lead. The exhaust of 



carbon monoxide will therefore be excessive. The check lamp 40 is then lit
at step 240 and program exits from 15  the processing. This process enables
deteriorating oxygen sensors that are contaminated such that exhaust of CO
is ex- cessive to be easily discriminated. The third embodiment will be
described with reference to Fig. 2. Processing for determining If the
oxygen sensor 36 is contaminated by silicon or lead and thereby
deteriorated is explained based on the flow chart of 20  Fig. 11. At step
300, the feed-back control of the air/fuel ratio stops and open loop
control starts. At step 310, the air/fuel ratio is periodically changed
between lean and rich in the open loop control by driving and regulating
the fuel ejection valve 25. The opening time period of the fuel ejection
valve 25 is adjusted, and the air/fuel ratio is periodically changed
between rich, e.g.,  = 0.97 and lean, e.g., [err] = 1.03 at the cycle of 2
Hz. The output 25  signal sent from the oxygen sensor 38 is detected at
step 320. The program proceeds to step 330 at which the minimum and maximum
of the output signal are determined. Then, at step 340 and step 350, It is
determined if the minimum and the maximum of the output signal of the
oxygen sensor 36 are within a predetermined output range. When either the
minimum or the maximum of the output signal is determined to be within the
predetermined range, that is, when the minimum is not less than a first
threshold [err] (step 340) or when the 30   maximum is not greater than a
second threshold V2 (step 350) as shown in Fig. 6, the oxygen sensor 36 is
determined to be contaminated and thus its operation is degraded. The check
lamp 40 is then lit at step 380 and the program exits from the processing.
This process enables an oxygen sensor whose operation is degraded by
contamination to be easily dis- criminated. 35      Thefourth embodiment is
In accordance with the feature of Fig. 3. Processing for determining if the
oxygen sensor 36 is contaminated by silicon or lead and thereby
deteriorated is explained based on the flow chart of Fig. 12. This process
for detecting abnormality of the oxygen sensor 36 is executed while the
feed-back control of the air/fuel ratio is being executed. At step 400, an
output signal sent from the oxygen sensor 36 are detected while the
feed-back control of 40  the air/fuel ratio is being executed. The program
proceeds to step 410 at which the minimum and maximum of the output signal
are determined. Then at step 420 and step 430, it is determined if the
minimum and the max- imum of the output signal are within a predetermined
range around a slice level [err] between threshold [err] and threshold
[err]. When the minimum is not less than a threshold VL lower than the
slice level [err] at step 420 and when the maximum is not greater than a
threshold VH higher than the slice level [err] at step 430 as shown In 45
Fig. 7, the oxygen sensor 36 is determined to be contaminated and its
operation thus degraded. The check lamp 40 is then lit at step 440 and
program exits from the processing. The above processes fordetecting
abnormality of the oxygen sensor 38 may be executed when a car with the
oxygen sensor 36 stops ata traffic light or is checked and examined in a
garage. In the above first through fourth embodiments, deterioration of the
oxygen sensor 36 is detected, but the same processes are applicable 50  to
detecting deterioration of the sub-oxygen sensor 37. As described above, In
the apparatus for detecting abnormality of an oxygen sensor shown in Fig.
1, the oxygen sensor is determined to be abnormal and its operation
degraded if an outputsignal of the oxygen sensor is not less than a
predetermined threshold when the air/fuel ratio is set to lean, or if an
output signal of the oxygen sensor is not greater than a predetermined
threshold when the air/fuel ratio is set to rich. Deteriorating 55  oxygen
sensors which are contaminated by silicon or lead and therefore resulting
In an increased exhaust of NOx or CO in the feed-back control of the
air/fuel ratio are easily and accurately detected. In the apparatus
fordetecting abnormality of an oxygen sensorshown In Fig. 2, the minimum
and maximum of a signal, output from the oxygen sensor when the air/fuel
ratio is set to lean or rich by open loop control are determined. The
oxygen sensor is determined to be abnormal and its operation degraded when
at least one 6    EP 0 402 953 B1 of the minimum and maximum values is
within a predetermined output range. Deteriorating oxygen sensors 



are also easily and accurately detected. In the apparatus for detecting
abnormality of an oxygen sensor shown in Fig. 3, the feed-back control of 5
the air/fuel ratio is performed based on an output signal sent from the
oxygen sensor. When the output signal of the oxygen sensor is within a
predetermined output range, the oxygen sensor is determined to be abnormal
and thus Its operation degraded. Deteriorating oxygen sensors are as easily
and accurately detected by the above apparatus. Now examples in which
abnormality of the oxygen sensor 36 is detected by the above processes are
ex- 10  plained. In the examples below, the normal oxygen sensor or
deteriorating oxygen sensor 36 is mounted on the exhaust system of a
vehicle. An output signal of the oxygen sensor 36 are detected under
various conditions, e.g., the variation of the engine speed or the air/fuel
ratio. 15  (Example 1) Voltages of the signals output from plural oxygen
sensors in the lean air/fuel ratio are measured at variety of engine
speeds. The exhaust amount of nitrogen oxides varies depending on the
oxygen sensor. Table 1 shows the measurement conditions and the results. In
Table 1, Aand B denote automobile models on which 20  the oxygen sensors
are mounted, and C and D denote measurement conditions. The conditions of C
are as follows: a large flow rate of exhaust discharge; engine speed 1,500
rpm; and the air excess rate [err]=1.04. The conditions of D are as
follows: a small flow rate of exhaust discharge; engine speed 800 rpm; and
the airexcess rate [err]=1.03. Samples No. 1 and No. 2 are normal oxygen
sensors and No. 3 through No. 5 are deteriorating sensors which increase
the exhaust of nitrogen oxides. Each resulting value in Table 1 Is the
average of three 25  measurements. Table 1 30      Emission of NOx in
exhaust gas              Sensor output voltage  (mV) (g/mile)
