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To all whony it My concermn:

Be it known that I, Lrox JuLes Le PoN-
TOIS, a citizen of the Republic of France, and

a resident of New Rochelle, Westchester

county, New York, have invented a certam
new and useful Improvement in Apparatus
for Generating and Utilizing Polyphase Al-
ternating Currents for the Ignition of Explo-
sive Mixtures, of which the following 1s a
specification. ' .

My invention relates to apparatus for gen-
erating and utilizing polyphase alternating
currents for the ignition of explosive mix-
tures. |

In order to obtain sufficient heat energy
for ignition purposes from an alternating
magneto, it is necessary that the alternating-
current generator should be driven at such a
speed in relation to the speed of the engine
that the current-wave passes through its pe-
riod of maximum intensity when its circuit 1s
opened or closed by a sparking device. Such
oenerator must, therefore, either be driven at
the same angular speed as the engine or by
cears or chains at such a speed that the cur-
rent generated will always pass through 1its
period of maximum intensity when a spark is
desired. As the time of ignition of the ex-
plosive mixture in internal-combustion en-
oines is determined by the piston speed of the
engine or is under the control of the operator
for the purpose of power regulation, it has
proved very difficult to secure sufficient et-
fective range of sparking by means of single-
phase alternating-current generators.

I am aware of the fact that if asingle-phase

Kk

alternating-current generator 1s driven at

the same speed or at a speed that1is aconstant
function of the speed of the engine-shaft 1t 1s
possible toextend therange of effective spark-

1mg by means of a suitable mechanism modi-

fying the angular relations existing between
the engine-shaft, the rotor, and stator of the
oenerator. It is obvious, however, that the
sparking device must in such case be shifted
at the same time and in the same angular pro-
portion. The necessity for this simultane-
ous control of both the generator and the
sparking mechanism renders such method of
extending the sparking range rather compli-

~cated and diflicult of accomplishment.

The present invention has been designed

to simplify the means for extending the spark-
Ing range.

In the present embodiment of my mven-
tion I employ an alternating-current genera-
tor driven at the same speed as the engime-
shaft or at a speed which is a multiple of the
speed of said shaft, such generator being de-
signed so as to deliver to a sparking device
singly or jointly two or more alternating cur-
rents differing in phase from each other, the
circuits carrying those currents being adapted
to be connected electrically, either smgly or
jointly, to any suitable sparking device, mn

such manner, however, that whatever be the

time at which a spark i1s needed the current
or currents delivered by the polyphase gen-
erator to the sparking device possesses a sui-

e

ficient intensity for the effective ignition of ;

the explosive mixture.

By “sparking device” used in this specifi-
cation I mean to include all apparatus adapt-
ed to produce high or low tension-sparks
when a current of sufficient intensity 1s de-
livered to their terminals.

[n the accompanying drawings 1 have
shown for the purpose of explanation an en-
oine equipped with either the so-called
““make-and-break’ system of ignition or the
so-called “‘Jump-spark’ system of 1gnition,
these being the two principal systems in
present use.

In the drawings, Figure 1 is an end view of
a single-cylinder engine embodying the make-
and-break type of ignition, certain parts be-
ing in section. Fig. 2 is a similar view utiliz-
ing a jump-spark system of ignition. Fig. 3
is a view, partly in section and partly in ele-
vation, of a two-phase generator, certamn ol
the parts being broken away. Iig. 4 1s a
front view of the stationary element of a two-
phase generator. Fig. 5 1s a similar view of
the moving element of said generator herein-
after designated as the inductor. Iig. 6 1s
an outline view of certain parts of the genera-
tor in connection with the diagrammatic
views of Figs. 11, 12, and 13. Iigs. 7 and 8
are detail sectional views of certain of the
parts, Fig. 9 an enlarged view of a part of
Fig. 2, and Fig. 10 is a section on the plane of

{ the line 10 10 of If1g. 9.

Qimilar reference-numerals indicate simi-
lar parts in the several views.

