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&) Detecting misfiring in spark ignition engines.

@ Misfiring in internal combustion engines is de-
tected by detecting the voltage induced in the pri-
mary winding of the ignition coil, and comparing it to
a reference voltage which represents normal firing.
The reference voltage preferably has a predeter-
mined magnitude and a predetermined duration and
the detected and reference voltage are compared so
as to detect when the magnitude of the detected
voltage falls below the predetermined magnitude be-
fore the end of the duration.
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DETECTING MISFIRING IN SPARK IGNITION ENGINES

This invention relates to the detection of misfir-
ing in spark ignition engines. In engines provided
with catalytic converters it is particularly desirable
to detect misfiring (for example due to worn spark
plugs, defective ignition cable or the like) as soon
as it begins to occur because it can lead to over-
heating or ruining of the catalyst due to the pres-
ence of unburnt fuel in the exhaust from the en-
gine.

Previously the temperature of the catalyst itself
has been used as an indication of misfiring. This
means that the catalyst has already begun to over-
heat before misfiring is detected. it would therefore
be preferable to detect misfiring before the catalyst
overheats.

According to the present invention misfiring is
detected from the voliage characteristic induced in
the ignition coil when a spark occurs. When an
ignition system is operating normally after sparking
the secondary voltage is maintained at a certain
level for a certain length of time until the ignition
spark breaks down. When the system misfires the
secondary and consequently the primary voliage
may decay immediately from an initially high volt-
age or the spark may break down very quickly.
Thus the shape of the voltage characteristic can be
used to detect misfiring.

The present invention provides a method of
detecting misfiring in an internal combustion engine
comprising detecting a signal indicative of the volt-
age induced in the primary winding of the ignition
coil, generating a reference voltage representing
normal firing and comparing the detected voliage
with the reference voltage.

Preferably, the reference volitage is a pulse
having a predetermined magnitude and a predeter-
mined duration and the detected voltage is com-
pared to the reference voltage so as fo detect
when the magnitude of the detected voltage falls
below said predetermined magnitude before the
end of the duration.

An embodiment of the invention will now be
described by way of example only and with refer-
ence to the accompanying drawings in which:

Figure 1 is a diagram showing the circuit
components used in the present invention;

Figure 2 shows the voltage versus time at
various points in the circuit of Figure 1 during
normal engine operation; and

Figure 3 shows the voltage versus time at
various points in the circuit of Figure 1 when the
engine misfires.

Referring firstly to Figure 1, the circuit com-
prises a transistor T1 whose base is connected to
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the terminal KI.15 of the ignition coil via resistor R1
and diode DI. The collector of the transistor T1 is
connected to ground via resistors R2 and R3. The
emitter is connected to a terminal Kl.1. The termi-
nals KL1 and KL15 are the primary terminals of the
ignition coil with KL15 on the battery side such that
the voltage at KL15 is the battery voltage supplied
via the ignition lock. The junction between resistors
R2 and R3 is connected to a first input of a
comparator 10 via line L1. Signals supplied to the
comparator 10 are smoothed by a capacitor C1
connected between L1 and ground and limited by a
diode D2 connected between L1 and ground. Voli-
age pulses to be described below are supplied to a
second input of comparator 10 via a second line
L2. A voltage divider formed by resisiors R4 and
R3 connected between a 5 volt supply rail and
earth ensures that a certain minimum voltage is
always supplied via line L1 to the first input of the
comparator 10. In the illustrated embodiment R4
and R3 form a voitage divider with the ratio of R4
to R3 being about 10 so that a minimum of 1/2 volt
is supplied to the first input of the comparator 10.
The first input of the comparator mentioned above
is preferably the non-inverting input and the second
input is preferably the non-inverting input.

As mentioned above, misfiring can be detected
by examining the shape of the voltage characteris-
tic. The circuit shown in Figure 1 is intended to
examine the shape of the primary voltage char-
acteristic. The voltages induced in the primary
winding are then applied to the circuit of Figure 1
across terminals K1 and K15. The transistor T1
together with components D1, R1, R2, R3 detscts
changes in the voltage induced in the primary and
applies them to the comparator 10. The pupose of
the components R2 and D2 is to protect the com-
parator 10.

