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This invention relates to- elecironic ignition systems
and more particularly to ignition systems of the low
voltage type that have -particular utility whef used for
igniting the gaseous mixture of gas turbines and- the like.

By low voltage type, it is meant that the spark plug
or spark discharge device of the system is.of the shunted
surface type or creepage gap type which may be fired at
relatively low voltage, for example, 2500 to 3000 volts.

This invention contemplates providing an electronic’

ignition system wherein a relatively low input D.C. volt-
age is converted to. A.C. and wherein this. A.C. voltage
is-then stepped up and converted: back to high voltage
direct current where it is useful in supplying power to
fire a spark discharge device. '

In the system just described, it is important that the
ignition circuit work effect;vely over -a_wide range of
input -voltages and it is therefore an -object of this in-
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vention to provide an igaition circuit that provides uni- -

form firing of a spark discharge device over a wide range
of D.C. input voltages.

Another object of-this invention is to: provrde an igni-
tion circuit that includes a condemnser that is charged
from a power source through-a resistor and which d's-
charges through a spark discharge -device, the discharg-
ing of the condenser being controlled by a triode that
has-a plate circuit and a grid: circuit and wherein each
circuit is connected with a respective R-C circuit having
equal time constants.

Still another object of this invention is to provide an
electronic 1gmtron system wherein the firing of a spark
discharge device .is controlled by a triode that has-a_grid
circuit and a plate circuit and wherein each. circuit is
connected with an R-C network havmg equal time' con=
stants.

Further ob]ects and advantages of the present inven~
tion will be apparent from the followmg description,
reference being had to the accompanying drawings where-
in preferred embodiments of the present invention  are
clearly. shown.

- Inthe drawings:

Figure 1 illustrates .an electronic ignition system made
m accordance with this invention.

Figure. 2 is a graphical representation of cerfain of
the voltages in the circuit. of Figure 1.

Referring now. more partrcularly to Figure 1 the lgm- -

tion system of this. invention is shown ' ‘connected with a
suitable’ source of -direct. current voltage -10 which; in
‘this case, takes the form of a storage battery ‘The ‘bat-
tery may have any required voltage, and.in the system
to be described, ‘could-have a voltage anywhere ‘between
fourteen and thirty volts. One side-of- the -battery bt}

is connected directly to ground as shown, whereas the"
opposite side of the battery is- connected with - an 1gn1- .

tion switch 12 by means of lead 14.
The battery. 10 energizes: & well- known v1brator fen-

erally designated by reference numeral 16 and including

the -usual movable armature 18 ‘and -a coil :20.. The
armature 18 carries a contact 24 which v1brates between
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contacts. 26 and 28 in a conventional manner. - The con-
tact 28 is conmected with juncnon 30, whereas the con:
tact 26 is connected with junction 32. The coil 20 is
connected between junctions 3¢ and 34 and is alsc ‘con-
nected to omne side of ignition swifch- 12 . as-is clearlj
illustrated in the drawings.

The junctions 39 and 32 are connected respectwely i
with leads 36 and 38 which form the output circuit of
the vibrator 16, A condenser 40 is connected between
lead 36 and a ]unctron 44, and this junction is connected
with lead 38 via lead 48. A lead 42 connects lead 46
to ground and. thus connects the tap point 56 to ground
The condenser 48, as is well known to those skilled in
the art, prevents. contact arcing. - The transformer is
generally designated by reference numeral 52. The
transformer has a secondary winding 54 of a greater
number of turns than the prlmary winding so- that a
predetermined voltage step-up is achieved between the
prlmary and. secondary windings. - The prrmary winding
50 is center-tappéd at 56 and this tap point is connected. .
with the:lead 46. It will be appreciated that the vibra-
tor 16 and its associated circuit convert.the direct cur-
rent voltage of the storage battery 10 to an A.C. voli-
age that appears across the primary winding 56 of trans-
former 52. This ‘A.C. voltage. may have a fréquency
of four hundred cycles per second and is stepped.up
by the..transformer 52 -so that a much higher voltage
appears across the secondary winding 54 of the trans:
former.

