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UNlTED STATES PATENT OFFICE

_ This invention is an improvement on the ig-
nition system described and claimed in Patent
No. 2,047,431 granted to Donald W. Randolph on
July 14, 1936. In that application there is dis-
5 closed an impulse operated system especially
adapted for use as an ignition system for auto-
. mobiles in which a plurality of impulse produc-

: ing circuits, each preferably consisting of a source -
of energy, an inductance and an interrupter in’

10 series, are timed to alternately discharge into a
common circuit containing a device, preferably

. & two electrode electrical valve, adapted to break
down on application of sufficient voltage so as to
permit passage of a surge of current. This flow

§ of current is preferably utilized to produce a high
voltage discharge in a circuit. conta.lning an

ignition device. This is accomplished by cou-:

pling the tube circuit with the ignition circuit
‘'by means of a step-up transformer. To increase
20 the instantaneous energy of the discharge and
at the same time obtain a high frequency impulse
a condenser i3 provided across each of the im-
pulse producing circuits, the condensers being
arranged in series with each other and wlth the
electrical valve.
- According to one feature of the present, inven-
tion Randolph’s circuit is simplified by eliminat-
. ing one of the condensers, and so arranging the
“other as to alternately store the energy of the
30 impulses from the discharge circuits. This is
- accomplished by simply connecting a condenser

[+
cx,

of sufficient capacity across the inductances and

in series with the tube and the primary of the
step-up transformer. With this change the cir-
cuit 1s simplified, the impedance of the tube cir-
cuit is reduced, andthecostorthemtemis
lowered.

. According to another feature of the lnvention

[
St

a separate condenser, tube and transformer 1Is

provided for each of the spark plugs and a dis-
tributor is provided, preferably between.the im-
pulse producing circuits and the condensers, to
distribute the charges to them in proper sequence.
An advantage of this arrangement is that the
3 transformers may be mounted on the plugs and
the Jength of the secondary leads may be re-
duced to a minimum. In present day ignition
systems long secondary leads are employed.
These must be well shielded to prevent interfer-
5y, ence with rad'o transmission and reception and
because of their length, together with shielding,

40

-in service. W!thsecondaryleadsofmmimum

length, as provided for by the present invention,
their capacity is greatly reduced thereby reduc-
ing the energy losses and insuring appreciably
higher voltage at the spark plug terminals en- §
‘abling ‘the plugs to function where otherwise
they would be disabled due to fouling or other
causes. Radio shielding is also more readily ac-.
complished with short leads.

The use of a separate tube for each spark plug 10
greatly increases the life of the tubes for each -
tube is nmctioning a much smaller part of the

tim

Omer objects and advanta.ges of the invention .
will be pointed out in the course of the following 18
description taken in connection wlth the accom-
penying drawings, in which:

Flgure 1 is a diagrammatic view showing one
form of the improved circuit. - - :

Figure 2 is a graph showing the variation of 20 .

_current with time in the operation of the ignition

system of Figure 1.
Figure 3 is a diagrammatic view showing the
preferred form of improved circuit as applied to

. a three cylinder engine.

25
Pigure 4 is a longitudinal section through one

. form of tube-transformer unit mounted on a

sperk plug.

Figure 5 is a side elevation of a similar but
slightly modified tube-transformer unit. 30

muresisasectiononnne!—iofmgures

Pigure 7 is a section on line 1—T of Pigure 6.-

: chreaisadlagrammatlcviewshowmga
modified form of circuit.

Figure 9 is a graph showing the current-time 35
relations in the operation of the circuit of Fig-
ure 8.

The ignition circuit shown in I"Igure 1 is de-
signed for use with a four cylinder internal com-
bustion engine but may be readily adapted by 40
those skilled in the art for service with engines
having any number of ¢ylinders.

I: and e indicate inductances, having magnet—
izable cores, fed with current from a common con-
nection to a suitable battery B or other source of 45
electrical energy. In series with inductance L.
is the interrupter I, and in series with the in-
ductance La is interrupter Is. The interrupters

- are preferably operated by a common engine-’

driven cam {0 preferably provided with two 50
lobes as shown and operated at one-half engine

their capacity is very considerable and affords a ~ speed

path for leakage of a considerable amount of the
energy of the system. At the same time the high

™
'

5 tension leads are subject to rapid deterioration

The interrupters are timed so that their clos-
ing periods overlap as hereinafter explained.
The impulse producing circuits L.I:B and LalzB xx
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are connected to discharge into a condenser C in
series with electrical valve V and the primary P
of a step-up transformer. The condenser C is
connected across the interrupters I:Ia as shown.

