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METHOD OF CORRECTING AIR-FUEL RATIO
FOR ATMOSPHERIC PRESSURE IN INTERNAL
COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

This invention relates to a method of correcting the
air-fuel ratio of an air-fuel mixture supplied to an inter-
nal combustion engine so as to take atmospheric pres-
sure into account. More particularly, the invention re-
lates to a method of correcting the air-fuel ratio for
atmospheric pressure so as to avoid a leaner air-fuel
ratio from being brought about when the engine is oper-
ating under a small load.

A known method of controlling the supply of fuel to
an internal combustion engine having a fuel injection
device entails setting a period of time during which the
valve of the injection device is to be opened to 2 basic
value determined in dependence upon engine rotational
speed and absolute pressure in the engine intake pipe,
and correcting the set basic period of time during which
the valve is to be opened in dependence upon sensed
values of operating parameters (e.g. engine tempera-
ture, throttle valve opening, atmospheric pressure) rep-
resenting operating conditions of the engine, thereby
deciding an amount of fuel supply in such a manner that
the air-fuel ratio of the mixture supplied to the engine
will attain a desired air-fuel ratio, e.g. a stoichiometric
mixture ratio (e.g. Japanese Provisional Patent Publica-
tion (Kokai) No. 58-85337).

When an internal combustion engine is operated
under a low atmospheric pressure such as exists at a
high altitude, the drop in atmospheric pressure is ac-
companied by a decline in engine back pressure, namely
the pressure in the exhaust pipe. A consequence of the
reduction in back pressure is a higher engine exhaust
efficiency, as a result of which the charging efficiency
rises. This in turn causes a leaner mixture to be supplied
to the engine, unless a countermeasure is taken to com-
pensate for the drop in atmospheric pressure. This ten-
dency toward a leaner mixture becomes more pro-
nounced the lower the rotational speed of the engine
- and the smaller the engine load. More specifically, since
the back pressure of the engine is very low when the
engine is operating under a small load as during rotation
at low speed, the back pressure is readily influenced by
a change in atmospheric pressure. The smaller the en-
gine load becomes in such case, the greater the rate at
which back pressure declines with respect to a drop in
atmospheric pressure. This resuits in a correspondingly
higher exhaust efficiency and, hence, a correspondingly
greater rate of increase in charging efficiency. The end
result is a mixture which will become more lean so long
as the amount of fuel supplied is constant.

The conventional fuel supply control method men-
tioned above attempts to deal with this problem by
calculating a correction value, namely a value which
corrects the basic value of valve opening period for
atmospheric pressure, based upon the prevailing value
of atmospheric pressure and the intake pipe absolute
pressure value, which is indicative of the magnitude of
engine load, thereby deciding a correction value that
conforms to operating conditions of the engine. How-
ever, the conventional method relies upon a compli-
cated arithmetic expression in order to calculate the
correction value, as a result of which the calculation
processing requires a considerable period of time. The
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unfortunate consequence is a control delay that renders
the method impractical for use.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
method of correcting the air-fuel ratio for atmospheric
pressure in an internal combustion engine, which
method compensates for a tendency toward a leaner
air-fuel ratio when the engine is operating under a small
load by using a correction value, which corrects the
air-fuel ratio for atmospheric pressure, dependent upon
the magnitude of the engine load, the correction value
being determined in a short period of time in accor-
dance with a simple arithmetic expression.

To attain the above object, the present invention
provides a method of correcting the air-fuel ratio of an
air-fuel mixture to be supplied to an internal combustion
engine for atmospheric pressure in which an amount of
fuel to be supplied to the engine is determined in depen-
dence upon operating conditions of the engine and the
determined amount of fuel is corrected by a correction
value that depends upon atmospheric pressure.

The method according to the invention is character-
ized by comprising the following steps:

setting the correction value in such a manner that the
correction value increases with a decrease in atmo-
spheric pressure;

modifying the set correction value in such a manner
that the correction value decreases with a rise in rota-
tional speed of the engine; and

correcting the amount of fuel to be supplied to the
engine by adding the modified correction value thereto.

In a preferred embodiment, the method according to
the invention is characterized by comprising the follow-
ing steps:

setting the correction value in such a manner that the
correction value increases with a decrease in atmo-
spheric pressure;

comparing rotational speed of the engine with a pre-
determined value;

obtaining a modified correction value from the set
correction value by performing a calculation based on a
first predetermined arithmetic expression when the
rotational speed of the engine is higher than the prede-
termined value;

adopting the set correction value as a modified cor-
rection value when the rotational speed of the engine is
lower than the predetermined value;

calculating a period of time during which the fuel
injection device is opened, based on a second predeter-
mined arithmetic expression using the modified correc-
tion value as an additive term; and

injecting fuel for the calculated period of time from
the fuel injection device.