-]

3¢

go

95

100




L |

- casing,

1O

- 20

£

Referring to the drawings, the numeral 1 ! tions.

designates the engine-cylinder in which the
explosive mixture 1s ignited.

2 designates the crank-casing, having a
bearing for the motor-shaft 3,the end of said
as shown in Fig. 3, having a hub 4
constituting a support for a spider 5, the lat-
ter preferably made of non-magnetic mate-
rial, said spider being rigidly secured to said
hub. An annular permanent magnet 6 is
rigidly supported by the spider, said magnet
being formed of a steel ribbon continuously
wound 1n the form of a helix after it has been
hardened, as described in a companion appli-
cation. After the steel ring has been se-

curely fastened to the spider 5 it is accurately

cround at two opposite zones of the same
diameter and placed in a powerful magnetic
circult closing itself by the two zones and by
each side of the annular magnet. Two op-
posite magnetic poles are thus developed in
the zones. An annular segment 7, of an-

nealed wrought-iron, constituting a polar pro-
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Jjection, 1s securely fastened to one of the
zones by bolts 13, special care being taken
that sald segment fits perfectly over the
whole surface of the zone in order to reduce

the reluctance of the magnetic joint to a

minimum. An annularsegment 8, alsomade
of annealed wrought-iron, issecurely fastened
by similar means to the lower or other zone,
the zone-surface covered by the segment 8
being equal to the surface covered by the up-
per segment 7. The segment 8 has integral
therewith two polar projections 9 and 10, set
radially with reference to the center, the an-
gle between the two sides of each of said pro-
Jections being in the case illustrated thirty-
two degrees. It can thus be readily seen
that the magnetic field concentrated about
the magnetic poles 7, 9, and 10 closes itself
throughout space from poles 9 and 10 to pole
7. T'wo coils 11 and 12 are wound on the
polar projections 9 and 10, respectively.
Referring to Ifig. 3, 14 designates the fly-
wheel of the motor, mounted on shaft3. For
convenience 1n the present case I have se-

lected said fly-wheel to serve as an inductor,

..... I

although, as its function consistsainly in
permitting the magnetic field concentrated,
respectively, about poles 7, 9, and 10 to close
its circuit through the polar projections 15
and 16 (see Fig. 5) on the induector and the
central mass of the inductor, it i1s obvious
that any disk of suitable material would an-
swer the same purpose, the object of the con-
struction shown being to design the genera-
tor in a more compact form and to make it an
integral part of the motoritself. The induc-
tor 14 1s so mounted on the shaft 3 as to rotate
in close proximity to the polar projections of
the magnet, suitable means being provided
to prevent any possible side motion of the

inductor, which rotates within about one

sixty-fourth of an inch of said polar projec-

)

[
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As the inductor is rotated it will
cause variations in the intensity of the mag-
netic flux threading through the coils 11 and
12, and these coils will therefore become the
seats ol alternating currents differing in phase
irom each other.

Figs. 11, 12, and 13 graphically illustrate
the variations taking place simultaneously in
the coils 11 and 12 when the edges 15 and 16’
move toward and away from the poles 9 and
10, respectively, through an angular distance
of forty-eight degrees, and for convenience
of illustration I have shown in Fig. 6 the per-
manent magnet 6, the poles 9 and 10, coils 11
and 12, and inductor 14. In these ficuresthe
curve ol Iig. 11 theoretically expresses the
different values of current generated in the
coil 11 as polar projection 15 traverses an an-
gle of forty-eight degrees. The curve of Tig.
12 theoretically expresses the different values
of the current generated in the coil 12 as the
polar projection 16 of the inductor traverses
an angle of forty-eight degrees, and the curve
shown 1n Ifig. 13 theoretically expresses the
stmultaneous variation of both alternating
currents while the inductor traverses an an-
ole of thirty-two degrees. It has been found
by experiment with the apparatusillustrated
that from the point ¢ of the curve in Fig. 13
to the point @’ on the same curve the current
generated 1 coil 11 has sullicient intensity to
produce effective sparking, that being in the
present instance equivalent to an angular
distance of about sixteen degrees, while at the
same time the current generated in coil 12
does not have a sufficient intensity for that
purpose. If now the inductor 1s moved
through an angle of sixteen degrees, the cur-
rent generated 1 the coil 12 will possess sul-
ficient Intensity for the required purpose,
while the current generated in coil 11 does
not. Itwillbeseen, therefore, that during an
angular movement of the inductor of thirty-
two degrees the currents generated in coils 11
and 12 successively possess the required
energy. Relerringto Fig. 13, 1t will be noted
that the curves intersect each other at the
pomnt «’, at which point both currents have
the same mntensity. From the point a to the
pomnt b coil 11 alone is cutinto the circuit com-
prising the sparking device. From the point
b to the pomnt a’ the circuits of the coils 11and
12 are placed in parallel and jointly supply
energy to the sparking-device circuit in order
that one current-circuit shall not be cut out
belore the other is cut in and so that at all
times current will be delivered to the spark-
ing device. This condition is maintained
from the point b to point §’. From point O’
to point b* the coil 12 alone supplies energy to
the circuit comprising the sparking device.

