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ABSTRACT OF THE DISCLOSURE

A breakerless ignition system includes an energizing
coil in which electrical energy is induced by a rotating
permanent magnet to provide power for creating a spark
at the spark gap device. The timing of the application of
the power to the spark gap device is controlled by an
electronic control circuit including an electronic switch
device and a control coil which supplies triggering signals
to the latter. The control coil is so located that the same
permanent magnet used to excite the energizing coil also

excites it.
e —— R ———

This invention relates to magnetos and magneto ignition
systems, and deals more particularly with an improved
magneto and associated electrical circuit requiring no me-
chanically operated breaker for the production of an
ignition spark.

The general object of this invention is to provide a
magneto ignition system, and magneto therefore, having
no moving parts except for the rotor used for varying
the magnetic flux passing through the ignition coil.

Another object of this invention is to provide a magneto
which may be produced at relatively low cost and having
a long service life.

A still further object of this invention is to provide
a magneto ignition system wherein the magneto and most
other parts of the system may be contained in a small,
compact unit.

Other objects and advantages of the invention will be
apparent from the following description and from the
drawings forming a part hereof.

The drawings show preferred embodiments of the in-
vention and such embodiments will be described, but it
will be understood that various changes may be made
from the constructions disclosed, and that the drawings
and description are not to be construed as defining or
limiting the scope of the invention, the claims forming
a part of this specification being relied upon for that
purpose.

Of the drawings:

FIG. 1 is an elevational view of a magneto embodying
the present invention, the rotor being shown in section
to reveal the structure of the magnet assembly.

FIG. 2 is an enlarged vertical sectional view through
the stator of FIG. 1 and is taken on the line 2-—2 of
FIG. 1.

FIG. 3 is a circuit diagram showing the arrangement
of the electrical elements of the magneto of FIG. 1.

FIG. 4 is a circuit diagram illustrating an alternative
arrangement of circuit elements for the magneto of
FIG. 1.

FIG. 5 is a circuit diagram showing the arrangement
of electrical elements for another embodiment of this
invention.

FIG. 6 is a view generally similar to FIG. 1 but shows
a magneto adapted to use the electrical circuit of FIG., 5.

FIG. 7 is an elevational view of a magneto comprising
another embodiment of this invention.

FIG. 8 is an elevational view of a magneto comprising
still another embodiment of this invention.
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Turning now to the drawings and first considering
FIGS. 1, 2 and 3, the present invention is there shown
to be embodied in a magneto comprising a stator 10 and
a rotor 12. The stator 10 and the rotor 12 may take
various different forms and shapes without departing
from the broader aspects of the invention, but in the
illustrated case, the stator 10 is mounted externally of
the rotor 12 and includes a stator core 14 made up of a
number of laminations of sheet material secured together
by rivets or other suitable fastening means and providing
three generally parallel stator poles 16, 17 and 18. These
poles are spaced angularly of the rotor 12 and have arcu-
ate end faces 20, 20 closely spaced in relation to the
outer surface of the rotor.

The stator 19 also includes a coil unit 22 mounted on
the center pole 17 of the core 14. As shown best in
FIG. 2, the coil unit 22 includes a generally cup-shaped
plastic housing or container 24 having a central chimney
26 which is received relatively snugly on the pole 17. The
housing 24 is suitably fixed to the pole by any convenient
means such as a tab 28 cut and bent outwardly from one
of the outer laminations of the core. In accordance with
conventional magneto practice the cup-shaped housing 24
contains a primary magneto coil 30 consisting of a rela-
tively few number of turns of wire and also includes a
secondary magneto coil 32 comprising a much larger
number of turns of wire.

