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[57) ABSTRACT

The ignition system of an internal combustion engine
having a crankshaft includes a charging generator hav-
ing a mechanical input coupled to the engine crank-
shaft and having an electrical output winding, the

charging generator being operative for generating an
A.C. output voltage. The system furthermore includes
an ignition capacitor. A rectifying stage connects the
output winding of the charging generator to the igni-
tion capacitor, and is operative for applying across the
ignition capacitor voltage half-cycles of only one pre-
determined polarity. An ignition transformer has a pri-
mary winding and a secondary winding. A fuel igniting
unit is connected across the secondary winding of the
ignition transformer. A discharge circuit connects the
ignition capacitor to the primary winding of the igni-
tion transformer and includes an electronic discharge
switch having a control input. The discharge circuit is
operative when the electronic discharge switch is con-
ductive for discharging the ignition capacitor through
the electronic discharge switch and through the pri-
mary winding of the ignition transformer. A triggering
signal generator has a mechanical input coupled to the
engine crankshaft and has an electrical output con-
nected to the control input of the electronic discharge
switch for controlling the conductivity of the latter,
and is operative for producing triggering signals syn-
chronized with voltage half-cycles produced by said
charging generator. A control circuit is connected to
the triggering signal generator and is connected to the
charging generator and is operative for preventing the
triggering signal generator from rendering the dis-
charge switch conductive when the voltage half-cycle
being generated by the charging generator is of a pre-
determined first polarity and is operative for permit-
ting the triggering signal generator to render the dis-
charge switch conductive when the voltage half-cycle
being generated by the charging generator is of oppo-
site second polarity.

6 Claims, 6 Drawing Figures
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1
ENGINE IGNITION SYSTEM ADAPTED TO
PREVENT ENGINE ROTATION IN THE WRONG
DIRECTION

BACKGROUND OF THE INVENTION

The invention relates to ignition systems for internal
combustion engines, and more particularly to ignition
systems for engines of the type where each spark plug,
or other ignition unit, of the ignition system is provided
with a separate respective charging capacitor con-
nected via a respective charging diode to the charging
winding of a generator coupled with a rotating shaft of
the engine, such as the engine crankshaft, and further-
more provided with a discharge current path connected
to the ignition capacitor, the discharge current path in-
cluding the primary winding of a charging transformer
whose secondary winding is connected across the spark
plug, and furthermore an electronic switch connected
in the ignition capacitor discharge path, for releasing
the flow of ignition capacitor discharge current through
the primary winding of the ignition transformer at the
appropriate time. :

With one known ignition system of this type, the A.C.
voltage furnished by the charging generator is applied
to a rectifying stage and then to a low-pass filter stage,
so as to be applied to the ignition capacitor as a flat
D.C. voltage. For the electronic discharge switch con-
nected to the ignition capacitor discharge path, this pri-
or-art system made use of a thyristor. The anode of the
thyristor was connected to the tap of a voltage divider,
the voltage divider being supplied with the aforemen-
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tioned flat D.c. voltage. At the moment at which igni-

tion should occur, the thyristor was rendered conduc-
tive by suitably designed means for applying a trigger-
ing signal thereto, whereupon the voltage available at
the aforementioned voltage-divider tap was applied to
the gate electrode of a further thyristor actually con-
nected in the ignition capacitor discharge current path,
in order to render the latter conductive. As soon as the
thyristor in the ignition capacitor discharge current
path becomes conductive, the ignition capacitor dis-
charges through the primary winding of the ignition
transformer, thereby 'inducing a very high magnitude
voltage spike across the secondary winding of the igni-
tion transformer, resulting in the generation of an ignit-
ing spark by the spark plug connected across the secon-
dary winding of the ignition transformer.

This known arrangement has the disadvantage that it
operates in a manner which prevents an engine from
operating in the wrong or undesired direction, only if
it is used in conjunction with a multiple-cylinder engine
provided with a suitable ignition distributor. In such a
context, the proper sequence of ignition in the several
engine cylinders is established by the ignition distribu-
tor device, so that rotation of the engine crankshaft in
the wrong or undesired direction is prevented. How-
ever, with one- or two-cylinder engines not provided
with ignition distributors, the ignition system will not be
capable of preventing the engine from being started up
and continuing to operate in the wrong direction.

