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ABSTRACT OF THE DISCLOSURE

In a spark 1gnmon system. for an internal combustion
engine, an inductor is connected in series with a switch
across a battery. The switch is closed at periodic intervals
by the engine through the intermediary of a trausforme}',
and when it closes energy is stored in the inductor, this
energy later being used to produce a spark at a plug of
the engine in timed relationship thereto. When the cur-
rent flowing in the inductor reaches a predetermined
value, a circuit is rendered operative to turn the switch off
through the intermediary of a second transformer, so
that the energy stored in the inductor each time the switch
closes is constant.

" This invention relates to spark 10mt10n systems for in-
ternal combustion engines.

In.its preferred form, the invention makes use of a
semi-conductor device known as a gate controlled switch.
This device is similar to the semi-conductor device called
a controlled rectifier, but has the-additional property that
it can be switched off by a negative current flowing be-
tween its gate and cathode, whereas a conventional con-
trolled rectifier can only be switched off by a reverse volt-
age between its anode and cathode. The gate controlled
switch can handle currents of the same magnitude as the
controlled rectifier, and should not be confused with de-
vices such as the trigistor which operates in a similar
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manner, but can handle only very small anode-cathode - :

currents. The gate controlled switch is one example of a
semi-conductor switch, which term is hereby defined to
means a semi-conductor device having a control terminal,
and a pair of main terminals, signals applied to the con-
trol terminal determining whether or not the switch con-
ducts. In the case of a gate controlled switch, the main
terminals are the anode and cathode and the control
terminal is the gate. If a transistor is used, the collector
and emitter constitute the main terminals and the base
the control terminal. It will be noted that the definition
excludes, for example, a controlled rectifier, even though
a controlled rectifier has the necessary three terminals,
because although the gate signal applied to a controlled
rectifier initiates conduction, turning off of the controlled
rectifier can only be effected by reversing its anode-cathode
voltage.

A spark ignition system according to the invention in-
cludes a semi-conductor switch controlling the production
of the required sparks, and a pair of transformers pro-
viding signals to the control terminal of said switch for
turning the switch on and off respectively.

The accompanying drawing is a circuit diagram illus-
trating one example of the invention.

Referring to the drawing, there are provided positive
and negative lines 11, 12 connected in use to a vehicle
battery. Connected in series across these lines are an in-
ductor 13, a diode 14, a gate controlled switch 15 and a
resistor 16. The switch 15 is a semi-conductor device hav-
ing the properties of a controlled rectifier with the addi-
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tional property that anode-cathode current can be switched
off by a negative gate-cathode current. -

Connected between the gate and cathode of the switch
15 in series with a diode 17 and Zener diode 18 is the sec-
ondary winding 19 of a transformer 21 the primary wind-
ing 22 of which has one end connected to the line 11 and
its other end connected to the collector of a transistor
23, the emitter of which is connected to the line 12, and
the base of which is connected to the collector of a tran-
sistor 24. The transistor 24 has its emitter connected to
the line 12, its collector connected to the line 11 throtugh
a resistor 25 and its base connected to a terminal 26,
through a resistor 27 to the line 11, through a resistor 28
to the collector of the transistor 23, and through a resis-
tor 29 and the resistor in series to the line 12.

The gate and cathode of the switch 15 are. further in-
terconnected through the secondary winding 31 of a trans-
former 32 having its primary winding connected between
the line 11 and the collector of a transistor 34 having
its emitter connected to the line 12 through a resistor 35
and its base connected to the collector of a transistor 36.
The transistor 36 has its emitter connected to the line 12,
its collector connected through a resistor 37 to the line
11, and its base connected to the line 12 through a resis-
tor 38 and the resistor 35 in series, and to the line 11
and the collector of the transistor 23 through resistors 39
and 41, respectively.

The anode and cathode of the switch 15 are intercon-
nected through a capacitor 42 in series with the primary
winding 43 of an ignition transformer 44, the secondary
winding 45 of which is connected through a distributor 46
to the plugs 47 of the engine in turn. The winding 43 is
bridged by a diode 48.

In order to understand the operation of the circuit,
consider a point in a cycle at which the switch 15 is
off and the capacitor 42 is charged. In this condition the
transistors 24 and 36 are on, but the transistors 23, and
34 are off. Thus, no current flows in the winding 22 or the
winding 33.

At the instant when a spark is required, any convenient

known means operated by the engine causes a negative
signal to appear at the terminal 26. This signal turns the
transistor 24 off, and so the transistor 23 is turned on,
and current builds up in the winding 22. The rising cur-
rent produces an EM.F. in the winding 19, but this
E.M'F. is blocked by the diode 17.
* When the transistor 23 is switched on, the transistor 36
tends to switch off and the transistor 34 tends to switch
on. The transistors 34, 36 act in conjunction with their
associated components to cause a pulse to be applied to
the winding 33 until the transistor 23 is turned off in a
manner to be described. By virtue of the connections of the
circuit, this pulse will have an amplitude independent of
the battery voltage, and so a substantially constant cur-
rent is fed by the winding 31 to the switch 15 to turn it
on. The Zener diode 18 prevents the turn-on current from
flowing through the winding 19.