The valve V is preferably of the type disclosed
in the prior Duffendack and Wolfe Patent No.
2,122,932, granted July 5, 1938, and consists of
two electrodes, one or both of which are prefer-
ably made of a durable alloy containing low work

function material, preferably barium in a nickel- °

copper-barium alloy, .the electrodes being sur-
rounded by an atmosphere of inert gas at suffi-
cient pressure to support arc discharge. Since
the voltage available is low the valve must have a
relatively low break-down voltage and at the
same time be durable and capable of resisting
arcing over long perlods of time. :

The secondary S of the step-up transformer is
connected in series with the distributor D ar-
ranged to direct current to the spark plugs (2 in
succession in well known manner. Transformer
P—S is preferably provided with an iron core
which may consist of thin sheets of iron or of
particles of iron powder suitably insulated from
egch other to reduce losses due to eddy currents,
ete.

Operation—With the parts in the position
shown in Figure 1 with the interrupters closed,
battery B stores energy in the Inductances L1 and
Iz. -This condition is indicated in the graph,
Figure 2, by the increasing ordinates of the
curves at the left of the graph. 'This charging
is continued until the interrupter I. suddenly
opens, causing the inductance L: to discharge
into the condenser C through a path including
battery B and closed interrupter I». The sudden-
ness of the collapse of the magnetic field of the
inductance results in the development of a con-

' siderable voltage in the circuit. When the volt-

age across the terminals of the condenser C
reaches the break down voltage of the valve V,
the valve breaks down and a high frequency
surge of current takes place in the tube circuit.
This surge is converted by the transformer P-—S
into a high voltage, high frequency surge in the
secondary circuit and the distributor is so timed
with respect to the interrupter that this surge
takes place when the distributor is in position to

carry the current to one of the spark plugs

thereby producing ignition in one of the cylin-
ders. Following the discharge, interrupter I
closes. . i

In the meantime the current builds up in the
circuit containing inductance Lz as indicated by
the dotted line curve in Figure 2 until interrupter
Iz is suddenly opened, causing discharge of energy
from the inductance Iz to the condenser C
through a path including battery B and closed
interrupter Ii, thereby charging the condenser

to the opposite polarity, and upon attaining the

' necessary voltage, discharge takes place from the

65
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condenser through the valve V and transformer
P—S to another one of the plugs in the same
manner as described above. Thereafter inter-
rupter I closes, beginning another cycle which
is a repetition of that described above.

It will be noted that the condenser C'is first
charged to one polarity and then to the other.
This correspondingly reverses the direction of
discharge through the valve V preventing the
building up of metal on one electrode and the
pitting of the other, with consequent eventual
short-circuiting of the electrodes as is often the
case where the discharge through the valve is al-

‘ways,in one direction. The circuit also possesses
| 4
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the advantage that but one condenser is required
in the tube circuit, thus reducing cost.

The preferred form of circuit shown in Figure
3 embodies the same principle as the circuit of
Figure 1, but is modified to make possible the lo-
cation of the transformer close to the plugs so
as to reduce the length of the secondary leads to
a minimum. The circuit of Figure 1 is further
modified to require the use of an electric valve
for each spark plug, thus reducing the period of
time during which each valve is in operation and
so greatly increasing valve life.- The provision of

" independent valves makes it necessary to employ

a separate condenser for each valve.

Anothér improvement consists in the use of
ballast resistances to hold the current in the im-
pulse producing circuits within desirable limits.
The ecircuit of Figure 3 is designed to provide
ignition for a three cylinder four cycle engine.
This application has been selected to simplify
illustration of the system but obviously the in-
vention can be applied to an engine of any num-
ber of cylinders.

Referring now to Figure 3, B indicates the bat-
tery, Li and Lo the inductances, and I1 and Iz the
interrupters actuated by cam {8 which is driven
at one-fourth crankshaft speed and is provided
with three lobes as shown.

