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converter to thereby enhance the purification rate of the
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FUEL SUPPLY CONROL SYSTEM FOR INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention relates to a fuel supply control
system for an internal combustion engine, which controls
the supply and cutoff of fuel to the engine based on the
amount of oxygen stored in a catalytic converter which
purifies exhaust gases emitted from the engine.

[0003] 2. Description of the Prior Art

[0004] The present assignee proposed an air-fuel ratio
control system which controls the air-fuel ratio of an air-fuel
mixture to be supplied to an internal combustion engine,
based on the amount of oxygen stored in the above catalytic
converter, e.g. in Japanese Patent Application No. 5-329780
(corresponding to Japanese Laid-Open Patent Publication
(Kokai) No. 7-151002), and a fuel supply control system
which carries out the cutoff of fuel (fuel cutoff) to an internal
combustion engine during deceleration of the engine, e.g. in
Japanese Patent Application No. 7-270736 (corresponding
to Japanese Laid-Open Patent Publication (Kokai) No.
9-86227).

[0005] In the above air-fuel ratio control system, two 02
sensors (oxygen sensors) are arranged at locations upstream
and downstream of a catalytic converter in an exhaust pipe,
for detecting the concentration of oxygen in exhaust gases.
The amount of oxygen stored in the catalytic converter is
estimated based on results of detection performed by the 02
sensors. Then, a desired air-fuel ratio is calculated in depen-
dence on the estimated oxygen storage amount, and the
air-fuel ratio of the air-fuel mixture is feedback-controlled
such that the air-fuel ratio becomes equal to the desired
air-fuel ratio. This makes it possible to control the air-fuel
ratio such that the purification rate of the catalytic converter
is maximized. On the other hand, in the fuel supply control
system, to enhance drivability, fuel cutoff is executed during
deceleration of the engine, after a predetermined time period
has elapsed from a time point the conditions for carrying out
the fuel cutoff were fulfilled. Particularly when deceleration
shift is being carried out, the above predetermined time
period is shortened to thereby carry out the fuel cutoff
promptly after the conditions are fulfilled.

[0006] The air-fuel ratio control carried out by the air-fuel
ratio control system and the fuel cutoff control executed by
the fuel supply control system can attain their respective
goals. However, they are carried out separately and inde-
pendently. Therefore, for instance, when the amount of
oxygen stored in the catalytic converter is considered to be
large and accordingly the air-fuel ratio is controlled to be
richer than a stoichiometric air-fuel ratio, if fuel cutoff is
executed, the amount of oxygen stored in the catalytic
converter (oxygen storage amount) is further increased,
which results in a degraded purification rate of the catalytic
converter.

SUMMARY OF THE INVENTION

[0007] 1t is an object of the invention to provide a fuel
supply control system for an internal combustion engine,
which is capable of controlling fuel cutoff according to the
amount of oxygen stored in exhaust gas purification means
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to thereby enhance the purification rate of the exhaust gas
purification means while maintaining excellent fuel
economy, thereby making it possible to improve exhaust
emission characteristics.

[0008] To attain the above object, the present invention
provides a fuel supply control system for an internal com-
bustion engine having an exhaust system, for controlling
supply of fuel to the engine, comprising:

[0009] exhaust gas purification means arranged in the
exhaust system of the engine;

[0010] oxygen storage amount estimation means for
estimating an amount of oxygen stored in the exhaust
gas purification means, as an oXygen storage
amount;

[0011] deceleration condition-detecting means for
detecting a deceleration condition of the engine;

[0012] fuel supply cutoff means for cutting off the
supply of the fuel to the engine when the decelera-
tion condition-detecting means has detected the
deceleration condition; and

[0013] control means for controlling the fuel supply
cutoff means based on the oxygen storage amount
estimated by the oxygen storage amount estimation
means.

[0014] According to this fuel supply control system, the
fuel supply cutoff means which cuts off the supply of fuel to
the engine when the deceleration condition of the internal
combustion engine has been detected is controlled based on
the amount of oxygen stored in the exhaust gas purification
means, which is estimated by the oxygen storage amount
estimation means. As described above, the cutoff of supply
of fuel to the engine (fuel cutoff) by the fuel supply cutoff
means is controlled based on the oxygen storage amount,
whereby it is possible to enhance the purification rate of the
exhaust gas purification means while maintaining excellent
fuel economy. This results in improved exhaust emission
characteristics. For instance, when the estimated oxygen
storage amount is small, a time period (hereinafter referred
to as “the delay time” throughout the specification) between
a time point conditions for carrying out fuel cutoff are
fulfilled and a time point the fuel cutoff starts to be actually
executed is shortened to carry out the fuel cutoff promptly,
allowing the oxygen storage amount to be increased. On the
other hand, when the estimated oxygen storage amount is
large, the delay time is increased to delay execution of the
fuel cutoff, thereby making it possible to prevent the oxygen
storage amount from being increased. Further, when the
oXygen storage amount is increased to a certain amount, the
fuel cutoff being performed may be interrupted, thereby
making it possible to prevent the oxygen storage amount
from being increased to an extremely large amount. As
described above, positive use of fuel cutoff is made during
deceleration of the engine, whereby it is possible to control
an actual amount of oxygen stored in the exhaust gas
purification means. This makes it possible to enhance the
purification rate of the exhaust gas purification means while
maintaining excellent fuel economy.