The secondary winding 54 of the transformer is center- o

tapped, at 58 and this. center tap is connected with. junc-
tion 60 through resistor 62 and condenser 64. The ends”

of secondary winding 54 are connected to the-input :
terminals §6 .and 68 of a single-phése;. full ‘wave bridge:

rectifier network generally: desrgnated by reference mu= -
meral 7. The input terminal 66 is connected to second-

ary. winding 54 by lead 72, whereas the input terminal
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68 of the bridge rectifier network. is- connected to the
opposite side of the secondary winding by a lead. 74..
The lead 74 is also connected with junction 60 as is
clearly apparent from Figure 1.

The output terminals 76 and 78 of the bridge rectlﬁer
petwork 70 are connected respectively with leads 80 and

82. . The lead 80 is connected with-a lead &4 which: = 7
forms a common connection- for junctions 86, 88, and: ' -

90, The output terminal 76 of bridge rectlﬁer ‘fetwork”

. 79 is connected tor one side: of -a -resistor. 92, the: opposite - '

.side .of the:resistor being connected with a ]unctlon 94, =
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The secondary winding 54 of transformer-52 is induc=

tively' coupled with a-coil wmdmg 86 which is connected
with leads 98 and 106, The lead 98 is comnected witho- - "

junction 59, whereas the lead 168 is connected .to one:

side of a rectifier 102. The rectifier' 162 is connected .’ 0 %

to one side of a resistor 104 while the opposite side .of .-
the Fesistor is connected with junction 186; A condenser :
168 is- connected between junctions 90 and -184. The
coil wrndmg 96, as will become more readily apparent

. Hereinafter, -is adapted to supply grid tmggermg voltage- :

for.an electronic. switch. .
The electronic switch 110 takes the form of a. cold”

‘cathode thyratron -tube 118 havmg a cathode 112 con-

nected.. with junction- 86 and. having a. plate 114 con:
nected -directly to: ground as’ shown.

thyratron .tube is connected - with ]unctxon 166, l“he',,

thyratron tube, as is well known to those skilled.in“the -
“art, will fire whenever. a predetermined voltage is aps o
plied between. cathode and- vrld which may be termed as’;
* control-terminals.

*A “condenser - 116 is- connected between junctxons 86
and ‘94 and"is operative to discharge through a spark_

,drscharge device: 118 which; in this -case,; is a" “shunted

- surface gap ‘or creepage gap type of snark plug that wxlt e

.The gnd of the .
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break down when a relatively low voltage is applied
thereacross, for example, a voltage of 2500 to 3000 volts.
One side of the shunted surface gap plug 118 is con-
nected directly to ground whereas the opposite side there-
of is connected with junction 94 via lead 326. The
spark plug 118 will, of course, be associated with a gas
turbine or other type of engine in the usual manner for
igniting the gaseous mixture of the engine when it is
desired to start the engine. The spark plug 118 will
continue firing as long as the ignition switch 12 is closed
as will become more readily apparent hereinafter.

In operation, when it is desired to ignite the combustible
mixture of a gas turbine engine or the like, the ignition
switch 12 is closed. The closure of ignition switch 12
sets the vibrator 16 into operation to provide alternating
current across the primary winding 56 of transformer 52.
The A.C. voltage appearing across the primary winding
of the transformer is stepped up and appears as a higher
voltage across the secondary winding 54 of the trans-
former. Contact arcing, as has been noted before; is
minimized by condenser 40 and also by the series com-
bination of resistor 62 and condenser 64. :

The A.C. voltage appearing across secondary winding
54 is rectified by bridge rectifier circuit 70 and is then
supplied to charge condenser 116 through resistor 92.
This R-C network, formed of resistor 92 and condenser
116, has a predetermined time constant or R-C product
which is equal to the time constant of the R-C network of
resistor 184 and condenser 108. The condenser 116 will
thus build up a charge along an exponential curve as
will be readily apparent from an inspection of Figure 2.
If the voltage of battery 10 is fourteen volts, the voltage
across condenser 116 will build up along curve A of
Figure 2. On the other hand, if the voltage of a storage
battery is thirty volts, the voltage across condenser 116
will build up along the curve B of Figure 2. The par-
ticular values of voltage are only cited by way of ex-
ample and not by way of limitation. ’

During the time that the. condenser' 116 is being
charged toward the voltage appearing across the output
terminals 76 and 78 of bridge rectifier 70, the condenser
108 is being charged through an R-C network that in-
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cludes resistor 164 and condenser 108. The voltage for =

charging the condenser 108 is obtained from coil winding
96 and this voltage is rectified by rectifier 102 so that
direct current voltage is applied to the R-C combination
of resistor 194 and condenser 108.
age is fourteen volts, the voltage developed across con-
denser 108 will follow an exponential curve designated
by the letter C in Figure 2. If the voltage of the storage
battery is thirty volis, the voltage will build up - across
condenser 108 according to' curve D of Figure 2. It

45

If the battery volt-

50

will be appreciated that ‘the voltage developed ‘across .-

condenser 188 is available for biasing the thyratron tube-

110 into conduction as it is connected directly across the
cathode to grid circuit of the thyratron. .