Thus, in accordance with the invention, compensa-
tion is applied to mitigate the tendency toward a leaner
air-fuel ratio when the engine is operating under a small
load. In addition, since the correction value is calcu-
lated using a simple arithmetic expression, processing
time is curtailed to eliminate the problem of control
delay. '

The above and other objects, features and advantages
of the invention will be apparent from the following
detailed description taken in conjunction with the ac-
companying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the overall con-
struction of a fuel supply control system for an internal
combustion engine, to which the method of the present
invention is applied;

FIG. 2 is a program flowchart illustrating a subrou-
tine for calculating a correction variable TPA which
corrects the air-fuel ratio for atmospheric invention;

FIG. 3 is a graph useful in describing a table that
indicates the relationship between the atmospheric pres-
sure-dependent correction variable TPA and atmosh-
eric pressure PA; and

FIG. 4 is a graph showing the relationship between
an atmospheric pressure-dependent correction variable
T'PA resulting from a modification of the correction
variable TPA and engine rotational speed Ne.

DETAILED DESCRIPTION

A preferred embodiment of the method in accor-
dance with the invention will now be described with
reference to the accompanying drawings.

FIG. 1 shows the overall construction of a fuel sup-
ply control system for an internal combustion engine, to
which the method of the invention is applied. The inter-
nal combustion engine, designated by reference numeral
1, is e.g. of the four-cylinder type and has one end of an
intake pipe 2 and one end of an exhaust pipe 3 con-
nected thereto. The intake pipe 2 is provided at a point
along its length with a throttle valve 4. A throttie valve
opening (§TH) sensor 5 is connected to the throttle
valve 4 for sensing the opening of the throttle valve 4
and supplying an electric signal indicative of the sensed
valve opening to an electronic control unit (hereinafter
referred to as “the ECU”) 6.

A fuel injection valve 7 for each one of the engine
cylinders is provided in the intake pipe 2 between the
engine 1 and the throttle valve 4 at a location slighly
upstream of the intake valve (not shown) of each cylin-
der. Each injection valve 7 is connected to a fuel pump,
not shown, and is electrically connected to the ECU 6.
The period of time during which each valve is opened
to inject fuel is controlled by a signal from the ECU 6.

The intake pipe 2 is provided with an absolute pres-
sure (PBA) sensor 9 connected thereto via a pipe 8 at a
point immediately downstream of the throttle valve 4.
An electric signal indicative of absolute pressure in the
intake pipe 2 downstream of the throttle valve 4 is pro-
duced by the absolute pressure sensor 9 and delivered to
the ECU 6.

The cylinder block of engine 1 has an engine coolant
temperature sensor (TW) 10 mounted thereon. The TW
sensor 10 supplies the ECU 6 with an electric signal
indicative of the coolant temperature which it has
sensed. An engine rotational speed (Ne) sensor 11 is
arranged in facing relation to the engine camshaft or
crankshaft, neither of which is shown. The Ne sensor 11
outputs a crank angle position signal (hereinafter re-
ferred to as “the TDC signal”) at a predetermined crank
angle position whenever the engine crankshaft rotates
through 180°, namely one TDC signal pulse at a crank
angle position which is a predetermined crank angle
before top dead center (TDC) at the start of the suction
stroke of each cylinder. The TDC signal is delivered to
the ECU 6.

Arranged in the exhaust pipe 3 of the engine 1 is a
three-way catalyst 12 for purifying HC, CO and NOx
components in the engine exhaust gases. Also provided
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in the exhaust pipe 3 upstream of the three-way catalyst
12 is an oxygen concentration (O3) sensor 13 for sensing
the concentration of oxygen in the exhaust gases and
providing the ECU 6 with a signal indicative of the
oxygen concentration sensed.

An atmospheric pressure sensor 14 is connected to
the ECU 6 for sensing atmospheric pressure and for
providing the ECU 6 with an electric signal indicative
of the sensed atmospheric pressure. Also connected to
the ECU 6 are other operating parameter sensors 13
such as an engine intake air temperature sensor. These
other operating parameter sensors 15 supply the ECU 6
with their output signals representing the particular
physical quantities sensed.

The ECU 6 comprises an input circuit 6z which func-
tions to shape input signal waveforms from some sen-
sors, correct the voltage levels of input signals from
some other sensors to predetermined levels and convert
the values of these analog signals into digital signal
values, a central processing unit (hereinafter referred to
as “the CPU”) 6b, memory means 6c¢ for storing various
arithmetic programs executed by the CPU 6b, a TPA-
PA table, described later, and an arithmetic expression,
also described later, for calculating a correction vari-
able which corrects the air-fuel ratio for atmospheric
pressure, and an output circuit 64 for supplying each
fuel injection valve 7 with a driving signal.

