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[57] ABSTRACT 
A breakerless condenser discharge ignition system for 
an internal combustion engine and excited by a rotating 
permanent magnet, consists of a single module, contain 
ing a number of windings and electrical components, 
mounted on one pole of a ferromagnetic core for pro 
ducing high voltage output pulses for ?ring an associ 
ated spark plug. 

10 Claims, 8 Drawing Figures 
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SINGLE CORE CONDENSER DISCHARGE 
IGNITION SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
This invention relates to condenser discharge ignition 

systems for use with spark ignited internal combustion 
engines, and deals more particularly with improvements 
in such systems which are excited by a permanent mag 
net means orbiting in synchronism with the operation of 
the associated engine. 
The ignition system of this invention is particularly 

useful in association with small single cylinder internal 
combustion engines of the type commonly used for 
powering lawn mowers, chain saws, snow blowers and 
the like. It is therefore shown herein as a unit adapted 
for use with such single cylinder engines. It should, 
however, be understood that the invention is not neces 
sarily limited to such application and that it may also be 
used with multicylinder engines either by providing a 
distributor between the high tension terminal of the 
illustrated stator unit and the spark plugs or by provid 
ing a plurality of stator units matching the number of 
plugs. 
The small engine market is a relatively competitive 

one and, therefore, one of the basic purposes of this 
invention is to provide a relatively low cost and yet 
reliable ignition system for use with small single cylin 
der engines. In keeping with this purpose a further ob 
ject of the invention is to provide a condenser discharge 
ignition system having a stator unit consisting of a re 
duced number of parts in comparison with generally 
similar systems presently available so as to reduce the 
cost of making the stator unit and to reduce the amount 
of time and effort required for its assembly with the 
engine. 

Another object of the invention is to provide an igni 
tion system of the foregoing character in which the 
stator unit is of a relatively small and compact size and 
requires a minimum number of mechanical and electri 
cal connections for its assembly with the remainder of 
the engine. In particular, the ignition system of this 
invention, apart from the rotating magnet, may be made 
as a single physical stator unit easily mechanically 
mounted to the stationary structure of an engine and 
requiring only two electrical connections, one of these 
electrical connections being a ground connection to the 
engine structure and the other being a high tension 
connection from the unit to the associated spark plug. 
An additional circuit consisting merely of a normally 
open manually operable switch connected between the 
unit and ground may also be optionally provided for use 
in stopping the engine. 

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

SUMMARY OF THE INVENTION 

This invention resides in a capacitor discharge igni 
tion system for supplying high voltage power at proper 
times to the spark plug or plugs of a spark ignited inter 
nal combustion engine. The system includes a perma 
nent magnet means which is rotated, as by a flywheel, 
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2 
about a circular path in synchronism with the operation 
of the associated engine. A core of ferromagnetic mate 
rial is mounted adjacent the path of the magnet and has 
one pole or other portion through which a changing 
amount of flux from the magnet passes each time the 
magnet moves past the core. All of the windings of the 
ignition system are wound on the one core portion, 
these windings being three in number and comprising a 
primary winding and a secondary winding of a trans 
former and a charging winding. Since the charging 
winding and the primary winding are on the same core 
portion, simultaneous voltage waveforms, each consist 
ing of two half cycles of opposite polarity, are induced 
in each winding by the changing amount of flux each 
time the magnet moves past the core. A capacitor is 
connected by a charging circuit across the charging 
winding with the charging circuit including a diode 
poled so that the capacitor is charged during the ?rst 
half cycle of the voltage waveform induced in the 
charging winding. A discharging circuit connects the 
primary winding across the capacitor and includes a 
silicon controlled recti?er or other normaly noncon 
ducting electronic switch which prevents discharge of 
the capacitor through the primary winding until the 
electronic switch is switched to its conducting state. A 
trigger circuit couples the primary winding with the 
control or trigger terminal of the electronic switch so 
that a control or trigger signal is applied to the elec 
tronic switch to switch it to its conducting state during 
the second half cycle of the voltage induced in the 
primary winding. Preferably, the primary and second 
ary windings are arranged with one surrounding the 
other, and the charging winding is spaced from the 
primary and secondary windings so that during dis 
charge of the capacitor through the primary winding a 
major amount of the ?ux linking the primary and sec 
ondary windings does not link the charging winding. 
The invention also resides in all of the windings and 