C             D Automobile models                        1,500 rpm   800rpm
35      No.  A               B                          A -1. 04        A
=1. 03 1     0.20          0.40                         80             75 2
0.52         1.20                         280           200 40 3     0.70
1.60                        450            380 4     1.20          3.50
550           450 5     1.71          5.10                         700
650 45 As clearly seen In Table 1, in the normal oxygen sensors, No. 1 and
No. 2, the sensor outputs in the lean air/fuel ratio range are maintained
small Irrespective of the engine speed. In the deterioration oxygen
sensors, 50  No.3 through No. 5, on the other hand, the sensor outputs are
relatively large. With a predetermined threshold (e.g., 300 mV), oxygen
sensors are thus easily determined to be normal ones or deteriorating ones,
In other words, those increase exhaust of NOx. Table 2 shows the preferable
measurement conditions. 55 7    EP 0 402 953 B1 Table 2 5
Condition 1         Condition 2          Condition 3 Engine speed
500 to  1,000   1,000 to  1,500   1,500 to 2,000 (rpm) 10     Air excess
rate   1.0 to 1.03    1.01  to 1.04                1.02  to 1.05 15
(Example 2) 



Voltages of the signals output from plural oxygen sensors In the rich
air/fuel ratio are measured at variety 20  of engine speeds. The exhaust
amount of carbon monoxide varies depending on the oxygen sensor. Table 3
shows the measurement conditions and the results. In Table 3, A and B are
the same as Example 1, and C and D are also the same except the air excess
rate [err]=0.97. Samples No.1 and No.2 are normal oxygen sensors and No. 3
and No. 4 are deteriorating sensors which increase carbon monoxide. Each
resulting value in Table 1 Is the average of three measurements. 25 Table 3
Emission of CO in exhaust gas             Sensor output voltage  (mV) 30
(g/mile)                                    C             D Automobile
models                       1,500 rpm    800rpm No.  A              B
[err]=0.97          [err]=0.97 35 1     5.0          2.5
890            900 2     7.2          4.1                         800
820 3     9.8          6.2                         580            600 40
11.8       8.9                         360            390 45 As dearly seen
in Table 3, in the normal oxygen sensors, No. 1 and No. 2, the sensor
outputs In the rich air/fuel ratio are maintained large irrespective of the
engine speed. In the deterioration oxygen sensors, No.3 and No. 4, on the
other hand, the sensor outputs are relatively small. With a predetermined
threshold (e.g., 700 mV), oxygen sensors are thus easily determined to be
normal ones or deteriorating ones that allows an 50  increase in exhaust of
CO. Table 4 shows the preferable measurement conditions. 55    EP 0 402 953
B1 Table 4 Condition 1       Condition 2          Condition 3 Engine speed
500 to 1,000   1,000 to 1,500   1,500 to 2,000 (rpm) Air excess rate  0.99
to 0.97    0.99 to 0.96               0.99 to 0.96 15 (Example 3) In
Example 3, the air/fuel ratio is periodically changed between lean and
rich. The minimum and the max- imum of the voltages of the signals output
from various oxygen sensors are measured at variety of engine 20  speeds.
Table 5 shows the measurement conditions and the results for NOx, and Table
6 shows those for CO. In Tables 5 and 6, A and B are the same as Example 1,
and the engine speed for C and D are also the same as Example 1. The air
excess rate [err] and the changeover cycle (Hz) are the same in both Table
5 and Table 6. Samples No. 1 and No. 2 are normal oxygen sensors and Nos. 3
through No. 5 are deteriorating sensors. 25 Table 5 Emission of NOx in
exhaust gas            Sensor output voltage. (mV) 30           (g/mile)
C             D Automobile models                      [err]=1.03       A
-1. 03 -0.96          -0.97 35      No.  A              B
2 (Hz)        1.2 (Hz) 1     0.20          0.40                     910-
130          900- 130 



2     0.52          1.20                     830- 250          810- 250 40
3     0.70          1.60                     870- 360          880- 350 4
1.20          3.50                     900- 740          840- 630 5
1.71          5.10                     870- 840         810- 780 45 50 55 9
EP 0 402 953 B1 5       Table 6 Emission of CO in exhaust gas
Sensor output voltage  (mV) (g/mile)                              C
D 10             Automobile models                  [err]=1.03
[err] =1.03 -0.96           -0.97 No.  A              B
2 (Hz)        1.2  (Hz) 15 1    5.0            2.5
910- 130       900- 130 2     7.2         4.1                        780-
160       810- 190 3     9.8          6.2                       520- 190
.580- 170 20 4    11.8          8.9                       400- 210
440- 180 25     As clearly seen in Table 5 and Table 8, in the normal
oxygen sensors, No. 1 and No. 2, the difference of the sensor outputs
between in the lean air/fuel ratio and in the rich air/fuel ratio Is large
irrespective of the engine speed. In the deterioration oxygen sensors, No.3
through No. 5, on the other hand, the difference of the sensor outputs is
relatively small. With two predetermined thresholds (e.g., 300 mV and 700
mV), oxygen sensors are thus easily determined to be normal ones or
deteriorating ones that increase the exhaust of NOx 30  or CO. Table 7
shows the preferable measurement conditions. Table 7 35 Condition 1
Condition 2          Condition 3 Engine speed        500 to 1,000  1,000 to
1,500   1,500 to 2,000 40         (rpm) Frequency           0.8 to 1.4
1.2 to 1.8          1.6 to 2.2 (Hz) 45       A   rich            [err]0.97
[err]0.97               [err]0.96 lean           [err]1. 03
[err]1.03               [err]1. 04 50 (Example 4) In Example 4, the output
signal is measured not In open loop control but in the feed-back control of
the air/fuel ratio. The minimum (in the lean air/fuel ratio) and the
maximum (in the rich air/fuel ratio) of the voltages 55  of signals output
from various oxygen sensors is measured during the feed-back control of the
air/fuel ratio. Table 8 shows the measurement conditions and the results
for NOx, and Table 9 shows those for CO. In Tables 8 and 9, C and D denote
measurement conditions; that Is, automobile model A is driven at a constant
speed. Samples No. 1 and No. 2 are normal oxygen sensors and No. 3 and No.