If it is assumed that the spark plug 118 will fire at
approximately 2800 volts, and that the critical grid
voltage for causing firing of the tube 110 is approxi-
mately 1000 volts, it is desirable that these two voltages
be attained at the same time so that the condenser 116
will discharge through the spark plug 118 at the correct
time. This is accomplished in the circuit of Figure 2
by making the time constants of R-C network 92 and
116 equal to the time constant of the R-C network 104
and 108. Thus, when the storage battery 10 is at thirty
volts, the tube 110 will be caused to conduct af the point
of time indicated by line B on the curves of Figure 2.
At this point of time, the voltage across condenser 115
has reached 2800 volts so that the condenser will now
discharge through the tube 110 and through the- spark
plug 118 at the instant that the grid voltage reaches 1060
volts. T

As has been noted hereinbefore, the present invention
operates to provide a uniform amount of ‘energy across
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the spark plug 118 irrespective of the battery voltage 10.
This becomes readily apparent from an inspection of
Figure 2 where it is seen that, when the battery voltage
is fourteen volts, the voltage across condenser 116 reaches
2800 volts at the same time that the voltage across con-
denser 108 reaches 1000 volts. This point in time is
designated by letter F on the curves of Figure 2 and
corresponds to approximately .4 of a second.

It will be readily apparent from the foregoing. that,
by providing R-C networks of equal time constants, the
discharging of condenser 116 through the spark plug
118 will always occur at a predetermined voltage which,
in the graphical representation, is 2800 volts., Thus, the
circuit just described insures that the voltage appearing
across the spark plug 118 will always reach the same
value at the time that the grid voltage of tube 110 is
of a sufficient value to fire the tube. This circuit. then
provides for uniform discharge of energy across the
spark gap 118 irrespective of the value of voltage applied
to the ignition circuit.

It will be appreciated that, after the condensers 108
and 116 have discharged respectively through the grid
and plate circuits of the thyratron tube 110, the con-
densers once more build up a charge to cause a second
firing of the spark discharge device 118. This operation
is repetitive and, thus, the condensers 108 and 116 con-
tinue to charge and discharge and, upon each discharge
of 116, an arc is produced across the spark plug 118,
It thus is clearly apparent that the spark plug 118 will
continue to be periodically fired as long as the switch 12
is closed.

While the embodiments of the present invention as
herein disclosed constitute preferred forms, it is to be
understood that other forms might be adopted.

What is claimed is as follows:

1. An electronic ignition system, comprising; a scurce
of relatively low direct current voltage, means for con-
verting said source of direct current voltage into a source
of A.C. vo'tage, a transformer having a primary wind-
ing connected with said converting means and having a
secondary - winding, a first rectifier connected with said
secondary winding, a condenser, a spark discharge de-
vice, an electronic switch, a second rectifier energized
from the secondary winding of said transformer, means
connecting said first rectifier and said condenser in cir-
cuit with each other to provide a charging circuit for said
condenser, a discharging circuit for said condenser in-
cluding said electronic switch and said spark discharge
device, and means for controlling the conduction of said
electronic switch including said second rectifier.

2. An electronic ignition system, comprising; a source
of voltage, a thyratron tube having cathode, grid and
plate electrodes, a first resistor and a first condenser con-
nected in series with each other to form a first R-C net-
work, a second resistor and a second condenser connected
in series with each other to form a second R-C network,
a first rectifier connected between said source of voltage
and said first R-C network for charging said first con-
denser, a second rectifier connected to be energized by
said source of voltage and connected in circuit with said
second R-C network for charging said second condenser,
a spark discharge device, means connecting said first con-
denser, said spark discharge device and the cathode-plate
circuit of said thyratron tube in series with each other,
and means for conecting the condenser of said second
R-C network across the cathode and grid of said thyratron
tube, said R-C networks having time constants that are
equa] to one another. :