[0015] Preferably, the fuel supply control system includes
fuel cutoff inhibition means for inhibiting the fuel supply
cutoff means from cutting off the supply of the fuel to the
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engine, when the oxygen storage amount estimated by the
oxygen storage amount estimation means is larger than a
predetermined maximum storage amount.

[0016] Preferably, the fuel supply control system includes
delay time-setting means for setting a delay time over which
execution of the cutoff of the supply of the fuel to the engine
is delayed, according to the oxygen storage amount.

[0017] Preferably, the fuel supply control system includes
engine rotational speed-detecting means for detecting a
rotational speed of the engine, and intake pipe absolute
pressure-detecting means for detecting an intake pipe abso-
lute pressure, and the oxygen storage amount estimation
means estimates the oxygen storage amount by adding or
subtracting an incremental/decremental value calculated
based on a space velocity representative of a volume of
exhaust gases, to or from an immediately preceding value of
the oxygen storage amount, in accordance with a state of
fuel supply control, the space velocity being calculated by
using a product of a value of the engine rotational speed
detected by the engine rotational speed-detecting means and
a value of the intake pipe absolute pressure detected by the
intake pipe absolute pressure-detecting means.

[0018] 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

[0019] FIG. 1 is a block diagram schematically showing
the arrangement of a fuel supply control system according to
an embodiment of the invention;

[0020] FIG. 2 is a flowchart showing a routine for carry-
ing out an estimation process for estimating an oxygen
storage amount OSC;

[0021] FIG. 3A is a timing chart showing an example of
changes in a signal value SVO2 of a signal generated by an
02 sensor;

[0022] FIG. 3B is a timing chart showing an example of
changes in the setting of an air-fuel ratio correction coeffi-
cient KCMDSO?2, which corresponds to the FIG. 3A timing
chart;

[0023] FIG. 3C is a timing chart showing an example of
changes in the estimated oxygen storage amount OSC,
which corresponds to the FIG. 3A timing chart;

[0024] FIG. 4 is a table showing the relationship between
the oxygen storage amount OSC and the air-fuel ratio
correction coefficient KCMDSO?2 in a start mode of the
engine;

[0025] FIG. 5 is a table showing the relationship between
an engine coolant temperature TW and a temperature-
dependent correction coefficient KCMDTW;

[0026] FIG. 6 is a table showing the relationship between
the oxygen storage amount OSC and a storage amount
correction coefficient nOSC, and the relationship between
the difference (OSCMAX-OSC) between the maximum
storage amount and the oxygen storage amount and the
storage amount correction coefficient nOSC;
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[0027] FIG. 7 is a flowchart showing a routine for carry-
ing out a control process carried out by the FIG. 1 fuel
supply control system;

[0028] FIG. 8 is a table showing the relationship between
the oxygen storage amount OSC and a fuel cutoff execution
delay time TFCDLY; and

[0029] FIG. 9 is a table showing the relationship between
the engine coolant temperature TW and a fuel cutoff execu-
tion-determining reference speed NFCT.

DETAILED DESCRIPTION

[0030] The invention will now be described in detail with
reference to the drawings showing an embodiment thereof.
Referring first to FIG. 1, there is schematically shown the
arrangement of a fuel supply control system for an internal
combustion engine, according to an embodiment of the
invention. As shown in the figure, the fuel supply control
system 1 includes an ECU 2 (oxygen storage amount
estimation means, deceleration condition-detecting means,
fuel supply cutoff means, control means, fuel cutoff inhibi-
tion means, delay time-setting means). The ECU 2 estimates
an amount (oxygen storage amount) OSC of oxygen stored
in a catalytic converter 13, referred to hereinafter, based on
operating conditions of the internal combustion engine
(hereinafter simply referred to as “the engine”) 3, and
controls fuel supply (supply of fuel to the engine 3) and fuel
cutoff (cutoff of supply of fuel to the engine 3) based on the
estimated oxygen storage amount OSC.

[0031] The engine 3 is a straight type four-cylinder gaso-
line engine, for instance. An engine coolant temperature
sensor 4 formed of a thermistor or the like is mounted in a
cylinder block of the engine 3. The engine coolant tempera-
ture sensor 4 senses an engine coolant temperature TW
which is a temperature of an engine coolant circulating
within the cylinder block of the engine 3, and supplies an
electric signal indicative of the sensed engine coolant tem-
perature TW to the ECU 2. Further, the engine 3 has a crank
angle position sensor 5. The crank angle position sensor § is
a combination of a magnet rotor and an MRE (magnetic
resistance element) pickup, and delivers a CRK signal and
a TDC signal, both of which are pulse signals, to the ECU
2 whenever a crankshaft, not shown, of the engine 3 rotates
through respective predetermined angles. The ECU 2 cal-
culates a rotational speed NE of the engine 3 (engine
rotational speed) based on the CRK signal. Each pulse of the
TDC signal 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 a piston, not
shown, in the cylinder whenever the crankshaft rotates
through 180 degrees, for instance.