In accordance with the present invention, the housing
22 also includes a third coil 34, referred to herein as a
control coil, which is located at a different point along
the length of the center stator pole 17 than the primary
coil 30 and is so arranged as to be located closer to the
rotor 12 than the primary coil 30. The control coil 34,
as hereinafter described in more detail, forms a part of
an electrical circuit for controlling the flow of current
through the primary coil 30. Also included in this circuit
are a number of other electrical elements which, as shown
in FIG. 2, may be of relatively small size and which may
also be contained within the housing 24. In FIG. 2 these
additional circuit elements are indicated generally at 36
and are shown mounted on a small mounting board 38
located to one side of the coils 30, 32 and 34. All of
the parts contained in the housing 22 are held in place
relative to one another, and are sealed from the at-
mosphere, by a quantity of potting material 40 received
in the housing and surrounding all of the parts therein.
A ground wire 42 is connected to the coil unit for use in
grounding one side of each of the three coils 30, 32 and
34 to the associated engine structure, and a high-tension
conductor 44 is also connected to the coil unit and is
used to electrically connect the high-tension side of the
secondary coil 32 to a spark plug, indicated at 45 in
FIG. 3.

The rotor 12 is carried by a part moved in synchronism
with the associated engine and may comprise a part of
a flywheel attached to the engine crankshaft. Included in
the rotor is a permanent magnet device for establishing
a varying magnetic flux in the stator core 14 as the rotor
is rotated. As shown in FIG. 1, this permanent magnet
device comprises a magnet 46 and two pole pieces 48,
48 located on opposite sides of the magnet and having
pole faces 50, 50 located on the ouier surface of the
rotor, which are spaced angularly of the rotor and pro-
vided with opposite magnetic polarities by the magnet
46. That is, one pole piece 48 is poled magnetically north
and the other is poled magnetically south. If the rotor 12
is rotated in the direction of the arrow in FIG. 1, it will
be understood that the magnet 46 and pole pieces 48, 48
operate to establish a magnetic flux in the stator core
which first passes through the leading stator core pole 16
and the middle stator pole 17 and then, after further rotor
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rotation, is switched so as to pass through the middle
stator pole 17 and the trailing stator pole 18, the change
of flux in the middle stator pole 17 being first in one di-
rection and then in the opposite direction. This changing
flux in the middle stator pole 17 induces voltages in the
primary magneto coil 3¢ and in the control coil 34 and,
as described in more detail hereinafter, a control circuit
of which the control coil 34 is a part operates to control
the flow of current through the primary coil 30. The con-
trol circuit operates such that at an identical angular po-
sition of the rotor, during each revolution, a low resist-
ance circuit is completed through the primary coil and
then opened suddenly when the current flow through the
primary coil is at or near a maximum value, thereby in-
ducing a high voltage in the secondary coil 32 sufficient
to generate a spark at the spark plug 45.

The switching or opening and closing of the circuit
through the primary coil 30 is accomplished by an elec-
tronic switch device which may be electrically biased to
either a conducting state or a nonconducting state, and
the bias for this device is in turn supplied by an asso-
ciated control circuit which includes the control coil 34.
FIG. 3 shows the presently preferred arrangement of such
a switch and control circuit, and in referring to this figure
the illustrated switching device comprises an NPN power
transistor 52 having its emitter and collector terminals
directly connected respectively to opposite sides of the
primary coil 30. The control circuit for the transistor
52 includes a first, or ON-biasing, circuit connected be-
tween the base and emitter terminals of the transistor 52
for applying a bias voltage or current to the transistor
which is derived from the control coil and which varies
in accordance with variations in the voltage appearing
across the control coil. Also included in the control cir-
cuit is a second, or OFF-biasing, a circuit for removing
the biasing current from the transistor when the voltage
across the primary magneto coil 30 exceeds a predeter-
mined value. The first, or ON-biasing, circuit comprises
the control coil 34 in series with a resistor 54, the re-
sistor 54 being located between the control coil 34 and
the base terminal of the tranmsistor 32. The second, or
OFF-biasing, circuit includes a shunt circuit connected
between the base and emitter terminals of the transistor
52 and consisting of another electronic switch device in
the form of a second NPN transistor 56. The collector
terminal of the transistor 56 is connected to the base ter-
minal of the transistor 52 and the emitter terminal of
the transistor 56 is connected to the emitter terminal of
the transistor 52. For controlling its state of conduction
or resistance in accordance with the voltage across the
primary coil 30, the transistor 56 has connected to its
base terminal a biasing circuit comprising a controlled
rectifier 58 and a resistor 60 connected in series with each
other between the base terminal of the transistor 56 ahd
a point located between the control coil 34 and the re-
sistor 54. The control or gate terminal of the controlled
rectifier 58 is in turn connected through a resistor 62 to
the ungrounded side of the primary coil 38, the resistor
62 preferably being one which is adjustable prior to the
potting of the circuit to enable the triggering of the con-
trolled rectifier 58 to be set in the factory to occur at a
desired primary coil voltage.

