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Our invention relates to electrical discharge 
Systems and in particular to ignition Systems for 
internal combustion engines utilizing a high fre 
quency electrical discharge for the Spark plug 
circuit. 
. . An object of our invention is to provide an 
improved electrical discharge System. 
- Another object of our invention is to provide 
an improved electrical discharge System in which 
the timing of the discharge can be very accurately 
determined by the application of a surge Voltage 
to a part of the circuit providing for the break 
down of the discharge member in the System. 
A further object of our invention is to provide 

an improved ignition System utilizing high fre 
quency electrical impulses for energizing the dis 
charge member. 

Further objects and advantages of Our inven 
tion will become apparent and our invention will 
be better understood from the following descrip 
tion referring to the accompanying drawing, and 
the features of novelty which characterize Our 
invention will be pointed out with particularity in 
the claims annexed to and forming part of this 
specification. 
In the drawing, Fig. 1 is a schematic repre 

sentation of an electrical discharge System adapt 
ed to be used for the ignition of an internal com 
bustion engine; Fig. 2 is a schematic diagram 
of another embodiment of our invention applied 
to the ignition system of an engine; Fig. 3 is 
a schematic diagram of a further embodiment of 
our invention applied to an ignition System for 
an engine; and Fig. 4 is a schematic diagram of 
still another embodiment of our improved elec- : 
trical discharge system as applied to an ignition 
System. 
Our invention is particularly applicable to elec. 

trical discharge systems of the kind in which the 
discharge and the electrical discharge member, 
such as a spark plug for an internal combustion 
engine, is of a high frequency character and is 
obtained by intermittently charging a storage 
condenser and discharging it automatically by 
the breakdown of a series discharge gap into a 
circuit in which high frequency oscillation can 
readily take place. This circuit may be the 
spark plug circuit or a circuit coupled to the 
spark plug circuit through a high frequency 
transformer. In high frequency ignition circuits 
of the type employing a magneto as a source of 
voltage and a series gap having a substantially 
constant breakdown voltage, the maximum en 
ergy required at the spark plugs must be pro 
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2 
ergy supplied to the plugs per spark is controlled 
by the gap breakdown voltage and not by the 
Speed of the magneto. This limits the maximum 
high frequency voltage available and tends to 
leave a Surplus of energy to be dissipated in a 
high frequency unit at high magneto speeds. Ac 
cording to our invention, two discharge spark 
gaps are connected in Series such that their com 
bined series breakdown voltage is of the order 
of, and preferably just slightly greater than, the 
maximum value of a voltage applied to the con 
denser, and the gaps are adapted to be discharged 
by applying to the connection between the two 
Series connected gaps a trigger or surge voltage 
obtained by a peaking transformer or a suitable 
choke inductance energized in any suitable man 
ner, as by the charging current of the storage 
condenser. This charging current to the con 
denser and the voltage applied generally to the 
System may be provided by any suitable source of 
voltage, such as a conventional magneto generat 
ing System or a Suitable alternating current gen 
erator. In general, in carrying out our inven 
tion, it is necessary that the voltage applied to 
the common junction or connection point of the 
two Spark gaps be controlled and maintained at 
a definite fraction of the total voltage applied 
to the system. With this arrangement, a suit 
able voltage surge or peak is superimposed on the 
Voltage already applied to the main circuit to the 
junction of the two gaps, and thereby causes a 
breakdown of one of the gaps, such that sub 
stantially full voltage of the source of electrical 
voltage is applied across the other of the gaps, 
causing a breakdown of the other spark gap, re 
sulting in an electrical discharge of the electrical 
discharge member, such as a spark plug, which 
is Suitably connected to the circuit by suitable 
circuit closing means Such as a distributor and a 
transformer. 
In the drawing, we have shown in Fig. 1 an 

arrangement in which a conventional magneto 
provided with a primary winding 2 and a breaker 
3 is adapted to induce a desired voltage in a 
magneto secondary winding 4 which provides a 
Suitable Source of Woltage for the system. The 
Secondary winding 4 is connected across a pri 
mary Winding 5 of a step-up transformer of the 
high frequency type which is adapted to be con 
nected to electrical discharge members, such as 
Spark plugs 6, through a distributor 7 and a high 
frequency transformer Secondary winding 8. The 
primary winding 5 of the high frequency trans 
former is connected in this embodiment in series 

