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(571 .  ABSTRACT

A generator and triggering mechanism for an elec-

tronic ignition system of an internal combustion en-
gine in which the mechanism has one magnetic circuit
which charges an energy storage device and which is
discharged in response to periodic rotational positions
of the engine shaft by which the generator is driven.
Integral and relatively rotatable with the generator,

. the mechanism includes a second magnetic circuit

comprising a triggering coil and pole piece disposed in
offset axial relationship to the magnetic circuit of the
generator and with a ferromagnetic disc interposed
between the generator circuit and the triggering ele-
ments whereby the trigger coil is shielded from stray

" flux lines of the first magnetic circuit,

6 Claims, 7 Drawing Figures
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_ GENERATOR AND TRIGGERING DEVICE FOR
ELECTRONIC IGNITION SYSTEM

BACKGROUND

This invention relates to solid state or “breakerless
ignition systems of the type associated with an alterna-
tor.in which an electrical storage device, such as a ca-
pacitor, is connected across a space discharge device
and is charged by the alternator and discharged by a
suitable triggering mechanism whereby the discharge
device provides the ignition spark for an internal com-
bustion engine.

During the past several years there have been a num-
ber of such breakerless ignition systems utilizing vari-
ous solid state switching devices, such as a silicon con-
trolled rectifier for controlling the discharge of an en-
ergy storage device, such as a capacitor. U.S. Pat. Nos.
3,186,397, and 3,465,739 and 3,673,490 are illustra-
tive examples of such systems.

The principal object of this invention is to provide an
improved electrical generating device, such as an alter-
nator, with integral triggering mechanism, for use in
such breakerless ignition systems.

Another important advantage is to provide an alter-
nator-trigger coil combination of compact construction
such that the operation of the one member of the com-
bination does not reduce or modify the performance of
the other member.

. A further object of this invention is to provide an im-
proved - generator structure and mtegral trlggermg
mechanism - which is compact in size and rehable in
operation.

Another object of this invention is to provide an al-
ternator construction of the above type having one
magnetic circuit and a triggering mechanism composed
of another magnetic circuit disposed in closely adjacent
relationship to the first circuit but wherein the mag-
netic lines of flux of the two magnetic circuits are kept
separated. An alternator structure is thus provided with
a built-in triggering mechanism which is most compact
in size and configuration but has the reliability attain-
able where discrete magnetic mechanisms perform
both functions.

Another object is to provide a compact mechanism
of the above type in which the trigger coil may be me-
chamcally moved to provide changes in ignition txmmg
in response to throttle movement.

The above and other objects and-advantages will be
more readily apparent from the following description
and the accompanying drawings, in which:

FIG. 1 is a schématic circuit diagram illustrative of
one type of capacitor discharge ignition system with
which this invention may be utilized,

FIG. 2 is a plan view, partly in section, of a flywheel
alternator embodying this invention,

FIG. 3 is a section taken along line 3—3 of FIG. 2;

133

FIG. 4 is a section taken along line 4—4 of FIG. 2;

FIG. 5 is a diagrammatical plan view illustrating the
magnetic lines of flux of the alternator shown in FiG.
2

FIG. 6 is a cross-sectional view of an alternate em-
bodiment of the alternator; and

-FIG. 7 is a plan view of an alternate trigger coxl con-
struction.
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Referring in detail to the drawings, in FIG. 1 is shown
an alternator illustrated generally at 6. Although for
purposes of the circuit diagram the alternator is shown
as two separate rotating members, it is in fact a unitary
structure as will be fully appreciated from the remain-
der of the figures and following description, and com-
prises the alternator proper illustrated at 8 and a pulse
generating trigger mechanism 10 carried rotatably with
the alternator and disposed in offset axial relationship
therefrom. The alternator 8 may be driven by any suit-
able rotating portion of an internal combustion engine,
such as its crankshaft 16, and in the embodiment shown
takes the form of a flywheel.