In considering the operation of the FIG. 3 circuit, as-
sume first that the rotor is rotating in the direction of
the arrow of FIG. 1 and that the magnet of the rotor is
spaced some distance from the magneto stator. At this
instant no magnetic flux changes occur in the stator core
and no voltages are induced in any of the coils 30, 32 and
34. The transistors 52 and 56 and the controlled rectifier
58 all have zero biases and are in inactive conditions.
When the magnet and its associated pole pieces are there-
after moved past the stator pole end faces a changing mag-
netic flux is established in the stator core with the change
of flux in the center pole 17 being first in one direction
and then in the opposite direction as previously explained.
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If the change of flux in said one direction is taken to be
in the positive direction and if the change of flux in the
opposite direction is taken to be in the negative direction,
then the change of flux in the center pole 17 during each
cycle may be described in more detail as involving first
a relatively slow increase from a zero to a positive value,
than a relatively rapid decrease from said positive value
to a negative value, and then a relatively slow increase
from said negative value back to a zero value. During the
two periods of relatively slow increase relatively low
voltages are induced in the primary coil 30 and in the
control coil 34. During the period of rapid decrease, how-
ever, relatively higher voltages are induced in the coils
30 and 34, and the windings of these coils are in such di-
rections that, as viewed in FIG. 3, the upper end of each
coil is of a positive polarity relative to the lower end dur-
ing the period of rapid flux change. Therefore, the voltage
induced in the control coil 34 during the period of rapid
flux change biases the transistor 52 to its ON or conduct-
ing state and the voltage induced in the primary magneto
coil 30 establishes a forward collector-emitter current
through the same transistor. Due to the fact that the con-
trol coil is physically located on the center pole 17 in
front of or closer to the rotor than the primary coil 30,
the voltage induced in the control coil is slightly ahead of
the voltage induced in the primary coil 30. Therefore, the
voltage induced in the control coil 34 biases the transis-
tor 52 to its fully conducting state at an early point in the
build-up of induced voltage in the coil 30 so that a max-
imum amount of power is contained in the magneto out-
put. Both the voltage appearing across the magneto coil
and the current passing therethrongh increase during the
build up of induced voltage in the coil, and this also in-
creases the voltage on the control terminal of the con-
trolled rectifier 58.

The controlled rectifier 58 initially is nonconducting
5o as to maintain the shunt transistor 56 in a nonconduct-
ing state. However, the value of the resistor 62 is so se-
lected that at some time before the voltage across the
primary coil reaches its maximum value the voltage on
the control terminal of the controlled rectifier reaches its
triggering or gate voltage and the rectifier is thereupon
biased or triggered to its conducting state causing it to
conduct forward base current to the shunt transistor 56.
This biases the transistor 56 to a conducting state and
thereby shunts the base of the power transistor 52 to its
collector terminal, rapidly switching the power transistor
52 to its nonconducting state and interrupting the flow
of current through the primary magneto coil 30. The var-
iable resistor 62 is adjusted to cause triggering of the
controlled rectifier 58 at a primary coil voltage slightly
below the peak of the primary coil voltage curve ob-
tained at low speed operation of the rotor so as to assure
operation throughout each cycle even at low speeds and so
that the interruption of current flow occurs when the cur-
rent is at a high value, thereby including the desired high-
tension voltage in the secondary coil 32. A primary ob-
jective of the circuit is to obtain as rapid switching of the
power transistor 52 as possible and for this reason the
resistor 54 is employed to avoid over-saturation, and
therefore reduced switching speed, of the transistor 52
at high speed operation. That is, the value of the resistor
54 is so chosen as to be low enough to provide adequate
bias for the transistor 52 at low rotor speeds and at higher
rotor speed limits the current flowing to the base of the
transistor 52 to avoid undue saturation.