duced at the minimum magneto speed, as the ens. 55 with two series connected spark gaps 9 and to 
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which are preferably of the sealed quenched type 
and through a primary winding of a peaking 
transformer. A storage condenser f2 is also con 
nected across the magneto secondary winding 4 
and the primary winding of the peaking trans 
former, such that as the voltage of the storage 
condenser f2 reaches its maximum, the charging 
current in the primary of the peaking trans 
former reaches its minimum value. The peak 
ing transformer is provided with a Secondary 
winding 3 having a terminal 4 connected to the 
common or midpoint of connection between the 
two spark gaps 9 and 0 and is provided with 
another terminal 5 connected to a point of suit 
able potential in the generating circuit, in the ill 
lustrated arrangement the midpoint of the mag 
neto secondary winding, so that the potential 
across the gaps 9 and 0 is divided, such that 
neither gap will break down prior to the applica 
tion of a tripping or triggering voltage. Thus, 
where the individual breakdown voltages of the 
spark gaps 9 and 0 are equal, the secondary 
winding 3 of the peaking transformer may be 
connected to the midpoint or mid-Voltage point 
in the generating or charging circuit of the sys 
tem. When the voltage peak is applied to the 
junction point 4 between the two spark gaps 9 
and ?o, either the gap 9 or the gap f will rup 
ture, depending upon the phasing of the applied 
voltage, and the breakdown of either gap pro 
vides for the application to the other gap of the 
full voltage of the source of electrical voltage 
which at this instant is substantially the voltage 
of the storage condenser 12, thereby causing the 
breakdown of the remaining gap and the dis 
charge of the energy of the condenser 2 through 
the two gaps 9 and 0 and the primary Winding 
5 of the high frequency transformer. Since the 
spark gaps do not rupture until the capacitance 
2 is nearly fully charged, only one Spark occurs 

for each operation of the contact breaker. 3, ir 
respective of the magneto speed. 
In Fig. 2, we have shown an ignition System 

provided with essentially the same elements as 
those of the system shown in Fig. 1, in which a 
magneto f is provided with a primary winding 2 
and a breaker 3 for inducing a Suitable voltage in a 
magneto secondary winding 4 connected through 
a high frequency step-up transformer primary 
winding 5 to a plurality of electrical discharge 
plugs 6, a distributor 7 and a secondary Winding 
8 of the high frequency transformer. As in the 
arrangement shown in Fig. i., a peaking trans 
former having a primary winding f f is connected 
to one terminal of the source of voltage, which is 
the magneto secondary winding 4, and to one ter 
minal of two series connected spark gaps 6 and 
7, while the peaking transformer secondary 

winding 3 is connected to a common or mid 
point 8 between the two quenched spark gaps 8 
and 7 and to a midpoint 5 of the magneto sec 
ondary Winding 4. In this instance, a storage ca 
pacitor 9 is connected in Series, with the high 
frequency transformer primary winding 5 and 
the peaking transformer primary winding f, such 
that the two spark gaps 6 and f are connected 
across the charging condenser 9 and the high 
frequency transformer primary winding 5. The 
Operation of this system is essentially the same 
as that of Fig. 1, in that as the charging current 
of the capacitor 9 reaches a minimum value, a 
Surge Voltage is applied to the midpoint 8 be 
tWeen the two Spark gaps 6 and 7, causing a 
breakdown of one of the Spark gaps and providing 
for the application of substantially full voltage of 
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the source of electrical voltage, the storage capac 
itor 9, across the other of the Spark gaps which 
causes breakdown of this other spark gap and an 
electrical discharge of the Spark plugs 6. 
In Fig. 3, we have shown another embodiment 

