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gram of g similar apparatug for simultaneous firing of a
plurality of spark plugs.

2,657.184 Referring now to the drawing, and more’ particularly
i to Fig. 1, T have shown a main charge accumulating ca-
ELECTRIC SP ARK IGNITION APPARATUS 2 pacitor. 1. and an auxiliary capacitor 2 connected to -be
charged in paralle] circuit relation from. a source- of uni-
Elmer W, Lantenberger, Scotia, N. Y., assigner to Gen- directional: current supply including a rectifier 3 and an
-eral Fleetrie Company, a corporation of New York autotransformer 4, The main capacitor 1 is connected di-
.. . rectly across. the charging source, the auxiliary capacitor
Application September 27, 1952, Serial No. 311,934 15 5 isconnected across the source in series circujt relation

14 Claims. (CL 31 5—177) with a current hmltmg‘.resgstor. 5. The brimary: portion of

My invention relates to electric spark- ignition appara- 15 6. It will be evident to those skilled in the art that

tus; and more particularly to capacitive discharge ignition through. this charging circuit the capacitors I and 2 are

*equipment for igniting. combustible mixtures of air and sxmultaneoqsly charged in a series of increments, the
fuel in apparatig where precise timing is. not necessary. number of increments of course depending upon the ca-
The present application is a continuation of my applica- pacity of the capacitors and the: autotransformer output
tion- Serial No: 256,484, filed November 15, 1957. 20 voltage.

In aircraft gas turbines or jet engines, difficulty has Ccnnecte_d across the main capacitor 1 I provide a main
heretofore been experienced in lighting or relighting burn- discharge circuit comprising, in- series circuit relation; a
ers at high altitudes ang high air speed. 1t has been sealed spark discharge device 9, the high voltage second-
found that high energy capacitor discharge spark ignition ary winding 18 of a step-up 1r. ansformer 11 having a pri-
is better suited to this tse than are inductive spark igni- 25 mary winding 12, and a pair of spaced apart ignition elec-
tion systems. The timing and repetition rate of the spark trodes 13 which may, for example, be provided by g spark
are not critical or even. of any great significance, but the plug of any desired type. The sealed discharge “device 9
energy content of each discharge must be quite high and COmprises a pair of sparking electrodes disposed in spaced
should be maintained substantially constant and independ- apart relation. within a sealed envelope, and preferably the
ent of altitude and ajr speed. 30 eavelope is filled with an-inert gas at a desired and sub-

Accordingly, therefore, it is a general object of my in- stantially constant density. . The breakdown voltage of
vention to provide new and improved electric spark igni- such a.gap js substantialiy constant despite temperature
tion: apparatus of the capacitor digcharge type. apd resultant pressure changes in the inert gas. The igni-

It is another object of my invention to provide electric tion electrodes 13 are prefer ably the electrodes of an open
spark ignition apparatus having a spark of high and sub- 35 or JUMp gap type spark plug, such as js shown, for exam-
stantially constant energy content, ple, in Patent 2,465,092, jssued to J. R. Harkness et al.

It is a more specific object of my invention to provide on March 22, 1949, Preferably also, the fixed resistance
2 new and jmproved capacitor digcharge spark ignition of this mam ghscharge cireuit, i, €., exclusive of the arc
apparatus for aircraft gas turbines or jet engines which pai‘_hs 7.'1161‘(.3111, i COY{SIdGI‘Hbly le@s‘than the critical value at
shall provide a high cnergy spark substantially independ- 40 which oscillatory discharge begins, so that discharge: may
ent of altitude and air speed, whereby the engine burn- be oscillatory. Tt will of course be appreciated by those
ers'may be started or restarted readily at any altitude, skilled in the art that the degree of damping, and thus the

Another object of my invention is fo provide a capacitor ~ nature of the discharge, depends upon the entire circyit
discharge ignition apparatus which shal] comprehend a resisiance. The' circuit Tesistance includes the ignition
minimum number of parts and shall thus be light in weight 45 arc and the sealed gap arc, and these arcs vary in resist-
and inexpensive, but sha[i nonetheless be dependable and ance during the discharge. .
durable in operation, Across the auxiliary discharge capacitor 2 I connect an

“In carrying out my invention in one form T provide a auxiliary discharge circuit which includes, in series circuit
main discharge or energy storage capacitor and an aux. relation, the sealed spark discharge device 9 and the pri-
iliary triggering capacitor, both connected to be charged 50 mary winding 12 of the step-up transformer 1. Prefer-

rom' any suitable source of electric current supply. The ably the fixed resistance of this auxiliary discharge circuit
main discharge capacitor is provided with g discharge cir- Is-also less than the critical value so that discharges there.-
cult including, in series circuit relation, a pair of spark through may be of ap oscillatory nature, although. the
ignition electrodes, the secondary winding of a step-up character of this discharge also depends upon the resist-
transformer and a sealed spark gap. The auxiliary trig- 55 ance of the sealed gaparc. .