When the switch 15 is turned on, the capacitor 42
discharges through the winding 43 to produce the required
spark. While the switch 15 is on, current builds up in the
series circuit 13, 14, 15, 16 until, when a predeter-
mined current is reached, the voltage across the resistor
16 turns the transistor 24 on. The transistors 34, 36 now
revert to their original state, so removing the forward
drive to the switch 15, and the transistor 23 is turned off
to break the current in the winding 22. The resultant
E.M.F. in the winding 19 provides a negative gate-
cathode current to turn the switch off. The energy stored
in the inductor 13 is now transferred to the capacitor 42
by way of the diode 48 and retained by the diode 14,
and it will be appreciated that the capacitor 42 will be



charged to a voltage consrderably in excess of battery
voliage. The cycle is repeated when a further signal is
received at the terminal 26..;

The resistors 27, 29 provrde compensation for changes
in battery voltage, and the windings 13, 22 are chosen
to have a high inductance-resistance ratio. In this way,
the “current flowing through ‘the winding 13 when the
switch 15 is turned off is rendered substantially independ-
ent’ of battery Voltage Thé Zener diode 18 d1551pates
energy remaining m the wrndmg 19 after the switch 15 is
turned off.

In a modification particularly useful where the battery
voltage may be extremely low, the resistors 25, 27 are
connected to the line 11 through an additional resistor,
and a point intermediate the additional resistor and the
fesistors 25, 27 is connected to the hne 12 through a
Zener diode.

As previously explamed a ‘transistor can be used in
place of a gate controlled switch, it then being necessary
to ensure that the fransistor remains saturated while it is
on. This can be doné by ensuring that sufficient base cur-
rent is provrded to saturate the transistor at any expected
collector emitter current, or by incorporating a trans-
former to increase the base drive with increasing collec-
tor-emitter current. In the drawing current is provided
to turn off the gate controlled switch, and it will be under-
stood that where a transistor is used the removal of the
drive current is sufficient to stop the transistor conducting.
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However, the use of the circuit shown is advantageous

even with a transistor, because the reverse base-emitter
bias ensures that the transistor switches off rapidly.

It will be appreciated that the idea of using two
transformers to provide turn-on and turn-off pulses can
be used in numerous other ignition systems, and has the
advantage that more accurate control can be obtained
than if a single transformer is used for both purposes. '

Having thus described our invention what we claim
as new and desire to secure by Letters Patent is:

1. In an ignition system for an internal combustion
engine, which system has an ignition coil for supplying
high voltage firing pulses to the internal combustion en-
gine and pulse means in synchronism with the internal
combustion engine and having an electrical source; a
firing circuit for providing intermittent current flow in
the ignition coil to produce firing pulses therein, including
in combination, a capacitor; a gate controlled semicon-
ductor switch connected in series with said capacitor and
the ignition coil; said semiconductor switch having a
gate region responsive to a pulse of a given polarity to
turn on said semiconductor switch and responsive to a
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. pulse of opposrte polanty to tum of‘r‘ said semlconductor

“switch; an inductanice and ‘a diode connected in séties
with said semiconductor switch and said capacitor in
parallel so that current flows through said inductance
and diode and the semiconductor switch when said switch
is on and flows into.said capac1tor when said switch is
off;. .said dlode bemg connected to vent current flow
from said capacitor, through sald mductance by ‘dischi Tge
of said capacrtor therethrough; .a resistor; means connect-
ing said series connected mductance, dlode, ,andg,.semr—
conductor’ sthch in~a -series: mrcurt -with-said resistor;
means connecting said serres circuiti ‘across ‘said- electrical
source whereby . current ﬂ0ws therethrough when said
semiconductor switch is On; mesdns cdupled to the pulse
means to apply pulses of the given polarity to said gate
region to; tarn on, said semrconductor swrtch and dis-
charge said capacrtor ‘through said ignition coil for pro-
ducing a firing pulse therein:“a ‘transformer having-a pri-
mary winding and-a ‘secondary winding; means-for:con-
necting and -disconnecting -said" primary winding to the
electrical 'source; unidirectional current ‘means connecting
said  secondary winding to :said -switch -gate- region “for
response to currént flow in said primary winding om: de-
energization' of sdid' primary winding ‘for applying:‘a
pulse tosaid gate-Tegion to turn off said semiconductor
switch;-and means responsive to the voltage across said
resistor for disconnecting said primary winding from said
electrical source whereby. said 'semiconductor ‘switch :is
turned off causing said inductance to discharge into- said
capacitor and charge the same.

2. An ignition system as defined in claim 1 wherein
said means’ coupled -to the. pulse means comprises-a: sec-

 ond transformer having a primary winding-and-a second-
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ary winding; means- connecting - said -latter secondary
winding to said switch gate region for -turning:on:said
switch in response to energization of said latter.primary
winding; “circuit connecting means' responsive to a' pulse
from said-pulse means for energizing said:latter primary
winding; and means for deenergizing said latter primary
winding in response to-a predetermrned voltage across
said resistor. - s
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