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"The present invention relates to electromic ignition
systems for use in internal combustion engines and the
like, including reciprocating engines, gas turbines, ‘jet and
turbojet engines, and the like prime movers or motors
utilizing an explosive or inflammable fluid ‘or gaseous
mixture as operating fuel.

Among the more general objects of the invention is
the provision of an improved ignition system which will
enable a more exact timing .and -more .efficient ‘ignition
and -combustion and which furthermore provides a new
and more efficient method -of firing-the explosive mixture
in ‘the cylinder or combustion chamber of “an .internal
combustion engine.

Ainong the more specific objects of the invention ‘is
the provision of a new and .improved ignition system
which will reduce or eliminate sparking or arcing between
the ignition control cortacts, frequently occurfing in
conventional ignifion sysiems as a result of foiling or
disabling of one or more spark gaps, and other defects.

Another object is to reduce the ‘wear on ‘the igifion
coritrol or distributor contacts by the elimination ¢f any
interrupting currents between the contacts.

Still a further object is the provision of ‘an 'ignition
device of light weight and reduced bulk which can be
readily substituted for the conventional igintion coil and
condenser as used in standard engines, such as for motor-
cars, etc., ‘substantially without requiring any essemntial
change in the circuit connections of ‘the electrical system.

A ‘further object is the provision of an ignition system
capable of operating equally well at different alfitudes
and independently of atmospheric pressure changes.

Other objects are to avoid misfiring, eliminate the
usudl troublesome contact points ‘and ‘to generally ‘in-
crease the efficiency or reduce ‘the fuel ‘consumption of
internal combustion engines, in particular of motorcar
engines.

Still another object of the invention is ‘the -provision
of a novel electronic ignition system ‘for .internal com-
bustion engines utilizing the éffects of high frequency
ionizing the combustible fuel mixture, to readily initiate
the ignition ‘and to improve -the over-all efficiency of the
combustion, substantially without the drawbacks "and
defects of the conventional high frequency discharge igni-
tion systems known in the prior art.

“The foregoing ‘and ancillary objects, as well as novel
aspects ‘of “the invention, will be better understood from
the following detailed description taken 'in conjurction
with the ‘accompanying drawing, forming part of ‘this
specification and wherein:

Fig. 1 is an electrical circuit ‘diagram of an improved
electronic ignition system for internal combustion engines
embodying ‘the principles of the invention;

Fig. TA illustrates a series of ignition pulse ‘voltage
trains utilized by ‘the invention;

Fig. 2 and Figs. 3A 'and 3B are partial views of ‘the
interrupter or ignition control contact mechanism of Fig.
1, illustrating a preferred-design thereof according to the
invention;
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Figs. 4 and 5 are further partial views of ‘the ignition
control mechanism and distributor, illustrating in ‘greater
detail the design and operation accordirig to the inven-
tion;

Fig. 6is a graph illustrating a series of High voltage
ignition sparks; dnd

Fig. 7 is a cross-section through a preferred- construc-
tion of a peaking “transformer used in ‘the peak voltage
generator of Fig. 1 forming part of the invention.

Like reference characters identify likeparts in the dif-
ferent viewsof the drawing.

With the foregoing objects ‘in ‘view, the invention in-
volves generally the provision of ‘means for and a method
of ‘producing a series of low-frequency “high voltage ‘im-
pulses “or ignition sparks during a single “ignition period
having a ‘predetermined recurrence frequency, in such
a ‘manner ‘that during high engine speeds a sufficient
number ‘of discreéte sparksis available to insure ignition
and ¢fficient ‘conibustion of the explosive mixture, while
during idling or low engine .speeds, the ‘period of the
peak ‘voltage trains or number of discrete sparks in-
creases in ‘proportion to ‘the “rediiced ‘engine ‘speed, pro-
viding thereby, in addition to improved all-over efficiency,
the advantage of casy and ready starting ‘and ‘more effi-
cient -opefation of the engine &t idling and Tow speed
operation. o

In order ‘to carry the invention into effect there is
utilized an electronic system gencrating a peaked voltage
wave being constituted by .a sérigs of ‘high voltage pulses
at relatively low frequency ‘and having a steep-fronted
shape, 'such as square or triangular, to insure a sufficient
number of ‘harinonics and ‘to provide ‘the equivalent of
a ‘high. frequency ‘wave ‘without the use of -any ‘high
frequency generator or ‘circuits. Asa result, ‘the pulses
or voltage peaks behave from the point of view of ioniza-
tion of the combustible gas ‘or .mixture in the ‘manner
similar to a contintious ‘high ‘frequency wave or voltage
applied 'to a ‘spark gap, such .as the spark ‘plug .of the
type ‘as'used in conventional ititernal combustion engines.