Control of the transistor 52, or other electronic switch-
ing dlevice used to control the primary coil current, may
be obtained in various different ways other than that
shown in FIG. 3 and, by way of example, FIG. 4 shows
a circuit wherein the switching transistor 52 is controlled
by a circuit which includes a controlled rectifier and no
additional transistor. Referring to FIG. 4, the circuit there
shown includes a first, or ON-biasing, circuit connected
between the base and emitter terminals of the transistor
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52 and including the control coil 34 and a resistor 64,
the resistor 64 being connected in series with the control
coil 34 and being located between the control coil 34 and
the base of the transistor 52, Connected in parallel with
the resistor 64 is a capacitor 66. An OFF-biasing circuit
is also provided and includes a controlled rectifier 68
which is connected, through its main terminals, in parallel
with the control coil 34. The control terminal of the con-
trolled rectifier 68 is connected to the ungrounded side
of the primary coil 39 through a variable resistor 79.

Considering the operation of the FIG, 4 circuit, as the
flux in the center stator pole 17 goes through its period
of rapid change, a voltage is induced in the control coil
34 which slightly leads the voltage induced in the primary
magneto coil 30. The induced voltage of the control coil
biases the transistor 52 to its conducting state and allows
it to conduct primary coil current. As the primary coil
current increases, the voltage appearing on the controlled
rectifier also increases and at a predetermined value of
primary coil voltage, as determined by the setting of the
adjustable resistor 70, the controlled rectifier 68 is trig-
gered to its conducting state. This, in turn, shuts the ter-
minals of the control coil 34 and thereby removes the
biasing current from the transistor 52 to bias the latter
to a cut-off or non-conducting state, this in turn interrupt-
ing the flow of current through the primary magneto coil
and inducing the desired high-tension voltage in the sec-
ondary magneto coil 32. At the time of switching the
capacitor 66 increases the switching speed of the transis-
tor 52 by rapidly removing saturation charge from its
base terminal.

The circuits of FIGS. 3 and 4 are both designed for
use in situations where the control coil is physically ar-
ranged so that the voltage induced therein is generally in
phase with or only slightly ahead of the voltage induced
in the primary magneto coil. In some instances, however,
the control coil may be so physically placed as to have
a voltage induced therein which is so phased in relation
to the voltage in the primary magneto coil that the volt-
age of the control coil may be used to bias the electronic
switching device both on and off, thereby eliminating the
need for a separate OFF-biasing or shunt circuit. Such an
arrangement of the control coil may be obtained for ex-
ample by placing the control coil on either the leading
pole 16 or the trailing pole 18 of the stator core 14, and
FIGS. 5 and 6 show an arrangement wherein the control
coil, indicated at 72, is located on the leading pole 16 of
the stator core.

Referring to FIGS. 5 and 6, these figures show a mag-
neto which, except for the different location of the con-
trol coil and a simplified control circuit, is generally simi-
lar to the magneto of FIGS. 1 and 2, and parts which
are similar to the magneto of FIGS. 1 and 2 have been
-given the same reference number as in FIGS. 1 and 2
and need not be redescribed. The primary and secondary
magneto coils of the FIGS. 5 and 6 magneto, are mounted
on the center stator pole 17 and are part of a coil unit
74. The coil unit 74 may also physically house other
components of the control circuit and is connected to the
control coil 72 by a conductor 76. In the electrical cir-
cuit of the magneto the switching device for controlling
the flow of current through the primary magneto coil 30
comprises an NPN switching transistor 52 which is con-
trolled by a biasing circuit connected betwsen its base
and emitter terminals and comprising solely the control
coil 72 and a resistor 78 connected in series with one
another. In the operation of the magneto of FIGS. 5
and 6, as the rotor magnet passes the stator a voltage is
induced in the control coil 72 by the changing flux in
the stator pole 16 and another voltage is induced in the
primary coil 30 by the changing flux in the stator pole
17. The flux in the pole 16 flows in only one direction and
starting from a zero flow rises to 2 maximum flow and
then returns to a zero flow. The voltage induced in the
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control coil 72 has one polarity during the period of in-
creasing flux in the pole 16 and an opposite polarity dur-
ing the period of decreasing flux. The period of decreas-
ing flux in the pole 16 starts at the same time as the
period of decreasing flux in the center pole 17 but, due
to the fact that the flux in the center pole 17 decreases
beyond zero and reverses in direction, the period of de-
creasing flux in the pole 16 is terminated prior to the end
of the period of rapidly changing flux in the center pole.
The flux in the pole 16 and the induced voltage in the
control coil 72 in fact reach zero at approximately the
same time as the rate of flux change in the pole 17 and
the voltage induced in the primary coil 30 are at their
maximum values. The control coil 72 is further wound
in such a direction that during the period of decreasing
flux in the pole 16 its ungrounded terminal has a positive
polarity relative to its other terminal so that the voltage
induced in the control coil during this period biases the
transistor 52 to its on condition. The transistor is there-
fore rendered conducting at the start of the main induced
voltage rise in the primary coil 30 and, as is desired, is
returned to its non-conducting state at approximately the
instant of maximum induced primary coil voltage when
the control coil induced voltage returns to zero.