Between the battery B and the inductances I
and La is preferably arranged a tube R contain-
ing constant current type ballast resistances R:
and Ra. These resistances each preferably con-
sist of a filament of substantially pure iron in an
atmosphere of hydrogen, but other known types
of such resistances may be used. The resistances
are designed to maintain the current passing

through them fairly constant over a wide range

of applied voltages and act in the following man-
ner: As the current increases, the resistance of
the iron wire increases thereby reducing the flow
of current and tending to return it to its original
value. Conversely as the current decreases the
resistance of the wire decreases thereby increas-
ing the flow of current and tending to enable it
to regain its original value.

The use of a ballast resistance insures a suffi-
clent supply of current.under substantially all
operating conditons. It also prevents injury to
the coils in case the ignition is left on with the
engine not running or in the similar case of very
low speed operation.

The bhallast resistance also improves high speed
performance of the system for at such speeds the
ingnition voltage tends to fall off because of
reduction in time during which the inductances
receive energy from the battery. This reduction
is offset by corresponding reduction in effective-
ness of the ballast resistance.

The impulse producing cltcuits just described,
supply energy to condensers Ci1 Ca and C; which in
turn discharge into independent circuits each
containing in series an electric valve Vi Va or Vi
and the primary coil P1 P2 or Py of a step-up
transformer. The corresponding secondaries 8:

" S2 and 83 supply ignition current to plugs 21, 22

and 23 respectively.

A distributor D is provided to supply energy to
the condensers in proper sequence. This distrib-
utor preferably takes the form of circuit makers
M: Ma and M3 actuated by cam 24 provided with
two lobes. as shown and driven at one-fourth
crankshaft speed.

With the construction shown applied to a four
cycle engine having three cylinders, it will be

10
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apparent that during a complete engine. cycle, "
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that is, during two revolutions of the crinhhuft,
the circuit bréaker cam ¢ will have rotated 180°

and will have effected three successive breaks of -
the impulse producing circuits, one circuit being -

broken once while the other is broken twice, alter-
nating with the first circuit. Distributor D like-
wise makes one-half a revolution for every two
revolutions of the crankshaft and in so doing
operates circult makers Ms M; and Ms in sequence,

The parts are so timed that one of the circuit .

makers i{s closed just before and during the time
that one of the interrupters I or I» is being
opened thereby closing the circuit to the corre-
sponding condenser. This permits the condenser
to be charged by the surge of current, and upon
attaining sufficient voltage, to discharge through
the corresponding electric valve and through the
primary of the transformer, thus producing a
spark at the plug.

It will be noted that the arrangement is such
that each condenser is first charged to one polar-
ity and then to the other, thereby reversing the
direction of discharge through the valves and pro-
longing their life. This is made clear in the fol-

lowing description in which the convention is

adopted that when the upper plate of the con-
densers as illustrated on Figure 3 are given a
positive charge the condensers are said to have
positive polarity and vice versa. It will be under-
stood that charging of the condenser is in every
case - followed immediately by its discharge
through the tube circuit to produce ignition. 'To
avoid repetition no further mention will be made
of condenser discharge in the following descrip-
tion. Beginning. with the parts in the position
shown in Pigure 3 in which both interrupters I
and I: are closed and all of the circuit makers
are open, and assuming that the cams 1§ and
24 rotate in the direction indicated by the arrows,
circuit maker Ma closes, then interrupter Iz opens,
thereby charging condenser C: to positive polar-
ity. Next circuit maker M closes and interrupter
I: opens, thereby charging condenser C: to nega-
tive polarity. Circuit maker M3 now closes and
.Interrupter I: opens, thereby charging condenser
C: to positive polarity. Next circuit maker M:

again closes, and interrupter I opens thereby

again charging condenser C: but to negative
polarity. Circult maker M: again closes, and

‘interrupter I opens thereby again charging con-

denser C: to positive polarity. Circuit maker M;

' again closes, interrupter Iy opens, thereby charg-

70

ing condenser C: to negative polarity. There-

after the cycle is repeated, charging each con-

denser alternately to opposite polarities, ’
An important advantage of the system just

described is the fact that cams for the circuit .

interrupters and circuit makers may be designed
to give any desired spacing of the sparks. :