electrical components of the ignition system except for 
the magnet arid spark plug, being contained in a single 
housing and making up a module mounted on a core of 
ferromagnetic material so as to form a unit requiring 
only two external electrical connections, one to ground 
and one to the spark plug, for operation of the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view partly in elevation and partly in 
section, taken on the line 1-1 of FIG. 2, of a capacitor 
discharge ignition system embodying this invention. 
FIG. 2 is a vertical sectional View taken on the line 

2-2 of FIG. 1. 
FIG. 3 is an enlarged sectional view taken on the line 

3—3 of FIG. 2, through the core and module assembly 
of the ignition system of FIG. 1. 

FIG. 4 is a top view of the core and module assembly 
of FIG. 3 with the potting material being shown re 
moved from the module housing. 
FIG. 5 is an enlarged fragmentary sectional view 

taken on the line 5-5 of FIG. 4. 
FIG. 6 is an exploded view of the core and module 

assembly of FIG. 3. 
FIG. 7 is a schematic wiring diagram of the ignition 

system of FIG. 1. 
FIG. 8 is a graph illustrating voltage waveforms 

appearing across various parts of the ignition system of 
FIG. 1 during one passage of the magnet past the core. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Turning to the drawings, and ?rst considering FIGS. 
1 and 2, these ?gures show a stator unit 10 and a perma 
nent magnet assembly 12 comprising, except for an 
associated spark plug, substantially all of a breakerless 
condenser discharge ignition system for a single cylin 
der internal combustion engine. 
The permanent magnet assembly 12 is or may be of 

generally conventional construction consisting of a 
permanent magnet 14 and two pole pieces 16 and 18. 
The magnet assembly 12 is molded into the rim 20 of a 
nonmagnetic ?ywheel 22 ?xed to a shaft 24 of an engine 
26 for rotation with the shaft about a circular path. The 
shaft 24 is a shaft, such as the crankshaft or camshaft, 
which rotates is synchronism with the operation of the 
engine so that movement of the magnet assembly 12 
past any given point in its circular path is timed in rela 
tion to the operating cycle of the engine. In addition to 
the rim 20, the flywheel 22 includes a hub 28 and a 
radially extending web 30 between the hub and the rim, 
the hub, web and rim de?ning an annular cavity which 
receives the stator unit 10. 
The stator unit 10 includes a base member 32 of non 

magnetic material, having an opening through which 
the hub 28 and shaft 24 pass, supported from the station 
ary structure on the engine 26 by three studs 34, 34. The 
base in turn carries a coil and module assembly consist 
ing of a ferromagnetic core 36 and a winding and com 
ponent module 38. 
FIGS. 3 and 6 show in detail the construction of the 

core 36 and the winding and component module 38. 
Referring to these ?gures, the core 36 is a ferromagnetic 
?ux conducting member, made of laminated iron, hav 
ing at least one portion in which a changing magnetic 
?ux is created as the magnet assembly moves past the 
core, and the module 38 is located on the core so as to 
surround such portion. In particular, the core 36 is one 
having three poles 40, 42 and 44 spaced from one an 
other along the circular path of the magnet assembly 12. 
From FIG. 1, it will be understood that as the magnet 
assembly 12 moves past the core 36, the ?ux in the 
middle pole 42 is ?rst in one direction, as the pole piece 
18 passes thereover, and is then in the other direction, 
as the pole piece 16 passes thereover. 
The module 38 is mounted on the middle core pole 