8ering capacitor is' provided with a triggering discharge it will now be evident that M operation the capacitors
circuit which includes, in SCries circuit relation, a primary and 2 are charged in parallel circuit relation and in
winding of the step-up transformer and the same sealed a series of charging Incréments from the unidirectional

ischarge ‘gap which is included in the discharge circuit electric current Supply source including. the battery 7
of the main capacitor, In this circuit the sealed gap acts 60 the Vvibrator contact 6, the autotransformer 4 gnd the
as 2 holdoff control which js independent of altitude and rectifier 3. When the voltage of the auxiliary or trigger-
air speed, so that discharge cannot be initiated until the Mg capacitor 2 attains g predetermined desired value
capacitors are charged to a predetermined voltage. When suchas for example, about'3 or 3.5 kllovo.lts' the sealed
such predetermined voltage is attained, the sealed gap spark dlscna{ e device 9 breaks down Or ionizes, and a
ionizes and the auxiliary capacitor discharges through the 65 discharge takes place through the auxiliary “discharge
sealed gap and the trannsformer primary winding, This cucuit }nch{dmu the transformer primary winding 12
auxiliary discharge current induces in the transformer sec. This discharge current induces in ‘the transformer - sec-
ondary winding a high impulse voltage. The high in- ondary winding 16 a high voltage impuise, This induced

duced voltage adds to the main capacitor voltage in the 70 voltage may, for example, be of the order of 16 to 17

o . . o8, kilovolts, and is of high frequency if the discharge of
glzigb?stghraerlgezscelrt;l;lih:ilildc};g;ﬁ:ogzggrge Ignition gap, capacitor 2 is oscillatory, Thus, the total voltage available

. oo p . for breaking down the spark plug ga between the | nition
My invention itself will be further understood and its electrode 1:% is of the ofder o%’ Z%gki%l)ovolts. In thi§ man-

various objects and advantages. more. fully appreciated ner, discharge of the capacitor 2 through the auxiliary
by referring Bow fo. the following detailed specification 75 discharge circuit immediately and positively effects a dis.
faken in conjunction with the accompanying drawing, in charge of the main capacitor 1 through the main dis-
which Fig. 1'is a schematic circuit diagram of an electric charge circuit including the ignition electrodes or spark
spark ignition apparatus- embodying my invention in one plug 13. In this operation the current limiting resistor
form; Fig. 2 is a schematic circnit diagram of a similar S serves to prevent . discharge of the main capacitor- 1

apparatus- applied. to . a ‘spark ignition System.of the .op- 8¢ through the transformer brimary winding 12 to ground
posite polarity typesand Fig, 3 is a-schematic: circuit dia- after the gap has ionized,
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At Fig. 2T have shown another embodiment of my
inveption similar to that shown at Fig. 1 but applied to
an  ignition system of the type kmown as an opposite
polarity system. Those elements of the circuit of Fig. 2
which correspond to like elements in the circuit of Fig. 1
have been identified by the same reference numerals. At
Fig. 2 1 have shown 2 pair of spaced apart high voltage
ignition electrodes 13a which may be the insulated high
voltage electrodes of a pair of single-electrode spark plugs.
The electrodes 13a are corinected in the discharge circuit
of the main discharge capacitor 1 in series circuit relation
with the sealed spark discharge device 9 and the high
voltage secondary windings 10 and 10a of two step-up
transformers 11 and 11a. The transformers are provided
respectively with primary windings 12 and 124, and the
primary windings are connected in parallel circuit in
the discharge circuit of the auxiliary or triggering capaci-
tor 2. The step-up transformer secondary windings 19
and 10a are soO connected in the main discharge circuit
that one terminal of each such secondary winding - is
directly connected to a separate one of the ignition elec-
trodes 13a. The operation of the circuit shown at Fig. 2
is entirely similar to the operation of the circuit shown
at Fig. 1, except that high triggering voltages are induced
in the secondary windings of both the step-up transformers
11 and 11g, and these transformers are so disposed that
the induced voltages are of opposite polarity thereby to
increase the voltage available for discharge between the
ignition electrodes 13a.