The alternator includes a stator 12 (FIGS. 2 and 3)
affixed to the stationary structure of the engine, and a
rotor 14, the hub of which is fixed to engine shaft 16
so the rotor rotates at the same speed as the engine
shaft. The rotor includes an axially extending rim por-
tion 18 to the inner circumference of which is affixed
a cylindrical support ring 20 of ferromagnetic material
to which is secured a plurality of circumferentially
spaced permanent bar magnets 22 shown in FIGS. 2
and 3.

‘In the illustrative embodiment, FIG. 2 six permanent
bar magnets are spaced apart around the ring 20, each

.extending over an arc of about 55°. Adjacent ends of

the bar magnets are separated by spacer elements 24,
Small steel spring members may be used as spacers
since the mass of the springs is so small as not to affect
the flux pattern. Alternatively, non-magnetic spacer el-
ements may also be used. Preferably, each bar magnet
provides, with the rotor metal, a plurality of distinct
flux loops -or circuits, such that a radially extending
magnetic flux pattern is set up by each pole, as shown
in FIG. 5. Ceramic magnets without pole pieces are
preferably used in this alternator structure because the
lines of flux of such magnetis are highly directional so
that the magnetic force approaches “one” in the axial
direction while being almost entirely concentrated in
the radial direction and are easier to shield than pole
piece magnets having high harmonic flux content. Also,
the ceramic magnets provide a uniform flux distribu-
tion, and therefore, a generated wave pattern which ap-
proaches a sine wave.

The stator 12 located within the rotor 18 of the
flywheel includes a core 26 of laminated magnetic ma-
terial having a plurality of radially extending circumfer-
entially spaced poles 28 in FIG. 2. The magnets 22,
support ring 20 and core 26 provide the magnetic cir-
cuit for the alternator. Each of the poles is suitably
wound with insulated electrically conductive wire and
the windings on each adjacent pole are connected in
series one with the other to provide a source of alter-
nating electrical power when cutting the magnetic lines
of flux established by the bar magnets 22. At least one
of the poles 28 is wound with an extra winding or coil
30 composed of a relatively large number of turns
which is used to provide current to charge an electrical -
storage device, such as the capacitor 32 shown in FIG.
1 during each revolution of the rotor 14. The capacitor
32 is connected in parallel with the coil 30; the primary
winding 34 of a transformer is connected across the ca-

“pacitor 32 to receive the electrical discharge there-

from. A spark gap device, such as a spark plug 36, is
connected across the secondary winding of the trans-
former 34 and is fired whenever the capacitor 32 is dis-
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charged through the primary winding of the trans-
former 32.

Discharge of capacitor 32 is controlled by means of
a silicon controlied rectifier 38. The silicon controlled
rectifier includes an anode 39, a cathode 40 and a gate
electrode 41. The anode and cathode electrodes are
connected in series circuit with the capacitor 32 and
the primary of transformer 34 and the gate electrode
41 is connected to one side of a triggering coil 42, the
other side of which is connected to a common junction
between the cathode circuit of the silicon rectifier and
the primary of transformer 34.- _

Diode 44 is connected in parallel across the coil 30
and serves to rectify the current supplied to the capaci-
tor 32 so that only positive pulses are passed thereto.
Another diode 46 1s connected in series with the coil 30
and serves to prevent discharge of the capacitor 32
_ back to the coil 30 during negative going pulses of the
aiternator sigral. An electrical pulse is generated by
triggering coil 42 when cutting the lines of flux of a pole
piece magnet 48 carried by the alternator 6. As the
magnetic pole 48 is carried by the rotor of the alterna-
tor past the coil 42, the electrical pulse generated in the
trigger coil biases the gate 41 of the silicon controlled
. rectifiér to its conductive or low impedance state

-whereby the electrical charge stored by the capacitor
32 discharges through the anode-cathode junction of
the rectifier 38 and the primary winding of the trans-
former 34 thereby inducing a large electrical pulse in
the secondary winding of the transformer and causes an
ignition spark by the plug 36.

