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1. 

This invention relates to electrical ignition 
Systems and particularly to such systems employ 
ing Sparking devices and a generator rotor for 
Supplying the sparking impulses. 
The object of the invention is to provide a, 

simple, efficient system dispensing with current 
breaking contacts and giving a single uni-polar 
discharge for each ignition sparking. 

Further objects of the invention particularly 
in the special features of the generator, step-up 
transformer and distributor combination will ap 
pear from the following specification taken in 
Connection. With the accompanying drawings, in 
Which 

Fig. 1 is a diagrammatic showing of an ignition 
System embodying the invention; 

Figs. 2 and 3 are typical oscillograph sketches 
illustrating the potential impulses developed by 
the system; 

Fig. 4 is a diagrammatic showing of a modified 
System; 

Fig. 5 is a typical oscillograph record of the 
potential impulses characteristic of the system of 
Fig. 4; 

Fig. 6 is a diagram for an engine of the system 
of Figs, 4 and 5; and 

Figs. 7 and 8 are longitudinal and transverse 
views respectively of a generator for a further 
modified System of this invention. 
Referring to Figs. 1 to 3, the potential gener 

ator consists of a stator 2 having four slots 22 
resulting in two teeth 23, these being 180° apart. 
A rotor 24 made of solid steel is provided with 
narrowed poles 25 and field poles of long circum 
ferential length 26. Two windings 27 are con 
nected to two slip rings 28 on which brushes 29 
ride. 
The two windings 27 on poles 25 are connected 

so as to make the poles 25 of the same polarity. 
The two windings 33 on stator poles 23 are con 
nected directly in series in such a way that their 
voltages are always additive. 
The output of these two stator windings 33 is 

connected to a transformer 39 of conventional, 
laminted construction, carrying a primary wind 
ing 40. This transformer 39 also has a secondary 
Winding 4 consisting of many times the turns 
comprising primary Winding 40. One end of 
winding 4 is grounded, thereby connecting it to 
the shell of the Spark plugs on the engine. The 
other terminal of winding 4 goes to the dis 
tributor 42 and connects to the rotating dis 
tributor arm 43. When this arm rotates, it goes 
close to stationary terminals 44 but does not 
touch them. The two stationary terminals 44 are 
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each connected to the center electrode of two 
Spark plugs represented as 45. 
This system is adapted, for instance, to a two 

cylinder, two cycle, alternate firing gas engine 
and for this engine the ignition generator rotor 
Would revolve at engine Speed and the distributor 
arm 43 would also revolve at engine speed. 
When the device is placed in operation, it will 

be observed from the oscillograph record (Fig. 2) 
that, whenever narrow poles 25 go by stator teeth 
23, a sine wave of potential of peaked or steep 
Wave front form is generated (ignoring the recti 
fier 30) but, since these poles are always of the 
same polarity, such generation will always have 
the first half cycle of each impulse M of the same 
polarity. In addition to the complete sine waves 
M, always starting With the same polarity, which 
are generated when poles 25 go by teeth 23, there 
Will be additional generation occurring between 
these times when poles 26 go by teeth 23. Since, 
however, the flux density from poles 26 across 
the air gap to teeth 23 is but a fraction of that 
which exists when poles 25 go past teeth 23, the 
voltage generated by poles 26 will be but a small 
percentage as great as that generated by poles 
25. This low generated voltage is simply neg 
ligible as there is no circuit provided for its 
period of generation at the distributor. The 
generator thus provides solely through relative 
rotation of its rotor and stator a potential output 
consisting of full wave, steep front voltage in 
pulses of the same starting polarity at intervals 
corresponding to the firing periods of the engine 
With a period of substantially zero potential 
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generation between Successive impulses. 
The oscillogram (Fig. 2) shows quite clearly 

the current flow in the main lead to the dis 
tributor with rectifier 30 not connected in the 
circuit. The effect of the return flux on poles 26 
is indicated by the very small voltages N gener 
ated of an opposite polarity in the “dead' period 
between the main impulses. 