The ECU 6 calculates, in synchronism with inputting
of each pulse of the TDC signal, a time period TOUT
during which each fuel injection valve is to be opened
(hereinafter called “the valve opening period”), by
using the following equation, based on the values of the
various engine operating parameter signals:

TOUT=TiXK1+K2+TPA m
where Ti represents a basic value of the valve opening
period of the fuel injection valve 7. The basic valve
opening period Ti is read out of the memory means 6c in
ECU 6 on the basis of e.g. the absolute pressure PBA in
the intake pipe and the engine rotational speed Ne.
Further, K; and K> represent correction coefficients
and correction variables, respectively, calculated in
dependence upon the voltage value of a battery (not
shown) for supplying power to the ECU, the fuel injec-
tion valves 7, etc. and the values of engine operating
parameter signals from various sensors as aforemen-
tioned, e.g., the throttle valve opening sensor 5, the
engine coolant temperature sensor 10 and the other
engine operating parameter sensors 15. TPA represents
a correction variable which corrects the air-fuel ratio
for atmospheric pressure in accordance with a feature
of the invention. The value of this correction variable is
calculated by a subroutine the details of which will be
described below.

The ECU 6 supplies each fuel injection valve 7 with
a driving signal for opening the valve 7 over the valve
opening period TOUT obtained as set forth above.

Reference is now made to the program flowchart of
FIG. 2 to describe the subroutine through which the
atmospheric pressure-dependent correction variable
TPA is calculated in accordance with the invention.

The subroutine is run by the CPU 65 of FIG. 1 when-
ever a pulse of the TDC signal is generated. When the
TDC signal pulse enters the ECU 6, step 1 of the pro-
gram calls for the CPU 6b to read in the values of the
engine rotational speed Ne and atmospheric pressure
PA sensed by the Ne sensor 11 and atmospheric pres-
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sure sensor 14, respectively. This is followed by a step 2,
at which the basic valve opening period Ti and correc-
tion coefficients and variables K1, K2 are determined
based on the values of the parameter signals obtained
from the various engine operating parameter sensors.
The program then proceeds to a step 3, at which a value
of the correction variable TPA is looked up in the TPA-
PA table, which has been stored in the memory means
6c in ECU 6, on the basis of the value of atmospheric
pressure PA read in at the step 1. It should be noted that
the TPA-PA table has been set in such a manner that
correction variable TPA read out of the table will have
such a large value that a leaner mixture will not result
even if the engine load is small.

FIG. 3 is a graph useful for explaining the TPA-PA
table. It will be understood from FIG. 3 that the table is
set in such a manner that TPA has a constant value of
TPA1 when the sensed value PA of atmospheric pres-
sure PA is higher than a predetermined value PA1 (e.g.
600 mmHg), and a constant value of TPA2 when the
sensed value of atmospheric pressure PA is lower than
a predetermined value PA2 (e.g. 450 mmHg). When the
sensed atmospheric pressure PA has a value PA3 lying
between the predetermined values PA1, PA2, the value
TPA3 of TPA is obtained by an interpolation in such a
manner that the value TPA3 is set to larger values as the
sensed atmospheric pressure PA decreases.

By executing step 4 et seq., the atmospheric pressure-
dependent correction variable TPA obtained at the step

“_ 3 is modified in dependence upon a change in engine

rotational speed Ne, namely a change in engine load.
Step 4 calls for a determination as to whether the
engine rotational speed Ne is higher than a predeter-
mined value NTPA (e.g. 1000 rpm). If the answer ren-
dered is NO, namely that the engine is operating under
a small load, then the program proceeds to a step 5, at
which the value TPA obtained from the TPA-PA table
is set, without change, to T'PA as a modified correction
variable which corrects the air-fuel ratio for atmo-
spheric pressure (i.e. the operation T'PA=TPA is per-

o . formed at step 5). Next, at a step 9, the modified correc-

_tion variable T'PA just set and the values Ti, K1, K2

determined at the step 2 are substituted into Equation
(1) to calculate the valve opening period TOUT. This is
followed by a step 10, at which fuel is injected from the
injection valve 7 for the valve opening period TOUT
thus calculated.

If the answer at the step 4 is YES, indicating that the
engine is under a large load so that there is a reduction
in the tendency toward a leaner mixture that is caused
by a decrease in back pressure, the program proceeds to
a step 6, at which the atmospheric pressure-dependent
correction variable TPA is modified based on the fol-
lowing equation:

T PA=TPA—kPA(Ne— NTPA) )
where T'PA represents the aforementioned modified
correction variable, and kPA denotes a coefficient ex-
pressing a desired rate of change in the correction vari-
able T'PA with respect to the rotational speed Ne of the
engine. This rate of change is indicated by the slope of
the inclined portion of the curve shown in FIG. 4. The
value of the coefficient kPA is found experimentally in
dependence upon the characteristics of the particular
engine.