. The improved ignition system is preferably so

constructed in practice that the transformer and
preferably the electric valve as well are mounted
as close to the spark plug as-possible. In Figure
4 there is shown a suitable design of valve-trans-

- former assembly.  Here 28 indicates a conven-

tional type of spark plug provided with radio
shitlding indicated at 28. To the shield 28 is
secured by a suitable screw-threaded coupling 30,
a die cast housing 32 containing in one end an:
insulated conductor-34 in series with the second-
ary 38 of the transformer, the primary of which
is indicated at 38, and the core, consisting of thin
laminations or wires, at 39. One end of the pri-
mary 38 is connected to insulated lead 40 which
may be connected by a suitable conductor (not

3

- shown) to one side of the corresponding con-

denser. "The other end of the primary is con-
nected by lead 42 to one of the electrodes of elec-
tric valve 44, the other electrode being connected
to insulated terminal 4¢ which is connected by a
suitable conductor (not shown) to-the other side
of the condenser. 48 indicates & layer of com-
pressible cement, such as asbestos cement, which
may be applied to the glass envelope 50 of the
electric valve. The purpose of this is. to protect
the envelope against the heat of die casting should
it be found desirable to cast the housing 32 about
the assembly as shown.

In Figures 5, 6 and 7 there is shown a slightly
modified form of valve-transformer assembly.
Here 28 indicates the shielding of the plug.
indicates the lower half of a longitudinally split
housing for the tube and transformer. The part
$2 is provided with lugs ¥4 and §6 adapted to have
a bayonet or other type of quick detachable con-
nection indicated at 51 with the upper end of the
plug shield 28. The upper portion 58 of the hous-
ing is held to the lower portion by means of suit-
able spring clips 68 of the type commonly used

.to hold distributor caps in place.

In the modification shown in- Flgure 8 the

-inductances I and Lz have a common core as

indicated at 62, this necessitating a somewhat
different cycle of operations as pointed out here-
inafter. The inductances are illustrated as féd
from the battery B through a single ballast
resistance Ri: functioning tpe same as ballast
resistances R:1 and Ra previously described. Cam
64, driven at one-half engine speed, operates
interrupters I’ and I'’ so as to give four interrup-
tions per revolution. C’ and C’’ indicate auxil-
iary condensers which may be connected across
the interrupters to reduce sparking but are noft
essential.

The impulse produclng circuits just described’

discharge alternately as before into condenser C
which, upon attaining the necessary voltage, dis-
charges through‘valve V into the primary
P1 Pz P; or P« in the sequence determined by the
distributor D’, producing a surge in the corre-
sponding secondary circuit S: Sz S; or S: and
sparking at the corresponding plug.

In Flgure 9-is illustrated the current-time re-
lations obtaining with the circuit of Figure 8 with
proper timing of the lnterrupters Owing to the

-employment of a common core for the induc-

tances it is necessary that but one of the inter-
rupters be closed at a time. Otherwise opening
of one of the impulse producing circuits at its in-
terrupter would result in discharge of the ener-
gy of the impulse through the closed impulse
producing circuit which, because of the common

‘core, would act as a short-circuited secondary.

Consequently the time during which energy can
be stored in either of the inductances must be
somewhat less than the time between sparks.

- In common with the form of circuit shown in
Figure 1, the circuit of Figure 9 possesses the
advantage that but a single main cgndenser is
employed. The distributor D’ could, if desired,
be arranged in the secondary circuit but the illus-
trated arrangement has the advantage that the
transformers may be mounted on the spark plugs
with the advantages pointed out in connection
with the circuit of Figure 3.

Our improved ignition system is susceptible
of a great deal of modification.. It may, of course,
be designed for engines of any number of cylin-
ders. It may likewise be adapted for double igni-
tion systems in which two spark plugs are pro-
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vided for each cylinder. The usual arrangements
for obtaining manual or automatic spark ad-
vance may be applied to the new system. In
the case of the circuit of Figure 3 it will be

" found convenient to provide a.common drive for

the interrupter cam {6 and the distributor D and
to provide a common mounting for the interrup-
ters It and Iz and the circuit makers M1 Mz and
Mz so that the spark advance mechanism, wheth-
er manusal or automatic, may simultaneously ad-
just the position of the interrupters and circuit
makers with respect to their respective cams for
the circuit makers should always close prior to the
opening of the interrupters to permit efficient
charging of the corresponding condensers, and
reduce sparking at the interrupters. Other mod-
ifications will occur to those skilled in the art.

