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FUEL FEED CONTROL SYSTEM AND
METHOD FOR INTERNAL COMBUSTION
ENGINE

This application is a continuation of application Ser. No.
08/405,985, filed on Mar. 17, 1995, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a fuel feed control system
suitable for use with an internal combustion engine mounted
on an automotive vehicle, and especially to a fuel feel
control system which, even when the state of operation of
the engine is in a transition period, permits setting of an
accurate injection quantity of fuel by precisely measuring a
quantity of inducted air.

2. Description of the Related Art

In an internal combustion engine equipped with fuel
injectors, the quantity of inducted air is generally detected,
for example, by an air flow sensor and the quantity of fuel
to be injected is then determined in accordance with the
quantity of inducted air, whereby the air/fuel ratio (A/F) is
controlled.

Since the injection of fuel in a 4-cycle engine is generally
performed before the end of each induction stroke, infor-
mation on the quantity of inducted air (A/N: the quantity of
air inducted per revolution of a crankshaft of the engine) to
determine the quantity of fuel to be injected is sampled at a
time before the actual induction stroke. Described specifi-
cally, the quantity of fuel is determined, as shown in FIG. 9,
based on a detected value of the quantity of air inducted
about two strokes before the end of induction of air at which
a real quantity of inducted air is determined.

FIG. 10 is a graph showing a relationship between
detected values of inducted air quantities and real quantities
of inducted air. In the graph, a line a represents A/N ratios
detected by an air flow sensor. The point designated by each
dot shows the value of an A/N ratio estimated from the
pressure of inducted air when an engine is operated in a
steady state, and indicates a real quantity of inducted air
without any detection lag or the like.

As is shown in this graph, it is appreciated that each A/N
ratio detected by the air flow sensor (line a) is shifted from
the corresponding real A/N value indicated by a dot.

In the graph, a line b has been drawn by advancing by two
strokes (360°) the results of the detected A/N values indi-
cated by the line a. When the line a is advanced by two
strokes as indicated by the line b, the detected A/N values
coincide with the corresponding real A/N values. In other
words, the detection of each quantity of inducted air is
delayed by two strokes. Incidentally, a line ¢ indicates
openings of a throttle valve.

If the quantity of fuel to be injected is determined based
on the detected value of the quantity of air inducted two
strokes before, the difference between the real quantity of
inducted air and the quantity of inducted air detected based
on the preceding sampling becomes greater during a tran-
sition period of operation state of the engine. This means, for
example, that a real quantity of inducted air becomes greater
than a corresponding detected value upon acceleration but
the real quantity of inducted air becomes smaller than the
corresponding detected value upon deceleration.

For accurate air/fuel ratio control, it is an essential
requirement to detect a real quantity of inducted air accu-
rately without a delay. In actuality, however, it is very
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difficult to avoid a lag in the detection of a quantity of
inducted air because fuel is injected before induction of air
into a combustion chamber is completed.

Known as a method for compensating this detection lag is
the differential predictive correction method which makes
use of the difference between a latest detection value and a
preceding detection value. A calculation formula for a quan-
tity of inducted air by the differential predictive correction
method can be illustrated as shown below. '

A/NEm)=A/N(n)+m-[A/N(n)-A/N(n—-1)]

where

A/NF(n): Predicted value in the current control.

A/N(n): Detected value of the quantity of inducted air in the
current control.

A/N(n—1): Detected value of the quantity of inducted air in
the preceding control.

m: Prediction gain.

Here, the prediction gain m is defined as a constant which
is determined by the difference in timing between the
detection and the end of the induction stroke (m is 1 to 2
usually).

It is, however, rare that upon actual acceleration of an
engine, the quantity of inducted air linearly increases as
shown in FIG. 11A. Where the engine is accelerated causing
a non-linear increase in inducted air such as shown by the
non-linear line in FIG. 11B, use of a fixed value as the
prediction gain m tends to result in insufficient prediction
especially in an initial stage of acceleration.

However any attempt to positively perform a correction
by increasing the prediction gain m then leads to amplifi-
cation of minute changes in the detected value of the
quantity of inducted air during steady state operation so that
the quantity of fuel fluctuates. This results in the potential
problem that the A/F ratio varies to induce misfire or
fluctuations in torque.

Examples of techniques for making it possible to change
the prediction gain include the technique disclosed in Japa-
nese Patent Publication (Kokoku) No. HEI 4-19377. This
technique is to set a gain on the basis of the state of operation
of an engine by determining whether or not the operation
state of the engine is an idling state. When the operation state
of the engine is determined to be an idling state, the gain is
set at a predetermined value ¢, conforming with character-
istics of the idling state of the engine. When the operation
state of the engine is not determined to be an idling state, the
gain is then set at another predetermined value ¢,.

In a fuel feed control system designed to permit changing
of the prediction gain as mentioned above, however, the
prediction gain for the estimation of a quantity of inducted
air is set only at two values, one being a gain (the prede-
termined valtue ¢,) for an idling state and the other a gain
(the predetermined value ¢,) for operation states other than
idling. The fuel feed control system is therefore accompa-
nied by the problem that, during normal operation other than
idling, the gain is fixed at the predetermined value ¢, and
changes in A/F, torque and the like cannot be reduced surely.