4 are deteriorating sensors. 10   



EP 0 402 953 B1 5      Table 8 Emission of NOx in exhaust gas
Sensor output voltage (mV) (g/mile)                                   C
D 10          Driving conditions                              80 km/hr
40 km/hr 8 ps             2 ps Automobile models 15     No .  A
B                       rich   - lean    rich - lean 1     0.20
0.40                     900- 120          910- 110 2     0.52
1.20                     850- 200          860- 190 20     3      1.20
3.50                     840- 300           840- 280 4     1.71
5.10                     820- 360          840- 360 25 Table 9 30 Emission
of Co in exhaust gas            Sensor output voltage (mV) (g/mile)
C             D Driving  conditions       80 km/hr        40 km/hr 8 ps
2 ps Automobile models 40    No.  A
rich - lean    rich - lean 1     5.0         2.5
900- 130       910- 110 2     7.2         4.1
850- 200      880- 160 45     3     9.8          6.2
760- 350       750- 280 4    11.8          8.9
600- 400       580- 350 50 As clearly seen in Table 8 and Table 9, in the
normal oxygen sensors, No. 1 and No. 2, the difference of the sensor
outputs between the lean air/fuel ratio and the rich air/fuel ratio (i.e.,
the difference between the maximum and the minimum) Is large. In the
deteriorating oxygen sensors, No.3 and No. 4, on the other hand, the
difference of the sensor outputs Is relatively small. With two
predetermined thresholds VL and [err] (e.g., 55 250 mV and 850 mV), oxygen
sensors are thus easily determined to be normal ones or deteriorating ones,
in other words, those increase exhaust of NOx or CO. Processes of fifth
through seventh embodiments for controlling the air/fuel ratio executed by
the ECU 3 are now explained based on the corresponding flowcharts. Devices
of the fifth through seventh embodiments have a substantially identical
construction as shown In the schematic view of Fig. 8.    EP 0 402 953 B1
The fifth embodimentwill be discussed with reference to Fig. 4. Processing
for maintaining the air/fuel ratio lean and then rich, measuring the
outputsignal of the oxygen sensor 36 in lean and rich states, and
determining the median of the output signal is explained based on the flow
chart of Fig. 13. This processing starts after 5   warm-up of the engine 2.
At step 500, the feed-back control of the air/fuel ratio stops and open
loop control starts. At step 510, the air/fuel ratio Is set to lean (e.g.,
the air excess rate [err]=1.02) In the open loop control by driving and
regulating the fuel ejection valve 25 and Is maintained for a certain time
period. An output signal DL of the oxygen sensor 36 for the lean state Is
detected at step 520. 10     Then at step 530, the air/fuel ratio Is set to
rich (e.g., [err]=0.98) in the open loop control by driving and reg-
ulating the fuel ejection valve 25 and is maintained for a certain time
period. An output signal DR of the oxygen sensor 36 for the rich state Is
detected at step 540. When the output signal [err] of the oxygen sensor 36
in the lean state is not less than a predetermined 



threshold [err] (e.g., 400mV), the oxygen sensor is determined to be
abnormal at step 550 and the check lamp 15 40 is then lit at step 560. On
the other hand, when the output signal DR of the oxygen sensor 36 in the
rich state Is not greater than a predetermined threshold VR (e.g., 700mV),
the oxygen sensor is determined to be abnormal at step 570 and the check
lamp 40 is then lit at step 560. When the oxygen sensor 36 is determined to
be abnormal at either step 550 or step 570, the median [err] of the output
signal DL In lean state and DR In rich state Is determined at step 580. The
program proceeds to 20  step 590 at which the median [err] Is set as a
threshold (slice level) for discriminating lean and rich in the feed- back
control of the air/fuel ratio and then exits from the processing. As shown
in Fig. 14A, when the voltage of the output signal [err] in [err]=1.02 is
500 mV and that of the output signal DR in [err]=0.98 is 900 mV, the median
VH is equal to 700 mV. The median VTH is used as the threshold in the
feed-back control of the air/fuel ratio. Even if the output signal of the
oxygen sensor 36 oscillates at a 25  higher voltage or a lower voltage,
virtually the center of the oscillation becomes equal to the threshold.