[0032] The engine 3 has an intake pipe 6 having a throttle
valve 7 arranged therein. Attached to the throttle valve 7 is
a throttle valve opening sensor 8 which detects an opening
degree 6TH (throttle valve opening 6TH) of the throttle
valve 7 to deliver a signal indicative of the sensed throttle
valve opening 6TH to the ECU 2. The intake pipe 6 has an
injector 9 and an intake pressure sensor 10 inserted therein
between the throttle valve 7 and the engine 3. A fuel
injection time period TOUT over which the injector 9 injects
fuel into the intake pipe 6 is controlled by a drive signal
delivered from the ECU 2, whereby the amount of fuel
supplied to the engine 3 is controlled. On the other hand, the
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intake pressure sensor 10 senses an absolute pressure (intake
pipe absolute pressure) PBA within the intake pipe 6, and
delivers a signal indicative of the sensed absolute pressure
PBA to the ECU 2. Further, a vehicle speed sensor 11 for
detecting a traveling speed (vehicle speed) VP of an auto-
motive vehicle on which the engine 3 is installed is electri-
cally connected to the ECU 2, and delivers a signal indica-
tive of the sensed vehicle speed VP to the ECU 2.

[0033] Arranged in an intermediate portion of an exhaust
pipe 12 of the engine 3 is a catalytic converter (three-way
catalyst) 13 (exhaust gas purification means) for purifying
HC, CO and NOx in exhaust gases emitted from the engine
3 by oxidation-reduction catalytic actions. The catalytic
converter 13, which is constructed to adsorb oxygen for
storage, adsorbs or releases oxygen depending on the com-
position of exhaust gases passing therethrough. It should be
noted that the maximum value (maximum storage amount
OSCMAX) of the oxygen storage amount OSC is deter-
mined according to the internal volumetric capacity of the
catalytic converter 13 and so forth. Further, oxygen sensors
14, 15 for detecting the concentration of oxygen in exhaust
gases are arranged at respective locations upstream and
downstream of the catalytic converter 13 in the exhaust pipe
12. The oxygen sensor 14 on the upstream side is comprised
of a zirconia element and platinum electrodes, and detects
the concentration of oxygen in exhaust gases before being
purified by the catalytic converter 13 to generate a signal
having a value (output value) VLAF which is indicative of
the sensed oxygen concentration and changes linearly as the
sensed oxygen concentration changes, and deliver the signal
to the ECU 2. Hereafter, the oxygen sensors 14 on the
upstream side is referred to as “the LAF sensor 14”. On the
other hand, the oxygen sensor 15 on the downstream side
has a construction generally similar to that of the above LAF
sensor 14, and detects the concentration of oxygen in
exhaust gases after being purified by the catalytic converter
13 to deliver a signal indicative of the sensed oxygen
concentration to the ECU 2. When the air-fuel ratio of an
air-fuel mixture is richer than a stoichiometric air-fuel ratio,
this signal generated by the oxygen sensor 15 assumes a
value (detected value) SVO2 higher than a predetermined
reference value SVREF, whereas when the air-fuel ratio is
leaner than the stoichiometric fuel-air ratio, the signal
assumes a detected value SVO2 lower than the predeter-
mined reference value reference SVREF. Hereinafter, the
oxygen sensor 15 on the downstream side is referred to as
“the O2 sensor 15”.

[0034] The ECU 2 is formed by a microcomputer includ-
ing an /O interface, a CPU, a RAM, and a ROM, none of
which are specifically shown. The RAM is supplied with
power by a backup power source such that data stored
therein can be preserved even after the engine 3 is stopped.
The signals from the above sensors are each input to the
CPU after A/D conversion and waveform shaping by the I/0
interface. The CPU determines an operating condition of the
engine 3 based on these signals, according to a control
program read from the ROM, and the like, and estimates the
oxygen storage amount OSC of oxygen stored in the cata-
Iytic converter 13 based on the determined operating con-
dition. Then, the CPU controls the fuel supply and the fuel
cutoff based on the estimated oxygen storage amount OSC.

[0035] FIG. 2 is a flowchart showing a routine for carry-
ing out an estimation process for estimating the oxygen
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storage amount OSC stored in the catalytic converter 13.
This process is carried out in synchronism with input of the
TDC signal from the crank angle position sensor 5 to the
ECU 2. In the process, first, it is determined at a step S1
whether or not a fuel cutoff execution flag F_FC assumes
“1”. The fuel cutoff execution flag F_FC is set to “1” when
the fuel cutoff is carried out (see S42 in FIG. 7). Inversely,
when the fuel supply is carried out, the fuel cutoff execution
flag F_FC is set to “0” (see S34 in FIG. 7). If the answer to
the question of the step S1 is affirmative (Yes), i.e. if fuel
cutoff is being carried out to cause air taken in by the engine
3 to flow directly to the catalytic converter 13, the program
proceeds to a step S2, wherein an addition term vy is added
to the oxygen storage amount OSC estimated in the imme-
diately preceding loop for setting the sum to the present
oxygen storage amount OSC, followed by terminating the
program. The above addition term y is calculated by multi-
plying a space velocity SV which is representative of an
amount of exhaust gases emitted during fuel cutoff, by a
predetermined coefficient K3 (e.g. 3) (y=SVxK3). It should
be noted that the addition term vy is set to a value larger than
a subtraction term o and an addition term f3, both referred to
hereinafter.