It is for this reason known to employ a magnetic de-
vice for applying triggering signals directly to the dis-
charge thyristor connected in the ignition capacitor dis-
charge current path. With the construction in question,
the means for generating the triggering signals is pro-
vided in the form of a magnetic generator having a
magnetically conductive rotor configurated to have cir-
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cumferentially successive steep edges separated from
each other by gradually sloping portions, so that such
rotor has a generally sawtooth-type configuration, with
one side of each tooth being extremely steep and the
other side of each such tooth having a very gradual
slope. The inductive pick-up associated with the thusly
configurated rotor will apply to the discharge thyristor
a triggering signal when the engine turns in the correct
direction in response to the passage by such pickup of
the steep flank of the rotor tooth, but in response to the
passage by the pick-up of the gradually sloping flank
the voltage induced in the pick-up will be too low to
trigger the thyristor when the engine turns in the incor-
rect direction.

A difficulty with this known construction is the devel-
opment of interference signals such as are capable of
improperly rendering the discharge thyristor conduc-
tive, to permit ignition, even with the engine turning in
the wrong direction. This can happen at high speeds,
for instance when an engine is started up by pulling
with great force an engine-starting cable or rope, such
as used on the outboard motors of small boats. The
voltages associated with the steep flanks of the rotor
will still be higher than those associated with the gradu-
ally sloping flanks thereof. However, at these higher
speeds, the voltages associated with the gradually slop-
ing flanks will be of considerable magnitude, and may
reach magnitudes sufficient to render the discharge
thyristor -conductive with the engine turning in the
wrong direction. It is possible to so configurate such
rotor as to reduce or weaken the voltage which will be
associated with the gradually sloping flanks at high en-
gine speeds. However, this necessarily results in a de-
crease of the voltage associated with the steep flanks,
with the disadvantageous consequence that high idling
speeds will be required for the steep flanks of the rotor
to produce triggering voltages of the sufficient magni-
tude.

SUMMARY OF THE INVENTION

It is therefore the general object of the invention to
provide an ignition system which prevents the start-up
and continued operation of the engine in the wrong di-
rection.

It is a more specific object to provide such a system
wherein the idling speeds required for normal opera-
tion of the ignition system are low.

It is a further object to provide such a system which
is operative for preventing operation of the engine in
the wrong direction over the entire range of engine
speeds. )

These objects, and others which will become more
understandable from the following description of spe-
cific embodiments, can be achieved, according to one
advantageous concept of the invention, by providing an
ignition system of an internal combustion engine hav-
ing a crankshaft which includes a charging generator
having a mechanical input coupled to the engine crank-
shaft and having an electrical output winding, the
charging generator being operative for generating an
A.C. output voltage. The system furthermore includes
an ignition capacitor. A rectifying stage connects the
output winding of the charging generator to the ignition
capacitor, and is operative for applying across the igni-
tion capacitor voltage half-cycles of only one predeter-
mined polarity. An ignition transformer has a primary
winding and a secondary winding. A fuel igniting unit
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is connected across the secondary winding of the igni-
tion transformer. A discharge circuit connects the igni-
tion capacitor to the primary winding of the ignition
transformer and includes an electronic discharge
switch having a control input. The discharge circuit is
operative when the electronic discharge switch is con-
ductive for discharging the ignition capacitor through
the electronic discharge switch and through the pri-
mary winding of the ignition transformer. A triggering
signal generator has a mechanical input coupled to the
engine crankshaft and has an electrical output con-
nected to the control input of the electronic discharge
switch for controlling the conductivity of the latter, and
is operative for producing triggering signals synchro-
nized with voltage half-cycles produced by said charg-
ing generator. A control circuit is connected to the trig-
gering signal generator and is connected to the charg-
ing generator and is operative for preventing the trig-
gering signal generator from rendering the discharge
switch conductive when the voltage half-cycle being
generated by the charging generator is of a predeter-
mined first polarity and is operative for permitting the
triggering signal generator to render the discharge
switch conductive when the voltage half-cycle being
generated by the charging generator is of opposite sec-
ond polarity.