We claim:

1. The combination of a source of direct cur-
rent, impulse producing circuits arranged in par-
allel and including said source, means for timing
said impulse producing circuits to cause théem to
alternately produce electrical impulses, & con-
denser connected to said circuits so as to be
charged tc one polarity by one of said circuits
and then to the opposite polarity by the other
of said circuits and so on alternately, and a dis-
charge circuit for said condenser comprising a
device adapted to normally prevent passage of
current therethrough but to break down and per-
mit passage of a surge of current upon applica-
tion of predetermined voltage.

2. In the combination as defined in claim 1, a
work circuit coupled to said discharge circuit.

3. In the combination as defined in claim 1, a
work circult including an ignition device induc-
tively coupled to said discharge circuit. i

4. In an ignition system the combination of a
plurality of impulse producing circuits, each cir-
cuit consisting of an inductance and an inter-
rupter in series, means for supplying current to
said circuits, said interrupters being timed to
alternately produce impulses in said circuits, a
condenser connected to said circuits so as to be
charged first fo one polarity by one of said cir-
cuits and then to opposite polarity by the other
circuit upon actuation of said interrupters, a dis-
charge circuit for said condenser comprising an
electric valve adapted to break down upon ap-
plication of sufficient voltage in series with the
primary of a step up transformer, and an ignition
device in series with the secondary of said trans-
former.

5. In an ignition system the combination of
an_electrical impulse producing circuit, a plu-
rality of condensers, means for connecting each
of said condensers in succession to said circuit
to receive a charge therefrom, and a discharge
circuit for each of said condensers comprising an
electrical valve adapted to become conducting
upon application of sufficient voltage and an ig-
nition device inductively coupled to said dis-
charge circuit.

6. In an ignition circuit the combination of a
plurality of electrical impulse producing circuits:
means for alternately producing impulses in said
circuits, a plurality of condensers, means for
connecting each of said condensers in succession
to each of said circuits, and a discharge circuit

connected to each of said condensers comprising .

an electrical valve adapted to become conduct-
ing upon application of suficient voltage and an
ignition device inductively coupled to said cir-
cuit. .

7. In an ignition system the combination of

2,107,114

an electrical impulse producing circuit compris-
ing an inductance and an intérrupter in series,
and means for supplying current to said circuit, a
plurality of condensers, means for connecting
each of sald condensers in succession to sald cir-

cuit to receive a charge therefrom, and a dis-

charge circuit for each of sald ¢ondensers com-
prising an electrical valve adapted to become con-
ducting upon application of sufficient voltage,

~and an ignition device inductively coupled to said

discharge circuit.

8. In an ignitlon circuit the combination of a
plurality of electrical impulse producing circuits
each comprising an inductance and an interrupter
in series, and means for supplying current to said
circuits, sald interrupters being timed to alter-
nately produce impulses in said circuits, & plu-
rality of condensers, means for periodically con-
necting each of said condensers in succession to
each of said circuits to receive charges therefrom,
and a discharge circuit for each of said con-
densers comprising an electrical valve adapted
to become conducting upon application of suffi-
cient voltage, and an ignition device inductively
coupled to said discharge circuit.

9. In an ignition circuit the combination of a
plurality of electrical impulse producing circuits
each comprising an inductance, an interrupter
and a source of current in series, sald source be-
ing common to said circuits, said interrupters be-
ing timed to alternately produce impulses in said
circuits, a plurality of condensers, means for pe-
riodically connecting each of said condensers
across said interrupters with the interrupters in
series with such condenser so that when one of
the interrupters is opened the condenser in series
therewith is charged to one polarity and with
the other interrupter opened the condenser in
series therewith is charged to opposite polarity,
and a discharge circult for each of sald condensers
comprising an electrical valve adapted to become
conducting upon application of sufficient voltage,
and an ignition device coupled to said discharge
circuit.
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10. In an ignitlon circuit the combination of a 45

plurality ‘of electrical impulse producing circults
each comprising an inductance, an interrupter
and a source of current in series, said source be-
ing common to sald circuits, said interrupters

being timed to alternately produce impulses in 50

said circuits, a plurality of condensers, means for-
periodically connecting each of said condensers
across said interrupters with the interrupters in
series with such condenser so that when one of
the interrupters is opened the condenser in se-
ries therewith is charged to one polarity and with -
the other interrupter opened the condenser in
series therewith is charged to opposite polarity,
and a discharge circuit for each of said con-

58

densers comprising an electrical valve adapted to 60

become conducting upon application of suficient
voltage, and the primary of a step up trans-
former in series therewith, and an ignition de-
vice in series with the secondary of said trans-
former.