‘In -other ‘words, the invention utilizes a series of ‘dis-
crete "high voltage sparks in place of a single ‘ignition
spark during a single ignition period, resulting in im-
proved -efficiency of the combustion 6f the explosive
mixture ‘and, in turn, in increased “thermal efficiency of
the engine. As a result, réplacement of a cofiventiotial
ignition system by the improved system according to the
present invention will Tesult in a substantial increase ‘of
output power for a given fuel consumption, ‘or vice versa,
in reduced fuel consumption for a given ‘output power.
The train or series of ‘sparks dufing a single igition
period consists of elementary ‘sparks ‘having substantiaily
the 'samie ‘power, independently of the operating condi-
tion of the engine, such as starting, idling or operation,
thus insuring réliability of operation and optimum effi-
ciency at all times. Furthermore, by the use of multiple
spark ignition according to the ‘invention, interference
with or interruption of the ‘ignition ‘as a result of foul-
ing of the spark plugs, moisture and other causes is
greatly reduced or minimized.

Referring to Fig. 1, there is shown a pulse voltage
generator ‘connected ‘to ‘the distributor -of a reciprocating
internal combustion engine as used in motorcars or the
like and assumed to be of the four cylinder type in the
example illustrated. The pulse voltage generator, in the
example shown, consists of a squdre wave oscillator or
multivibrator comprised of a twin-tricde amplifier tube
10 having two triode sections mounted in a common en-
velope and each comprising a cathode, grid and plate
electrode of conventional design.” “The cathodes of both
triode ‘sections, which may be in the form -of separate
tubes, are connected .directly to ground .or other poten-
tial ‘reference point, ‘such as ‘the metal ¢hassis or Trame



_ of the engine, while the grid electrodes are grounded
through grid leak resistors 11a and ‘116 and the plates
are connected to the positive terminal of a suitable high
voltage supply source indicated by the plus sign throngh
load ' resistors’ 12a _and . 12b, respectively. ~Each of the

plates of one section is furthermore ‘connected to the grid

_of the other section through a coupling capacitor 13a and
13b, respectively, whereby to cause the circuit to oper-
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' ate as a self-running bisstable relaxation oscillator- by -

alternately passing current through the triode sections at
a fréquency determined by the’ circuit constants, that is,
the grid leak resistances 11z and 115 and feedback ca-
pacitors 134 and 13b. i

10

" The square wave output volté’ge produced._by'thé multi-

vibrator is applied to the grid of a pentode power ampli-
fier. and peak voltage generator 14 by way of a grid cou:
pling capacitor 15 and grid leak resistance 16, to produce
high voltage peaks or pulses in the output or plate cir-

. 4‘ . ) i -‘

in inefficient by-passing or excess voltage suppression and

“too low valite causing a reduction of the amplitude of

the pulse voltage and decreased efficiency of -the ignition
by the spark gaps 26a to 264d.

In place of the multi-vibrator type peak voltage gen-
crator, it is understood that any other equivalent square
wave or peak voltage génerator known in the-art may be
used for the purpose of the invention.

In the case of a motorcar, the direct current high
voltage for the operation of the multi-vibrator and power
amplifier ‘may be derived from the low voltage genera-

“tor or battery by the aid of any suitable direct current

voltage transformer, such as a vibrator power supply of
the type commonly tsed in connection with automobile
radio sets. In the example illustrated, there is shown for
this purpose a vibrator type direct current transformer
connected to the standard electric supply system, com-

_ prising. the generator. 32, storage battery 33 and auto-

cuit of the amplifier by the action of a special plate peak-

ing inductance 17. More specifically, during the posi-
tive half cycles of the impressed square wave voltage or
conducting periods of the tube 14, magnetic energy will be
stored in the coil or inductance 17 which energy, at the
starting of the négative half-cycles of the impressed volt-
age or interruption of the current through the tube, col-
lapses. suddenly in such a manner as to generate a series
of stéep-fronted peak voltages or pulses at the anode of
tube 14, as sHown at V, Fig. 1A. These pulse trains or
peak voltages are applied to the contacts 25a, 25b, 25c
and 25d of a distributor 24 by-way of a movable or rotary
contact afm or finger 23, to ignite or fire the spark plugs
26a, 26b, 26¢, 26d connected to said contacts, respectively,
in the manner shown and readily understood.