. The novel features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages
thereof, will be best understood from the following de-
scription of specific embodiments when read in con-
nection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a circuit diagram of a first embodiment of
the invention;

FIG. 2 is a graphical depiction of certain aspects of
the operation of the embodiment shown in FIG. 1;

FIG. 3 is a circuit diagram of a second embodiment
of the invention;

FIG. 4 is a graphical depiction of certain aspects of
the operation of the embodiment shown in FIG. 3;

FIG. 5 is a circuit diagram of a third embodiment of
the invention; and

FIG. 6 is a graphical depiction of certain aspects of
the operation of the embodiment shown in FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The magnetic generator shown in FIG. 1 is comprised
of a stationary charging winding 1, a stationary trigger-
ing signal generator including a triggering signal gener-
ator output winding 2, and a rotating permanently mag-
netic pole wheel 3. The charging winding 1 is con-
nected via a diode 4 with a voltage divider composed
of resistors 5 and 6. The voltage-divider tap 7 is con-
nected to the base of an npn transistor 8 with the emit-
ter of transistor 8 being connected to ground. The col-
lector of transistor 8 is connected via a second diode 9
with the gate electrode of a thyristor or SCR 10. The
triggering signal generator winding 2 is connected
across the collector-emitter path of transistor 8. The
cathode of thyristor 10 is connected to ground. The
anode is connected ground, via the primary winding of
the ignition transformer 11 and via an ignition capaci-
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tor 12. The terminal of capacitor 12 not connected di-
rectly to ground is connected, via a third diode 13 and
the first diode 4, with the charging widing 1. A fourth
diode 14 shunts the primary winding of the ignition
transformer 11. The secondary winding of the ignition
transformer 11 has one terminal connected to ground
and an other terminal connected to a (non-illustrated)
spark plug.

The triggering signal generator including the winding
2 is more fully described in the U.S. Pat. No. 3648675
or in the copending U.S. application Ser. No. 309429,
filing date Nov. 24, 1972.

The operation of the circuit of FIG. 1 will be de-
scribed with reference to FIG. 2. The desired correct
direction of rotation for the pole wheel 3 is clockwise,
as viewed in FIGS. 1 and 2. The undesired or incorrect
direction of rotation for pole wheel 3 is counterclock-
wise. When the pole wheel 3 is turning in the correct
direction, the first positive voltage half-cycle of the
voltage generated across charging winding 1 is applied
via charging diodes 4 and 13 to the ignition capacitor
12. Charge accumulates on the ignition capacitor 12,
because its discharge path is non-conductive due to the
fact that discharge thyristor 10 is non-conductive. The
succeeding negative voltage half-cycle of the voltage
generated across charging winding 1 renders charging
diode 4 non-conductive, so that ignition capacitor 12
receives no more charging current. The voltage-divider
resistors 5 and 6 carry no current, the base-emitter
junction of transistor 8 will not be forward-biased, and
the collector-emitter path of transistor 8 will be non-
conductive. At this time, i.e., contemporaneously with
the generation of the negative voltage half-cycle across
charging winding 1, the triggering signal generating
means 2 applies a triggering voltage via capacitor 9 to
the gate electrode of thyristor 10, rendering thyristor
10 conductive. The capacitor 12 discharges through
the primary winding of the ignition transformer 11 and
through the now-conductive thyristor 10. The resulting
high-magnitude voltage spike induced across the sec-
ondary winding of ignition transformer 11 is applied to
the spark plug or other igniting element of the internal
combustion engine. If the engine and accordingly the
pole wheel 3 are turning in the wrong direction—i.e.,
if pole wheel 3 is turning counterclockwise as viewed
in FIGS. 1 and 2—then the output voltage generated
across charging winding 1 will be phase-shifted by 180°
relative to what it is when the pole wheel 3 is turning
clockwise. As a result, the triggering signals generated
across triggering signal generator output winding 2 are
generated contemporaneously with the positive voltage
half-cycle of the voltage generated across the charging
winding 1. During the positive voltage half-cycle of the
voltage generated across charging winding 1, a voltage
is evidently applied across voltage divider 5, 6 and ac-
cordingly a positive voltage is applied to the base of
transistor 8 which is therefore conductive. The conduc-
tive collector-emitter path of transistor 8 diverts the
triggering signal generated across the winding 2 to
ground, since the threshold voltage of the second diode
9 and of the gate-cathode path of thyristor 19 is higher
than the voltage across the collector-emitter path of
transistor 8, under these conditions. Thyristor 10 ac-
cordingly is not rendered conductive and therefore no
ignition impulse is generated.