Thus lean and rich states of the air/fuel ratio are appropriately
discriminated from each other and are converted Into binary signals of 0V
and 5V as shown In Fig. 14B. The optimum threshold is set according to the
output signal of the oxygen sensor 36 as explained above. Even when the
oxygen sensor 36 Is contaminated and its output is degraded, the lean and
rich states are prop- 30  erly detected and the air/fuel ratio is
preferably controlled. In the fifth embodiment, abnormality of the oxygen
sensor 36 is detected in a similar manner as the first or the second
embodiment. Other methods, however, may be applied for detecting
abnormality of the oxygen sensor. For example, those of the third and
fourth embodiments are applicable. The sixth embodiment will also be
described with reference to Fig. 4. Processing for controlling the air/fuel
35  ratio by using the minimum and maximum of the output signal of the
oxygen sensor 36 are explained based on the flow chart of Fig. 15. At step
600, the feed-back control of the air/fuel ratio stops and open loop
control starts. At step 610, the air/fuel ratio is periodically changed
between rich and lean in the open loop control by driving and regulating
the fuel injection valve 25. The output signal of the oxygen sensor 36 in
rich and lean states is detected at step 40  620. The minimum VMIN and
maximum [err] of the output signal are then determined at step 630. When
even one ofthe minimum ormaximum of the output signal is within a
predetermined output range, the oxygen sensor 36 is determined to be
abnormal at step 640 and the check lamp 40 is then lit at step 650. When
the oxygen sensor 36 Is determined to be abnormal at step 640, the median
VTH between the mini- mum VMIN and the maximum [err] are determined at step
660. The program proceeds to step 670 at which the 45  median [err] is set
as a threshold for discriminating lean and rich in the feed-back control of
the air/fuel ratio and then exits from the processing. As shown in Fig.
16A, when output signal of the oxygen sensor 36 oscillates at a voltage
higher than a predetermined threshold [err], the oxygen sensor 36 Is
determined to be abnormal, and the median VTH between the minimum [err] and
the maximum [err] is determined to be a threshold. Even if the output
signal of the 50  oxygen sensor 36 is abnormal, lean and rich states of the
air/fuel ratio in the feed-back control of the air/fuel ratio are
appropriately discriminated from each other and are converted into binary
signals of 0V and 5V as shown in Fig. 16B. The optimum threshold Is set
according to the output signal of the oxygen sensor 36 as explained above.
Thus, even when the oxygen sensor 36 is contaminated and its output shifts
to a higher or lower voltage, the 55  air/fuel ratio is preferably
controlled. The seventh embodiment will also be explained with reference to
Fig. 4. An alternative processing for con- trol using the median VTH of the
output signal of the oxygen sensor 36 based on the flow chart of Fig. 17.
When abnormality of the oxygen sensor 36 is detected at step 700 in the
same manner as the fifth or the sixth embodiments explained above, the
median VTH Is determined at step 710. The program proceeds to step 12    EP
0 402 953 B1 720 atwhich the voltages of the signals outputfrom the oxygen
sensor36 in the feed-back control of the air/fuel 



ratio are proportionally converted based on the value of the median [err],
thus allowing the output signal to be converted into a normal signal with a
large variation in amplitude, and the program then exits from the proc- 5
essing. The voltage generated as an output signal of the oxygen sensor is
converted as shown in Fig. 18 and Table 10. 10      Table 10 Voltage
measured  (mV)              Voltage converted (mV) 500
0 15            00                                    ,000 700
500 600                                    250 20 800
750 26      For example, when the voltage of the output signal is higher
than a predetermined threshold [err], a signal of 500 mV in the lean
air/fuel ratio ( [err]=1 .02) is converted into that of 0 V, and a signal
of 900 mV in the rich air/fuel ratio ([err]=0.98) Into that of 1V. The
center of the amplitude of the abnormal signal outputfrom the oxygen sensor
Is corrected to the predetermined threshold [err] or 500 mV; namely, the
voltage of an abnormal signal is proportionally converted into that of a
normal signal with a large variation In. In this embodiment, when X 30
denotes voltage measured and Y denotes voltage converted, the conversion is
performed based on the fol- lowing equation for conversion. Y = 2.5X - 1250
Since an output signal Is compensated in the above manner, even when the
signal is shifted to a higher voltage or a lower voltage or have only a
small amplitude, the air/fuel ratio is adequately detected using the 35
predetermined threshold [err] and thus Is preferably controlled. As
described above, in the apparatus for controlling the air/fuel ratio of the
invention, the air/fuel ratio is set lean or rich by open loop control, and
the median of an output signal of the oxygen sensor In the lean or rich
state is determined. When the oxygen sensor is determined to be abnormal,
the median is set as a threshold for dis- criminating between rich and lean
of the air/fuel ratio in the feed-back control. Thus, even when the oxygen
sensor 40  deteriorates by contamination and outputs an abnormal signal,
the feed-back control ofthe air/fuel ratio is preferably performed. Claims
45 1. An apparatus for regulating the emission of exhaust gas discharged
from an internal combustion engine, comprising: oxygen sensing means (M 2,
M 6, M 11, M 15) for generating an oxygen concentration signal indi- cating
the concentration of exhaust gas discharged from an internal combustion
engine (M 1, M 5, M 10, 50      M 14); air/fuel ratio setting means (M 3, M
7, M 12, M 17) for setting the air/fuel ratio of air to fuel In an airifuel
mixture supplied to the Internal combustion engine based on a predetermined
threshold value and the value of the oxygen concentration signal; limit
value detecting means (M 8) for detecting the minimum and maximum of the
oxygen concen- 55      tration signal when the air/fuel ratio setting means
changes the alr/fuel ratio between lean and rich, abnormality detection
means (M 4, M 9, M 13, M 16) for determining that the oxygen sensor is ab-
normal when at least one of the minimum and maximum values detected by the
limit value detecting means is within a predetermined range, characterized
by median calculation means (M 18) for calculating a median (VTH) of the
minimum (Vmin) and max- 13    EP 0 402 953 B1 720 atwhich the voltages of
the signals outputfrom the oxygen sensor 36 in the feed-back control ofthe