of our invention in which each of the Spark plugs 
6 is provided with an individual high frequency 
step-up transformer having a secondary winding 
20 connected across the terminals of each of the 
Sparkplugs 6 and a primary winding 2f connected 
in Series. With a pair of series connected quenched 
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sealed spark gaps 22 and 23. In this system, the 
voltage of the source of voltage supply is dis 
tributed in a conventional manner by a distributor 
24 to each of the Spark gap circuits for each in 
dividual Spark plug 6 and is connected in series 
with the primary winding of a peaking trans 
former supplied With Voltage from a magneto Sec 
ondary winding 4 and having a peaking trans 
former secondary winding 3 connected to the 
midpoint 5 of the magneto secondary winding 
4 and permanently connected to each of the mid 
pointS 26 between each set of quenched spark 
gaps 22 and 23. With such an arrangement, the 
main Woltage is applied acroSS the two series con 
nected spark gaps 22 and 23 at Substantially the 
Same instant as the Surge or peak voltage is ap 
plied to the midpoint 26, such that one of the two 
spark gaps 22 and 23 is ruptured, thereby im 
pressing substantially full voltage across the other 
of the Spark gaps which then breaks down and 
impresses full voltage across the high frequency 
transformer primary winding 2, and thereby en 
ergizes the Spark plugs 6 through the high fre 
quency transformer secondary winding 20. An 
impedance 2 is connected between the terminal 
of the peaking transformer secondary winding 
i3 and each of the midpoints 26, in order to avoid 
misfiring by increasing the impedance between 
the circuits to the separate spark plugs 6. 

Fig. 4 illustrates another embodiment of our 
invention in which the spark plugs 6 are each 
provided with a separate high frequency step-up 
transformer having a secondary winding 20 con 
nected acroSs the spark plugs and a primary 
Winding 2 connected in series with a pair of 
Series connected quenched sealed spark gaps 22 
and 23 which are permanently connected across 
the Source of voltage supply, including the mag 
neto Secondary winding 4, and the primary wind 
ing fl of the peaking transformer. A surge or 
trigger voltage is applied to the common or mid 
point 26 between the two spark gaps 22 and 23 by 
a distributor 28 which is connected in series with 
the Secondary winding 3 of the peaking trans 
former in order to apply the surge or trigger volt 
age to the midpoint 26 between the spark gaps 
22 and 23 to cause a breakdown of one of the spark 
gaps, providing for the application of substantially 
full voltage of the source of electrical voltage 
across the other of the Spark gaps, causing break 
down of this other spark gap and a resultant ap 
plication of full voltage across the high frequency 
transformer primary winding 2 f, with a conse 
quent discharge of the electrical discharge mem 
ber or Spark plug 6. The remaining conventional 
portions of this ignition system are numbered the 
Same as those in the other figures of the drawing 
and operate in a similar manner. If it is desired 
to operate the System over a voltage range greater 
than two to one, this can be obtained by inserting 
an inductance in the lead forming the junction 
between the two spark gaps and the secondary 
Winding of the peaking transformer where the 
Value of the inductance is such as not to interfere 
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with the operation of the main circuit of the SyS 
ten. 
While We have illustrated and described par 

ticular embodiments of our invention, modifica 
tions thereof will occur to those skilled in the art. 
We desire it to be understood, therefore, that our 
invention is not to be limited to the particular 
arrangements disclosed, and We intend in the 
appended claims to cover all modifications which 
do not depart from the Spirit and Scope of Our 
invention 
What We claim as new and desire to Secure 

by Letters Patent of the United States is: 
1. An electrical discharge System comprising a 

pair of Series connected Spark gaps, a Source of 
voltage having two connections for high Voltage 
and an intermediate voltage Connection, means 
for connecting Said high Voltage connections 
across two Series-connected Spark gaps, a volt 
age-dividing circuit connection for connecting 
the common connection of said Series-connected 
Spark gaps to Said intermediate Voltage connec 
tion of Said Voltage Source Whereby a predeter 
mined fraction of the maximum Supply voltage is 
maintained acroSS each Spark gap, and means 
for introducing into Said Voltage-dividing circuit 
connection a Supplemental triggering Voltage to 
cause a breakdown of one of Said Spark gaps 
whereby maximum Supply voltage is applied to 
the other Spark gap to cause breakdown thereof. 