11. In an ignition circuit the combination of

each comprising an inductance, an interrupter,
a ballast resistance, and a source of current in
serles, said source being common to said circuits,

- said interrupters being timed to alternately pro-

duce impulses in said circuits, a plurality of con-
densers, means for periodically connecting each

85

.a plurality of electrical impulse producing circuits

70

of said condensers across said interrupters with .
the interrupters in series with such condenser so 15
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that when one of the interrupters is opened the
condenser in series therewith is charged to one
polarity and with the other interrupter opened
the condenser in series therewith is charged to
opposite polarity, and a discharge circuit for
each of sald condensers comprising an electrical
valve adapted to become conducting upon ap-

* plication of sufficient veltage, and an ignition de-

10

18

vice coupled to said discharge circuit.
12. In an ignition system the combination of a

spark plug and a housing mounted thereon con-

taining a transformer having one side of. its
secondary in conducting relation with the insu-
lated electrode of the plug and the other in con-
ducting relation with the spark plug shell, and
an electrical valve in said housing having a plu-
rality of spaced electrodes, one of sald electrodes
being connected to one side of the primary of said
transformer, a pair of insulated terminals mount-
ed on said housing, one connected to the other
electrode of said valve and the other to the other
side of sald primary coil.

13. In the combination as defined in claim 12,
said housing and shell forming a substantially
complete enclosure for sald parts preventing the
transmissicn of radio waves.

14. The combination of a plurality of impulse
producing circuits arranged in parallel, means
for timing saild impulse producing circuits to
cause them to alternately produce current im-
pulses, a condenser connected to said circuits so
as to be charged to one polarity by one of said
circuits and then to the opposite polarity by the
other of said circuits and 50 on alternately, and
means in series with said condenser adapted to
normally prevent discharge thereof but to break
down and permit discharge when the charges
thereon build up to a sufficient voltage.

15. The combination of a plurality of impulse
producing circuits arranged in parallel, means for
timing said impulse producing circuits to cause
them to alternately produce current impulses, a
condenser connected to. said circuits so as to be
charged to one polarity by one of said circuits

&

and then to the opposite polé.rity' by the other

.of sald circuits and so on alternately, and means

in series with said condenser adapted to nor-
mally prevent discharge thereof but to break
down and permit discharge when the charges
thereon build up to a sufficient voltage, and a cir-
cuit including an ignition device inductively cou-
pled to said last-named circuit.

16. In an ignition system the combination of a

_source of electrical energy and a plurality of cir-

cuits connected to said source in parallel, each
cireuit comprising an inductance and a circuit
breaker in series with said source, means for
timing said circuit breakers to cause the circuits
to alternately produce current impulses, a con-
denser in parallel with both of said circuit break-

“ers and in series with said inductances so as to

be charged first to one polarity by one of said
circults and then to the opposite polarity by
the other of said circuits and so on alternately,
and a discharge circuit for said. condenser in-
cluding an electric valve adapted to break down
when the charges on said condenser build up to a
sufficient voltage.

17. In an ignition system the combination of a.

source of electrica! energy and a plurality of cir-

“cuits connected to said source in parallel, each

circult comprising an inductance and a circuit
breaker in series with said source, means for
timing said circuit breakers to cause the circuits
to alternately produce current impulises, a con-
denser in parallel with both of said ecircuit break-
ers and in series with said inductances so as to be
charged first to one polarity by one of said cir-
cuits and then to the opposite’ polarity by the
other of said circuits and so on alternately, and
a discharge circuit for said condenser including
an electric valve adapted to break down when
the charges on said condenser build up to a suffi-
clent voltage, and a circuit including an igniting

" device coupled to said discharge circuit.

N HECTOR RABEZZANA..
WILFRED A. BYCHINSKY. °
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