From step 6 the program proceeds to a step 7, at
which it is determined whether the modified correction
variable T'PA obtained at the step 6 is equal to or less
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than zero. If the answer is NO, then steps 9 and 10 are
executed using the correction variable T'PA calculated
by Equation (2). If a YES answer is received at the step
7, then the program proceeds to a step 8, at which the
modified correction variable T'PA is set to zero irre-
spective of the value calculated in accordance with
Equation (2). This is followed by execution of the steps
9 and 10.

The results of modifying the correction variable as set
forth above will now be examined. By way of example,
assume that the sensed value of atmospheric presure is
PA2 or PA3 in FIG. 3. In such case, the value of the
correction variable TPA prior to modification will be
TPA2 or TPAS3, respectively. TPA2, TPA3 will then
be modified to T'PA2, T'PA3, respectively, in depen-
dence upon the rotational speed Ne prevailing at this
time. The modified correction variables T'PA2, T'PA3
vary as indicated by the solid and dashed lines, respec-
tively, shown in FIG. 4.

As set forth above, according to the invention, the
amount of fuel determined in accordance with operat-
ing conditions of the engine is corrected by the correc-
tion variable TPA in dependence upon atmospheric
pressure PA. The correction variable TPA is set so as to
increase with a decrease in atmospheric pressure PA,
and the set value of the correction variable TPA is
modified so as to decrease with a rise in the engine
rotational speed Ne. The correction variable T'PA re-
sulting from this modification is added to the amount of
fuel supplied to the engine to correct the same. Thus,
the tendency toward a leaner air-fuel ratio when the
engine is operating under a small load at a lower atmo-
spheric pressure is mitigated. Moreover, the correction
variable TPA is calculated through a simple arithmetic
expression to shorten the calculation time and, hence,
eliminate the control delay.

As many apparently widely different embodiments of
the present invention can be made without departing
from the spirit and scope thereof, it is to be understood
that the invention is not limited to the specific embodi-
ments thereof except as defined in the appended claims.

- What is claimed is:

1. A method of correcting the air-fuel ratio of an
air-fuel mixture to be supplied to an internal combustion
engine for atmospheric pressure in which an amount of
fuel to be supplied to the engine is determined in depen-
dence upon operating conditions of the engine and the
determined amount of fuel is corrected by a correction
value that depends upon atmospheric pressure, the
method comprising the steps of:

setting said correction value in dependence on atmo-

spheric pressure in a manner such that the correc-
tion value increases with a decrease in atmospheric
pressure;

modifying the set correction value in dependence on

rotational speed of said engine in a manner such
that the correction value decreases with a rise in
the rotational speed of said engine; and

correcting the amount of fuel to be supplied to said

engine by adding the modified correction value
thereto.

2. A method as claimed in claim 1, wherein said cor-
rection value is set in a manner such that it has a con-
stant value when the atmospheric pressure is higher
than a first predetermined value or lower than a second
predetermined value lower than said first predeter-
mined value, and it increases as the atmospheric pres-
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sure decreases between said first and second predeter-
mined values.

3. A method as claimed in claim 1, wherein said set
correction value is modified in a manner such that the
correction value is held at the set correction value when
the rotational speed of said engine is lower than a prede-
termined value, and the correction value decreases as
the rotational speed of said engine increases from said
predetermined value.

4. A method of correcting the air-fuel ratio of an
air-fuel mixture to be supplied to an internal combustion
engine for atmospheric pressure in which an amount of
fuel to be supplied from a fuel injection device to the
engine is determined in dependence upon operating
conditions of the engine and the determined amount
fuel is corrected by a correction value that depends
upon atmospheric pressure, the method comprising the
steps of:

setting said correction value in dependence on atmo-

spheric pressure in a manner such that the correc-
tion value increases with a decrease in atmospheric
pressure;

comparing rotational speed of said engine with a

predetermined value;

obtaining a modified correction value from the set

correction value by performing a calculation based
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on a first predetermined arithmetic expression
when the rotational speed of said engine is higher
than said predetermined value;

adopting the set correction value as a modified cor-
rection value when the rotational speed of said
engine is lower than said predetermined value;

calculating a period of time during which said fuel
injection device is opened, based on a second pre-
determined arithmetic expression using the modi-
fied correction value as an additive term; and

injecting fuel for the calculated period of time from
said fuel injection device.

5. A method as claimed in claim 4, wherein said first

arithmetic expression is as follows:

T PA=TPA—kPA(Ne— NTPA)

where T'PA is said modified correction value, TPA
said set correction value, Ne the rotational speed of said
engine, NTPA said predetermined value of the rota-
tional speed of said engine, and kPA a coefficient a
coefficient expressing a desired rate of change in said
correction value T'PA with respect to the rotational

speed Ne of said engine.
* kx k ok ok



