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ION CURRENT DETECTING APPARATUS
FOR INTERNAL COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an jon-current detecting
apparatus that detects the state of combustion in an internal
combustion engine by detecting ion current generated by
combustion in the internal combustion engine.

2. Description of the Related Art

In an internal combustion engine, a mixture of air and fuel
taken into a combustion chamber. hereinafter referred to as
a cylinder, is compressed by a piston. and burned by an
electric spark of an ignition plug installed in the cylinder, so
that the power generated on the piston by the explosion
caused by the burning is taken as output.

When combustion takes place in a cylinder, the molecules
inside the cylinder are ionized. If a high voltage is applied
to the inside of the cylinder in such an ionized state, a current
flows by the motion of ions having electric charges. This
current is called ion current. Ion current sensitively varies
depending on the combustion state inside a cylinder, so that
the combustion state can be detected by detecting the state
of the ion current. As a system using the ignition plug for the
electrode for detecting ion current. there is an invention
disclosed in the Japanese patent laid-open publication No.
Hei 7-217519. The invention realizes an apparatus that
detects the misfiring (knocking) state. in which combustion
does not normally take place. based on the magnitude of ion
current immediately after ignition.

Further, concerning the control of ignition timing in
internal combustion engines, there has been widely used a
method of control that prevents knocking. by detecting
abnormal vibration caused by knocking and by varying
ignition timing, while maintaining ignition timing that
brings high power. For example. a sensor that detects
vibration is installed inside an internal combustion engine,
so that an electric vibration signal obtained by the sensor is
analyzed in a computer, and ignition timing is made earlier
to stop knocking, if knocking occurs.

However. the source of knocking is the cylinders. In order
to detect vibration from a plurality of cylinders by a single
vibration sensor, the position of the vibration sensor is a
crucial factor. An optimal position of a vibration sensor that
easily detects vibration from cylinders and does not detect
the vibration of other parts such as intake and exhaust valves
depends on each engine, so that mandays for designing an
engine are increased to determine the optimal position.

It is known that vibration due to knocking is also dem-
onstrated in the oscillation in the waveform of an ion current
signal. Therefore, if the ion current signal is used for knock
control then. compared with the method of detecting knock-
ing by a vibration sensor in the form of the vibration of a
whole engine, differences among engines are reduced, and
vibration sensors become unnecessary. Hence, a control
system can be constructed with great accuracy and at low
cost.

In an apparatus described above for detecting a misfiring
state, the magnitude of the ion current greatly varies depend-
ing on the speed of the internal combustion engine, so that
the detection of a knock signal superimposed in the wave-
form of the ion current signal for the whole range of engine
speed has been difficult.

In a prior detector of a misfiring state using an ion current
detecting apparatus, if the detected magnitude of ion current
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is greater than or equal to a constant value, then it is judged
that combustion in the cylinder has taken place normally. If
the detected magnitude of ion cumrent is less than the
constant value. then it is judged that combustion in the
cylinder has not normally taken place. However. in a mis-
firing state, the magnitude of ion current does not necessarily
become zero. In particular, when engine speed is high. the
magnitude of ion current becomes great, so that ion current
of the same magnitude as detected during a normal state of
low engine speed can, in some cases, be detected during a
misfiring state of high engine speed. Therefore. if the
threshold value of ion current for judging misfiring and
firing is set for low engine speed. then misfiring cannot be
detected during high engine speed. since detected current is
over the threshold value during misfiring of high engine
speed. If the threshold value of ion current is set for high
engine speed. then firing cannot be detected during low
engine speed even if combustion is normally taking place.
since the magnitude of ion current becomes small during
low engine speed. In order to solve these problems, there is
an invention disclosed in Japanese Patent laid-open publi-
cation No. Hei 7-217519. In this invention, if ion current is
detected. then a current depending on the detected current is
made to flow into a capacitor to feed back a current
corresponding to the capacitor’s holding voltage and cancel
the detection of the current. By this means. the minimum
level of ion current needed for detection is increased, as
more ion current is detected, so that false detection is
prevented. However. ion current is hardly generated during
misfiring, so that this method cannot prevent a failure in the
detection of misfiring.

Further, in a prior ion current detecting circuit, con-
structed as above, the rate of conversion from ion current to
ion voltage is constant, so that the knock signal superim-
posed in the waveform of ion current, which greatly varies
with the speed of the internal combustion engine, is hard to
detect for the whole range of engine speed. Therefore,
application of ion current to knock control has been ham-
pered.

Further, in the invention disclosed in Japanese Patent
laid-open publication No. Hei 7-217519. its circuitry
requires an operational amplifier. so that the circuitry
becomes large.

SUMMARY OF THE INVENTION

The present invention is intended to solve the above
problems. Its object is therefore to provide an ion current
detecting apparatus that comprises a small number of cir-
cuitry elements and that is able to detect both misfiring and
knocking by detecting ion current.

A first ion current detecting apparatus in accordance with
the present invention is an apparatus that detects ion current
generated during burn time, in an internal combustion
engine comprising ignition coils that generate high voltage
on their secondary winding by a voltage applied to their
primary winding, ignition plugs that fire by the voltage
generated on ignition coils, and cylinders. The ion current
detecting apparatus is equipped with a voltage generator for
detection that comprises a first diode whose anode is con-
nected to the primary winding of the ignition coils. a first
capacitor whose one end is connected to the cathode of the
first diode and that is charged by the voltage generated on the
primary winding of the ignition coils, and a second diode
whose anode is connected to the other end of the first
capacitor, whose cathode is grounded. and that forms a path
for charging current together with the first diode and the first
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capacitor during the time when the first capacitor is charged
and an ion current voltage converter having a current mirror
circuit that takes in the ion current generated inside the
cylinders by applying the voltage generated by the discharg-
ing of the first capacitor to the ignition plugs and that outputs
a current equivalent to the ion current and an output circuit
that converts the output current of the current mirror circuit
into voltage to output.

