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) Control circuit for a transistorised ignition system.

@ A circuit for controlling dwell angle in a tran-
sistorised ignition system having an induction-type
pulse generator comprises a comparator (K1) ar-
ranged to compare the voitage from the induction-
type pulse generator (30) with a reference voltage.
The comparator switches between two states to pro-
vide output puises for controlling the dwell angle.
The circuit includes a capacitor C1 which charges
and discharges to vary the reference voltage. The
output from the comparator is used to control the
reference voltage input to the comparator such that
when the comparator is in one state the reference
voltage is held at a fixed level and when the com-
parator is in its other state the reference voltage is
varied as a result of the charging or discharging of
the capacitor.
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Control Circuit for a Transistorised Ignition System

The present invention relates to a control cir-
cuit for a transistorised ignition system of the type
including an induction-type pulse generator.

In an ignition system of this type, a control
signal derived from the output voltage of the
induction-type pulse generator is used to control
the voitage applied to the primary winding of the
ignition coil. The time during which current flows
through the primary winding is known as the dwell
period and is proportional to the angle of rotation of
the distributor cam on the distributor shaft from the
fime contact is made to the time contact is broken.
This angie is known as the dwell angle and can be
contrclied by the control signal.

For satisfactory operation the primary current
must have reached a given level at the ignition
point. On the other hand it is desirable to minimise
the dwell period in order to shorten the time the
current control circuit for the winding must operate
within its control range and minimise power dis-
sipation.

Since the frequency of rotation of the distribu-
tor cam increases with increasing engine speed, at
high engine speeds it is necessary to increase the
dwell angle with increasing speed to ensure that
the primary current reaches a sufficiently high lev-
el. However, under certain engine operating con-
ditions it is possible to reduce the dwell angle with
increasing engine speed in order to reduce power
dissipation, and still obtain sufficient ignition en-
ergy. For example, dwell angle reduction is ad-
vantageous at relatively low engine speeds after
start up when the spark is being advanced.

The present invention is particularly concerned
with a control circuit which operates to reduce the
dwell angle at low speeds in order to reduce power
loss at low speeds, e.g. idling. US-A-4,176,645
discloses a motor ignition system control circuit for
maintaining energy storage in the spark coil con-
stant over a wide speed range. In this circuit an
integrator, in the form of a capacitor, shifts the
control thresholds of a threshold switch which con-
trols the interrupter for the spark coil. The threshold
switch is a comparator. The capacitor charges and
discharges in response to signals from a monitor-
ing resistor in series with the spark coil primary
winding and the interrupter switch. While the inter-
rupter switch is open the capacitor output voltage
remains constant. While current flows through the
interrupter circuit the integrator increases the con-
trol threshold until the primary winding reaches a
predetermined level and then decreases the control
voltage until the interrupter switch re-opens. The
rate of charging and discharging of the capacitor
and hence the operation of the threshold switch
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depend on engine operating conditions.

This is a compilex circuit which is arranged to
reduce dwell angle with increasing speed during
initial acceleration after start up and increase dwell
angle with increasing speed at high engine speeds.

The present invention provides a circuit for
controlling the dwell angle in a transistorised igni-
tion system having an induction-type pulse gener-
ator, the circuit including a comparator arranged to
compare the voltage from the induction-type pulse
generator with a reference voltage and to switch
between two states to provide output pulses for
controlling the dwell angle, and a capacitor ar-
ranged to vary the reference voltage such that the
length of the output pulses varies in dependence
on the puise generator frequency, characterised in
that a reference bias voltage is provided and in that
the output from the comparator is used to control
the reference voltage input to the comparator such
that when the comparator is in one state the refer-
ence voltage is held at a fixed level and when the
comparator is in its other state the reference voli-
age is a combination of the reference bias voitage
and a voltage derived from the charging or dis-
charging of the capacitor whereby to limit the pe-
riod the comparator is in said other state.

Since the reference voltage of the comparator
is fixed for one of the comparator output states,
one of the switching levels (either ON or OFF) of
the comparator remains constant and only the oth-
er switching level is varied. The following edge of
the pulse, in the preferred embodiment, is used for
ignition timing and so the relative timing of the OFF
state of the comparator remains constant with the
switching ON of the comparator being varied.

In the circuit of US-A-4,176,645, while the
threshold switch is on the interrupter switch is
closed and the capacitor charges and discharges
until the threshold switch is turned off. The capaci-
tor output voltage is then held while the interrupter
switch is open. The next switch on threshold de-
pends on the output voltage held at the capacitor
during the previous opening of the interrupter
switch.

In contrast, in the present invention the varying
output of the capacitor is added to a bias voltage
and applied to one input of the comparator as the
voltage from the induction type pulse generator is
applied to the other. The capacitor will charge or
discharge at a set rate depending on the circuit
characteristics. The state of the comparator will
change when the two voltages cross. Thus, the
charge will depend on the rate of change of the
pulse generator voltage, which will in turn depend
on its frequency. Thus, in the preferred embodi-



3 EP 0 332 728 A1 4

ment of the present invention the variable switching
level of the comparator (as opposed to the fixed
level) actually varies as the pulse generator voltage
is applied to the integrator and thus the level at
which the integrator actually switches depends on
the pulse generator frequency. However, due to the
bias reference voltage at low speeds where the
capacitor is fully discharged, the comparator is
prevented from switching until the voltage from the
pulse generator exceeds the bias voltage.