42. It includes a thin walled cup-shaped housing 46 
made of a plastic material and containing three electri 
cal windings. These windings are a transformer primary 
winding 48, a transformer secondary winding 50 and a 
charging winding 52. The primary winding 48 and 
charging winding 52 are wound on a plastic bobbin 54 
initially separate from the housing 46. The bobbin has 
two radially extending ?anges 56, 56 between which the 
charging winding 52 is located and two other radially 
extending ?anges 58, 58 between which the primary 
winding 48 is located. 
The module housing 46 includes an axially extending 

chimney portion 60 within which that portion of the 
bobbin 54 containing the primary winding 48 is con 
tained. The secondary winding 50 surrounds the chim 
ney 60 so as to also surround the primary winding 48. 
The bobbin 54 has a central opening extending com 
pletely therethrough and of a square cross section con 
forming to the square cross section of the pole 42. As 
shown in FIGS. 3 and 4, the housing 46 includes an 
intermediate wall 62, to the left of the secondary wind 
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ing 50, forming a pocket 64 for receiving a condenser 
66, a silicon controlled recti?er 68 and other electrical 
components shown hereinafter in the schematic dia 
gram of FIG. 7. 
The components contained in the pocket 64, the pri 

mary winding 48, the secondary winding 50 and the 
charging winding 52 are electrically connected with 
one another, as in the wiring diagram of FIG. 7, by 
suitable leads contained within the housing 46. Also, the 
three windings, the components in the pocket 64, the 
bobbin 54 and the housing 46 are all mechanically ?xed 
relative to one another by a potting material 70 ?lling 
the otherwise empty space of the housing. The module 
38 is suitably mechanically ?xed to the pole 42 as by an 
adhesive between the interior surface of the bobbin 54 
and the pole 42. 
As shown best in FIGS. 4 and 5, the module housing 

46 also includes a portion 72 de?ning a socket 74 for 
receiving the end portion of an insulated high tension 
conductor 76 for connecting the module to an associ 
ated spark plug. At the inner end of the socket 74 is a 
tack 78 connected to the high tension end 80 of the 
secondary winding 50 for making electrical contact 
with the end of the conductor 76 received in the socket 
74. 

Referring to FIG. 7, the charging winding 52 is con 
nected across the capacitor 66 by a charging circuit 
including a diode 82. The capacitor 66 is also connected 
across the primary winding 48 by a discharging circuit 
including the silicon controlled recti?er (SCR) 68. The 
SCR 68 is normally nonconducting and acts as an elec 
tronic switch for preventing discharge of the capacitor 
66 through the primary winding 48 until it is triggered 
or switched to a conducting state. 
The triggering circuit for the SCR 68 is coupled with 

the primary winding 48 so that the voltage induced in 
the primary winding 48, as the magnet assembly moves 
past the core 36, is utilized to provide a trigger signal 
for the SCR, thereby eliminating the need for a separate 
additional trigger winding. This trigger circuit in turn 
consists merely of a resistor 84 connected between one 
end of the primary winding 48 and the gate or control 
terminal 86 of the SCR 68. 

Still referring to FIG. 7, the charging winding 52 and 
the primary winding 48 are wound and so located on 
the pole 42 so that the ends thereof marked by the dots 
are of common polarity. Also, one end of the coil 48, 
one end of the resistor 84, one end of the capacitor 66, 
one end of the charging winding 52 and one end of the 
secondary winding 50 are all connected to ground by 
the line 88. The ungrounded or high tension end of the 
secondary winding 50 is connected to the high tension 
terminal of the associated spark plug 90 by the line 76. 
Additionally, the system of FIG. 7 may include an addi 
tional circuit consisting of a line 92 connected to ground 
through a normally open manually operable switch 94. 
The switch 94 is useful in stopping the operation of the 
engine since when the switch 94 is closed it shorts out 
the charging winding 52 to prevent charging of the 
capacitor 66 and consequent ?ring of the plug 90. 