It should also be noted here that in the various em-
bodiments of the invention shown in the accompanying
drawings the arrangement of the primary magneto coil
and the control coil is such that the same permanent mag-
net assembly of the rotor is used for inducing the re-
quired voltages in both coils. Although this is the pres-
ently preferred arrangement, the invention in its broader
aspects is not necessarily limited to this arrangement and
if desired separate magnets or magnet assemblies may be
used for inducing voltages in the primary magneto coil
and in the control coil.

As shown by the broken lines of FIG. 4, an additional
conductor, including a normally open switch 63, may be
connected between the ungrounded side of the control coil
34 and ground. The switch 63 is manually operable and
provides a remote shut-off for stopping the associated en-
gine. That is, when the switch 63 is closed, the control
coil is shunted to ground to inhibit operation of the con-
trol circuit, the transistor 52 therefore remaining non-
conducting. Although not shown, the same type of remote
shut-off may also be applied to the other circuits shown
in FIG. 3 and FIG. 5.

It should, of course, be understood that this invention
is not limited to a magneto having the particular type of -
stator construction shown in FIGS. 1 and 6 of the draw-
ings. A basic part of the invention, however, resides in the
fact that the control coil is mounted on the stator core in
such a manner that at least during part of the active cycle
of flux change through the primary magneto coil, the
flux circuit also passes through the control coil so that
voltages are induced in the control coil which induced
voltages are used to control the opening and closing of
the circuit through the primary magneto coil, and which
induced voltages, due to such arrangement of the con-
trol coil, are maintained in proper synchronism with the
voltages induced in the primary magneto coil.

FIGS. 7 and 8, for example, show another type of
magneto construction, having a two-poled stator core,
which may be used with control circuits such as shown
in FIGS. 3 and 4. Referring first to FIG. 7, the magneto
there shown includes a rotor 12 which is or may be simi-
lar to the rotor 12 of the magnetos of FIGS. 1 and 6,
the rotor including a permanent magnet 46 and two pole
shoes 48, 48 having end faces 59, 50 located adjacent
the outer surface of the rotor. The stator of the magneto
comprises a stator core 80 having two poles 82 and 84
respectively, providing end faces 86 and 88. Mounted on
the pole 82 is a coil unit 9¢ generally similar to the coil
unit 22 of FIG. 1. That is, the core unit 90 includes, in-
side of its housing, the primary and secondary windings
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of the magneto, the control coil and the various com-
ponents of the associated control circuit. A ground wire
92 is connected to the stator core and a high tension
conductor 94 is connected to the core unit and is used
to connect the high tension side of the secondary magneto
coil to a spark plug in a conventional manner. The coil
unit 90 is also provided with an additional lead 96 for
connection to a remote shut-off switch such as the switch
63 shown in the circuit diagram of FIG. 4, the con-
ductor 96 corresponding to the lead shown in broken
lines in FIG. 4.

The direction of rotation of the rotor 12 in FIG. 7 is
counterclockwise, as shown by the arrow. The operation
of the magneto is generally similar to that of the magneto
of FIG. 1, except that during the initial period of build
up of flux in the leading pole 82 the flux is established
only by leakage back to the trailing pole shoe 48 in the
rotor. This means that the flux is not built up to as high
a level as it is in the three pole core of FIG. 1, and there-
fore, during the period of flux reversal the total flux change
in the leading pole 82 will be somewhat less than in the
center pole of the FIG. 1 magneto. Nevertheless, this,
or a similar, two poled core construction may be used
where absolute minimum weight is of great importance
and where low speed operation of the magneto is of little
importance. This, for example, is often true in the case
of chain saw engines which are normally cranked from
1,000 to 1,500 r.p.m., whereas other engines, such as those
used for outboards and lawn mowers, generally have
cranking speeds as low as 200 r.p.m.