As best shown in FIGS. 2 and 3, the trigger coil 42
and the flux generating magnet 48 are disposed in
closely spaced axial relationship to the poles 28 of core
26 and flux generating magnets 22 which form the mag-
netic circuit of the alternator. The trigger magnet 48 is
axially offset in-closely spaced relation outward of the
outer edge of one of the magnetic bars 22 and as
shown, comprises a permanent magnet 50 supported by
a ferromagnetic pole piece member 52, which together
provide three circumferentially magnetic poles of alter-
nate polarity. The trigger magnet 48 is carried by rota-
tion of the flywheel 18, while the coil unit, generally at
42, is mounted on plate or disc 54 secured to the stator
12 and includes a generally U-shaped magnetic core
56. As shown in FIG. 4 a pair of coils 58 are wound in
series relationship about both leg portions of the core
56, so that any false signals generated in the coils by
stray magnetic flux from the alternator magnets 22 will
be in opposition and thus no trigger pulse will be gener-

- ated. ’
-~ The disc 54 on which coil unit 42 is mounted is
formed of a ferromagnetic material such that stray
magnetic flux lines generated by the bar magnets 22
which extend in an axial direction with respect to the
. field of rotation of the alternator core 26 will be
shunted by the disc 54 back to core 26. The ferromag-
netic disc or plate 54 thus serves to prevent any stray
magnetic lines of flux emanating from the magnetic cir-
cuit of the alternator from interfering with the magneti-
cally- independent operation of the trigger mechanism.
In effect, disc 54 serves as a shield between the mag-
netic circuits of the alternator and trigger mechanism
whereby the coil unit 42 will be triggered only by coils
58 cutting the lines of flux generated by the triggering
magnet 48.
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The triggering magnet 48 in the embodiment shown
has north poles at its outer ends and a south pole in be-
tween. Of course, it will be realized that these polarities
could be reversed, if desired. The magnetic lines of flux
therefor flow from the ends of the magnet radially out-
ward and then back to its center. When the coil unit 42
is aligned with the triggering magnet, the flux lines flow
through the U-shaped core 56 first in one direction and
on continued rotation of the magnet 48 the flux in core
56 collapses and then changes to the opposite direc-
tion. This reversal of flux induces additive voltage
pulses in the coils 58 which is connected at the gate 41
of the silicon controlled rectifier 38 whereby this solid
state control element becomes conductive and the volt-
age stored in capacitor 32 discharges through the pri-
mary coils of transformer 34, thereby inducing a large
surge of voltage in the secondary coil sufficient to
cause the spark plug 36 to fire.

An alternate coil construction is shown at 42’ in FIG.
7. In this embodiment one coil 58’ is wound about the
cross bar portion of the U-shaped core 56’ whereby any
stray flux signals picked up by the core will induce op-
posite-going pulses in the coil 58’ which cancel each
other in the same manner as the FIG. 4 construction.

The trigger coil 42 and magnet 48 are so located on
the flywheel rotor and stator as to give an ignition spark
in properly timed relation to the operation of the
crankshaft and the piston which is reciprocably asso-
ciated therewith.

In an alternate embodiment of this invention, shown
in FIG. 6, a trigger coil 59 is carried by a support plate
60, rotatably mounted on the stator of an alternator,
shown generally at 61. The plate 60 includes a rim on
a flange portion to the upper surface of which one trig-
ger coil 59 is affixed. The support plate further includes
a cylindrical hub portion 62 which extends upwardly
from the inner edge of the rim and terminates in an in-
wardly extending shoulder 64 which bears against an
upwardly facing shoulder of stator hub 66. A the engine
throttle (not shown) to a connecting pin 70 by which
the linkage is pivotably connected to rotate the support
plate 60 clockwise and counterclockwise through a suf-
ficient angle to provide appropriate spark advance or
retardation. In this way the plate 60 and the coil 59 car-
ried thereby may be.rotated to change the engine tim-
ing. The coil 59, which may be similar to the coils

- shown in either FIGS. 4 or 7, is disposed within the rim
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of the alternator rotor or flywheel 72. A plurality of cir-
cumferentially spaced ceramic bar magnets 74 of the
type previously described in connection with FIGS. 2,
3 and 5 are carried within the rim of the flywheel 72.
The flywheel 72 includes a hub 75 which is adapted to
be affixed to an engine shaft so that the alternator rotor
will rotate at the same speed as the engine shaft. The
alternator stator located within the flywheel rim in-

“cludes a core 76 of laminated magnetic material having

a plurality of radially extending poles, as heretofore de-
scribed in connection with FIG. 3. In the same manner
as previously described, alternator coils are wound
about the stator poles and at least one of the poles in-
cludes an additional coil which is adapted to charge an
electrical storage device such as the capacitor 32
shown in FIG. 1.