In order to produce and apply ignition pulses only

during the time of connéction of a spark plug to its re-
spective distribator contact, or in"other words. to pro-
vide a series of discrete pulse trains during successive time
periods m separated by suitable time intervals n, Fig. 1A,
there is further provided a make and break device periodic
interrupter inserted, in the example shown, in the ground
circuit of one of the cathodes of the multi-vibrator 10 and
comprised of a spring-biased pivoted contact arm 20
having a projection 21 cooperating with a rotating cam
22 synchronized with the movable distributor - contact
23, as indicated by the curved arrows a and dot-dash
line 224 in the drawing.” Contact arm 20 being grounded
carfies a first contact 18z which cooperates with a sec-
ond stationary contact 18b, said. contacts being inserted
in the ground lead of one of the cathodes of the multi-
vibrator, to effect a control of the muiti-vibrator to pro-
duce a train.or series of discrete peak voltages or pulses
in synchronism with the connecting periods of the spark
plugs 26a to 26d to the output of the amplifier 14. The
number of ‘voltage-pulses or sparks during each ignition
period may be suitably chosen to insure a sufficient num-
ber of discrete ignitions or sparks at maximum operating
speed of the engine and to cause the number of sparks to
increase as the speed is reduced for the purpose further
understood from the following. .

In the case of conventional engines for motorcars, a
pulse or spark repetition frequency of from 1000 to 5000
pulses per second has been found to provide satisfactory
results, although the optimum number of sparks for each
ignition period varies according to. different engines and
can be determined by experiment.

In order to prevent arcing or sparking between the dis-
tributor contacts as a result of excess voltages due to
unsatisfactory. operation or fouling of one or more of
the spark plugs, there is advantageously provided an ex-
cess voltage arrester connected between the plate of the
amplifier 14 and ground and comprising, in the example
shown, a resistor 28 and gaseous discharge tube 30. Any
equivalent means or device may be provided for this pur-
pose,-as will be understood. - The value of resistor 28

should be ‘suitably  selected, ‘too high a value. resulting 75 e
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matic cut-out 32’, by way of a switch 34 and interference
filter 35 of known construction. The vibrator shown is
of the synchronous interrupter and mechanical rectifier
type.and comprises a grounded vibrating element or reed
40 carrying a contact 41 which cooperates with a mag-

- net core having a winding 42 connected to the circuit to

28

30

‘cause continuous, vibration of the element 40 by auto-
matic interrupter -action, in"a manner well known' and
understood by those skilled in the art. ! C

_ Cooperating with .the element 40 are a first ‘pair of

“ ‘interrupting contacts 374 and 375 connected to the oppo-

site ends ‘of the primary winding 36a of a voltage step-
up transformer 36, the center point of said winding being
contiected ‘to the. low. voltage source, that is, the gen-
erator 32 or battery.33. The element 40 is furthermore
arianged to cooperate with a pair of synchromous. recti-
fying contacts 38z and 38b connected to the opposite
ends of the ‘transformer secondary. 36b, whereby to pro-
vide a stepped-up direct current output voltage between
the center point of winding 36b. and ground. This out-

" put voltage serves to supply the pulse generator through
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a further switch or circuit breaker 45. Resistors 43a
and 43b and capacitors 44q and 46 connected to the
winding 36b act as a filter to smoothen or steady the
direct current -output voltage, in a manner well known
in connection with vibrator type power supply devices
of this type. The output voltage of the vibrator may
have a sufficient value for enmergizing the multi-vibrator
or other pulse voltage generator, depending upon the
type of tubes or circuits used. S .