In considering the operation of the system of FIG. 7, 
reference may be had to FIG. 8 which shows the wave 
forms of the voltages appearing across the charging 
winding 52, across the primary winding 48 and across 
the condenser 66 during one passage of the magnet 
assembly 12 past the core 36. In FIG. 8, Eg is the voltage 
as seen by diode 82 induced in the charging winding 52 
by the magnet assembly and Ep is the voltage induced in 
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the primary winding 48 by the magnet assembly as seen 
by gate 86 of the SCR. EC is the voltage across the 
capacitor. Each of the waveforms E8 and Ep occur 
simultaneously and each includes two half cycles of 
opposite polarity. The diode 82 is so poled that during 
the ?rst half cycle of the voltage waveform Eg induced 
in the charging winding 52 the capacitor 66 is charged. 
The charge on the capacitor is held into the next half 
cycle of the voltage waveform Eg until the voltage E1, 
rises, in the second half cycle thereof, to a level suffi 
cient to cause triggering of the SCR 68. In FIG. 8, the 
line 96 represents the triggering level which the voltage 
Ep needs rise to to cause triggering of the SCR 68. 
When the voltage Ep does reach the triggering level, the 
SCR is triggered to its conducting state and the con 
denser 66 is discharged through the primary winding 48 
to induce a high output voltage across the secondary 
winding 50 which ?res the associated spark plug 90. 
When the capacitor 66 is discharged to cause ?ring of 

the spark plug 90 the capacitor discharge current flow 
ing through the primary winding 48 sets up a changing 
magnetic flux in the pole 42, indicated by the broken 
lines 98, 98 of FIG. 3 which link the primary and sec 
ondary windings. It is desirable that this flux not link the 
charging winding 52 since, if it does, the charging wind 
ing 52 will act as a shorting coil and impair the genera 
tion of the high voltage output in the secondary wind 
ing 50. Therefore, as shown in FIG. 3, the charging 
winding 52 is preferably spaced a substantial distance 
along the length of the pole 42 from the primary wind 
ing 48 and secondary winding 50 so that a major portion 
of the flux which does link the primary and secondary 
windings during capacitor discharge will not link the 
charging winding 52. 

It will also be noted from FIG. 1 and FIG. 7 that, 
apart from the stop switch circuit which is optional, the 
only electrical connections required for the module 38 
are the ground connection made by the line 88 and the 
high tension connection to the spark plug made by the 
conductor 76. The grounding of the line 88 may be 
accomplished in various different ways, and in FIG. 1 is 
shown to be accomplished by connecting the free end of 
the line 88 to the base 32 by a screw 100, the base 32 
being made of an electrically conductive material and 
being electrically connected to the engine 26 through 
the studs 34, 34. 

I claim: 
1. A capacitor discharge system for an internal com 

bustion engine comprising a permanent magnet means 
rotated about a circular path in synchronism with the 
operation of said engine, a core of ferromagnetic mate 
rial mounted adjacent said circular path and having one 
portion providing a path for the varying ?ux generated 
by the movement of said magnet means past said core, a 
charging winding and a transformer core portion, said 
charging winding being offset from said primary and 
secondary windings radially with respect to said circu 
lar path; said charging winding and primary winding 
being wound on said one core portion such that the 
voltages induced therein by said varying flux each in 
cludes half wave voltages of opposite polarity, a charg 
ing circuit including a capacitor connected across said 
charging winding and a diode poled to pass half wave 
voltages of one polarity for charging said capacitor and 
maintaining said capacitor charged when the voltage 
generated in said charging winding is opposite said one 
polarity, circuit means connecting said capacitor with 
said primary winding for discharging said capacitor 
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through said primary winding and including an elec 
tronic switch means having anode, cathode and control 
electrodes, the anodecathode junction of said switch 
means interconnecting the ends of said charging wind 
ing and said primary winding which are simultaneously 
at the same polarity, said control electrode being con 
nected to the other end of said primary winding, the 
polarity of which is opposite said same polarity, said 
switch means being nonconductive during the charging 
of said capacitor by said one polarity of the voltage 
generated in said charging coil and being rendered con 
ductive by voltage generated in the primary winding 
opposite said same polarity whereby said capacitor is 
charged during one complete half cycle of voltage gen 
erated in the charging coil and discharged during the 
next half wave voltage generated in said charging wind 
ing. 