[0036] On the other hand, if the answer to the question of
the step S1 is negative (No), i.e. if it is determined that fuel
cutoff is not being carried out, it is determined at a step S3
whether or not the detected value SVO2 of the signal
generated by the O2 sensor 15 which detects the concen-
tration of oxygen in exhaust gases purified by the catalytic
converter 13 is inverted, that is, whether or not the detected
value SVO2 is changed across a value corresponding to the
stoichiometric air-fuel ratio between a rich side and a lean
side.

[0037] If the answer to the question of the step S3 is
negative (No), i.e. if the detected value SVO2 is not
inverted, it is determined at a step S4 whether or not the
detected value SVO2 is equal to or lower than the prede-
termined reference value SVREEF, that is, whether or not the
detected value SVO2 has a lean value indicative of a lean
air-fuel ratio with respect to the stoichiometric air-fuel ratio.
If the answer to the question of the step S4 is affirmative
(Yes), i.e. if the detected value SVO2 has a lean value (e.g.
from a time t1 up to a time t2 in FIG. 3A), the program
proceeds to a step S5, wherein the present oxygen storage
amount OSC is set to a value obtained by subtracting the
subtraction term o from the oxygen storage amount OSC
estimated in the immediately preceding loop. This is because
when the detected value SVO2 has a lean value, an air-fuel
ratio enrichment control is being carried out, as described
hereinafter, so that the amount of oxygen in exhaust gases is
decreased, and when the exhaust gases are purified by the
catalytic converter 13, the oxygen stored therein is con-
sumed, whereby the oxygen storage amount OSC is
decreased.

[0038] The above subtraction term «. is calculated e.g. by
using the following equation (1):

a=0.02xSVxK1 )
[0039] wherein SV designates a space velocity represen-
tative of a volume of exhaust gases, which is calculated by
using a product of a detected value of the engine rotational
speed NE and a detected value of the intake pipe absolute
pressure PBA, and K1 designates a coefficient. The coeffi-
cient K1 is set to a value in a range between 0.5 and 1.5.
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[0040] The step S5 is repeatedly carried out, whereby the
oxygen storage amount OSC is estimated such that the
oxygen storage amount is reduced by the subtraction term o
whenever the step S5 is executed (from the time t1 up to the
time t2 in FIG. 3C).

[0041] Next, the program proceeds to a next step S6,
wherein the oxygen storage amount OSC estimated by the
above subtraction is subjected to limit checking. That is, it
is determined at the step S6 whether or not the oxygen
storage amount OSC is smaller than “0”. If the answer to the
question of the step S6 is negative (No), i.e. if the oxygen
storage amount OSC is equal to or larger than “0”, the
program is immediately terminated, whereas if the answer to
the question of the step S6 is affirmative (Yes), i.e. if the
oxygen storage amount OSC is smaller than “0” (time t2 in
FIG. 3C), the oxygen storage amount OSC is set to “0” at
a step S7, and then the subtraction term a which indicates an
amount subtracted from the oxygen storage amount OSC is
judged to be too large, so that the coefficient K1 is corrected
to a value obtained by subtracting a correction value AK1
(e.g. 0.05) from the immediately preceding value thereof at
a step S8, followed by terminating the program.

[0042] On the other hand, if the answer to the question of
the step S4 is negative (No), i.e. if the detected value SVO2
has a rich value (from the time t2 up to a time t3 in FIG. 3A),
an air-fuel ratio-leaning control is being carried out, as
described hereinafter, so that, at a step S9, the present
oxygen storage amount OSC is set to a value obtained by
adding the addition term [ to the oxygen storage amount
OSC estimated in the immediately preceding loop. This is
because the execution of the air-fuel ratio-leaning control
increases oxygen in exhaust gases, and oxygen which is not
consumed by purification of the exhaust gases by the cata-
Iytic converter 13 is stored in the catalytic converter 13 to
increase the oxygen storage amount OSC.

[0043] The above addition term f is calculated e.g. by
using the following equation (2):

p=0.02xSVxK2 @

[0044] wherein SV designates the above-mentioned space
velocity, and K2 designates a coefficient. The coefficient K2
as well is set to a value within the same value range as that
of the coefficient K1.

[0045] The step S9 is repeatedly carried out, whereby the
oxygen storage amount OSC is estimated such that the
oxygen storage amount OSC is increased by the addition
term § whenever the step S9 is executed (from the time t2
up to the time t3 in FIG. 3C).

[0046] Next, the program proceeds to a step S10, wherein
the oxygen storage amount OSC estimated by the above
addition is subjected to limit checking. That is, it is deter-
mined whether or not the oxygen storage amount OSC is
larger than the maximum storage amount OSCMAX. If the
answer to the question of the step S10 is negative (No), i.e.
if the oxygen storage amount OSC is equal to or smaller than
the maximum storage amount OSCMAX, the program is
immediately terminated, whereas if the answer to the ques-
tion of the step S10 is affirmative (Yes), i.e. if the oxygen
storage amount OSC is larger than the maximum storage
amount OSCMAX, the program proceed to a step SI11,
wherein the oxygen storage amount OSC is set to the
maximum storage amount OSCMAX, and the addition term
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[ which indicates an amount added to the oxygen storage
amount OSC is judged to be too large, so that at a step S12,
the coefficient K2 is corrected to a value obtained by
subtracting a correction value AK2 (e.g. 0.05) from the
immediately preceding value thereof, followed by terminat-
ing the program.