FIG. 8 shows a magneto construction which is essen-
tially the same as that shown in FIG. 8 except that in
place of the coil unit 90, it includes a different coil unit
98 housing only the primary and secondary coils of the
magneto and the control coil of the control circuit. The
components of the associated control circuit are housed
in a separate capsule 100 attached to the stator core 80
by a bracket 102. The ungrounded sides of the primary
magneto coil and the control coil are connected to the
capsule 100 by a suitable conductor 104, and also con-
nected to the capsule is a conductor 96 for cooperation
with a remote shut-off switch.

The invention claimed is:

1. In a magneto ignition system, the combination com-
prising a stator core, a magneto coil mounted on said
stator core, means providing a circuit passing through
said magneto coil, a rotor having a permanent magnet
for producing a varying flux through said stator core,
an an electronic control circuit for opening and closing
said circuit through sajd magneto coil to permit and
interrupt the flow of current therethrough, said electronic
control circuit including an electronic switch and a con-
trol coil mounted on said stator core so that the flux
produced by said permanent magnet and which passes
through said magneto coil also passes through said con-
trol coil throughout at least a portion of each revolution
of said rotor to induce = trigger signal therein for trigger-
ing said electronic switch device which trigger signal is
in phase with the signal induced in said magneto coil.

2. The combination defined in claim 1 further charac-
terized by said stator having a pole on which both said
magneto coil and control coil are mounted.

3. The combination defined in claim 1 further charac-
terized by said stator having two angularly spaced poles
both of which during a portion of each revolution of said
rotor in combination with each other form part of a
circuit for the flux established by said magnet, said mag-
neto coil being mounted one one of said two poles and
said control coil being mounted on the other of said two
poles.

4. The combination defined in claim 1 further charac-
terized by said electronic switch device being a transistor
having base, emitter and collector terminals, said transis-
tor being connected in series with said magneto coil
through said emitter and collector terminals, and circuit
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means connecting said control coil with said base ter-
minal so that said transistor is biased to its conducting
or ponconducting states by the voltage induced in said
control coil.

5. The combination defined in claim 4 further char-
acterized by said control circuit including a shunt
circuit connected to said base terminal for shunting any
ON-biasing signal therefrom when the voltage across
said magneto coil exceeds a predetermined value.

6. In a magneto, the combination comprising a stator
core, a magneto coil mounted on said stator core, a rotor
rotatable relative to said stator core and including a
permanent magnet for producing a magnetic flux through
said stator core and said magneto coil which flux varies
periodically in synchronism with the rotation of said
rotor and which throughout one small portion of each
revolution of said rotor undergoes a period of rapid change
so as to induce a voltage in said magneto coil which rises
from one value to another peak value throughout a por-
tion of said period of rapid flux change, an electronic
switch device connected in series with said magneto coil
which electronic switch device may be electrically switched
to either a relatively conducting state or a relatively non-
conducting state in which states said device serves to
respectively permit and interrupt the flow of current
through said primary coil, and a control circuit connected
with said electronic switch device for controlling said
switch device in such a maner that it is maintained in its
conducting state throughout a major portion of the period
of said rising induced magneto coil voltage and is switched
to its noncnducting state near the end of said period of
rising induced magneto coil voltage, said control circuit
including a control coil separate from said magneto coil
and mounted on said stator core with said magneto coil
so that throughout at least a part of said one small portion
of each revolution of said rotor the circuit for the flux
produced by said permanent magnet passes through both
said magneto coil and through said control coil to induce
a trigger signal in said control coil for triggering said
electronic switch device which trigger signal is in phase
with the signal induced in said magneto coil.

