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& ignition system.
@ An apparatus for producing spark ignition of an internal
combustion engine, comprising an ignition coil having DISTRIB~
primary and secondary windings (1a, 1b), a capacitor (c) con- Uror |
nected to the primary winding (1a), voltage generating means 74 EEEE i
{4) for receiving a supply voltage (5:12V) and arranged to 2y ] SPHRK
charge the capacitor to a voltage greater than the supply oc/oc ALYGS <
voltage, switching means (SCR) arranged to cause the CONVERTOR 2
capacitor {c) to discharge through the primary winding (1a) s k (iew
and thereby produce in the secondary winding (1b) a voltage l DRIVE
pulse for producing spark ignition of the engine, and control CIRCUIT
means h)&amnged to apply to the output of the secondary - 8 ’ 5
coil a direct current capable of sustaining a spark established oc/oe CONTACT
by said voltage puise. , - | CONVERTOR BREAKER\. ,
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"Igenition System'

This invention relates to improvements in and
relating to apparatus for producing spark ignition of an
internal combustion engine.

. It is well known that the electrical sparks fed
to the spark plugs of an internal combustion engine are
cpnvenéionally produced by means of an ignition coil
having its high voltage secondary winding connected to
the engine's spark plugs through a distributor, -and
having its low voltage primary winding connected to a

low voltage source, typically a 12 volt battery or an

‘alternator system driven by the engine. An engine

driven switching device, typically a mechanical contact
breaker, produces interruptions in the current flowing
in the coil's primary winding and consequently high volt-
age pulses are produced in the coil's secondary winding,
which are applied to the spark plugs.

Recently, a proposal has been made to increase
the energy of the sparks applied to the spark plugs, by
connecting a capacitor to the primary coil of the winding,
charging the capacitor to a voltage much higher than the
conventional 12 volt supply voltage from the engine's
battefy and alternator, and discharging the capacitor
tﬁrough the coil's primary winding each time a spark is
required. With such a capacitive discharge system, the

total spark energy for each firing of a cylinder of the
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engine, is increased substantially with respect to the
conventional spark ignition apparatus, but the duration
of the sparks produced by the system is much less than
those produced by the conventional apparatus. Such
shorter sparks can prove disadvantageous with certain
engines, since the sparks may not produce a complete
ignition of the fuel/air mixture.

I have now found that the sparks produced across
a spark plug by the aforementioned capacitive discharge
system, can be sustained after the discharge of the cap-
acitor, by applying a high voltage direct current to the
spark plug, and the present invention provides an appar-
atus for producing spark ignition of an internal combus-
tion"engine, comprising an ignition coil having primary
and secondary windings, a capacitor connected to the
primary winding, voltage generating means for receiving
a supp1§ voltage and arranged to charge the capacitor to
a.voltage greater than the supply voltage, switching
means arranged to cause the capacitor to discharge through
the primary winding and thereby produce in the secondary
winding a voltage pulse for producing spark ignition of
the engine, and control means arranged to apply to the
output of the secondary coil a direct current capable of
sustaining a spark established by said voltage pulse.

The control means can be arranged to operate
to sustain each spark for substantially the entire oper-
ative firing period of the cylinder of the engine in which
the spark is produced, thereby producing an improved com-
bustion in the cylinder. i

Each spark can be terminated for example by
means of a switching device arranged to switch off said
high voltage direct current after a predetermined spark
duration, and tﬁe switching device can conveniently be .
responsive to the operation of the engine's distributor.

Alternatively, and preferably, the said high
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voltage direct current is arranged to be of such a mag-
nitude that the spark is extinguished automatically by a
rise in gas pressure which occurs in the cylinder as a
result of combustion of a fuel/air mixture therein by
the spark. I have found that the voltage required to
sustain the spark increases with increased gas pressure
in the cylinder, and that by appropriately selecting the
magnitude of said high voltage produced by the control
means, it is possible to arrange for the spark discharge
in the cylinder to become cut off by the increased gas

pressure resulting from combustion of the fuel/air mix-~

ture in the cylinder. Thus, as the gas pressure increases

as a result of the combustion, it reaches a level which
precludes the said high voltage direct current from sus-
taining the spark, and consequently the spark is
extinguished. '

. ’ Preferably, the control means comprises a
d.c./d.c. converter for producing from a low voltage
inﬁht supply, of typically 12 volts from the engine's
battery or alternator system, a high d.c. voltage of
typically 3000 volts., Also, the voltage generating means
preferably comprises a d.c./d.c. converter for prodﬁcing
from said low voltage supply a charging voltage of typic-
ally 200 volts for the capacitor.

In order that the invention may be more fully
understood and readily carried into effect, an embodiment
thereof will now be described by way of example with ref-
erence to the single Figure of the accompanying drawing.