In operation of the circuit, voltage changes
detected by the transistor T1 are fed to the com-
parator 10 via resistors R2 and R3 which constitute
a voltage divider. In the event of a spark a voltage
pulse is fed to the other input of the comparator.
The comparator switches between two levels de-
pending on which of its inputs is highest.

The voltage induced in the primary in response
to spark production is hersinafier referred to as
"the spark duration signal". Figure 2(a) shows a
typical spark duration signal occurring during nor-
mal operation of the engine. The primary voltage
initially increases to a maximum, drops after spark
firing at the spark plug to a value which is propor-
tional to the so-called "spark burning voltage" and
decays in a damped oscillation after breakdown of
the ignition spark.
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For normal operation of the engine the spark
must be maintained for a predetermined length of
time which is greater than or equai to a "minimum
spark duration". If the spark breaks down too
quickly the result is misfiring.

Figure 3(a) illustrates the type of spark duration
signal which occurs when there is no spark firing.
The primary voltage decays immediately in a
damped oscillation. The amplitude characteristic
and frequency of the oscillation depend on the
stored energy and also the values of R, L and C of
the ignition circuit.

Figures 2(b) and 3(b) each show the smoothed
spark duration signal as applied to the input of
comparator 10. The smoothed voltages decay to
the 5 voltage level supplied via the voltage divider
comprising resistors R4 and R3. The comparator,
in this embodiment produces a HIGH output when
the voltage at the non-inverting input is greater
than the voltage at the inverting input. Thus when
there is no voltage induced in the primary of the
ignition coil and no voltage at the inverting input,
the output of the comparator is at HIGH.

The voltage pulses supplied to the inverting
input of the comparator are generated in response
to the ignition point. Figures 2(c) and 3(c) each
show one such pulse. Each pulse begins at a delay
time after the ignition point. The magnitude of the
pulses is selected such that during spark main-
tenance the output from the comparator is at a high
level. This is illustrated in Figure 2(d) which shows
the output from the comparator during normal op-
eration.

The duration of the pulses is selected to cor-
respond to the minimum spark duration. Thus, if
the spark is not maintained for the minimum spark
duration the output from the comparator 10 wil
switch to a LOW level until the end of the gen-
erated pulse as illustrated in Figure 3(d). Thus
LOW at the output from the comparator 10 in-
dicates misfiring.

In a microprocessor controiled ignition system,
the pulses may be generated by the microcom-
puter, in a simple transistorised ignition system
they may be generated by a monoflop stage or the
like.

The detection of misfiring can be used in a
number of ways. An optical or acoustic signal can
be provided as a warning to the driver. The fuel
injection to selected cylinders may be cut out in
response to the LOW signal at the comparator. The
LOW signal may aiso be used to switch over to an
emergency running program to limit the catalyst
temperature.

The circuit arrangement described above has a
number of advantages including the following:

1. low hardware expenditure;
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2. fast fault detection since the cause
(misfiring) and not the effect (excessive catalyst
temperature) is detected:;

3. the system is suitable for vehicles with or
without (excess air factor) control;

4. unlike the methods of the prior art, the
tault detection is cylinder-selective, allowing

a) cylinder-selective engine intervention,
for example disconnection of the injection valve of
a cylinder with defective ignition

b) diagnosis of the fault cause.

Claims

1. A method of detecting misfiring in an internal
combustion engine comprising detecting a signal
indicative of the voltage in the primary winding of
the ignition coil, generating a reference voltage
representing normal firing and comparing the de-
tected voltage with the reference voitage.

2. A method as claimed in claim 1 in which the
reference voltage is a pulse having a predster-
mined magnitude and a predetermined duration
and the detected signal is compared to the refer-
ence voltage so as to detect when the magnitude
of the detected signal fails below said predeter-
mined magnitude before the end of the duration.

3. A method as claimed in claim 2, in which
reference voltage puilses are generated in response
to the ignition point of the engine.

4. A method as claimed in claim 1, 2 or 3 in
which the detected signal is derived from the pri-
mary winding of the ignition coil.

5. A method as claimed in any preceding claim
in which the primary voltage and the reference
voltage are compared in a comparator.
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