Preferably the comparator is used to control
switch means arranged to prevent the voltage of
the comparator from being input to the comparator
when the comparator is in said one state. The
comparator output is preferably arranged to control
switch means such as a transistor, arranged to
clamp the reference voltage to a fixed level when
the comparator is in said one state.

The output pulses from the comparator are
preferably used to control the charging and dis-
charging of the capacitor such that when the com-
parator is in one state the capacitor discharges and
when the comparator is in the other state the
capacitor charges.

in contrast to the arrangement shown in US-
4,176,645, the capacitor charge and discharge
states correspond to the on/off states of the com-
parator. In one of these states the capacitor output
is not actually supplied to the comparator input.

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

Fig. 1 is a circuit diagram of a first embodiment
of the invention, and Figure 2 shows the waveforms
of voltages at different places in the circuit of Fig. 1
on parallel time axes.

The control circuit illustrated in Fig. 1 includes
two constant current supplies X and Y connected in
series between a first voltage lead 20 and a second
voltage lead 21 which is grounded. A capacitor C1
is connected between the junction of current sour-
ces X and Y and the ground supply rail. The
current sources provide currents to charge and
discharge capacitor C1 via a resistor R1.

The circuit includes three current mirrors, the
first comprising transistors T1, T2 and T3, the
second comprising transistors T5, T6 and T7 and
the third comprising transistors T9, T10 and T11. In
each current mirror configuration two of the transis-
tors are coupled base to base with the third transis-
tor having its emitter connected to the base-to-base
junction of the other two transistors. Each current
mirror circuit provides an output current which sub-
stantially reproduces the circuits input current.
Thus, for example, the output collector current from
T6 is substantially equal to the input collector cur-
rent to T5.

Resistor R1 is connected to the input of the
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first current mirror circuit consisting of transistors
T1, T2, T3. The third current mirror circuit T9, T10,
T11 is connected to the first such that the emitter
of T10 is connected to the collector of T1 and the
base of T2 via R1 and the emitter of T9 is con-
nected to the collector of T3. The base of T3 is
connected to the base of a further transistor T4
such that T3 conducts when the first current mirror
operates.

The output of an induction type pulse gener-
ator 30 is connected to the non-inverting input of a
comparator K1 via a resistor R6. A resistor RS is
connected between the supply rail and the non-
inverting input of comparator K1. The vaiues of R5
and R6 are selected to provide the appropriate
level of signal on the non-inverting input of the
comparator K1.

The emitter of transistor T6, i.e. the output of
the second mirror circuit, is connected to the junc-
tion of two resistors R2 and R3 which are con-
nected in series across the supply rails 20 and 21.
The junction of the resistors is also connected to
the inverting input of comparator Ki. A further
resistor R4 has one terminal connected to the
inverting input of comparator K1 and its other ter-
minal connected to rail 21 via a transistor T12. T12
is switched on by the output of comparator K1 via
a resistor R7.

The output of comparator K1 is supplied via an
inverter 35 and a resistor R8 to the base of a
transistors T8 which is connected collector-to-col-
lector and emitter-to-emitter to the transistor TS5 of
the second current mirror. When transistor T8 is
switched on a base current is supplied fo transistor
T7 to render the second current mirror operational.

As shown in Fig. 1, the constant current sour-
ces X and Y are conirolled by the output of com-
parator K1 and the inverted output of K1 respec-
tively.

The operation of the circuit is as follows:

On the occurrence of an output representing
logic level zero from the comparator K1, the follow- -
ing edge of the square wave pulses in Fig. 2(d), the
inverted output signal supplied to transistor T8 via
resistor R8 causes T8 to be switched on and thus
current mirror T5, T6, T7 is operative. The capaci-
tor C1 starts to discharge under the control of
current source Y and a current flows through resis-
tor R1. With transistor T8 switched on, this current
is reflected to the junction of resistors R2 and R3
via the current mirrors T1, T2, T3 and T5, T6, T7.
Resistors R2 and R3 form a potential divider which
applies a constant minimum voltage level to the
inverting input of the comparator. The voitage de-
rived from discharging capacitor C1 is added to the
voltage level at the junction of R2, R3 when transis-
tor T8 is switched on. As can be seen from a
comparison of Figs. 2(c) and 2(d) when theoutput
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from the comparator K1 represtens logic level zero
the mput voltage to the inverting terminai of Ki
simply reflects the voltage at C1.

It should be noted here that the horizontaol line
shown in Figure 2¢ does not represent zero volt-
age, but rather a reference voltage. in the embodi-
ment of the invention shown here this reference
voitage will be a positive potential.