2. An electrical discharge System comprising a 
pair of series-connected Spark gaps, a Source of 
voltage comprising a winding having two connec 
tions for high voltage and a tapped intermediate 
voltage connection, means for connecting the 
high voltage connections of Said Winding acroSS 
said Series-Connected Spark gaps, a Voltage-di 
viding connection for Connecting the Common 
connection of said series-connected spark gaps to 
said intermediate voltage connection of Said 
Winding whereby a predetermined fraction of the 
voltage across the high-voltage connections of 
said winding is maintained acroSS each Spark gap, 
and means for introducing into said Voltage-di 
viding circuit connection a Supplemental trig.- : 
gering voltage to cause breakdown of one of Said 
gaps whereby the voltage across the high Con 
nections of said winding is applied acroSS the 
other spark gap to cause breakdown thereof. 

3. An ignition System comprising a magneto 
having an output winding provided With tWO COn 
nections for high voltage and an intermediate 
voltage connection, an Oscillatory discharge Cir 
cuit connected across the high Voltage connec 
tions of said magneto, said discharge circuit Com 
prising two parallel branches one of Which in 
cludes capacitance means and the other Of Which 
includes two series-connected Spark gapS, a Wolt 
age-dividing circuit connection connecting the 
common connection of Said Series-connected 
Spark gaps and the intermediate Voltage connec 
tion of Said magneto Whereby a predetermined 
fraction of the magneto high Voltage is main 
tained acroSS each Spark gap, means for intro 
ducing to said voltage-dividing circuit connection 
a Supplemental triggering Voltage to cause break 
down of one of said Spark gaps whereby the mag 
neto high voltage output is applied to the other 
Spark gap to cause breakdown thereof and a flow 
of OScillatory current in Said discharge circuit, 
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6 
and spark plug means energized by the flow of 
Current in Said discharge circuit. 

4. An ignition System comprising a magneto 
having an output winding provided with two con 
nections for high Voltage and an intermediate 
Voltage connection, an oscillatory discharge cir 
cuit connected acroSS the high-voltage connec 
tions of Said magneto, Said discharge circuit Com 
prising two parallel branches one of which in 
cludes a storage condenser and the other of which 
includes tWO Series-COIanected Spark gaps, a Volt 
age dividing circuit connection Connecting the 
Connon Connection of Said Series-connected 
Spark gaps and the intermediate voltage connec 
tion to said magneto whereby a predetermined 
fraction of the magneto high voltage Output is 
maintained across each spark gap, a transformer 
having a Secondary Winding Connected in Series 
With Said Voltage-dividing Connection and a pri 
inary Winding energized from a source of Supply, 
said transformer providing a supplemental trig 
gering Voltage to cause breakdown of one of Said 
Spark gaps Whereby the magneto high Voltage 
output is applied to the other Spark gap to cause 
breakdown thereof and a flow of oscillatory cur 
rent in Said discharge circuit, and Spark plug 
neans energized by the flow of current in Said 
discharge circuit. 

5. An ignition System comprising a magneto 
having an Output Winding provided With two 
connections for high voltage and an intermediate 
voltage connection, an oscillatory discharge cir 
cuit connected across the high voltage connec 
tions of Said magneto, Said discharge circuit com 
prising two parallel branches one of which in 
cludes a Storage condenser and the other of which 
includes tWO Series-Connected Spark gaps, a volt 
age-dividing circuit connection connecting the 
Connon connection of Said Series-connected 
Spark gaps and the intermediate Voltage connec 
tion of Said magneto Whereby a predetermined 
fraction of the magneto high Voltage is main 
tained acroSS each Spark gap, a transformer hav 
ing a Secondary Winding connected in Series. With 
Said voltage-dividing connection and a primary 
Winding Connected in the Charging circuit of Said 
storage condenser, said transformer providing a 
Supplemental triggering voltage to cause break 
down of One of Said Spark gaps whereby the mag 
neto high voltage output is applied to the other 
'Spark gap to cause breakdown thereof and a 
flow of oscillatory current in the discharge cir 
cuit, and Spark gap means energized by the flow 
Cf current in Said discharge circuit. 

DOUGLAS E. WELCH. 
KENNETH. J. R. WILKINSON. 

REFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 
1,395,375 Whisler ------------- Nov. 1, 1921 
2,376,189 Robinson ----------- May 19, 1945 

FOREIGN PATENTS 
Number Country Date 

527,412 British patent-------- Oct. 8, 1940 

  