Below Fig.2 another Oscillogram (Fig. 3) shows 
current in the main lead to the distributor With 
rectifier 30 inserted in the ignition generator out 
put circuit as indicated. The polarities are so 
chosen that, let us say, the plus half cycles are 
not allowed to exist since rectifier 30 blocks such 
flow of current. Therefore, the only impulses 
which can exist in this circuit are the two main 
negative half cycle impulses occurring 180° apart 
and the minor impulse N of a negative polarity 
Which occurs between these two main impulses. 
The net effect of this system, therefore, is to 

provide accurately timed impulses in the high 
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tension circuit, each impulse being of the same 
polarity and of only one half cycle length. 
The system thus comprises an impulse gen 

erator with a rotor designed as shown having 
alternate poles of very short and Very long cir 
cumferential lengths so that stator Voltages in 
duced by the former provide the desired ignition 
voltage and current, whereas the necessarily ob 
tained impulses from the poles of long circum 
ferential length generate such an extremely low 
voltage that they are not employed and Cause no 
harm or improper operation. 
A further advantage of the System is the en 

ployment of a lectifier in the impulse generator 
output circuit to cut out one-half of each full 
sine wave which is generated by the impulse gen 
erator. In this way a desirable, fixed polarity 
is always supplied to the Spark plugs at properly 
timed intervals, and the excessive spark plug 
erosion resulting from a full sine Wave of Current 
at the plugs is eliminated. 
There are various modifications of this Sys 

tem which can be made using the same principles 
and will permit the equipment to be used on en 
gines of some particular construction, such as 
those which do not, have equal intervals between 
firing periods. 
An example is illustrated in the System of Figs. 

4 and 5 which show the principle applied to a 
specific engine of a 10 cylinder, 2-cycle, V-type, 
having a 5 throw crankshaft with the two banks 
of five cylinders each arranged at 60° to each 
other. Since the crankshaft throws are 72° apart 
and the cylindel's are at 60, this means that there 
will be alternate pairs of firing cylinders, with 
12 between two impulses and then a 60 period 
before the next similar pair fires at 12 apart. 
This results in the engine diagram as shown in 
Fig. 6. 
This System is similar to that of Figs. I to 3 

except that four narrow firing poles 35, 35b, 350 
and 35, are provided as shown on field rotor 34, 
all of them of the same polarity, two return flux 
poles 26 of long circumferential length being pro 
vided. 
With the two adjacent firing poles spaced at 

30° and the two pairs of firing poles at 180°, the 
firing poles will provide properly timed impulses 
when this generator (Fig. 4) is run at two and a 
half times engine Speed. 
The distributor 52 has arm 53 and ten equally 

Spaced terminals 54 for connection to the spark 
plugs, thus giving 36 between each stationary 
sector. The distributor 52 will run at three times 
engine speed and with the cylinders firing in 
numbered sequences as shown on the engine dia 
gram (Fig. 6) the sectors would be in order and 
numbered and connected as shown on the dis 
tributor (Fig. 4). 

Fig. 5 shows an oscillograph of current output 
from transformer 39 to the distributor arm 53 
giving perfectly timed uni-polar impulses M of 
one-half cycle each at the distributor, with the 
exception of a very Small impulse N occurring at 
about 20° from the nearest impulse M. This 
minor impulse N results from the entrance of the 
return flux pole 26' into the stator tooth field; it 
is of negligible amount and occurs at a dead space 
On the distributor and so is of no consequence. 
The effective ignition is concentrated in the 

series of properly timed unidirectional half-cycle 
impulses, one for each sparking period. 
The System is thus capable of giving a simple 

powerful spark with precise control of the inter 
vals and without breaker points or other compli 
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4. 
cations involved in the usual magneto or battery 
operated ignition Systems. 

Modifications and adaptations may be resorted 
to in the fitting of the System to different engines 
and the generator may be varied in its structure 
and Operation, for instance to provide any de 
sired number of cooperating rotor and stator ele 
ments. In Figs. 7 and 8 the generator 60 will give 
firing impulse at equal intervals four times per 
revolution. It could have the poles Spaced to fire 
with unequal intervals, such as 30° and 150, for 
instance, by changing the rotor design and using 
only two stator coils. And other firing intervals 
could be provided as desired. 
In the structure shown the main stator frame 

6 is made from a cylinder; the left bell 62 is a 
welded assembly mechanically supporting the 
stationary field coil 63 mounted as shown, and 
providing a path for magnetic flux across air 
gap G into the rotor proper as indicated by ar 
rows. It also houses the bearing 64 carrying the 
main shaft 65 which preferably is in one piece 
with the rotor 66. Laminated circular punchings 
67 are pressed onto an enlarged portion of shaft 
65 and rotor 66 and so machined as to provide 
the Small gap G between their circumference and 
the inside bore of the tubular portion 59 of the 
bell 62. A laminated stator 68 is fitted tightly in 
stator frame 6 and a small air gap is provided 
between rotor 66 and stator 68, as shown. The 
right hand bell 69 is of nonmagnetic material so 
as to magnetically insulate rotor 66 from stator 
frame 6 at the right end of the unit. 
When field coil 63 is energized a magnetic cir 

cuit will be established as shown by the arrows, 
and the flux will travel across the air gap G be 
tween laminations 67 and the cylindrical por 
tions 59 of the bell 62 into the enlarged portion 
of the rotor shaft 65 and into rotor 66 and out 
through the four equally spaced narrow rotor 
poles 70 to stator 68, through to the stator frame 
6 and back through end bell 62 and cylinder 59. 
Portions of this flux path with continuous flow 
of flux need not be laminated but laminations are 
required in stator 68 and the rotor portion 67 at 
air gap G. 
This generator construction eliminates the 

need for slip rings and brushes. If desired, the 
use of a non-magnetic bell 69 may be dispensed 
with and the right hand end of the generator 
Constructed like the left hand end with the field 
coil divided into right and left portions. 