air/fuel 



ratio are proportionally converted based on the value of the median [err],
thus allowing the output signal to be converted Into a normal signal with a
large variation in amplitude, and the program then exits from the proc- 5
essing. The voltage generated as an output signal of the oxygen sensor is
converted as shown in Fig. 18 and Table 10. 10      Table 10 Voltage
measured (mV)              Voltage converted (mV) 500
0 15              900                                   1,000 700
500 600                                    250 20 800
750 25      For example, when the voltage of the output signal is higher
than a predetermined threshold [err], a signal of 500 mV in the lean
air/fuel ratio ([err]=1.02) is converted into that of 0 V, and a signal of
900 mV in the rich air/fuel ratio ([err]=0.98) Intothatof 1V. The center of
the amplitude of the abnormal signal output from the oxygen sensor is
corrected to the predetermined threshold [err] or 500 mV; namely, the
voltage of an abnormal signal is proportionally converted Into that of a
normal signal with a large variation in. In this embodiment, when X 30
denotes voltage measured and Y denotes voltage converted, the conversion Is
performed based on the fol- lowing equation for conversion. Y = 2.5X - 1250
Since an output signal is compensated in the above manner, even when the
signal is shifted to a higher voltage or a lower voltage or have only a
small amplitude, the air/fuel ratio is adequately detected using the 35
predetermined threshold [err] and thus is preferably controlled. As
described above, In the apparatus for controlling the air/fuel ratio of the
invention, the air/fuel ratio is set lean or rich by open loop control, and
the median of an output signal of the oxygen sensor in the lean or rich
state is determined. When the oxygen sensor is determined to be abnormal,
the median is set as a threshold for dis- criminating between rich and lean
of the air/fuel ratio in the feed-back control. Thus, even when the oxygen
sensor 40  deteriorates bycontamination and outputs an abnormal signal, the
feed-back control ofthe air/fuel ratio is preferably performed. Claims 46
1. An apparatus for regulating the emission of exhaust gas discharged from
an Internal combustion engine, comprising: oxygen sensing means (M 2, M 6,
M 11, M 15) for generating an oxygen concentration signal indi- cating the
concentration of exhaust gas discharged from an internal combustion engine
(M 1, M 5, M 10, 50      M 14); air/fuel ratio setting means (M 3, M 7, M
12, M 17) for setting the air/fuel ratio of air to fuel in an air/fuel
mixture supplied to the internal combustion engine based on a predetermined
threshold value and the value of the oxygen concentration signal; limit
value detecting means (M 8) for detecting the minimum and maximum of the
oxygen concen- 55      tration signal when the air/fuel ratio setting means
changes the air/fuel ratio between lean and rich, abnormality detection
means (M 4, M 9, M 13, M 16) for determining that the oxygen sensor is ab-
normal when at least one of the minimum and maximum values detected by the
limit value detecting means is within a predetermined range, characterized
by median calculation means (M 18) for calculating a median (VTH) of the
minimum (Vmin) and max- 13    EP 0 402 953 B1 imum (Vmax) of the oxygen
concentration signal; wherein 



when the abnormality detection means (M 4, M 9, M 13, M 16) determines that
the oxygen sensing means (M 2, M 6, M 11, M 15) Is abnormal, the
abnormality detection means calculates a new threshold 5       value
according to VTH = Vmin/2 + Vmax/2 and the air/fuel ratio setting means (M
3, M 7, M 12, M 17) sets the air/fuel ratio based on the new threshold
value and the value of the oxygen concentration signal. 2. The apparatus of
claim 1, in which the abnormality detection means (M 4, M 9, M 13, M 16)
determines that the oxygen sensing means is abnormal when the value of the
oxygen concentration signal is not less 10      than a first predetermined
value while the air/fuel ratio setting means (M 3, M 7, M 12, M 17) sets
the air/fuel ratio to lean during open loop control. 3. The apparatus of
claim 1 or2, in which the abnormality detection means (M 4, M 9, M 13, M
16) determines that the oxygen sensing means is abnormal when the value of
the oxygen concentration signal is not 15      greater than a second
predetermined value while the air/fuel ratio setting means (M 3, M7, M12, M
17) sets the air/fuel ratio to rich during open loop control. 4. The
apparatus of claim 1, in which the second predetermined threshold value is
greater than the first pre- determined threshold value. 20  5. The
apparatus of claim 4, In which the abnormality detection means (M 4, M 9, M
13, M 16) determines that the oxygen sensing means (M 2, M 6, M 11, M 15)
is abnormal when the oxygen concentration signal is not less than the first
predetermined value while the air/fuel ratio setting means (M 3, M 7, M 12,
M 17) sets the air/fuel ratio to lean during open loop control orwhen the
oxygen concentration signal is not great- er than the second predetermined
value while the air/fuel ratio setting means (M 3, M 7, M 12, M 17) sets 25
the air/fuel ratio to rich during open loop control. 6.  The apparatus of
claim 5, in which the abnormality detection means (M 9) determines that the
oxygen sensing means (M 6) is abnormal while the air/fuel ratio setting
means (M 7) periodically changes the air/fuel ratio be- tween lean and rich
during open loop control. 30 7. The apparatus of claim 4, In which the
abnormality detection means (M 4, M 9, M 13, M 16) determines that the
oxygen sensing means (M 2, M 6, M 11, M 15) is abnormal when the oxygen
concentration signal is not less than the first predetermined value while
the air/fuel ratio setting means (M 3, M7, M 12, M 17) sets the air/fuel
ratio to lean and the oxygen concentration signal is not greater than the
second prede- 35      termined value while the air/fuel ratio setting means
(M 3, M 7, M 12, M 17) sets the air/fuel ratio to rich. 8. The apparatus of
claim 7, in which the abnormality detection means (M 4, M 9, M 13, M 16)
determines that the oxygen sensing means is abnormal while the air/fuel
ratio setting means (M 3, M 7, M 12, M 17) changes the air/fuel ratio
between lean and rich during open loop control. 40 9. The apparatus of one
of claims 1 to 8, in which the abnormality detection means (M 4, M 9, M 13,
M 16) determines that the oxygen sensing means (M 2, M 6, M 11, M 15) is
abnormal during open loop control by measuring the maximum and minimum of
the oxygen concentration signal while the air/fuel ratio setting means (M
3, M 7, M 12, M 17) changes the air/fuel ratio between lean and rich. 10.