[0047] 1If the answer to the question of the step S3 is
affirmative (Yes), i.e. if the detected value SVO2 of the
signal generated by the O2 sensor 15 is inverted, it is
determined at a step S21 whether or not the inversion of the
detected value SVO2 is made from the lean side to the rich
side. If the answer to the question of the step S21 is negative
(No), i.e. if the detected value SVO2 is inverted from the
rich side to the lean side (time t3 in FIG. 3A), the program
proceeds to a step S22, wherein an air-fuel ratio correction
coefficient KCMDSO?2 is set to a value obtained by adding
a predetermined correction value AKCMDSO?2 (e.g. 0.03) to
the value “1”.

[0048] 1t should be noted that the above air-fuel ratio
correction coefficient KCMDSO?2 used for calculating a
desired air-fuel ratio coefficient KCMD is calculated based
on the oxygen storage amount OSC in a start mode of the
engine. This calculation of the air-fuel ratio correction
coefficient KCMDSO?2 in the start mode of the engine is
carried out e.g. by using a table shown in FIG. 4, stored in
the ROM. In the table, the air-fuel ratio correction coefficient
KCMDSO?2 is set such that a value thereof is linearly
increased as the oxygen storage amount OSC increases.
More specifically, when the oxygen storage amount OSC is
equal to the value “07, the air-fuel ratio correction coefficient
KCMDSO?2 is set to “0.98” slightly smaller than the value
“1.0” to thereby supply a slightly lean air-fuel mixture to the
engine 3, whereas when the oxygen storage amount OSC is
equal to the maximum storage amount OSCMAX, the
air-fuel ratio correction coefficient KCMDSO2 is set to
“1.02” slightly larger than the value “1.0” to thereby supply
a slightly rich air-fuel mixture to the engine 3.

[0049] The desired air-fuel ratio coefficient KCMD is
calculated by the following equation (3) by using the cal-
culated air-fuel ratio correction coefficient KCMDSO?2.

KCMD=KCMDTWxKCMDSO2 (©)]

[0050] The desired air-fuel ratio coefficient KCMD is one
of coefficients by which a basic amount of fuel is multiplied
for calculation of the fuel injection time period TOUT.
Further, the desired air-fuel ratio coefficient KCMD is
proportional to the reciprocal of the air-fuel ratio A/F, that is,
a fuel-air ratio F/A, and becomes equal to “1.0” when the
air-fuel ratio of the air-fuel mixture is equal to the stoichio-
metric air-fuel ratio.

[0051] Further, in the above equation (3), KCMDTW
designates a temperature-dependent correction coefficient,
which is calculated based on the engine coolant temperature
TW. The temperature-dependent correction coefficient
KCMDTW is calculated by using a table shown in FIG. 5,
stored in the ROM. In this table, in order to warm up the
engine 3 promptly in a low engine coolant temperature
condition, the temperature-dependent correction coefficient
KCMDTW is set such that a value thereof becomes larger as
the engine coolant temperature TW becomes lower. More
specifically, if the engine coolant temperature TW is equal to
or lower than -20° C. and equal to or higher than 40° C., the
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temperature-dependent correction coefficient KCMDTW is
set to respective predetermined values of “1.05” and “1.0%,
whereas if the engine coolant temperature TW is between
40° C. and -20° C., the temperature-dependent correction
coefficient KCMDTW is set such that value thereof linearly
varies between “1.0” and “1.05”. By the temperature-de-
pendent correction coefficient KCMDTW thus set, if the
engine coolant temperature TW is lower than 40° C., the
desired air-fuel ratio coefficient KCMD is calculated such
that the air-fuel ratio of the air-fuel mixture becomes equal
to or richer than the stoichiometric air-fuel ratio.

[0052] As shown in FIG. 3B, according to the setting of
the air-fuel ratio correction coefficient KCMDSO2 carried
out at the step S22, the air-fuel ratio correction coefficient
KCMDSO?2 is held to be “1+AKCMDSO02” until a time
point the detected value SVO?2 of the signal generated by the
02 sensor 15 is inverted to the rich side (between the time
t1 and the time t2 in FIG. 3A), whereby the air-fuel ratio of
the air-fuel mixture determined according to the desired
air-fuel ratio coefficient KCMD is controlled to be richer
than the stoichiometric air-fuel ratio.

[0053] If the answer to the question of the step S21 is
affirmative (Yes), i.e. if the detected value SVO?2 is inverted
from the lean side to the rich side (time (2 in FIG. 3A), the
program proceeds to a step S23, wherein the air-fuel ratio
correction coefficient KCMDSO?2 is set to a value obtained
by subtracting the above-mentioned correction value
AKCMDSO?2 (e.g. 0.03) from the value “1”. As shown in
FIG. 3B, this causes the air-fuel ratio correction coefficient
KCMDSO?2 to be held to be “1-AKCMDSO2” until a time
point the detected value SVO2 is inverted to the lean side
(between the time (2 and the time t3 in FIG. 3A), whereby
the air-fuel ratio of the air-fuel mixture is controlled to be
leaner than the stoichiometric air-fuel ratio.