7. The combination defined in claim 6 further charac-
terized by said stator core having three poles spaced angu-
larly of said rotor, said permanent magnet being ar-
ranged to provide angularly spaced north and south mag-
netic poles on said rotor so that as said rotor is rotated
a magnetic flux is established in said stator core which
first passes through the leading and the middle ones of said
stator core poles and then passes through the middle
and the trailing ones of said stator core poles with the
flux in said middle stator core pole being first in one di-
rection and then in the opposite direction to provide
said period of rapid flux change, and said magneto coil
and said control coil both being mounted on said middle
one of said stator core poles.

8. The combination defined in claim 7 further charac-
terized by a secondary magneto coil also received on said
middle one of said stator core poles, a housing carried by
said middle one of said stator core poles which housing
receives said first-mentioned magneto coil, said secondary
magneto coil, said control coil and said electronic switch
device, and a quantity of potting material received in said
housing and surrounding the parts contained therein.

9. The combination defined in claim § further charac-
terized by said stator core having three poles spaced an-
gularly of said rotor, said permanent magnet being ar-
ranged to provide angularly spaced north and south mag-
negtic poles 6n said rotor so that as said rotor is rotated
a magnetic flux is established in said stator core which
first passes through the leading and the middle ones of
said stator core poles and then passes through the middle
and the trailing ones of said stator core poles with the flux
in said middle stator core pole being first in one direction
and then in the opposite direction to provide said period
of rapid flux change, said magneto coil being mounted on
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said middle one of said stator core poles, and said con-
trol coil being mounted on one of the other two of said
stator core polies.

10. The combination defined in claim 6 further charac-
terized by said electronic switch device being a transistor
‘having first and second terminals agross which said
transistor is connected in series with said primary coil,
said transistor also having a third terminal and being
biased to its conducting state when the voltage existing
between said first and third terminals falls within one
range of values and to its nonconducting state when said
latter voltage falls within another range of values, and
said control circuit including a circuit connected between
said first and third transistor terminals for impressing a
voltage therebetween which varies in accordance with the
voltage induced in said control coil.

11. The combination defined in claim 10 further char-
acterized by said control circuit comprising solely said
control coil and a resistor connected in series with each
other across said first and third terminals of said tran-
sistor.

12. The combination defined in claim 11 further char-
acterized by said stator core having three poles spaced
angularly of said rotor, said permanent magnet being ar-
ranged to provide angularly spaced north and south mag-
netic poles on said rotor so that as said rotor is rotated
a magnetic flux is established in said stator core which
first passes through the leading and the middle ones of
said stator core poles and then passes through the middle
and the trailing ones of said stator core poles with the flux
in said middle stator core pole being first in one direc-
tion and then in the opposite direction to provide said
period of rapid change of flux, said magneto coil being
mounted on said middle one of said stator core poles
and said control coil being mounted on the leading one
of said stator core poles.

13. The combination defined in claim 10 further char-
acterized by said control circuit comprising a first circuit
connected between said first and third terminals which first
circuit includes said control coil, a shunt circuit con-
nected between said first terminal and a point on said first
circuit between said control coil and said third terminal,
said shunt circuit including a second electronic switch
device which may be electrically switched to either a rela-
tively conducting state or a relatively nonconducting state,
and means for controlling said second electronic switch
device in accordance with the voltage appearing across
said magneto oil.

14. The combination defined in claim 13 further char-
acterized by said second electronic switch device com-
prising a second transistor having first and second termi-
nals through which said second transistor is connected to
said shunt circuit as a series element thereof, said second
transistor also having a third terminal connected to said
means for controlling it in accordance with the voltage
appearing across said magneto coil.

15. The combination defined in claim 14 further char-
acterized by said first circuit including a resistor between
said control coil and said third terminal of said first-
mentioned transistor, said second transistor having its
first terminal connected to said third terminal of said first
transistor and its second terminal connected to said first
terminal of said first transistor, and said means for con-
trolling said second transistor in accordance with the
voltage appearing across said magneto coil comprising a
circuit connected between said third terminal of said sec-
ond transistor and a point on said first circuit between said
control coil and said resistor which latter circuit includes
a controlled rectifier connected as a series element thereof
and having a control terminal, and a circuit connecting
said control terminal of said controlled rectifier to said
first terminal of said first transistor.