In the above ion current detecting apparatus, during the
firing of an ignition plug, a current flows through the path of
ignition plug. the first diode, the first capacitor and the
second diode, so that the capacitor is charged. During ion
current detection, the first capacitor is discharged by a
current flowing either through the path of the power supply.
the current mirror circuit, the first capacitor. the ignition plug
or through the path of power supply, the curmrent mirror
circuit—first capacitor—ignition coil —ignition plug, so that
a voltage for ion current detection is applied to the inside of
the cylinder. When ion current is generated, the jon current
flows into the current mirror, and an equivalent current is
output and converted by the output circuit into a voltage.

Preferably. in the first ion current detecting apparatus. the
output circuit is composed of a resistor. and the output
current of the current mirror circuit flows through the
resistor. so that the converted voltage is output as a voltage
drop at the resistor.

Preferably., in the first ion current detecting apparatus, the
output circuit is equipped with a constant current circuit
comprising a current mirror circuit. Then a converted volt-
age is obtained from the relativity of the current determined
by the constant current source and the ion current.

Preferably, the first ion current detecting apparatus is
further equipped with a gain adjustment means that controls
the rate of conversion from ion current to output voltage in
the ion current voltage converter and a high frequency
component amplifier that converts the component currents
of frequencies not less than a predetermined frequency and
superimposed in the waveform of ion current into voltage to
output. The gain adjustment means comprises a reference
voltage circuit that generates a predetermined reference
voltage. a first differential amplifier whose one input termi-
nal is connected to the output terminal of the ion current
voltage converter and whose other input terminal is con-
nected to the output terminal of the reference voltage circuit.
and that amplifies the difference between input voltages. The
gain adjustment means also includes an integrating circuit
that comprises a capacitor and an inverting amplifier. takes
in the output of the first differential amplifier, and feeds back
into the ion current voltage converter. The high frequency
component amplifier comprises a second differential ampli-
fier that shares its input terminals with the first differential
amplifier and an output circuit that converts the output of the
second differential amplifier into voltage to output.

In the gain adjustment means, the first differential ampli-
fier compares the detected voltage of the ion current voltage
converter with the predetermined reference voltage to
amplify their difference voltage. Then the result is input to
the integrating circuit, and the component currents of fre-
quencies not less than a particular frequency are blocked and
negatively fed back into the ion current voltage converter.
By this means. the component currents of frequencies not
less than a predetermined frequency are extracted. The
extracted high frequency components are amplified by the
second differential amplifier in the high frequency compo-
nent amplifier.

In an internal combustion engine comprising ignition
coils that generate high voltage on their secondary winding
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by a voltage applied to their primary winding. ignition plugs
that fire by the voltage generated on ignition coils. and
cylinders. a second ion current detecting apparatus in accor-
dance with the present invention is equipped with

an jon current detecting means that detects ion current
generated inside cylinders to output signal a first output
converted into voltage at a fixed rate and a second output
signal converted into voltage at variable rate.

an ion current magnitude detector that detects the mag-
nitude of ion current by the first output signal of the ion
current detecting circuit and outputs an ion current detection
signal when the magnitude is greater than a predetermined
value,

a delay means that delays the ion current detection signal
by a predetermined interval,

a gain adjustment means that controls the rate of conver-
sion for the second output signal in the ion current detecting
means,

a high frequency component amplifier that converts the
component currents of frequencies not less than a predeter-
mined frequency and superimposed in the waveform of ion
current into voltage to output as a high frequency component
detection signal.

a comparison output means that compares the delayed ion
current detection signal output from the delay means with
the high frequency component detection signal and outputs
the high frequency component detection signal only when
the delayed ion current detection signal indicates the exist-
ence of ion current.

The ion current detecting means has a first capacitor that
is charged with voltage for ion current detection by the
voltage generated on the primary winding of the ignition
coils and an ion current voltage converter that detects ion
current generated inside the cylinders by applying the volt-
age generated by the discharging of the first capacitor to the
ignition plugs and that outputs the first and second outputs.
The gain adjustment mean has a third differential amplifier
that amplifies the difference voltage between the second
output of the ion current detecting means and the reference
voltage and an integrating circuit that comprises a second
capacitor and an amplifier and that takes in the output of the
third differential amplifier to feed back into the ion current
voltage converter. The high frequency component amplifier
has a fourth differential amplifier that shares its input ter-
minals with the third differential amplifier.

The gain adjustment means controls the rate of conversion
from current to voltage for the second output of the ion
current detecting means by feeding back the output signal of
the integrating circuit into the ion current voltage converter
and keeps the magnitude of currents of frequencies not
greater than a predetermined frequency. By means of the
fourth differential amplifier, the high frequency component
amplifier amplifies and converts the component currents of
frequencies not less than a predetermined frequency and
superimposed in the waveform of ion current into voltage to
output as a high frequency component detection signal.

Preferably, in the second ion current detecting apparatus.
the ion current voltage converter comprises a first transistor.
a second transistor whose base is connected to the base of
the first transistor. a control circuit whose one end is
connected to the emitter of the first transistor and whose
other end is connected to the emitter of second transistor and
that controls the emitter current of the second transistor. and
a third transistor that shares its base and emitter respectively
with the base and emitter of the first transistor. When ion
current flows through the collector of the first transistor. the



