The apparatus of one of claims 1 to 9, in which, when the abnormality
detection means (M 4, M 9, M 13, M 16) determines that the oxygen sensing
means is abnormal, the abnormality detection means (M 4, M 9, M 13, M 16)
determines a conversion factor based on the median of the minimum and
maximum of the output signal and calculates a converted 50      oxygen
concentration signal from the conversion factor, and the air/fuel ratio
setting means (M 3, M 7, M 12, M 17) sets the air/fuel ratio based on the
threshold value and the converted oxygen concentration signal. 11. The
apparatus of one of claims 1 to 10, in which the minimum and maximum values
are determined by averaging plural measurements. 55 14    EP 0 402 953 B1 



PatentansprOche 1. Vorrichtung zum Regulieren der Abgasemmisslon aus einer
Brennkraftmaschine, mit: 5             Sauerstoffsensormitteln (M 2, M 6, M
11, M 15) zur Erzeugung eines Sauerstoffkonzentrationssi- gnals, daodie
Konzentration lmvon einerBrennkraftmaschine (M 1, M 5, M 10, M 14)
abgegebenenAbgas angibt; Vorgabemittein (M 3, M 7, M 12, M 17) fur das
Luft/Kraftstoff-Verhaltnbs zur Vorgabe des Luft/Kraftstoff-Verhaltnisses
von Luft zu Kraftstoff in einer der Brennkraftmaschine zugeffhrten 10
Luft/Kraftstoff-Mischung, basierend auf einem vorbestimmten Schwellwert und
dem Wart des Sauerstoff- konzentrationssignals; Grenzwerterfasoungmmittein
(M 8) zur Erfassung des Minimums und des Maximums des Sauer-
stoffkonzentrationssignals, wenn die Vorgabemittel fOr das
Luft/Kraftstoff-Verhaltnis dieses Luft/Kraftstoff-Verhaltnis zwischen mager
und fett wechseln; 15            Abnormalitltserfassungsmittel (M 4, M 9, M
13, M 16) zur Festlegung, daM der Sauerstoffsensor abnormal bst, wenn
wenigstens einer der durch die Grenzwerterfassungsmittl erfabten Minimum-
und Maximumwerte innerhalb elnes vorbestimmbtn Bereichs liegt,
gekennzelchnet durch Medianwertberechnungsmittel (M 18) zur Berechnung
eines mittleren Werts (VTH) aus dem Mini- mum (Vmin) und dem Maximum (Vmax)
des Sauerstoffkonzentrationssignals, wobel die Abnormalitats- 20
erfassungsmittel (M 4, M 9, M 13, M 16) bei einer Festlegung, daS die
Sauerstoffsensormittel (M 2, M 6, M 11, M 15) abnormal sind, elnen neuen
Schweliwert gemAS VTH = Vmin/2 + Vmaxl2 berechnen und die Vorgabemittel (M
3, M 7, M 12, M 17) fir das Luft/Kraftstoff-Verhaltnis dieses
Luft/Kraftshaf-Verhltnis auf der Basis des neuen Schwellwerts und des Werts
des Sauerstoffkonzentrationssignals vorgeben. 25 2. Vorrichtung nach
Anspruch 1, bel der die Abnormalitetserfassungsmittei (M 4, M 9, M 13, M
16) die Sau- erstoffeensormittel als abnormal erkennen, wenn derWertdes
Sauerstoffkonzentrationssignals nichtge- ringer als emn erster vor
bestimmter Wert let, wahrend die Vorgabemittel (M 3, M 7, M 12, M 17) fr
das Luft/Kraftbtoff-Verhaltnis dieses LuftAKraftstoff-Verhaltnis bei
offenem Regelkrels mager einstllen. 30  3. Vorrichtung nach Anspruch 1 oder
2, bel dem die Abnormailtatserfassungsmittel (M 4, M 9, M 13, M 16)
Sauerstoffsensormittel al abnormal erkennen, wenn derWertdes
Sauerstoffkonzentrationssignals nicht grOBer a eain zwelter vorbestimmter
Wert Ist, wahrend die Vorgabemittal (M 3, M 7, M 12, M 17) fOr das
Luft/Kraftstoff-Verhaltnis dieses Luft/Kraftstoff-Verhaltnis bei offenem
Regelkreis fett einstellen. 35  4. Vorrichtung nach Anspruch 1, bel der der
zweite vorbestimmtb Schwellwert gr8Ber als der erst vorbe- stimmbt
Schwellwert Ist. 5. Vorrichtung nach Anspruch 4, bel derdie
Abnormalitatserfassungsmittel (M 4, M 9, M 13, M 16) die Sau-
erstoffsensormittel (M 2, M 6, M 11, M 15) als abnormal erkennen, wenn das
Sauerstoffkonzentrations- signal nicht geringer als der erste vorbestimmte
Wert Ist, wahrend die Vorgabemittbl (M 3, M 7, M 12, M 17) fOr das
Luft/Kraftstoff-Verhltnis dieses LuftlKraftstoff-Verhaltnib bel offenem
Regelkreis mager an- stoilen, oder wenn das Sauerstoffkonzentratlionssignal
nicht grO6er ale der zweite vorbestimmtb Wert ist, wahrend die
Vorgabemittel (M 3, M 7, M 12, M 17) fOr das
Luft/Kraftstoff-VerhAltnisdieses Luft/Kraftstoff- Verhaltnis bel offenem
Regelkrels fett einstellen. 45  6. Vorrichtung nach Anspruch 5, bei der die
Abnormalitltserfassungsmittel (M 9) die Sauerstoffsensormittel (M 6) al
abnormal erkennen, wahrend die Vorgabemittel (M 7) fOr das
Luft/Kraftstoff-Verhaltnib dieses Luft/Kraftstoff-Verhaltnis bei offenem
Regelkrels periodisch zwischen mager und fett wechseln. 7. Vorrichtung nach