Referring to Fig. 8 as the rotor 66 revolves a 
full Sine wave of potential will be generated dur 
ing the Small portion of rotor movement repre 
Sented by narrow poles 70 going by stator teeth 
7, windings 72 being provided on teeth and 
Connected in Series to add their voltages at each 
actuation or in parallel or series-parallel as de 
Sired. 
These coils 72 supply a transformer distributor 

System with rectifier 30 as shown in Figs. 1 and 
4 providing ignition impulses to the spark plugs 
Or other ignition devices. 
The System of this invention thus produces the 

Spark impulse in Simple adaptable apparatus 
Which dispenses with the breaker points and other 
features of the usual magneto and battery sys 
tems, and at the same time attains superior half 
cycle Sparks all of the same sign and precisely 
Spaced. This gives a simple, definite sparking 
period for each firing period and avoids the spark 
plug erosion incident to surplus Sparking. The 
single polarity of the impulses also adds to the   
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life of the spark plug by employing proper polar 
ity for all firing. 

It will be observed that, when the rectifier is 
employed, only unidirectional voltage and cur 
rent impulses are fed into the ignition trans 
former. It is important with such a circuit that 
progreSSive Saturation of the transformer does 
not occur and this may be taken care of by one 
of three methods which are: 

a. If the transformer is of conventional con 
struction with four lapped joints at the corners 
of the core and the laminations are painted to 
prevent eddy currents, as is normally the case, 
four small air gaps in series are thus provided 
which Ordinarily will prevent such progressive 
Saturation and Will permit the flux in the trans 
former core to substantially reach Zero between 
successive unidirectional impulses. 

b. This method may be carried somewhat fur 
ther if found desirable by actually providing one 
or more additional air gaps 32 in the magnetic 
circuit (Fig. 4). 

c. Some electrical advantage is obtained and 
a smaller core may be employed by negatively 
biasing the transformer with a separate winding 
carrying direct current. In Order to prevent the 
generator impulses from changing the current in 
this direct current circuit, which would tend to 
nullify its value, this biasing coil 3 may be de 
signed for connection in Series With the impulse 
generator field and the inductance of the im 
pulse generator field will maintain this biasing 
current at a substantially constant Value. 
While the invention has been shown and de 

scribed in connection with specific embodiments 
thereof, it is not intended to be confined thereto. 
Various substitutions and additions may be made 
without departing from the principle of the in 
vention. For instance, permanent magnet fields 
may be provided instead of the electromagnets 
shown and the invention is intended to cover 
such variations as fall within the scope of the 
appended claims. 

I claim: 
1. In an internal combustion engine ignition 

system, the combination of an impulse generator 
driven by the engine in timed relation and hav 
ing armature and field pole structures adapted to 
produce solely through relative rotation there 
between a potential output consisting of full wave, 
steep front voltage impulses of the same starting 
polarity in synchronism with the firing periods 
of the engine, with a period of substantially Zero 
potential generation between successive impulses, 
a step-up transformer having its primary Con 
nected to the output terminals of Said generator 
and a load circuit connected to the secondary of 
said transformer and including Spark gap means 
for said engine periodically energized by Said in 
pulses. 

2. In an internal combustion engine ignition 
system, the combination of an impulse generator 
driven by the engine in timed relation and hav 
ing armature and field pole structures adapted to 
produce solely through relative rotation there 
between successive voltage impulses of the Sane 
starting polarity in synchronism with the firing 
periods of the engine, with a period of Substan" 
tially zero potential generation between Succes 
sive impulses, a step-up transformer having its 
primary connected to the output terminals of 
said generator, a rectifier connected in series with 
said primary of said transformer passing a Se 
lected polarity half cycle and blocking paSSage 
of the opposite polarity half cycle of each in 
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pulse, and a Spark plug in series with the sec 
Ondary of said transformer. 