If a pnp transistor is used instead of the npn transistor
8, then an ignition pulse will be generated upon the co-
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incidence of a positive voltage half-cycle of the voltage
generated across charging winding 1 and a triggering
signal generated across winding 2. The geometric and
circuit arrangement of the armature of the triggering
signal generating means and of the charging means
must be changed accordingly.

The circuit shown in FIG. 3 corresponds to that
shown in FIG. 1 with the following differences: The
voltage divider tap 7 is connected directly to the gate
electrode of thyristor 10, via the second diode 9. The
voltage-divider tap 7 is furthermore connected to
ground, via the emitter-collector path of a pnp transis-
tor 100 and fifth diode 101. The base of transistor 100
is connected to ground, via the output winding 2 of the
triggering signal generating means and a resistor 102
connected in parallel to winding 2.

The operation of the circuit shown in FIG. 3 will be
described with reference to FIG. 4. If pole wheel 3 is
turning in the correct direction, then the first positive
voltage half-cycle of the voltage generated across
charging winding 1 will be applied via charging diodes
4 and 13 to ignition capacitor 12, to charge the same.
The voltage-divider tap 7 establishes at the emitter of
transistor 100 a potential more positive than the base
potential of transistor 100, and transistor 100 becomes
conductive. The voltage at voltage-divider tap 7 is now
dependent upon the collector-emitter voltage of tran-
sistor 100 and the anode-cathode voltage of diode 101.
Inasmuch as the threshold value of the anode-cathode
voltage of diode 9 and of the gate-cathode voltage of
thyristor 10 is higher than the voltage on voltage-
divider tap 7, thyristor 10 remains non-conductive. The
first negative voltage half-cycle of the voltage gener-
ated across charging winding 1 renders diode 4 non-
conductive, and no current appears. A triggering signal
appears across the winding 2 of the triggering signal
generating means during the second positive voltage
half-cycle of the voltage generated across. charging
winding 1. Current flows through resistor 102, raising
the base voltage of transistor 100, and thereby render-
ing transistor 100 non-conductive. As a result, the po-
tential at voltage-divider tap 7 rises, and thyristor 10
becomes conductive. The ignition spark is produced in
the manner described with reference to FIG. 1. If the
engine is turning in the wrong direction, then, during
the times of generation of the triggering signal, the volt-
age across the charging winding 1 will be negative. The
diode will be non-conductive and current will not be
able to reach thyristor 10. Thyristor 10 will remain
non-conductive, and no ignition spark will be gener-
ated.

In the embodiment of FIG. 5 the illustrated circuit is
comprised of two mirror-symmetrical portions I and II.
Circuit portion I is identical to the circuit shown in FIG.
1, and circuit portion II is the mirror image thereof.
The charging winding 1 of circuit portion I and the
charging winding 201 of circuit portion II share a com-
mon core. The circuit components in circuit portion 11
are designated by numerals 200 greater than the nu-
merals designating the corresponding circuit compo-
nents of circuit portion I

Inasmuch as the circuit of FIG. 5 constitutes a dou-
bling of the circuit of FIG. 1, the circuit operation is
correspondingly different from that of FIG. 1. The volt-
age appearing on the triggering signal output windings
1 and 201 are phase-shifted relative to each other by
180°. The respective voltage waveforms are depicted in
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6
FIG. 6 and correspond to those shown in FIG. 2. The
two upper voltage waveforms represent the voltage
waveforms generated in both the circuit portions I and
IT when the engine is rotating in the correct direction,
whereas the two lower voltage waveforms correspond
to engine rotation in the wrong direction. Per rotation
of the pole wheel an ignition spark is generated for
each of the two spark plugs.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
a useful aj: iication in other types of circuits and con-
structions iiffering from the types described above.

While the invention has been illustrated and de-
scribed as embodied in an engine ignition system
adapted to prevent the engine from rotating in the
wrong direction, it is not intended to be limited to the
details shown, since various modifications and struc-
tural changes may be made without departing in any
way from the spirit of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for-vari-
ous applications without omitting features that, from
the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this
invention and, therefore such adaptations should and
are intended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