3. An electronic ignition system, comprising; a spark
discharge device having a predetermined firing. poten-
tial, a source of voltage, a first condenser, a charging. cir-
cuit' for said first condenser connected with said volt-
age source through a first resistor, an electronic switch,
a discharging circuit for said first’ condenser including
said electronic switch and said spark discharge device; a
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second resistor and a second condenser connected in series
with one another and connected with said voltage source,
said second resistor and saic second condenser having an
R-C time constant that is equal to the R-C time constant
of said first resistor and said first condenser, and means
for controlling the conduction of said electronic switch
including said second resistor and said second condenser.

4. An electronic ignition system, comprising; a spark
discharge device having a predetermined firing potential,
a source of voltage, a condenser, a charging circuit for
said condenser connected with said source of voltage, an
electronic switch having control terminals that are adapted
to be connected with a triggering voltage for causing con-

duction of the switch at a predetermined triggering volt-.

age, a discharging circuit for said condenser including
said electronic switch and said spark discharge device,
means connected with said voltage source for charging
said condenser to said firing potential, means for deriv-
ing a variable triggering voltage from said source and
for applying said tr1gger1ng voltage to said control ter-
minals, said means causing said firing potential and said
predetermined triggering voltage to be attained substan-
tially simultaneously irrespective of changes in source
voltage.

5. An electronic . ignition system, compnsmg, a di-
rect current power source, a vibrator connected with
said power source for converting the D.C. voltage of said
power source to A.C. voltage,-a transformer having a
primary winding connected with the output terminals of
said vibrator and having a secondary winding, first and
second rectifiers connected to be energized from said sec-
ondary winding, a first R-C network including a first
resistor and a first condenser, a second R-C network in-

cluding a second resistor and a second condenser, a triode

tube, a charging circuit for said first condenser including
said first rectifier and said first resistor, a spark dis-
charge device, a discharging circuit for said first con-
denser including said spark discharge device and the cath-
ode-plate circuit of said tube, and a grid circuit for said
tube including said second R-C mnetwork, said second
rectifier and the cathode-grid circuit of said tube, the
~ R-C time constants of said first and second R-C networks

being substantially equal.
6. An clectronic ignition system. comprising; an elec-

tronic switch having a pair of control terminals and a

pair of current carrying terminals, a source of voltage,
a spark discharge device; a first R-C network including

a first resistor and a first condenser, a second R-C net-

work including a second resistor and a second condenser,
a charging circuit for said first condenser including. said
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voltage source and said first resistor, a discharging cir-
cuit for said condenser including the current carrying
terminals of said electronic switch and said spark discharge
device, and means connecting said control terminals, said
second R-C network and said voltage source in circuit -
with each other, said R-C networks having substantially
equal time constants. :

7. An electronic ignition system, comprising; a spark
discharge device -having a predetermined firing poten-
tial, a source of voltage, a first condenser, a charging
circuit for said condenser comnected with said source of
voltage, an electronic switch having control terminals
that are adapted to be comnected with a triggering volt-
age for causing conduction of the switch at a prede-
termined triggering voltage, a discharging circuit for said
condenser including said electronic switch and said spark
discharge device, a second condenser connected with said
voltage source and the control terminals of said elec-
tronic switch, and means for causing said first condenser.
to be charged to said firing potential -and said second
condenser to said tnggermg voltage substantially simul-
taneously.

8. An electronic ignition system compnsmg, a spark
discharge device having a predetermined firing potential,
a'source of voltage, a condenser, a gharging circuit for
said condenser connected with said source of voltage, an
electronic switch, a discharging circuit for said condenser
including said electronic switch and said spark discharge
device, and means including an R-C network connected
between said voltage source .and said electronic switch
for causing said switch to become conductive when said
condenser has been charged to said firing potential. )

9. An electronic ignition system comprising; a:spark
discharge device having a predetermined firing potential,
a source of voltage, a condenser, a charging circuit for
said condenser connected with said source of voltage, an

. electronic switch, a discharging circuit for said condenser
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including said electronic switch and said spark discharge
device, and means including means for deriving variable
voltage from said voltage source connected with said volt--

age source and electronic switch for applying a sufficient -

voltage to said electronic switch to:cause it to conduct
only when said condenser has been charged to sa1d ﬁnng
potential,
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