According to a preferred embodiment, the switch 45
may be -of the mercury type, to interrupt or disconnect
the pulse voltage generator in case of extreme shock to

- which the motor or vehicle may be subjected and to

avoid interference with or undesirable operation of the
ignition system.. . - : e

“There. is thus provided by the invention a new and
improved ignition system which while using peaked or
pulsed voltage of relatively low frequency provides all
the benefits. of a high frequency ignition system, sub-
stantially without the drawbacks and defects of the latter.
By choosing a suitable pulse recurrence frequency of
the voltage peaks V, that is, such as to provide a suffi-
cient number of discrete .peaks .or pulses during maxi-
mum engine speed, there will be insured a sufficient con-
tent of -high harmonics of adequate amplitudes to cause
!n'gh frequency jonization of the gaseous mixture, result-
ing both in reliable starting of the ignition and in in-
creased combustion efficiency. =~ '

: Assuming, by way. of example, a maximum engine
s_peed of 3000 revolutions per minute, that is, 50 revolu-
tions .per second, and a contact angle ¢=18° (see Fig.
4),.'the period of one revolution will be equal to 14 sec.
whﬂe a single contact closing period will be equal to
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Assuming further a peak voltage recurring frequency of
5000 pulses per second, the number of pulses per single
ignition at maximum engine speed will be 5 pulses and
50 pulses at an engine speed of 300 revolutions per
minute. Provided the instantaneous or peak value of
the pulses is of a sufficient magnitude, say from 3000
to 5000 volts, there is insured in this manner an adequate
amount of high harmonic frequencies of sufficient in-
tensity to cause iomization of the gaseous mixture and,
in turn, insure ready starting of the ignition and other
desirable effects.

in order, according to an improved feature of the
invention, to avoid arcing or sparking between the dis-
tributor contacts, the interrupter and the distributor are
designed in such a manner as to cause the movable or
rotary contact 23 of the distributor to engage a station-
ary contact 25q—254 prior to the starting of a train or
series of voltage peaks and to interrupt the train of volt-
age pulses before the rotary contact 23 leaves or becomes
disengaged from the stationary contacts of the distributor.
This design and operation will be further understood
by reference to Figs. 2, 3A and 3B.

Referring to Fig. 34, there is shown the instant when
the contacts 18¢ and 195 become closed or engaged
as indicated by the arrow b showing the movement of
the contact arm 29, thus starting the operation of the
multi-vibrator or other pulse gemerator to produce a
series of trains of pulses or peak voltages V, as shown
in Fig. 1A. This instant corresponds to a position of
the rotary contact of the distributor having already en-
gaged one of the stationary contacts such as 25b as
shown at 23 in Fig. 2. Fig. 3B shows the position of
the cam 22 at the instant when the contacts 18z and
18b become again separated or disengaged, as indicated
by the arrow c in the drawing. The corresponding posi-
tion of the contact arm 234, shown in dotted lines in
Fig. 2, is such as to still engage the stationary contact
25b. As a result the contact arm 23 engages and dis-
engages the stationary contacts 256—25d of the distribu-
tor in a substantially currentless condition, thus avoid-
ing arcing or sparking and deterioration or wear of the
contacts of the distributor. Furthermore, since the peri-
odic interrupter or contactor 26 actuated by the cam 22
carries only the relatively weak space discharge current
of the multi-vibrator, arcing of the interrupter contacts
is practically negligible, whereby to result in high op-
erating stability and long life of both the interrupter
and distributor. It will be understood that the control
of the multi-vibrator or pulse generator by interrupting
the ground return of ome of the tubes or sections is
by way of example only, many other ways to start and
stop the pulses V, such as by interruption of the grid
circuit of either of the multi-vibrator sections or tubes
or of the power amplifier, being possible and suggesting
themselves to those skilled in the art.

If the ignition system according to the invention is
used in connection with engines of the type provided
with the automatic ignition advance with increasing
engine speeds by means of centrifugal advance weights
or equivalent means, further provision should be made
according to the invention in the design and/or adjust-
ment of the distributor and pulse train interrupter, to
take care of any manual or automatic advance adjust-
ing range by the proper dimensioning of the distributor
contacts in relation to the angular operating range of
the interrupter, in the manner shown and more clearly
understood by reference to Figs. 4 and 5.

Fig. 4 shows the position of the cam 22 in the center
of the closing period of contacts 18z and 18b assumed
to have an angular operating range equal to 20°. Tn
this case the contacts of the distributor, as shown in
Fig. 5, may have an angular width of 35°, this including
a range of 2.5° at each end to avoid arcing or spark-
ing as explained in reference to Figs. 2, 3A and 3B, and
an additional 10° to take care of the manual and/or
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6
automatic advance adjustment of the ignition, depending
on the type or design of the engine, as will be readily
understood.