The trigger coil 59 is supported on the plate 60 in the
plane of rotation of trigger magnet 78 which may be of
the same construction as the magnet 48, shown in FIG.
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2. Magnet 78 is carried by the rotation of the flywheel
72 past coil 59 which is supported by the stator
- whereby with each rotation of the flywheel a trigger sig-
nal is-induced in coil 59. A ferromagnetic disc 80 is in-
terposed between the magnetic field of the alternator,
composed of the magnets 74 and core 76 with its asso-
ciated coils and the magnetic field of the magnetic trig-
ger circuit which includes trigger magnet 78 and trigger.
coil §9. The disc 80 serves as a ferromagnetic shield or
shunt, as previously described in connection with the
disc 54 in FIG. 3. Thus, any stray or magnetic lines of
flux generated by the magnets 74 are shunted by the
ferromagnetic disc 80 back into the core 76. In this em-
bodiment of the invention as the engine throttle is
moved for controlling engine speed, the angular posi-

tion of the trigger coil is advanced or retarded to con--

trol engine timing in relation to the engine speed.
Having thus described this invention, what is claimed
is: -
1. Generator with triggering device integral therewith
-for a breakerless ignition system having an electrical
energy storage element and control means electrically
connected with said triggering device for selectively
discharging the energy from said storage element to
‘cause an ignition spark in timed relation to the rota-
tional position of the rotor of said generator, compris-
~ing a first magnetic circuit for said generator, including
at ledst one coil wound on a magnetic core for charging
said storage element, said triggering device including a
coil and a relatively movable flux generating means
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forming a second magnetic circuit adjacent and axially -

offset from the first magnetic circuit and a ferromag-
‘netic disc disposed in a plane axially between said gen-
erator and triggering device and being engaged with the
core of the generator whereby the coil of the triggering
device is shielded from stray flux lines of the first mag-
netic circuit.

2. Generator with triggering device integral therewith
as set forth in claim I, in which said generator is an al-
ternator and. includes ceramic magnets in which the
magnetic force axially of the generator approaches
one.

3. Generator with triggering device integral therewith
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as set forth in claim 2, in which the coil of said trigger-
ing device comprises a pair of coils wound in series op-
position about a core member whereby any false signals
induced in the coils by magnetic flux from the alterna-
tor magnets are in opposition and cancel so as not to
improperly trigger said cortrol means.

4. Alternator with triggering device integral there-
with for a breakerless ignition system having an electri-
cal storage element and silicon controlled rectifier with
its gate electrode in circuit with the triggering device
for selectively discharging the energy from said storage
element through the anode-cathode junction of the rec-
tifier to cause an ignition spark, said alternator com-
prising a first magnetic circuit including a core and rel-
atively rotatable ceramic magnets disposed concentric
therewith, at least one coil on said core connected to
said storage element for charging the same in response
to rotation of the alternator rotor relative to the stator,
said triggering device including a coil and magnet rela-

~ tively rotatable with the alternator and forming a sec-

ond magnetic circuit adjacent to and axially offset from
the first magnetic circuit and a ferromagnetic disc dis-
posed.in a plane axially between said alternator and
triggering device and being engaged with the core of
said alternator for shielding said triggering coil from
stray lines of flux from the first magnetic circuit.

5. Alternator with triggering device integral there-
with as set forth in claim 4 in which said ferromagnetic
disc comprises a generally planar ring in contact with
the core of said alternator whereby axially oriented
lines of flux emanating from the alternator magnets are
returned by said ferromagnetic disc to the alternator
core. » '

6. Alternator with triggering device as set forth in
claim 4 for use with an engine having a throttle control
and in which the coil of said triggering device is'
mounted by said disc, said disc being angularly mov-
able about the axis of said stator, and means intercon-
necting said disc with the engine therewith for changing
the angular position of the triggering coil in response to

_ movement of said throttle.
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