1. In the igniti n system of an internal combustion
engine having an engine crankshaft, in combination,
charging generator means having a mechanical input
coupled to the engine crankshaft and having an electri-
cal output winding and operative for generating an AC
output voltage; ignition capacitor means; rectifying
means connecting said output winding of said charging
generator means to said ignition capacitor means and
operative for applying across said ignition capacitor
means voltage half-cycles of only one predetermined
polarity; an ignition transformer having a primary
winding and a secondary winding; a fuel igniting unit
connected across said secondary winding; circuit
means connecting said ignition capacitor means to said
primary winding and including an electronic discharge
switch having a control input and operative when said
discharge switch is conductive for discharging said igni-
tion capacitor means through said electronic discharge
switch and through said primary winding of said igni-
tion transformer; triggering signal generating means
having a mechanical input coupled to said engine
crankshaft and having an electrical output connected
to said control input of said electronic discharge switch
for controlling the conductivity of the latter and opera-
tive for producing triggering signals synchronized with
voltage half-cycles produced by said charging genera-
tor means; and control means connected to said trig-
gering signal generating means and connected to said
charging generator means and operative for preventing
said triggering signal generating means from rendering
said discharge switch conductive when the voltage half-
cycle being generated by said charging generator
means is of predetermined first polarity and operative
for permitting said triggering signal generating means
to render said discharge switch conductive when the
voltage half-cycle being generated by said charging
generator means is of opposite second polarity,



3,885,542

7

wherein said triggering signal generating means com-
prises an electromechanical triggering signal generator
having an, output winding connected to said control
input of said discharging switch and operative for peri-
odically generating triggering signals in synchronism
with the generation of voltage half-cycles by said charg-
ing generator means, and wherein said control means
comprises diverting means connected to said output
winding of said charging generator means and con-
nected to said output winding of said triggering signal
generator and operative for diverting triggering signals
produced by said triggering signal generator away from
said control input of said electronic switch when the
voltage half-cycle being generated across said output
winding of said charging generator means is of said pre-
determined first polarity, wherein said diverting means
comprises a semiconductor switch circuit having an
input connected to said output winding of said charging
generator means and having an output current path
connected across said output winding of said triggering
signal generator and operative when the voltage half-
cycle being generated across said output winding of
said charging generator means is of said predetermined
first polarity for substantially short-circuiting said out-
put winding of said triggering signal generator.

2. The system defined in claim 1 wherein said semi-
conductor switch circuit is comprised of a transistor
having an emitter-collector path connected across said
output winding of said triggering signal generator, con-
necting means connecting the base of said transistor to
the output winding of said charging generator means
and operative when the voltage half-cycle being gener-
ated across said output winding of said charging gener-
ator means is of said first polarity for applying to the
base of said transistor a voltage such as to render said
transistor conductive.

3. A system defined in claim 2, wherein said connect-
ing means comprises a voltage divider having two end
terminals and a voltage-divider tap, one of said end ter-
minals being connected to one terminal of said output
winding of said charging generator means, and a diode
having one electrode connected to the other terminal
of said output winding of said charging generator
means and having an other electrode connected to the
other end terminal of said voltage divider, and said
voltage-divider tap being connected to the base of said
transistor, and said diode having such a polarity as to
render said transistor conductive when the voltage
being generated across said output winding of said
charging current generator means is of said first polar-
ity.

4. In the ignition system of an internal combustion
engine having an engine crankshaft, in combination,
charging generator means having a mechanical input
coupled to the engine crankshaft and having an electri-
cal output winding and operative for generating an AC
output voltage; ignition capacitor means; rectifying
means connecting said output winding of said charging
generator means to said ignition capacitor means and
operative for applying across said ignition capacitor
means voltage half-cycles of only one predetermined
polarity; an ignition transformer having a primary
winding and a secondary winding; a fuel igniting unit
connected across said secondary winding; circuit
means connecting said ignition capacitor means to said
primary winding and including an electronic discharge
switch having a control input and operative when said
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discharge switch is conductive for discharging said igni-
tion capacitor means through said electronic discharge
switch and through said primary winding of said igni-
tion transformer; triggering signal generating means
having a mechanical input coupled to said engine
crankshaft and having an electrical output connected
to said control input of said electronic discharge switch
for controlling the conductivity of the latter and opera-
tive for producing triggering signals synchronized with
voltage half-cycles produced by said charging genera-
tor means; arid control means connected to said trig-
gering signal generating means and connected to said
charging generator means and operative for preventing
said triggering signal generating means from rendering
said discharge switch conductive when the voltage half-
cycle being generated by said charging generator
means is of predetermined first polarity and operative
for permitting said triggering signal generating means
to render said discharge switch conductive when the
voltage half-cycle being generated by said charging
generator means is of opposite second polarity,
wherein said triggering signal generating means com-
prises an electromechanical triggering signal generator
having an output winding and operative for generating
across its output winding triggering signals in synchro-
nism with the generation of voltage half-cycles by said
charging generator means, and wherein said control
circuit comprises a voltage divider having two end ter-
minals and a voltage-divider tap, and wherein one of
said end terminals is connected to one terminal of said
output winding of said charging generator means, and
a diode connecting the other end terminal of said volt-
age divider to the other terminal of said output winding
of said charging generator means, and means connect-
ing said voltage divider tap to said control input of said
electronic discharge switch, a semiconductor switch
having an output current path connected across said
voltage-divider tap and one end terminal of said voltage
divider, and means connecting said output winding of
said triggering signal generator to the control electrode
of said semiconductor switch and operative for control-
ling the conductivity of said semiconductor switch in
dependence upon the triggering "signals generated
across said output winding of said triggering signal gen-
erator. ]