Fig. 6 shows the shape of a pair of elementary sparks
S produced by the high voltage pulses V which behave
in the manner of a high frequency wave as a result of
its high harmonic content, in the manner pointed out
hereinabove,

In order to obtain sharp-pointed or peaked voliage
pulses V at the output of the pulse voltage generator, it
is.advantageous to use a special low-leakage type of peak-
ing transformer 17, as shown in Fig. 7. In the latter,
the inductance comprises a hollow cylindrical housing 58
consisting of a suitable insulating material capable of
withstanding high voltage such as Plexiglas or an equiv-
alent synthetic insulating material and having mounted
therein a number of pancake-shaped induction coils 51
spaced from each other and supported by a center mag-
netic core 52 of high permeability.

For practical purposes, it is possible to use a standard
distributor for the purpose of the invention, with slight
modification to. comply with the requirements of the in-
vention, as pointed out, and using a high grade insulat-
ing material, such as nylon or Teflon as a base member
in which are mounted by directly molding or otherwise
securing the fixed contacts 25a—25d for cooperation with
the rotary contact 23.

In the foregoing the invention has been described with
specific reference to an illustrative device. It will be evi-
dent, however, that numerous variaiions and modifica-
tions, as well as the substitution of equivalent parts and
elements for those shown and described for illustration,
'may be made without departing from the broader scope
and spirit of the invention as set forth in the appended
claims. The specification and drawing are accordingly
to be regarded in an illustrative rather than in a limiting
sense.

We claim: - .

1. In an internal combustion engine having a plurality
of spark plugs and a spark plug disiributor; an ignition
system comprising a source producing a peaked voltage
wave constituted by a series of spaced discrete and uni-
«directional high voltage pulses having a substantially .
constant pulse recurrence frequency independent of the
engine speed, said distributor periodically connecting the
spark plugs to said source, a periodic make and break
device synchronized with said distributor and connected
to said source, to control the spark plug firing periods,
said recurrence frequency having a value to provide a
multiplicity of high voltage pulses during each spark
plug firing period having a predetermined minimum at
maximum engine speed and increasing in number in
proportion as the engine speed decreases, said pulses be-
ing separated from each other by spacing intervals to
effect a corresponding number of discrete ignition sparks
during each spark plug firing period,

2. An ignition system as claimed in claim 1, said source
being comprised of a square voltage generator and an
amplifier having an input circuit controlled thereby and
including a peaking inductance in its output circuit, to
convert the square wave generated into a series of dis-
crete unidirectional high voltage pulses.

3. In an ignition system as claimed in claim 2, said
generator consisting of a pair of amplifier devices con-
nected to form a multi-vibrator and said make and break
device being connected in the input circuit of one of said
amplifier devices.

4. In an ignition system as claimed in claim 1, includ-
ing excess voltage arresting means connecied in parallel
with said source and distributor.

5. In an internal combustion engine comprising a plu-
rality of spark plugs and a spark plug distributor having
stationary contacts connected to said spark plugs and a
cooperating rotating contact synchronized with said en-
gine; an ignition system comprising a source connected
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to ’said' rotating contact and producing a peaked voltage ..

wave being constituted by a séries of spaced unidirec-
tional high voltage pulses having a substantially constant
pulse ‘recurrence - frequency independent of the. engine
speed, a make and break device connected to said source
and synchronized with said distributor, said make. and
break device having a ratio of closing to opening periods
related to the ratio of spark plug firing closing to opening

periods of said distributor, to. cause a substantially cur- -

Tentless connection and disconnection of the distributor
contacts by said rotating contact, said pulse recurrence
frequency having a value to provide a multiplicity of
high voltage pulses during each spark plug. firing period
being a predetermined minimum at maximum: engine
speed and increasing in number in proportion as the
engine speed decreases, said. pulses being separated from
each other by spacng-intervals to effect a corresponding
number of discrete ignition sparks during each spark plug
firing period. - S S I

6. An ignition system for internal combustion engines
as ¢laimed in claim 4, including ignition advance and re-
tarding means associated with said distributor, the rela-

3
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tive closing and opening periods of said make and break
device and- of said distributor, respectively, designed to
aintain a currentless -connection and disconnection of
the distributor contacts:throughout the full ignition ad-
vance and-retard operating range of said engine.
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