[0054] At a step S24 carried out immediately after the step
S22, a storage amount correction coefficient nOSC is cal-
culated based on the difference (OSCMAX-OSC) between
the maximum storage amount and the oxygen storage
amount. This storage amount correction coefficient nOSC is
used to correct the coefficient K2 which is employed for
calculating the addition term f§ added to the oxygen storage
amount OSC at the step S9 described above. The storage
amount correction coefficient nOSC is determined based on
the above difference (OSCMAX-0OSC) by using a table
shown in FIG. 6, stored in the ROM. In the table, the storage
amount correction coefficient nOSC is set such that a value
thereof is linearly increased as the difference (OSCMAX-
OSC) becomes larger.

[0055] Next, at a step S25, the coefficient K2 for calcu-
lating the addition term f is corrected by using the storage
amount correction coefficient nOSC calculated as above,
and then at a step S26, the oxygen storage amount OSC is
set to the maximum storage amount OSCMAX, followed by
terminating the program.

[0056] As described above, when the detected value
SVO2 from the O2 sensor 15 is inverted from the rich side
to the lean side, the oxygen storage amount OSC is regarded
as being equal to the maximum storage amount OSCMAX
by the air-fuel ratio-leaning control carried out until the
inversion occurs, and at the step S26, the oxygen storage
amount OSC is reset to the maximum storage amount
OSCMAX. Even if the oxygen storage amount OSC
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obtained by calculation by the time point of the occurrence
of the inversion has not yet reached the maximum storage
amount OSCMAX (the time t3 in FIG. 3C) because of a too
small value of the addition term f§ used in calculation of the
oxygen storage amount OSC the coefficient K2 used for
calculation of the addition term f§ is corrected to a larger
value obtained by adding the product of the correction value
AK2 and the storage amount correction coefficient nOSC
determined based on the above difference (OSCMAX-0SC)
to the immediately preceding value of the coefficient K2,
whereby it is possible to more suitably estimate the oxygen
storage amount OSC thereafter.

[0057] At astep S27 carried out immediately after the step
S23, the storage amount correction coefficient nOSC is
calculated based on the oxygen storage amount OSC by
using the FIG. 6 table. In this case, the storage amount
correction coefficient nOSC is used for correcting the coef-
ficient K1 which is employed for calculating the subtraction
term o subtracted from the oxygen storage amount OSC at
the step S5. At the following step S28, the coefficient K1 is
corrected by using the calculated storage amount correction
coefficient nOSC, and then, the oxygen storage amount OSC
is set to the value “0” at a step S29, followed by terminating
the program.

[0058] As described above, when the detected value
SVO2 from the O2 sensor 15 is inverted from the lean side
to the rich side, the oxygen storage amount OSC is regarded
as being equal to the value “0” by the air-fuel ratio enrich-
ment control carried out until the inversion occurs, and at the
step S29, the oxygen storage amount OSC is reset to the
value “0”. Even if the oxygen storage amount OSC obtained
by the time point of the occurrence of the inversion has not
yet reached the value “0” because of a too small value of the
subtraction term o used in calculation of the oxygen storage
amount OSC, the coefficient K1 used for calculation of the
subtraction term « is corrected to a larger value obtained by
adding the product of the correction value AK1 and the
storage amount correction coefficient nOSC determined
based on the oxygen storage amount OSC to the immedi-
ately preceding value of the coefficient K1, whereby it is
possible to more suitably estimate the oxygen storage
amount OSC thereafter.

[0059] Next, a control process for controlling the fuel
supply and the fuel cutoff based on the oxygen storage
amount OSC estimated as above will be described with
reference to a flowchart shown in FIG. 7. Similarly to the
above-mentioned estimation process for estimating the oxy-
gen storage amount OSC, this process as well is carried out
in synchronism with input of the TDC signal from the crank
angle position sensor 5 to the ECU 2. In this process, it is
determined at steps S31, S35, S36 and S38 whether or not
conditions for carrying out fuel cutoff are fulfilled. More
specifically, first of all, it is determined at the step S31
whether or not the oxygen storage amount OSC estimated by
carrying out the oxygen storage amount estimation process
is equal to or larger than the maximum storage amount
OSCMAX. This determination is carried out in order to
inhibit execution of fuel cutoff when the oxygen storage
amount OSC is equal to or larger than the maximum storage
amount OSCMAX, to thereby prevent continuation of a
state of the oxygen storage amount OSC being too large.
Therefore, if the answer to the question of the step S31 is
affirmative (Yes), i.e. if the oxygen storage amount OSC is
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equal to or larger than the maximum storage amount OSC-
MAX, it is judged that fuel cutoff should not be carried out,
and the program proceeds to a step S32.

[0060] At the step S32, a downcount timer is set to a fuel
cutoff execution delay time TFCDLY. Then, fuel is supplied
to the engine 3 at a step S33, and the fuel cutoff execution
flag F_FCis set to “0” at a step S34, followed by terminating
the program.

[0061] The above fuel cutoff execution delay time
TFCDLY indicates a time period between a time point the
conditions for carrying out fuel cutoff are fulfilled, as
described hereinafter, and a time point the fuel cutoff starts
to be actually executed, and set based on the oxygen storage
amount OSC by using a table shown in FIG. 8. In this table,
the fuel cutoff execution delay time TFCDLY is set such that
a value thereof becomes shorter as the oxygen storage
amount OSC decreases. More specifically, the fuel cutoff
execution delay time TFCDLY is set to a short time period
TFC1 (e.g. 5 seconds) when the oxygen storage amount
OSC is equal to or smaller than a value indicative of a state
of the oxygen storage amount OSC being relatively small,
whereas when the oxygen storage amount OSC is equal to
or larger than a value OSC2 indicative of a state of the
oxygen storage amount OSC being relatively large, the fuel
cutoff execution delay time TFCDLY is set to a time period
TFC2 (e.g. 25 seconds) longer than the time period TFCL.
When the oxygen storage amount OSC assumes a value
between the oxygen storage amount OSC1 and the oxygen
storage amount OSC2, a value of the fuel cutoff execution
delay time TFCDLY is set to change linearly as the value of
the oxygen storage amount OSC changes.