16. The combination defined in claim 15 further char-
acterized by said stator core having three poles spaced
angularly of said rotor, said permanent magnet being
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arranged to provide angularly spaced north and south
magnetic poles on said rotor so that as said rotor is rotated
a magnetic flux is established in said stator core which
first passes through the leading and middle ones of said
stator core poles and then passes through the middle and
the trailing ones of said stator core poles with the flux
in said middle stator core pole being first ine one direc-
tion and then in the opposite direction to provide said
period of rapid flux change, and said magneto coil and
said control coil both being mounted on said middle of
one of said stator core poles, said control coil and said
magneto coil being positioned at different points along
the length of said middle stator pole with said control
coil being closer to said rotor than said magneto coil so
that the voltage induced in said control coil during said
period of rapid flux change is slightly ahead of the volt-
age induced in said magneto coil.

17. The combination defined in claim 6 further char-
acterized by said permanent magnet and stator core being
so constructed and arranged that as said rotor is rotated
relative to said stator core a magnetic flux is established
in said stator core which in one part of said stator core
undergoes said period of rapid flux change throughout one
small portion of each revolution of said rotor, said mag-
neto coil and said control coil both being mounted on
said one part of said stator core so that during said period
of rapid flux change voltages are induced in both said
magneto coil and in said control coil which induced volt-
ages are substantially in phase with one another, said
electronic switch device comprising a transistor having
first and second terminals across which said transistor is
connected in series with said magneto coil, said transistor
also having a third terminal and being biased to its con-
ducting state when the voltage existing between said first
and third terminals falls within one range of values and
to its nonconducting state when said latter voltage falls
within another range of values, and said control circuit
comprising a first circuit including said control coil con-
nected between said first and third transistor terminals for
biasing said transistor to its conducting state as a result
of the voltage induced in said control coil during the
initial part of said period of rapid flux change, a shunt
circuit connected between said first and third transistor
terminals and including another electronic switch device,
and means for controlling said latter electronic switch
device in response to the voltage appearing across said
magneto coil and in such a manner that said latter device
is maintained in its nonconducting state during the initial
portion of said period of rapid flux change and is switched
to its conducting state when the voltage across said mag-
neto soil rises to a predetermined value.

18. The combination defined in claim 6 further char-
acterized by said stator core having only two poles spaced
angularly of said rotor, said control coil and said magneto
coil both being mounted on the same one of said two
poles. . )

19. The combination defined in claim 1 further char-
acterzied by a housing received on a part of said stator
coil and receiving both said magneto coil and said con-
trol coil, the components of said electronic control cir-
cuit also being contained within said housing.

20. The combination defined in claim 1 further char-
acterized by said stator core having only two angularly
spaced poles, said control coil and said magneto coil
both being mounted on the same one of said two poles.

21. A breakerless ignition system for use with an engine
employing a spark gap ignition device, said ignition sys-
tem comprising a spark gap ignition device; means for
generating electrical energy used to produce a spark at
said spark gap ignition device, said means including 2
rotor adapted to be rotated in synchronism with the oper-
ation of the engine with which said spark gap ignition
device is associated, a magnet assembly fixed to said rotor,
said magnet assembly including a permanent magnet and
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two pole pieces each associated with and engaging a re-
spective one of the two peles of said permanent magnet and
each having a pole face extending along a circular path
coaxial with said rotor so that as said rotor is rotated
said pole faces are moved around said circular path,
said two pole faces being angularly spaced from one
another along said circular path, and a first coil posi-
tioned adjacent said circular path so as to have a chang-
ing voltage induced therein by said two pole faces of said
magnet assembly during each revolution of said rotor;
a triggering coil; and a control means electrically con-
nected to said first coil and said triggering coil for con-
trolling the application of said electrical energy to said
spark gap ignition device in response to the voltage across
said triggering coil, said triggering coil also being located
adjacent said circular path so that said two pole faces
of said magnet assembly during each revolution of said
rotor also induce a changing voltage therein to operate
said control means.

22. A breakerless ignition system as defined in claim
21 further characterized by a stator of magnetic material
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located adjacent said circular path and providing a low
reluctance flux path for the flux of said permanent magnet
as said magnet passes thereby, both said first coil and said
triggering coil being mounted on said stator.
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