SUMMARY OF THE INVENTION

With the foregoing in view, the present invention has as
a primary object the provision of a fuel feed control system
for an internal combustion engine, which even when the
state of operation of the engine is in a transition period,
permits seiting of an accurate injection quantity of fuel by
precisely measuring a quantity of inducted air.
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In one aspect of the present invention, there is thus
provided a fuel feed control system for a multi-cylinder
internal combustion engine, comprising:

fuel quantity setting means for setting a quantity of fuel to
be fed at a desired fuel feeding time in an induction stroke
of the internal combustion engine on the basis of inducted air
quantity information detected at a desired inducted air
quantity detection time before an end of the induction stroke,
and

means for feeding, at the desired fuel feeding time, fuel in
the quantity set by the fuel quantity setting means;

wherein said fuel quantity setting means is provided with
inducted air estimation means for estimating information on
a quantity of air, which is to be inducted during the induction
stroke corresponding to the desired fuel feeding time, on the
basis of a result of detection of an inducted air quantity at the
desired inducted air quantity detection time and inducted air
quantity information detected before the desired inducted air
quantity detection time and predicted information, and

said inducted air estimation means is provided with
transient operation state detection means for detecting a
transient operation state of the internal combustion engine
and means for changing the predicted information so that,
upon detection of the transient operation state of the internal
combustion engine by said transient operation state detec-
tion means, the estimated quantity of inducted air and a
corresponding real quantity of inducted air become closer to
each other.

According to the fuel feed control system of the present
invention, the quantity of fuel to be fed at the desired fuel
feeding time in the induction stroke is first set by the fuel
quantity setting means on the basis of the inducted air
quantity information detected at the desired inducted air
quantity detection time before the end of the induction
stroke.

At this time, the inducted air estimation means, which the
fuel quantity setting means is provided with, estimates the
quantity of air to be inducted during the induction stroke
including the fuel feeding time based on the result of the
detection of the inducted air quantity at the inducted air
quantity detection time, the inducted air quantity informa-
tion detected before the inducted air quantity detection time
and the predicted information.

Further, when the transient operation state of the internal
combustion engine is detected by the transient operation
state detection means which the inducted air quantity esti-
mation means is provided with, the predicted information is
changed by the predicted information changing means so
that the estimated quantity of inducted air and the real
quantity of inducted air become closer to each other.

By the fuel feeding means, fuel is then fed at the fuel
feeding time in accordance with the fuel quantity set by the
fuel quantity setting means.

Owing to the features described above, it is possible to
accurately estimate the quantity of air to be inducted and
hence to set an accurate quantity of fuel to be injected even
when the operation state of the engine is in the transition
period. This has made it possible to suppress fluctuations in
the air/fuel ratio during transient operation and thus to
prevent misfire or fluctuations in torque.

The predicted information changing means may comprise
means for changing the predicted information in accordance
with the result of a comparison between the estimated
quantity of inducted air and the corresponding real quantity
of inducted air upon detection of the transient operation state
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of the internal combustion engine by the transient operation
state detection means. This construction permits feedback of
the predicted information, whereby the quantity of inducted
air to be estimated next can be accurately estimated.

The predicted information changing means may comprise
means for setting, as an initial value of the predicted
information, a value greater than a number of detections of
the quantity of inducted air between the desired inducted air
quantity detection time and the desired fuel feeding time
when the transient operation state of the internal combustion
engine is detected by the transient operation state detection
means. This construction permits setting the initial value at
a value conforming with the internal combustion engine.

The predicted information changing means may comprise
means for changing the predicted information in accordance
with the result of a comparison between the estimated
quantity of inducted air and the corresponding real quantity
of the inducted air after a value greater than a number of
detections of the quantity of inducted air between the desired
inducted air quantity detection time and the desired fuel
feeding time has been set as an initial value of the predicted
information subsequent to detection of the transient opera-
tion state of the internal combustion engine by the transient
operation state detection means. According to this construc-
tion, the difference between the estimated quantity value of
inducted air and the real quantity of inducted air in the
transition period of the internal combustion engine, espe-
cially upon estimation of the quantity of inducted air in an
initial stage of acceleration can be reduced so that the
feeding of fuel can be performed accurately.

Further, the predicted information changing means may
comprise means for setting the initial value of the predicted
information in accordance with at least one of a quantity and
direction of a transient change of the internal combustion
engine when the value greater than the number of detections
of the quantity of inducted air between the desired inducted
air quantity detection time and the desired fuel feeding time
is set as the initial value of the predicted information upon
detection of the transient operation state of the internal
combustion engine by the transient operation state detection
means. In this case, the predicted information can be set
depending on the state in the transition period of the internal
combustion engine.

The predicted information changing means may comprise
means for changing and correcting the predicted information
in a direction opposite to the direction of a preceding change
and correction when the difference between the correspond-
ing real quantity of the inducted air and the estimated
quantity of inducted air becomes smaller than a predeter-
mined positive value upon changing the predicted informa-
tion in accordance with the result of a comparison between
the estimated quantity of inducted air and the corresponding
real quantity of inducted air subsequent to the detection of
the transient operation state of the internal combustion
engine by the transient operation state detection means.
According to this construction, the predicted information
can be promptly changed to enable accurate estimation of
the quantity of inducted air even when the internal combus-
tion engine is brought into the steady-state operation state
from the transient operation state.

The predicted information changing means may comprise
means for stepwise changing a rate of decrease of the
predicted information in at least two stages upon changing
the predicted information in a decreasing direction. By this
construction, the predicted information can be promptly
decreased to reduce an error in the estimation of the quantity

