Anspruch 4, bei der die Abnormalitltserfassungsmittl (M 4, M 9, M 13, M 16)
die Sau- so      erstoffsensormittel (M 2, M 6, M 11, M 15) als abnormal
erkennen, wenn das Sauerstoffkonzentrations- signal nicht geringer als der
erste vorbestimmtb Wart Ist, wahrend die Vorgabemittel (M 3, M 7, M 12, M
17) fOr das Luft/Kraftstoff-Verhitnlis dieses Luft/Kraftstoff-Verhaltnis
mager elnstelien, und das Sauer- stoffkonzentrationesignal nicht gr5ger al
der zweite vorbestimmta Wert aet, wahrend die Vorgabemittel (M 3, M 7, M
12, M 17) fOr das Luft/Kraftstoff-Verhaltnis dieses
Luft/lKraftetoff-Verhlltnis fett elnsatllen. 55 a   Vorrichtung nach
Anspruch 7, beader die Abnormalitatserfassungsmittel (M 4, M 9, M 13, M 16)
die Sau- erstoffensormittbl ale abnormal erkennen, wahrend die
Vorgabemittbl (M 3, M 7, M 12, M 17) fOr das Luft/Kraftstoff-Verhaltnis
dieses Luft/Kraftstoff-Verhaltnis bel offenem Regelkrels zwlschen mager und
fatt wechseln. 



EP 0 402 953 BI                     !   |   L  M      1 . Vorrichtung nach
einem der Ansprtche I bis 8, bel der die Abnormalitatserfassungemittel (M
4, M 9, M 13, M 16) die Sauerstoffsensormittel (M 2, M 6, M 11, M 15) be!
offenem Regelkreis durch Erfassen des Maximums und des Minimums des
Sauerstoffkonzentrationssbgnals ale abnormal erkennen, wahrend die 5
Vorgabemittel (M 3, M 7, M 12, M 17) ffr das Luft/Kraftstoff-Verhaltnis
dieses Luft/Kraftstoff-Verhaltnbs zwischen mager und fett wechaeln. 10.
Vorrichtung nach einem der Ansprfche I bis 9, be! der die
Abnormalitatserfassungsmittel (M 4, M 9, M 13, M 16) bel als abnormal
erkannten Sauerstoffsensormitteln einen Umwandlungshfktor bestimmen, der 10
auf dem Medianwert des Minimus und des Maximums des Ausgangssignals
basiert, und sin umgewan- deltis Sauerstoffkonzentationesignal mit Hlfe des
Umwandlungsfaktors berechnen, und die Vorgabemit- tbl (M 3, M 7, M 12, M
17) ffr das Luft/Kraftstoff-Verhiltnis dieses Luft/Kraftstoff-Verhaltnis
basierend auf dem Schweliwert und dem unmgewandelten
Sauerstoffkonzentrationssignal vorgeben. 15    . Vorrichtung nach sinem
derAnsprlcho 1 bis lo, be dir die Minimum- und Maximumwerte durch Mittel-
wertbildung aws mehreren Messungen beetimmt wirden. Rovondlcatlons 20 1.
Appareil pour la regulation des emissions de gaz d'6chappement rejet6ee par
un moteur A combustion Interne, comprenant: un moyen captsur doxygbne (M 2,
M 6, M 11, M 15) destIn6 A produire unsignal de concentration en oxygbne
indiquant la concentration des gaz d'echappement rejetis par un moteura
combustion Interne 25      (M1 M5, M10 M14); un moyen de reglage du rapport
air-carburant (M 3, M 7, M 12, M 17) destin6 A r6gler le rapport
air-carburantde I'air parrapportau carburantdans un m61ange
air-carburantapport6 au moteura combus- tion interne sur la base d'une
valeur de seuli prhd6termin6e et de la valeur du signal de concentration en
oxygene; 30           un moyen de d6tecton de la valeur limitb (M 8)
destin6 A dtescter Is minimum et le maximum du signal de concentration en
oxygene lorsque le moyen de r6glage du rapport air-carburant fat varier le
rap- port air-carburant intre un m6lange pauvre et un m61ange riche, un
moyen de d6tection d'anomalbes (M 4, M 9, M 13, M 16) destin6 A dtebrminer
quo Is d6tectour d'oxygene est anormal lorsqu'au moins une des valeurs
minimale ou maximale d6tect6es par e moyen 36      do detection de la
valeur limitbse situe dans une plage pr6d6termin6e, caracterise en cs qu'il
comports un moyen de calcul de la moyenne (M 18) destin6 A calculer une
moyenne (VTH) A partirdu mini- mum (Vmin) et du maximum (Vmax) du signal de
concentration en oxyg~ne ; dans Isquel loreque le moyen de ddtection
d'anomalbee (M 4, M 9, M 13, M 16) d6termine quo Is moyen captour d'oxygbne
(M 2, M 6, M 11, M 15) est anormal, le moyen de d6tection d'anomalles
calcule une nouvelle 40      valour de seuil correspondant A VTH = Vmin/2 +
Vmax/2 et le moyen de r6glage du rapport air-carburant (M 3, M 7, M 12, M
17) rbgle Is rapport air-carburant sur la base de la nouvelle valsur di
seuil et de la valour du signal de concentration en oxygine. 2. Appareil
solon la revendication 1, caracterise en co quo Is moyen de d~tection
d'anomalies (M 4, M 9, M 45      13, M 16) d6termine quo Is moyen de
d6tection d oxygbne set anormal lorsque la valeur du signal de
concentration en oxygbne nWest pas InferieureA une premibre valeur