The apparatus comprises a conventional igniti&ﬁ
coil 1 having a primary winding 1a and a secondary winding
1b connected through a conventional distributor 2 to spark
Plugs 3 of the engine. The primary winding 1a is conn-
ected in series ﬁith a capacitor C and a switching
tﬁyristor SCR.

The capacitor is charged to a voltage of typic-

- —— —— —
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ally 200 volts by means of a d.c./d.c. converter 4, which
has its input connected to terminals 5 that are connected
to a low voltage supply of typically 12 volts derived
from the engine's battery and alternator system.

The thyristor SCR is fired by a drive circuit 6
responsive to operation of a contact breaker 7. The
contact breaker can be of the conventional mechanical
kind or of the photoelectric or magnetic types more
recently developed.

Connected in series with the secondary winding

from the 12 volt supply a high voltage d.c. current of
typically 3 KV.

Thus, in use of the apparatus, the capacitor C
is charged by the converter 4, and upon operation of the
contact breaker 7, the drive circuit fires the thyristor
SCR cau;ing the capacitor C to discharge through the
primary winding 1a of the coil. As a result a high
vol%age pulse is induced by the coil's secondary winding,
the pulse being applied to one of the spark plugs 3
through the distributor 2. “The magnitude of the voltage
pulse is sufficient to initiate a spark that ignites fuel/
air mixture in a cylinder of the engine, but the discharge
of capacitor only produces a voltage pulse of a short
duration compared with the period in the engine's cycle
that it is desirable to maintain the spark in order to
optimise combustion of the fuel/air mixture in the cylinder.

The duration of the spark is however extended
beyond the duration of the discharge of the capacitor, bf“
the action of the converter 8. The high voltage d.c.
output of the converter 8 is of insufficient magnitude
alone to initiate the spark, but once the spark has been
started by the high voltage pulse induced in the winding
ib, a high voltage direct current flows from the converter
8-to sustain the spark after the high voltage pulse has
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died away, and effect a complete combustion of the fuel/
air mixture in the cylinder.

As the combustion of the fuel/air mixture takes
place in the cylinder, the gas pressure in the cylinder
momentarily rises. The voltage required to sustain the
spark increases with increased gas pressure, and this
effect is used in the present apparatus to extinguish
the spark. The magnitude of voltage produced by the
converter 8 is selected so that the spark will be
quenched when the gas pressure in the cylinder rises to
a selected level which indicates a satisfactory combus-
tion of the fugl/air mixture. When the given pressure
level is reached; the voltage produced by the converter
8 will be insufficient to sustain the spark which will
then be terminated. Clearly, the voltage level produced
by the converter 8 will be selected to suit the operating
cyaract;ristics of the engine concerned. Thus, with
the described example of the-apparatus of the invention,
th; high voltage pulse produced by the discharge of the
capacitor need only be sufficient to initiate the spark,
the spark being sustained by the d.c./d.c. converter 8.

Many modifications and variations of the_.
described apparatus will be readily apparent to those
skilled in the art. For example, to terminate the
spark, a switching device could be provided to dis-
connect the converter 8 from the coil. The switching
device could operate in response to operation of the

contact breaker.
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CLAIMS

1. An apparatus for producing spark ignition of an
internal combustion engine, comprising an ignition coil
having primary and secondary windings, a capacitor
connected to the primary winding, voltage generating means
for receiving a supply voltage and arranged to charge the
capacitor to a voltage greater than the supply voltage,
switching means arranged to cause the capacitor to dis-
charge through the primary winding and thereby produce

in the secondary winding a voltage pulse fof producing
spark ignition of the engine, characterized by control
means arranged to apply to the output of the secondary
coil a direct current capable of sustaining a spark
established by said voltage pulse.

2; An apparatus in accordance with claim 1 and charac-
terized'by a switching device arranged to switch off said
high voltage direct current after a predetermined spark

durgtion.

3. An apparatus in accordance with claim 1 wherein the
high voltage direct current is arranged to be of such a
magnitude that the spark is extinguished automatically
by a rise in gas pressure which occurs in the cylinder
of the engine in which the spark occurs as a result of

combustion therein of a fuel/air mixture by the spark.

4. An apparatus in accordance with claim 1 characterized
in that the control means comprises a d.c. to d.c.
converter for producing from a relatively low voltage

supply said direct current for sustaining spark ignition.

5. An apparatus in accordance with claim 1 characterized
in that said voltage generating means comprises a d.c.

to d.c. converter arranged to charge the capacitor.

- . cmeme .
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6. An apparatus in accordance with claim 1 characterized
in that said switching mecans comprises a semiconductor

switching mcans.

v ——

" 7. An apparatus in accordance with claim 6 characterized

in that said switching mcans comprises a thyristor. '

8. An apparatus in accordance with claim 7 characterized
by an electrical drive circuit for responding to operation
of the contact breaker of the engine, said drive circuit

being arranged to operate said switching means.
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