5. In the ignition system of an internal combustion
engine having an engine crankshaft, in combination,
charging generator means having a mechanical input
coupled to the engine crankshaft and having an electri-
cal output winding and operative for generating an AC
output voltage; ignition capacitor means; rectifying
means connecting said output winding of said charging
generator means to said ignition capacitor means and
operative for applying across said ignition capacitor
means voltage half-cycles of only one predetermined
polarity; an ignition transformer having a primary
winding and a secondary winding; a fuel igniting unit
connected across said secondary winding; circuit
means connecting said ignition capacitor means to said
primary winding and including an electronic discharge
switch having a control input and operative when said
discharge switch is conductive for discharging said igni-
tion capacitor means through said electronic discharge
switch and through said primary winding of said igni-
tion transformer; triggering signal generating means
having a mechanical input coupled to said engine
crankshaft and having an electrical output connected
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to said control input of said electronic discharge switch
for controlling the conductivity of the latter and opera-
tive for producing triggering signals synchronized with
voltage half-cycles produced by said charging genera-
tor means; and control means connected to said trig-
gering signal generating means and connected to said
charging generator means and operative for preventing
said triggering signal generating means from rendering
said discharge switch conductive when the voltage half-
cycle being generated by said charging generator
means is of predetermined first polarity and operative
for permitting said triggering signal generating means
to render said discharge switch conductive when the
voltage half-cycle being generated by said charging
generator means is of opposite second polarity,
wherein said charging generator means comprises an
additional electrical output winding and is operative for
generating across each of the two output windings
thereof an AC voltage, the AC voltages being phase-
shifted relative to each other, and further comprising
an additional ignition capacitor means; additional recti-

fying means connecting said additional output winding-

to said additional ignition capacitor means and opera-
tive for applying across said additional ignition capaci-
tor means voltage half-cycles of only one predeter-
mined polarity; an additional ignition transformer hav-
ing a primary winding and a secondary winding; an ad-
ditional fuel igniting unit connected across the secon-
dary winding of said additional transformer; additional
circuit means connecting said additional ignition ca-
pacitor means to said primary winding of said addi-
tional transformer and including an additional elec-
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tronic discharge switch having a control input and op-
erative when said additional electronic discharge
switch is conductive for discharging said additional ig-
nition capacitor means through said additional elec-
tronic discharge switch and through said primary wind-
ing of said additional ignition transformer; additional
triggering signal generating means having a mechanical
input coupled to said engine crankshaft and having an
electrical output connected to said control input of said
additional discharge switch for controlling the conduc-
tivity of the latter and operative for producing trigger-
ing signals synchronized with voltage half-cycles pro-
duced across said additional output winding of said
charging generator means; and additional control
means connected to said additional triggering signal
generating means and connected to said additional out-
put winding of said charging generator means and oper-
ative for preventing said additional triggering signal
generating means from rendering said additional dis-
charge switch conductive when the voltage half-cycle
being generated across said additional output winding
of said charging generator means is of predetermined
first polarity and operative for permitting said addi-
tional triggering signal generating means to render said
additional discharge switch conductive when the volt-
age half-cycle being generated across said additional
output winding of said charging generator means is of
opposite second polarity.

6. The system defined in claim 5, wherein said two
output windings of said charging generator means are

wound around a common iron core.
* * * * *
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