At Fig. 3 I have shown my new and improved ignition
apparatus applied for simultaneous firing of more than
one ignitor plug. The circuit of Fig. 3 is similar to that
of Fig. 1, and like parts have been assigned the same
reference numerals. At Fig. 3, however, 1 have shown
two double electrode jgnitor plugs 14 and 14a connected
in parallel circuit relation in the main discharge - circuit
of ‘the capacitor 1. Each branch of the parallel circuit
includes also the secondary winding of a high frequency
impulse transformer, the ‘main - capacitor 1 and sealed
gap 9 being in the common part of the main discharge
circuit. Thus, the plug 14 is in series with the secondary
winding 19 of the transformer 11, and the plug 144 is in
series with a secondary winding 10a of a transformer 114,
both these circuits being supplied in parallel from the
capacitor 1 through the sealed gap 9. The transformer
primary windings 12 and 12a are shown connected in
parallel circuit relation in the triggering circuit. It will
of course be understood by those skilled in the art that
a single primary winding in inductive relation with each
of a plurality of secondary
if desired. ~Similar parallel connections of transformer
secondary windings may be multiplied to fire any desired
number of ignitor plugs through a common main dis-
charge circuit.

While 1 have described and {llustrated only certain
preferred embodiments of my invention by way of ex-
ample, many modifications will occur 1o those skilled in
the art, and I therefore wish to have it understood that
1 intend in the appended claims to cover all such modi-
fications as fall within the true spirit and scope of my
invention.

What I claim as new and desire to
Patent of the United States is:

1. In an electric spark ignition apparatus for supplying
a recurrent arc discharge between a pair of spark ignition
electrodes, a pair of capacitors, unidirectional electric
current supply means connected to charge said capacitors,
a spark discharge device having a sealed envelope, 2
step-up transformer having a low voltage primary wind-
ing and a high voltage secondary winding,
connecting said spark discharge device and said trans-
former secondary winding across one of said capacitors
in a main series discharge circuit including said ignition
electrodes, and means connecting said transformer pri-
mary winding and said spark discharge device across the
other said capacitor in an-auxiliary series discharge cii-
cuit, whereby discharge of said other capacitor through
said auxiliary cireuit i

secure by Letters

triggers said main series discharge
circuit through said transformer.

2. In an electric spark ignition apparatus for supplying
a recurrent arc discharge between a pair of ignition elec-
trodes, a pair of supply conductors, 2 main capacitor
connected between said conductors, an auxiliary capacitor
connected between said conductors in series circuit rela-
tion with a current {imiting resistor, a spark discharge

windings could be utilized ?
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device including a pair of sparking electrodes disposed
in spaced apart relation in a sealed envelope, one said
sparking electrode being connected to the common ter-
minal of said capacitors, @ step-up -transformer having a
low voltage primary winding and a high voltage secondary
winding, means for connecting said spark discharge de-
vice and said transformer secondary winding across oné
of said capacitors in a main series. discharge circuit in-
cluding said ignition electrodes, and means connecting
said primary winding and said spark discharge device
across the other said capacitor in an auxiliary series dis-
charge circuit, whereby discharge of said other capacitor
through said auxiliary series discharge circuit triggers
said main series discharge - circuit through' said trans-
former.

3. In an electric spark ignition apparatus for supplying
a recurrent arc discharge between a pair of ignition elec-
trodes, a pair of capacitors, means including a source
of pulsating electric. current supply for charging said
capacitors in a series of .increments, a spark discharge
device having a sealed envelope, a Step-up transformesr
having a low voltage primary winding and a high voltage
secondary winding, means for connecting said spark dis-
charge device and said transformer secondary winding

i ‘1 2 main series discharge
circuit including said ignition electrodes, the fixed re-
sistance of said main discharge circuit being less than
the critical value for preventing oscillation, and means
connecting said transformer primary winding and said
spark discharge device across the other said capacitor in
an auxiliary series discharge circuit, the fixed resistance
of said auxiliary discharge circuit being less than the
critical value for oscillation, whereby discharge of said
other capacitor through said auxiliary circuit triggers
said main discharge circuit through said transformer.

4. In an electric spark ignition apparatus for supplying
a recurrent arc discharge between a pair of ignition elec-
trodes, a pair of capacitors, unidirectional electric current
supply means connected to charge said capacitors, a spar
discharge device having a sealed envelope, a pair of step-up
ransformers having fow . voltage primary windings and
high voltage secondary windings, means for connecting
said spark discharge device and said transformer - $e€c-
ondary windings across one of said capacitors in 2 main
series discharge circuit including said ignition electrodes,
said ignition electrodes being adapted to be interposed
between said secondary windings in said main series dis-
charge circuit, and means connecting said primary wind-
ings in parallel circuit relation with each. other and in
series -circuit relation with said spark discharge device
across the other said capacitor thereby to provide an aux-
iliary series discharge circuit, whereby discharge of said
other capacitor through said auxiliary circuit triggers
said main discharge circuit through said transformers.

