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[57] ABSTRACT

An apparatus for detecting the quantity of intake air to be
compared with a reference quantity is arranged in an internal
combustion engine having a mechanism for continuously
varying the open/close timing of at least one of the intake
valves and the exhaust valves. The apparatus has a unit for
detecting a load of the engine and a unit for detecting an
actual quantity of intake air according to the detected load
and valve timing that is dependent on the detected load.

4 Claims, 17 Drawing Sheets
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APPARATUS FOR DETECTING INTAKE AIR
QUANTITY OF INTERNAL COMBUSTION
ENGINE HAVING MECHANISM FOR
CONTINUOUSLY VARYING VALVE TIMING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an internal combustion
engine having a mechanism for continuously varying the
timing of opening and closing an intake or exhaust valve
and, particularly, to an apparatus for detecting an actual
quantity of intake air of the engine and comparing it with a
reference quantity, to determine, for example, an altitude.

2. Description of the Related Art

There are many mechanisms that optimize the open/close
timing of valves of an automobile engine according to
driving conditions. Among them are ON/OFF mechanisms.
To provide high-performance engines, the ON/OFF mecha-
nisms are being replaced with continuously variable valve
timing mechanisms that always optimize valve timing as
disclosed in Japanese Unexamined Patent Publication No.
4-175430 (corresponding to U.S. Pat. No. 5,271,360). These
mechanisms are intended to improve the efficiency of an
intake action and an internal exhaust gas recirculation
(EGR) system, to thereby increase the engine output, purify
the exhaust gas, and to reduce pumping loss and fuel
consumption.

Japanese Unexamined Patent Publication No. 4-269339
controls the valve timing of an engine according to the
operating conditions of the engine and atmospheric pressure.
If atmospheric pressure decreases, the disclosure increases
an internal EGR quantity, i.e., a valve overlap period, to
reduce fuel consumption. This technique employs an atmo-
spheric pressure sensor. Some altitude detecting techniques
detect atmospheric pressure without atmospheric pressure
sensors, thereby cutting costs.

The above disclosure (4-269339) employs an airflow
meter to detect the quantity of intake air. Another technique
employs a thermal airflow meter to directly detect the mass
of intake air while the engine is running, compares it with a
reference quantity that is obtained at low altitudes, and
according to the difference between the quantities, indirectly
detects the atmospheric pressure. This indirect technique
will be explained.

If the revolution speed and throttle opening of an engine
are unchanged, an actual intake air quantity GN of the
engine, i.e., the mass of intake air per engine revolution is
dependent on air density, i.e., atmospheric pressure. Namely,
the ratio of the intake air quantity GN to a reference quantity,
which is assumed at low altitudes under the same engine
speed and throttle opening as those that have provided the
intake air quantity GN, is proportional to an atmospheric
pressure PA, as shown in FIG. 1. A thermal airflow meter
directly detects the mass of intake air, which is used to
indirectly detect atmospheric pressure.

The atmospheric pressure must be detected when the
intake air quantity GN is stable with respect to a throttle
opening TA. Namely. it is preferable to detect atmospheric
pressure when the throttle opening is wide (wide-open-
throttle: WOT) to indicate that the load of the engine is high,
as shown in FIG. 2. Reference intake air quantities and
corresponding engine speeds (NE) are measured in the
wide-open-throttle state at low altitudes and stored as a map
in a memory. While the engine is being operated in the
wide-open-throttle state, an actual quantity of intake air is
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detected and compared with a cormresponding reference
quantity that is found according to an engine speed at the
time.

When the valve timing of the engine is varied, the
quantity of intake air fluctuates accordingly even if the
engine speed and throttle opening are unchanged. The valve
timing varying mechanism always changes valve timing and
involves a response delay. Accordingly, the quantity of
intake air will not be stable even in the wide-open-throttle
state. FIG. 3 shows a relationship of intake air quantity GN
and the valve timing displacement IVTD of an intake valve
in the wide-open-throttle state. Even in the wide-open-
throttle state, IVTD will not be equal to IVTDwot, which is
set for the wide-open-throttle state, due to the response
delay. Accordingly, for the engine having the mechanism for
continuously varying valve timing, the behavior of the valve
timing control must be considered when detecting the quan-
tity of intake air. Considering only a throttle opening will
lead to detecting an incorrect quantity of intake air.

In principle, an actual quantity of intake air must be
detected according to the revolution speed, throttle opening,
and valve timing of the engine and be compared with a
corresponding reference quantity. For this purpose, maps of
reference quantities and corresponding engine speeds and
throttle openings may be prepared for each valve timing
displacement IVTD so that a corresponding one of them is
compared with an actwal quantity of intake air. This,
however, requires a high-performance CPU and increases
costs.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
apparatus for detecting the quantity of intake air of an
internal combustion ecngine having a mechanism for con-
tinuously varying valve timing, capable of correctly detect-
ing an actual quantity of intake air to be compared with a
reference quantity. Another object of the present invention is
to provide an altitude detecting system of simple structure
for the engine.

In order to accomplish the objects, a first aspect of the
present invention provides an apparatus for detecting the
quantity of intake air of an internal combustion engine
having a mechanism for continuously varying the valve
timing of at least one of the intake valves and the exhaust
valves. The apparatus has a unit for detecting an engine load
and a unit for detecting an actual quantity of intake air
according to the detected load and valve timing that is
determined by the detected load. The detected intake air
quantity is compared with a reference quantity.

In the engine having the mechanism for continuously
varying valve timing, the quantity of intake air is dependent
on valve timing, which involves a response delay.
Accordingly, confirming only a high engine load is insuffi-
cient to correctly detect the quantity of intake air. To
correctly detect the quantity of intake air, the first aspect of
the present invention additionally considers valve timing.

A second aspect of the present invention employs the
apparatus of the first aspect and detects an actual quantity of
intake air when valve timing is stable with respect to a
change in the load of the engine, to improve the correctness
of the detected quantity.

A third aspect of the present invention provides the
apparatus of the second aspect with a unit for detecting
actual valve timing. The third aspect detects an actual
quantity of intake air if the load of the engine is high and if
actual valve timing is around target valve timing that is