[0062] If the answer to the question of the step S31 is
negative (No), i.e. if the oxygen storage amount OSC is
smaller than the maximum storage amount OSCMAX, the
program proceeds to the step 35, wherein it is determined
whether or not the vehicle speed VP is smaller than a
predetermined reference value VPREF (which is low, and
e.g. 5 km/h). If the answer to the question of the step S35 is
affirmative (Yes), i.e. if the vehicle speed VP is lower than
the predetermined value VPREEF, it is determined that fuel
cutoff should not be carried out, since there is a possibility
of occurrence of stalling of the engine 3. Then, the program
proceeds to the above step S32 for setting the fuel cutoff
execution delay time TFCDLY. Thereafter, fuel is supplied
to the engine 3 at the step S33, and the fuel cutoff execution
flag F_FC is set to “0” at the step S34, followed by
terminating the program.

[0063] If the answer to the question of the step S35 is
negative (No), i.e. if the vehicle speed VP is equal to or
higher than the predetermined value VPREF, it is deter-
mined at the next step S36 whether or not the throttle valve
opening 8TH is approximately equal to “0” degrees, that is,
the throttle valve 7 is in a fully closed position. If the answer
to the question of the step S36 is negative (No), i.e. if the
throttle valve 7 is not in the fully closed position, it is
determined that fuel cutoff should not be carried out, since
the output power of the engine 3 is demanded. Then, the
steps S32, S33 and S34 are carried out, followed by termi-
nating the program. On the other hand, if the answer to the
question of the step S36 is affirmative (Yes), i.e. if the
throttle valve 7 is in the fully closed position, the program
proceeds to the following step S37. By carrying out the
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above steps S35 and S36, it is determined whether or not the
engine 3 is in a deceleration condition.

[0064] At the step S37, an engine rotational speed (fuel
cutoff execution-determining reference speed) NFCT is cal-
culated based on the engine coolant temperature TW, for use
in determining whether or not fuel cutoff should be
executed. This calculation is carried out based on the engine
coolant temperature TW by using a table shown in FIG. 9,
stored in the ROM. In the table, in order to avoid stalling of
the engine 3 due to execution of fuel cutoff at a low engine
coolant temperature, the fuel cutoff execution-determining
reference speed NFCT is set such that a value thereof
becomes larger as the engine coolant temperature TW
becomes lower. More specifically, the fuel cutoff execution-
determining reference speed NFCT is comprised of a fuel
cutoff start-determining reference speed NFCT1 and a fuel
cutoff continuation-determining reference speed NFCT2,
and set such that the fuel cutoff start-determining reference
speed NFCT1 and the fuel cutoff continuation-determining
reference speed NFCT2 have a predetermined difference
therebetween (NTFC2<NTFC1) at the same engine coolant
temperature TW. When fuel cutoff is not been carried out
(when the fuel cutoff execution flag F_FC assumes “07), the
fuel cutoff execution-determining reference speed NFCT is
set to the fuel cutoff start-determining reference speed
NFCT1, whereas when fuel cutoff is being carried out (when
the fuel cutoff execution flag F_FC assumes “17), the fuel
cutoff execution-determining reference speed NFCT is set to
the fuel cutoff continuation-determining reference speed
NFCT2. Thus, occurrence of hunting due to execution of
fuel cutoff is prevented.

[0065] At the step S38, it is determined whether or not the
engine rotational speed NE is larger than the fuel cutoff
execution-determining reference speed NFCT calculated at
the step S37. If the answer to the question of the step S38 is
negative (No), i.e. if the engine rotational speed NE is equal
to or smaller than the fuel cutoff execution-determining
reference speed NFCT, it is determined that fuel cutoff
should not be executed, since stalling of the engine 3 can
occur due to execution of fuel cutoff. Then, the steps S32,
S33 and S34 are carried out, followed by terminating the
program.

[0066] On the other hand, if the answer to the question of
the step S38 is affirmative (Yes), i.c. if the engine rotational
speed NE is larger than the fuel cutoff execution-determin-
ing reference speed NFCT, and it is determined as results of
the determinations at the steps S31, S35, S36 and S38 that
the conditions for carrying out fuel cutoff are fulfilled, it is
determined at a step S39 whether or not the fuel cutoff
execution flag F_FC assumes “1”, that is, whether or not fuel
cutoff is being carried out. If the answer to the question of
the step S39 is negative (No), i.e. if fuel cutoff is not being
carried out, the program proceeds to a step S40, wherein it
is determined whether or not the fuel cutoff execution delay
time TFCDLY set to the downcount timer at the step S32 is
equal to the value “0”. If the answer to the question of the
step S40 is negative (No), i.e. if the fuel cutoff execution
delay time TFCDLY has not yet elapsed after the conditions
for carrying out fuel cutoff were fulfilled, fuel cutoff is not
carried out, but as described above, fuel is supplied to the
engine 3 at the step S33, and the fuel cutoff execution flag
F_FC is set to “0” at the step S34, followed by terminating
the program.
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[0067] If the answer to the question of the step S40 is
affirmative (Yes), i.e. if the fuel cutoff execution delay time
TFCDLY has elapsed after the conditions for carrying out
fuel cutoff were fulfilled, fuel cutoff is executed at a step
S41, and the fuel cutoff execution flag F_FC is set to “1” at
a step S42, followed by terminating the program.