5. In an electric spark ignition apparatus for supply-
ing a recurrent arc discharge between a pair of ignition
electrodes, a pair of supply conductors, a main capacl-
for connected between said conductors, an auxiliary ca-
pacitor connected between said conductors in series circuit
relation. with a current imiting resistor, a spark discharge
device including. a pair of sparking electrodes disposed
in spaced apart relation within a sealed - envelope, oné
said sparking electrode being connected to the common
terminal of said capacitors, a pair of step-up transformers
each having a low voltage primary winding and a high
voltage secondary winding, means for connecting said
spark discharge device and said transformer secondary
windings across said main capacitor in a main series
discharge circuit including said ignition electrodes, said
ignition electrodes being adapted to be interposed between
said secondary windings in said main series discharge cir-
cuit, and means connecting said transformer primary wind-
ings in parallel circuit relation with each other and in
series circuit relation with said spark discharge device
across said auxiliary capacitor thereby to provide an aux-
iliary series discharge circuit, whereby discharge of said
auxiliary capacitor triggers said main discharge circuit
through said transformers.

6. In an electric spark ignition apparatus for supply-
ing a recurrent arc discharge between a pair of spark igni-
tion electrodes, & main energy storage capacitor, a source
of unidirectional electric current supply connected fcC
charge said capacitor, 2 spark discharge device having
2 sealed envelope, a step-up transformer having a lov
voltage primary winding and a high voltage secondar]
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winding, means for connecting said spark discharge device
and said transformer secondary winding across said en-
Srgy storage capacitor in a majn series discharge circuit
including connections for said ignition electrodes, and
means including said transformer primary winding and
an auxiliary capacitor for recurrently inducing in said
transformer secondary winding a high impulse voltage in
Tesponse to recurreat conduction through said spark dis-
charge device thereby recurrently to initiate current dis-
charge through said maijn discharge circuit.

7. In an electric spark ignition apparatus for supply-
ing a recurrent arc discharge between a pair of spark igni-
tion electrodes, a main €nergy storage capacitor, a source
of unidirectional electric

iliary capacitor, and means connecting said auxiliary ca-
pacitor in series circuit relation with said transformer pri-
mary winding and said spark discharge device thereby
recurrently to induce in sajd transformer secondary wind-
ing a high impulse voltage in response to recurrent volt-
age breakdown of sajd spark discharge device, said high
impulse voltage initiating a discharge current in said main
discharge circuit.

In an electric spark ignition apparatus for supply-
ing a recurrent arc discharge between a plurality of coop-
erating pairs of spark ignition electrodes, a main en-

connections for one said pair of said spark ignition elec-

through said main circuit.

9. In an electric spark ignition apparatus for supply-
ing recurrent arc discharges between a plurality of pairs
of spark ignition electrodes, a pair of capacitors, unidi-
rectional electric current supply means connected to
charge said capacitors, a spark discharge device having

with said secondary windings, means connecting said
secondary windings in paralle] circuit relation, each branch
of the parallel circuijt including connections for one pair
of said spark ignition electrodes, means connecting said
parallel circuit in series circuit relation with said spark

other said capacitor, whereby discharge of said other ca-
pacitor induces high voltages in said secondary windings
thereby to trigger said main discharge circuit,
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10. In an electric spark discharge apparatus, a plu-
rality of spark plugs, 2 main energy storage capacitor
and an auxiliary capacitor, a source of unidirectional
electric current supply connected to charge said capaci-
tors in. paralle]l cirguit relation, step-up transformer means

said auxiliary capacitor.

11. In an’electric spark ignition apparatus for supply-
ing a recurrent arc discharge between 2 pair of spark
ignition electrodes, an energy storage capacitor adapted
to be connected to djscharge_ between said electrodes, a

rently to release said energy.

12. In an electric spark ignition apparatus for supply-
g’ng. a recurrent arc discharge between a pair of spark
ignition electrodes connected in series circuit relation

13.

of said capacitors,. a step-up transformer having a low
oltag i inding connected in charge changing
circuit relationship with said auxiliary capacifor and said
discharge device, said transformer including a high volt-
age secondary winding conpected in series with sajid dis-
charge device and said electrodes across said main capaci-
tor.

14. In an electric spark ignitiop apparatus for supply-
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