preddebrmin6e pendant que le moyen de r6glage du rapport air-carburant (M
3, M 7, M 12, M 17) rbgle Is rapport air-carburant au cours d'un controle
en boucle ouverti. 3. Appareil solon la revendication 1 ou 2, caracteris6
en ci quo le moyen de detction d'anomalles (M 4, M 9, M 13, M 16) d~termine
que le moyen captour d'oxygbne ost anormal loreque la valeur du signal de
concentration on oxygene nWest pas superieure A une second. valour
pr6d6terminde pendant quo le moyen de r6glage du rapport air-carburant (M
3, M 7, M 12, M 17) rbgis le rapport air-carburant in vue d'obtbnir un
melange riche au cours d'un contrOle en boucie ouverte. 55  4. Appareil
solon la revendication 1, caracteris6 en ce quo la seconde valeur de seull
pred6tormin6e oet plus 



grande quo la premibre valeur de seuil pred6termin6e. S. Appareil selon la
revendication 4, caracterbeh en co quo Is moyen de d6tection d'anomalles (M
4, M 9, M 13, M 16) d6termine quo le moyen capteur d'oxygbne (M 2, M 6, M
11, M 15) est anormal loreque Is signal 16    EP 0 402 953 BI
*  c   11 11111a111 de concentration on oxygano n'est pas inf6rieur A la
premlire valeur pr6d6termin6e pendant que Is moyen de r6glage du rapport
alr-carburant (M 3, M 7, M 12, M 17) rigle le rapport air-carburant en vue
d'obtenir un m6lange pauvre au cours d'un contr6le en boucle ouverto ou
lorsque le signal de concentration en 5      oxygbno n'est pas sup6rleura
la seconde valeur pred6termin6o pendant quo le moyen de r6glage du rap-
port air-carburant (M 3, M 7, M 12, M 17) regle le rapport air-carburant on
vue dobtenir un m6lange riche au cours d'un contr6le on boucle ouverto. 6
Appareil selon la revendlcation 5, caract6ris6 en ce quo 1s moyen de
detectlon d'anomalles (M 9) dtebr- 10      mine quo le moyen captsur
d'oxygene (M 6) est anormal pendant quo le moyen de r6glage du rapport
air-carburant (M 7) fait varier p6riodiquement Is rapport air-carburant
entre un m6lange pauvre at un m6- lange riche au cours d'un oontr6le en
boucle ouverte. 7. Appareil selon la revendicatbon 4, caract6rls6 en ce quo
le moyen de d6tecion d'anomalles (M 4, M 9, M 15      13, M 16) d6tormine
quo le moyen capteurd'oxygine (M 2, M 8, M 11, M 15) esat anormal lorsque
le signal de concentration on oxygbne n'est pas inf6riour A la premrire
valour de soull pr6d6htrmindo pendant quo le moyen de r6glage du rapport
air-carburant (M 3, M 7, M 12, M 17) rigle Is rapport air-carburant en vue
d'obtbnlrun melange pauvre et quo Is signal de concentratIon en oxygine
n'est pas superleurA aa seconde vaelour de seull pr6d6tormin6e pendant quo
Is moyen de r6glage du rapport air-carburant (M 3, M 7, M 20      12, M 17)
rigle Is rapport air-carburant en vue d'obtnlr un melange riche. 8. Apparel
selon la revendication 7, caract6ris6 en ce quo le moyen de d6toction
d'anomalies (M 4, M 9, M 13, M 16) d6termine quo le moyen captour d'oxygine
ost anormal pendant quo le moyen de r6glage du rapport air-carburant (M 3,
M 7, M 12, M 17) falt varier le rapport alr-carburant entre un m6lange
pauvre 26      et un m6lange riche au cours d'un controlo en boucle
ouverte. 9. Apparel selon l'une quelconque des revendications I A 8,
caract6rise en ce que le moyen de d6tection d'anomalles (M 4, M 9, M 13, M
16) d6termine que Is moyon captsurd'oxygAne (M 2, M 6, M 11, M 15) est
anormal au cours d'un contr6le en boucle ouverto en mesurant le maximum et
le minimum du signal de concentration on oxygine pendant que le moyen de
r6glage du rapport air-carburant (M 3, M 7, M 12, 30      M 17) fait varier
Is rapport air-carburant entre un m6lange pauvre et un m6lange riche. 10.
Apparel selon l'une quelconque des revendications I a 9, caract6ris6 on ce
quo, loraque le moyen de ditection d'anomalles (M 4, M 9, M 13, M 16)
d~termine que Is moyen captour d'oxygine est anormal, le moyen de d6tection
d'anomalies (M 4, M 9, M 13, M 16) d6tormine un factour de conversion bas6
sur 35     la moyenne du minimum et du maximum du signal de sortie et
calcule un signal de concentration en oxy- gine converti A partir du
facteur de conversion, et le moyen de r6glage du rapport air-carburant (M
3, M 7, M 12, M 17) regle le rapport air-carburant sur la base de la valour
de soull et du signal de concentration en oxygine converti. 4o  11. Apparel
selon l'une quelconque des revendications 1 a 10, caract6ris6 on ce quo lea
velours minimale et maximale sont d6tormin6es en 6tablissant la moyenne de
plusieurs mesures. 45 50 55 17    