1t 1s to benoted that at onlyone pointae’ both
of the currents have an equal intensity, but
the slight diflerence of potential existing be-
tween them when they are in parallel is not
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sufficient to cause one circuit to pump energy
into the other circuit, because of the great re-
actance of coils 11 and 12. The effective
range of sparking from the point @ to the
point 0%, as above described, corresponds to
an angular displacement of the inductor of
thirty-two degrees. If, however, a greater

range of sparking is desired, the angle of the

polar projections 9 and. 10, as well as the
length of the polar projections 15 and 16 of
the inductor, may be modified accordingly.
In the present case the sparking range ot
thirty-two degrees is sufll
ficlent ignition at variable speeds of the en-
It is unnecessary, therefore, that the
generator should deliver energy to the spark-
ing device atother periods, and for thatreason
the polar projections 15 and 16 have been
made as long as possible for the purpose of
maintaining the magnetic field in closed cir-
cult most ot the time.. -

In Fig. 1 I have shown a form ol the so-
called “make-and-break’ system of ignition.
In the combustion-chamber of the engine is
located an insulated plug or terminal 17, and
adapted to contact therewith is a lever 18,
mounted on a rock-shaft 19, the latter pass-
ing through a suitable stuffing-box inthe wall
of the combustion-chamber. The end of the
plug or terminal 17 and the contact end of
lever 18 will preferably be made of case-har-
dened nickel-steel. The contact-lever 18 1s

~ held in the position shown in Fig. 1 by the ac-
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tion of a spring 28, surrounding a reciprocat-
ing rod 21, supported in suitable guides, said
spring bearing between one of said guides 29,
integral with the engine-cylinder, and a collar
30 on said rod. The rod 21 rests upon and is
moved in one direction by the action of a le-
ver 22, loosely pivoted at 23 to a hand-con-
trolled lever 24, pivoted on a bracket 25 of
the casing. Assuming that the present mo-
tor is of thefour-cycle type, acam261smount-
ed on the cam-shaft 27, which rotates at one-
half the speed of the crank-shaft. The lever
22 is provided with a toe 55, which engages
the cam 26, so that upon rotation of shait 27
in the direction of the arrow the cam willraise
said lever 22, and consequently the rod 21,
against the action of spring 28. The rod 21
has at its upper end a collar 31, which rests
upon the end 32 of a lever 33, which lever 1s
secured to the rock-shaft 19. -~ A spring 20 1s
secured to the other or free end of lever 33
and to a fixed bracket or to the end of an arm
56, pivoted at 60 and resting at its inner end

on the guide-bracket 29. When the rod 21

is raised by the action of the cam 26 and lever
22, the collar 31 will be raised irom contact
with the end 32 of lever 33, thus permit-
ting the outer end of said lever to be drawn
down by the spring 20 to rock the shaft 19,
and thereby bring the end of lever 18 into
contact with the terminal 17. The face of

cured to the casing.