[0068] If the answer to the question of the step S39 is
affirmative (Yes), the step S40 is skipped, fuel cutoff is
executed at the step S41, and the fuel cutoff execution flag
F_FC is set to “1” at the step S42, followed by terminating
the program. Once the fuel cutoff execution flag F_FC is set
to “1” at the step S42, the answer to the question of the step
S39 becomes affirmative (Yes), and hence the fuel cutoff is
continuously carried out so long as the conditions for
carrying out the fuel cutoff are fulfilled.

[0069] As described above in detail, according to the fuel
supply control system 1 of the invention, fuel cutoff is
executed on condition that the conditions for carrying out
the fuel cutoff, including a condition dependent on the
oxygen storage amount OSC (S31), are fulfilled, and that the
fuel cutoff execution delay time TFCDLY has elapsed. As
described hereinbefore, since the fuel cutoff execution delay
time TFCDLY is set to be short when the estimated oxygen
storage amount OSC is small, whereby fuel cutoff is carried
out promptly, thereby allowing the oxygen storage amount
OSC to be increased. Inversely, when the oxygen storage
amount OSC is large, the fuel cutoff execution delay time
TFCDLY is set to be long, so that execution of fuel cutoff is
delayed, thereby preventing the oxygen storage amount
OSC from increasing.

[0070] Further, the step S31 permits determination of
whether or not fuel cutoff should be executed, based on the
oxygen storage amount OSC, which is smaller than the
maximum storage amount OSCMAX. This makes it pos-
sible to prevent the oxygen storage amount OSC from being
increased to the maximum storage amount OSCMAX which
is excessively large, by interrupting the fuel cutoff being
performed.

[0071] As described above, positive use of fuel cutoff is
made during deceleration of the engine 3, whereby it is
possible to control the oxygen storage amount OSC or
amount of oxygen actually stored in the catalytic converter
13. This makes it possible to enhance the purification rate of
the catalytic converter 13 while maintaining excellent fuel
economy, thereby improving exhaust emission characteris-
tics.

[0072] The invention is not necessarily limited to the
above embodiment, but it can be put into practice in various
forms. For instance, when execution of fuel cutoff is being
delayed, that is, during a time period between a time point
the conditions for carrying out fuel cutoff are fulfilled and a
time point the fuel cutoff starts to be actually executed, an
air-fuel mixture leaner than before the conditions are ful-
filled may be supplied to the engine 3, so as to attain more
excellent fuel economy. Further, if diagnoses of failures (for
instance, diagnoses of failures of the LAF sensor 14, an EGR
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control valve, not shown, etc.) which are normally carried
out during fuel cutoff have not yet been executed after the
start of the engine 3, fuel cutoff may be executed promptly
so as to allow the diagnoses to be readily carried out.

[0073] 1t 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 modifications may be
made without departing from the spirit and scope thereof.

What is claimed is:

1. A fuel supply control system for an internal combustion
engine having an exhaust system, for controlling supply of
fuel to said engine, comprising:

exhaust gas purification means arranged in said exhaust
system of said engine;

oxygen storage amount estimation means for estimating
an amount of oxygen stored in said exhaust gas puri-
fication means, as an oxXygen storage amount;

deceleration condition-detecting means for detecting a
deceleration condition of said engine;

fuel supply cutoff means for cutting off said supply of said
fuel to said engine when said deceleration condition-
detecting means has detected said deceleration condi-
tion; and

control means for controlling said fuel supply cutoff
means based on said oxygen storage amount estimated
by said oxygen storage amount estimation means.

2. A fuel supply control system according to claim 1,
including fuel cutoff inhibition means for inhibiting said fuel
supply cutoff means from cutting off said supply of said fuel
to said engine, when said oxygen storage amount estimated
by said oxygen storage amount estimation means is larger
than a predetermined maximum storage amount.

3. A fuel supply control system according to claim 1,
including delay time-setting means for setting a delay time
over which execution of said cutoff of said supply of said
fuel to said engine is delayed, according to said oxygen
storage amount.

4. A fuel supply control system according to claim 1,
including engine rotational speed-detecting means for
detecting a rotational speed of said engine, and intake pipe
absolute pressure-detecting means for detecting an intake
pipe absolute pressure, and wherein said oxygen storage
amount estimation means estimates said oxygen storage
amount by adding or subtracting an incremental/decremen-
tal value calculated based on a space velocity representative
of a volume of exhaust gases, to or from an immediately
preceding value of said oxygen storage amount, in accor-
dance with a state of fuel supply control, said space velocity
being calculated by using a product of a value of said engine
rotational speed detected by said engine rotational speed-
detecting means and a value of said intake pipe absolute
pressure detected by said intake pipe absolute pressure-
detecting means.