Current is reflected back to capacitor C1 by the
third current mirror T9, T10, T11 to compensate for
losses criginating through resistor R1.

As soon as the output from comparator K1
changes state, which occurs when the voltages of
its inputs are equal, hysteresis is introduced due to
the operation of transistor T12. A voltage across R7
causes transistor T12 to conduct, thus providing a
short circuit from the junction of resistors R2 and
R3 to ground. Thus, with the output from K1 in this
state the voitage at its non-inverting input is held at
a fixed level below the operating level of the com-
parator. Since the inverted output of comparator Ki
is also supplied to transistor T8, transistor T8 is
switched off when transistor T12 is switched on
and thus current mirror T5, T6, T7 is blocked and
the voitage at C1 is not reflected at the junction of
resistors R2, R3. As shown in Fig. 2(c), this en-
sures & sharp change at the voltage of the inverting
input of comparator K1 when the output of Ki
changes state and also causes the capacitor C1 to
charge from current source X as indicated in Fig.
2(b).

The induction type pulse generator supplies an
alternating voltage at the non-inverting input of
comparator K1 whose frequency increases with in-
creasing speed of the engine. As the wavelength of
the alternating voltage decreases the point along
the voltage curve at which comparator K1 changes
state will be shifted because capacitor C1 will have
had less time to charge or discharge. This is clear
from Fig. 2 which shows two voltage waveforms of
different frequency. The point along the voltage
curve at which the output of comparator Ki
changes from logic "0" to logic "1" occurs at a
higher point on the voltage curve for the second
waveform. When the output of comparator K1 is at
logic "1" the voltage at the inverting input stays
constant and thus the point on the voltage curve at
which the comparator output returns to logic "0" is
independent of the alternating voltage frequency.

At low engine speeds, however, power dissipa-
tion would be high due to the long dwell angle and
long pulse duration. The circuit described above
reduces the dwell period at low engine speeds due
to the presence of the potential divider R2, R3
which ensures that there is always a bias voltage
available at the inverting input of the comparator
K1 even when the capacitor C1 has fully dis-
charged. This is clearly shown in Fig. 2(c) at the
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area of the waveform diagram circled and marked
A. The effect of the bias voltage is to maintain the
comparator circuit in the OFF condition for longer
than it would otherwise be. In other words, the
position of the rising edge of the pulses in Fig. 2(d)
is controlled to ensure that there is a maximum
dwell period limit introduced during normal running
of the engine.

Once the engine speeds up to an extent so
that the effect of the maximum dwell period limit is
overcome, control of the dwell period and hence
dwell angle is carried out by other circuitry which
may be conventional.

The present invention is concerned only with
the control of dwell angle and dwell period at low
engine speeds in order to reduce power dissipa-
tion. The circuitry described above thus is only part
of a larger ignition control circuit.

Claims

1. A circuit for controlling the dwell angle in a
transistorised ignition system having an induction-
type puise generator (30), the circuit including a
comparator (K1) arranged to compare the voltage
from the induction-type pulse generator (30) with a
reference voltage and to switch between two states
to provide output pulses for controlling the dwell
angle, and a capacitor (C1) arranged to vary the
reference voltage such that the length of the output
pulses varies as a function of the pulse generator
frequency, characterised in that a reference bias
voltage is provided and in that the output from the
comparator (C1) is used to control the reference
voltage input to the comparator such that when the
comparator is in one state the reference voltage is
held at a fixed level and when the comparator is in
its other state the reference voltage is a combina-
tion of the reference bias voltage and a voitage
derived from the charging or discharging of the
capacitor whereby to limit the period during which
the comparator is in said other state.

2. A circuit as claimed in claim 1 in which,
during said other state of the comparator the vary-
ing output voltage of the capacitor is applied {o one
input of the comparator as the voltage from the
inductiontype pulse generator is applied to the oth-
er.

3. A circuit as claimed in claim 1 or 2 in which
the comparator output is used to control switch
means (T8) arranged to prevent the voltage of the
capacitor from being supplied to the comparator
when the comparator is in said one state.

4, A circuit as claimed in claim 1, 2 or 3 in
which the comparator output is arranged to conirol
switch means (T12) arranged to remove the bhias
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voitage and clamp the reference voltage to the
fixed level when the comparator is in said one
state.

5. A circuit as claimed in any preceding claim
in which the output pulses from the comparator are 5
used to control the charging and discharging of the
capacitor such that when the comparator is in one
state the capacitor discharges and when the com-
parator is in the other state the capacitor charges.

8. A circuit as claimed in claim 5, in which the 10
capacitor is connected to two constant current
sources (X, Y), one of which is connected by the
output pulses of the comparator and the other of
which is controlled by inverted output pulses from
the comparator. 15

7. A circuit as claimed in any preceding claim
in which at least one current mirror circuit is pro-
vided for conveying the capacitor voltage to the
comparator input.

8. A circuit as claimed in claim 7 in which at 20
least one current mirror circuit provided for convey-
ing the capacitor voltage to the comparator circuit
is arranged to be blocked when the comparator is
in said one state.
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