cient to produce ef--

3

| the cam 26 is provided with a step 57, s0 as to

suddenly release rod 21 as the cam wipes
from under the toe of lever 22, permitting the
collar 31 on said rod to strike forcibly agamst
the end 32 of the lever 33, resulting in a sud-
den break between the contacts 17 and 18.
The lever 24 has secured thereto a bent
spring 34, (see Fig. 8,) which spring at 1ts m-
ner ends carries two small contact-shoes 35
and 36, adapted to shde over a sector 57, se-
Sald sector carrles two
secments 38 and 39, which are insulated from
the sector by insulation 40, as shown. Two
binding-posts 41 and 42 are provided to place
seoments 38 and 39 in electrical connection
with one téerminal of the coils 11 and 12, re-
spectively, the other terminals of said coils
being connected together to the insulated ter-
minal 17. A non -inductive resistance 43
connects the two binding-posts for the pur-
pose of lessening to a considerable extent the
arc which would occur between the sectors
and the shoes 35 and 36 when either current
is open-circuited. In the constructionshown
in Fig. 1 the position of lever 24 determines
the time of break in the explosion-chamber.
If said lever is moved to the left, it is evident
that the center of oscillation of lever 22 will
be displaced to the left, and therefore the
cam 26 will act later on the rod 21, and con-
sequently the spark will occur at a later pe-
riod. - If, on the contrary, the lever 24 1s
moved to the right, the cam will act at an
earlier period, and consequently the spark
will occur at an earlier period of the piston-
stroke. When the lever 24 is moved to the
richt, both contact-shoes 35 and 36 rest on
the segment 39, thereby grounding the coil
12, in which at that time and during the en-
tire time that the lever 24 is being moved to
the right there will be sufficient electrical en-
eroy to produce a spark having the necessary

heat value to explode the mixture. II the

lever 24 is moved toward the lett, 1t follows
that the current from coil 11 will supply the
breaker-circuit with sufficient energy to at-
tain the same result. When the lever 24 1s
in such position that the circuits 11 and 12
are connected in parallel by both of their ter-
minals 41 and 42 being grounded, said coils
possess sufficient energy to supply jointly the
sparking device for the desired purpose. As

the inductor rotates at the same speed as the

‘motor-shaft, it follows that there exists a con-

stant relation between that period of the pis-
ton-stroke during which sparking must occur

“at some definite time, according to the piston

speed, and. the period of current generation,
during which sufficient current for sparking
purposes is generated at all times. It will

also be seen that while the lever 24 is being

moved directly or indirectly across the sector
37 a spark will occur at variable times 1n the
explosion-chamber; but at whatever time 1t
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occurs there is always sufficient energy deliv-
ered by either one of the coils singly or by
both of them jointly to the sparking device
for the purpose desired.

In Fig. 2 T have shown a motor equipped
with a jump-spark system, 44 designating
any suitable form of jump-spark plug located
in the combustion-chamber. Again assum-
ing a four-cyele motor, I secure to the end of
the shaft 27 (see Figs. 9 and 10) an arm 45, to
which at one end is pivoted a lever 46, hav-
ing at its free end a roller-contact 47. The
lever 46 has a depending portion 58, between
which and a depending portion of arm 45 is a
spring 59, which tends to maintain the roller
47 1n close rolling contact with a fiber ring
48, sa1d ring bemng securely fastened inside a
circular socket 50, which latter is free to rock
on the end of the shaft 27.  An oil-cup 60 on
the socket feeds oil to the bearing on the
shatt. A contact-plate 49 is Inserted at a
suittable point in the fiber ring 48, said ring
being capable of rotary adjustment through
the medium of a hand-lever 51, secured to
the supporting-socket 50. The lever 51 has
attached thereto a spring 34, Fie. 7, which
spring carries contact-shoes 35 and 36 adapt-
ed to be moved over segments 38 and 39 in all
respects similar to that shown in Fig. 8 and
as above deseribed in connection with the
make-and-break system of Fig. 1, except that
no shunt is provided. The position of lever
51 determines the time of sparking in the
jump-spark system in a manner similar to the
position of lever 24 described in connection
with Fig. I—thatis, by movinglever 51 down-
ward or to the left the ring 48, with contact-
block 49, will be moved to the left, and as-
suming that the shaft 27 is rotated in the di-
rection of the arrow the contact of roller 47
with plate 49 will occur at a period later than
that when the lever 511sin the positionshown
in Iig. 2. Therefore the make-and-break of
the current will occur at a later period, there-
by delaying the time of sparking. On the
contrary, when the lever 51 1s moved upward
or to the right the contact-plate will be
moved to the left, so that the contact of the
roller 47 with said plate will occur at a period
earlier than in the position shown in Iig. 2,
resulting in an advance of the time of spark-
ing. One terminal of the coils 11 and 12 is
connected to the contact-plate 49, the other
two terminals being connected, respectively,
to the binding-posts 41 and 42. One end of
the primary induction - coil is connected to
the contact-plate 49, the other terminal 54
being grounded in the casing at 61. A con-