2. A capacitor discharge system for an internal com 
bustion engine as set forth in claim 1 in which said 
control electrode is connected by circuit means to the 
ends of both said primary winding and charging wind 
ing opposite to the ends of these windings intercon 
nected by the cathode-anode junction of said electronic 
switch means. 

3. A capacitor discharge system as set forth in claim 
2 in which said circuit means connecting the control 
electrode to said primary and charging winding in 
cludes a resistor. 

4. A capacitor discharge system as set forth in claim 
3 in which said electrode switch means is a silicon con 
trol recti?er and the control electrode thereof is the 
gate of said recti?er, said gate electrode and the ends of 
said charging winding and primary winding opposite 
said same polarity being connected to ground potential. 

5. A capacitor discharge system as de?ned in claim 3 
further characterized by a thin walled cup—shaped hous 
ing received on said one portion of said core of ferro 
magnetic material and containing said primary winding, 
said secondary winding, said charging winding, said 
capacitor, and said electronic switch, and an insulated 
high tension conductor for connecting one end of said 
secondary winding to said spark plug, said housing also 
having a socket for receiving one end of said high ten 
sion conductor and means in said socket for making 
electrical connection between said one end of said con 
ductor and one end of said secondary winding. 

6. In a capacitor discharge system for an internal com 
bustion engine having permanent magnet means rotatable 
about a circular path in synchronism with the operation of 
said engine. a charge coil, a capacitor connected in circuit 
with said charge coil and an electronic switch means which 
is rendered conductive in response to a trigger pulse con 
nected to said switch means for discharging said capacitor 
into the primary winding of a transformer ignition coil, the 
secondary winding of said transformer being connected to 
a spark gap device for said engine, the improvement in said 
system comprising an integral core of ferromagnetic mate 
rial which includes a plurality of circumferentially spaced. 
radially extending leg portions disposed adjacent said cir 
cular path, one of said leg portions providing a path for 
varying ?ux generated by the movement thereby of said 
magnet means, said charge coil being connected to charge 
said capacitor and together with said transformer coil being 
disposed on said one leg portion, said charge coil and trans 

to the circular 
path of said magnet means, said coils being wound such 
that voltages simultaneously induced therein by said vary 
ing ?ux in said one leg portion include half wave voltages 
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of opposite polarity, said capacitor being charged by voltage 
of one polarity generated in said charge winding and said 
electronic switch means being rendered conductive by a 
trigger voltage the same as said one polarity which occurs 
during generation in the charge winding of a voltage oppo 
site said one polarity which charges said capacitor whereby 
said capacitor is charged during one half cycle of voltage 
induced in the charging coil by changing ?ux in said one 
leg portion and discharged during the next half cycle of 
voltage induced in one of said coils by said changing ?ux in 
said one leg portion. 

7. In a capacitor discharge ignition system as set forth in 
claim 6 wherein said charge coil is offset from said trans 
former coil in the direction of said rotating magnet means. 

8. In a capacitor discharge ignition system as set forth in 
claim 6 wherein said core has three radially extending leg 
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portions with said charge coil and said transformer coil 
disposed on the center leg portion of said core. 

9. In a capacitor discharge system for internal combus 
tion engines as set forth in claim 6 wherein said charge coil 
and transformer coils are essentially the only voltage gener 
ating coils employed in said system whereby capacitor 
charging, the electronic switch means triggering and the 
transformer ignition functions are all performed by said 
charging coil and transformer coil in the absence of a 
separate trigger coil. 

10. In a capacitor discharge ignition system as set forth 
in claim 7 wherein said transformer coil includes a primary 
winding and secondary winding disposed in generally can 
centric relation on said one leg portion, said charge coil 
being offset a substantial distance from the secondary 
winding of the transformer coil. 

i i i i i 