3. In an internal combustion engine ignition 
System, the combination comprising a step-up 
transformer having primary and secondary wind 
ings, a generator driven by the engine at a rate 
correlated to engine Speed and having an arma 
ture Winding connected in closed circuit relation 
With Said primary Winding, a plurality of angular 
ly Spaced, narrowed field poles of the same polar 
ity cooperating successively with said armature 
Winding and generating therein spaced, individual 
potential impulses of like starting polarity and 
of steep front wave form at periods corresponding 
to the firing periods of the engine, means for com 
pleting the magnetic circuit at a point remote 
from Said field poles each time a field pole coacts 
With Said armature Winding in the generation of 
an impulse, a load circuit connected to said sec 
Ondary Winding and including a plurality of spark 
plugs and a distributor driven by the engine for 
Connecting said secondary winding with said 
Spark plugs successively in synchronism with the 
periods of impulse generation, and rectifying 
means connected in Series in the circuit between 
said amature Winding and said primary winding 
restricting the impulses passing through the latter 
to a single polarity, Whereby unidirectional im 
pulses are supplied to said spark plugs. 

4. The System as defined in claim 3 further in 
cluding a laminated core for said transformer of 
closed loop form, and means coacting with said 
core for preventing progressive saturation thereof. 

5. In an internal combustion engine ignition 
System, the combination consisting of an impulse 
generator driven by the engine in timed relation. 
and having a generating coil composed of wind 
ings embracing diametrically disposed, narrow 
stator teeth, and a rotor provided with diametri 
cal, narrowed field poles of one polarity and in 
termediate poles of opposite polarity and of long 
circumferential length, whereby the output from 
said generating coil consists of full Wave voltage 
impulses of steep front wave form and of like 
starting polarity in synchronism with the firing 
periods of the engine, With a period of substan 
tially Zero potential generation between succes 
sive impulses, a rectifier, a step-up transformer 
having its primary connected in series circuit 
relation with said generating coil and said recti 
fier, and a high tension circuit including the 
secondary of said transformer, a plurality of spark 
plugs and a distributor driven by the engine. 

6. In an internal combustion engine ignition 
System, the combination consisting of an impulse 
generator driven by the engine in timed relation 
and having a generating coil composed of Wind 
ings embracing diametrically disposed, narrow 
stator teeth, and a rotor provided with diametri 
cally opposite pairs of angularly spaced, narrowed 
field poles of the same polarity and opposite polar 
ity poles of long circumferential length between 
said pairs, whereby the Output from said generat 
ing coil consists of full wave voltage impulses of 
steep front Wave form and of like starting polarity 
in synchronism with the firing periods of the en 
gine, with a period of Substantially Zero potential 
generation betWeen successive impulses, a rectic 
fier, a step-up transformer having its primary 
connected in series circuit relation with said gene 
erating coil and said rectifier, and a high tension 

75 

circuit including the Secondary of Said trans 
former, a plurality of Spark plugs and a distribu 
tor driven by the engine. 

7. In an ignition system of the character de 
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scribed, a generator having a stator provided with 
a plurality of angularly Spaced generating Wind 
ings embracing narrow stator teeth and a rotor 
formed with similarly Spaced, narrowed field poles 
and means including an end bell in Which said 
rotor is journalled completing a magnetic circuit 
through the stator and rotor, said poles being of 
the same polarity and coacting simultaneously 
with said windings upon rotation past said stator 
teeth to produce a potential output consisting of 
full wave, steep front voltage impulses recurrent 
at predetermined intervals and of the same start 
ing polarity with a period of Substantially no 
potential generation between successive impulses, 
a half wave rectifier, a step-up transformer hav 
ing its primary connected in series With said recti 
fier and said generating Windings, and a high ten 
sion ignition circuit connected to the secondary of 
said transformer and including ignition means 
periodically energized by said impulses. 

8. A System for supplying electrical ignitionin 
pulses to the Spark plugs of an internal combus 
tion engine, comprising a distributor for distribut 
ing high tension impulses to the respective Spark 
plugs in their order of firing, a step-up transform 
el' having primary and secondary windings, said 
Secondary Winding connected to Said distributor, 
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8 
a generator Winding, means consisting of conduc 
tors connecting said generator Winding With said 
primary winding, magnetic field means cooperat 
ing with said generating Winding and including 
a polar member driven by the engine and passing 
full density magnetic fiux through said generating 
winding in one direction at intervals correspond 
ing to the firing periods of the engine to generate 
individual, potential impulses of steep front full 
wave form spaced from each other With a period 
of substantially zero potential generation there 
between, and of like starting polarity, and a half 
wave rectifier connected in the circuit between 
said generating and primary windings passing a 
Selected polarity half cycle of each impulse for 
energization of said transformer at precisely 
timed intervals, 

OONALDI, BOHN. 
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