denser 53, having a condensance equal to the
reactance of the primary,is connected to the
terminal 52 and to ground. The secondary
of the induction-coil is grounded in 54, and
the other terminal is connected to the jump-
spark plug 44.

The same constant relation

808,554

existing between the period of current gener-
ation and the time during which sparking
must occur at some deflinite time, according
to the piston stroke, as before described in
connection with the make-and-hreak system
of 1gnition, exists in the jump-spark system
of 1gnition.

The drawings show the polar projections 7,
0,and 10 as slotted in order to prevent closed-
circuited currents around the edees of said
projections.

What 1 claim, and desire to secure by Let-
ters Patent, 15—

1. A system for ieniting combustible mix-
tures m 1internal-combustion engines com-
prising a polyphase alternating-current gen-
erator having its rotor driven at a speed pro-
portional to that of the engine-shaft, and
means for varying the time of operation of
the sparking device constructed to connect
electrically said device to the generator at
the time of generation of either of the alter-
nating currents or of both of them jointly ac-
cording to their respective intensitics.

2. The combination with an internal-com-
bustion engine having a spark-producing de-
vice, of a polyphase alternating-current gen-
erator, means for driving said gencrator at a
speed proportional to that of the engine-
shalt, means for connecting to the spark-pro-
ducing device {irst that one of the polyphase
circuits the current of which is passing
through its period of maximumn intensity;
then for connecting both circuits to the spark-
producing device while their respective cur-
rent mtensities are equal or nearly equal;

then fTor disconnecting the {irst-named cir-

cutt while 1ts current is passing through its
period of minimum intensity and leaving con-
nected to the spark-producing device the sec-
ond-named circuit while its current is passing
through 1ts period of maximum intensity.

3. The combimation with an internal-com-
bustion engine having a sparking device, of a
polyphase alternating - current generator
having 1ts field-magnet supported in an ad-
justable frame or spider, and an inductor
connected to the engine-shaft so as to he
driven at a speed proportional to that of the
engime-shaflt.

4. The combination with an internal-com-
bustion engine having a sparking device, of
means to vary the time of sparkine compris-
Ing a cam, a lever actuated by said cam, shift-
g means to vary the positions of said cam
and lever relatively to each other, and con-
tact-segmentsmecluded in the current-circuits
over which said shiftingmeans may bemoved.

5.. The combination with an internal-com-
bustion engine having a sparking device, of a
polyphase alternating-current generator for
delivering the current or currents to said
sparking device, contact-segments included

| In the current-circuits, means for varying the
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time of sparking comprising a cam, a lever | signed my name in the presence of two sub-
actuated by said cam, and means for shift- | scribing witnesses.

ing the position of said lever and cam-sur-
faces relative to each other, said shifting LEON JULES LE PONTOILS.
5 means being adapted to move over said con- |  Witnesses:

tact-segments. i. K. PORTER,

In testimony whereof 1 have hereunto | CHARLES O. JONES.
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