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To all whom it may concern:

Be it known that I, Lrox J. L Poxrois,
a citizen of the French Republic, residing
at New Rochelle, 'in the county of West-
chester and State of New York, have in-

~vented certain new and useful Improve-
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ments in Tgnition Devices for Gas-Engines,
of which the following is a full, clear, and
exact specification. - ’ s

provements in the method and means of ig-
niting explosive gases in internal combus-
tion enginnes, and more particularly to the
so-called “touch spark” or “make and
break method”. =~ - ‘

It further relates more éspecially to that
type cf ignition device known as “electro-
magnetic spark plugs”. In such spark
plugs the sparking electrodes are separated
from each other by the agency of a suitable

_electrc-magnet energized by the same cur-
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rent which is interrupted at the spark ter-
minals and have the advantage of facilitat-
ing changes in the timing of the ignition
during operation of the engine. These elec-
tro-magnetic spark plugs have heretofore
been subject to various objections, among
which may be stated their unreliability in
operation at high speeds, owing to the in-
creased self-induction of the electro-mag-
net for separating the electrodes and owing
to the inertia of the moving parts: Their
operation is also rendered unsatisfactory by
reason of the electrodes becoming coated
with oil or carbon deposits.
the short length of the arc established at
each break between the electrodes due to the
vibrating action is also objectionable  be-
cause gases do not have free access to the
arc and because the heat of the spark is par-
tially dissipated by conduction through the

mass of the electrodes instead of being im- |

parted to the gases. By my invention, these
and other cbjections are overcome. »
In accordance. with my invention, the

functions previously performed by a single

current are divided, and I provide in addi-
tion to the ignition circuit an auxiliary cir-
cuit which serves to interrupt the ignition
circuit so as to cause the electrodes to become
separated from each other to a distance com-

‘parable in length to that which can be ob-

tained by mechanical means. Furthermore,
1 arrange the energizing circuit of the elec-
tro-magnet so that the latter will be ener-

My invention relates in general to im-

Furthermore,

gized slightly ahead of the time. at which
the ignition should occur -in. order  to _cor-
rectly time the ignition and to produce an
ample spark of suitable length. The lag
due to self-induction of the electro-magnet
and the inertia of the moving elements is
thus compensated for regardless of the speed
of the engine. D L

‘In my preferred form the currents differ- -

g in phase for ignition and for actuating
purposes are derived from an alternating
current generator which serves to supply al-
ternating currents to circuits differing in
phase, and in which the rise and fall of the
alternating waves are in such relation to the
engine that the ignition occurs in accordance
with the alternations derived from the gen-
erator. : , v
These and other features of my invention
will be understood from the following de-
scription and accompanying drawings, in
which— , , e
Figure 1 is a longitudinal cross-section of
my preferred form of generator; Fig. 2 is a
cross-section thereof on the line 2—2 of Fig.
15 Fig. 8 is a cross-section on.the line 3—3
of Fig. 1; Tig. 4 is a side view, partly in
section and partly broken away, of the elec-
tro-magnetic spark plug; Fig. 5 is a cross-
section on the line 5—5 of Fig. 4; Fig. 6 is
an end view of the spark plug; Iig. 7is a
side view therecf; and Fig. 8 is a diagram
indicating the connections. -
¢ My preferred form of alternating current
generator 1s of the inductor magneto type,
in wnich the generating windings are sta-
tionary, thus obviating the use of any
brushes or sliding contacts, . =~ .
Referring to the structure of this gener-
atcr shown in Figs. 1, 2 and 3, the same com-
prises pedestals 1, 1 for supporting the ma-’
chine as a whole and having bearings for

‘permitting the angular adjustment of ‘the

external element of the machine to any fixed
pesition desired for adjusting the time of
maximum current generation. The external
field element is circular in general outline
and comprises two portions built up of lami-
ne 2 of the form shown:in Fig..2. Each
lamina of iron or steel comprises perma-
nently magnetized hardened portions 3, 3’
having integral therewith the soft iron po-
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lar projections N, N’ and S, S, as well as .

soft iron connecting bridges 4, 4". The soft
iron polar extensions and connecting bridges
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may semetimes be removably secured to the

permanently magnetized portions 3, 3’ of.

hardened iren, but T prefer to form all of

" these parts in an integral lamina or plate,

as indicated in the drawings. Tach of the
plates 2 may be magnetized by placing the
surfaces of the two opposing central por-

- tions in close proximity respectively to the
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north and south poles of a powerful magnet,

which will complete its magnetic circull

through the portions 3, 3’ and develop two
consequent pales of opposite polarity in the
central opposing porticns. The extensions
N. N’ will therefore assume one polarity,
say north, while the extensions S, S’ of the

" opposite central portion will assume the op-

pesite or scuth polarity. I have cbtained
the ‘best results by placing the plates 2 in
clcse preximity to the magnetizing electro-
magnet, as above referred to, while the
plates are at a tersperature of 715 degrees
(. The portions 3, 3’ which are to be per-
manently magnetized are then suddenly
cooled and hardened while under the infiu-
ence of the magnetic field. The central por-
tions comprising the polar extensions and

the connecting bridges 4, 4’ remain annealed, |

and when the plate is removed from the in-
fluence of the electro-magnet, the central
portions are magnetized only by the induc-
tive action of the permanently magnetized
porticns 8, 3 By thus providing an inte-
gral plate which is hardened and perma-
nently magnetized in inner portions, while
having soft iron portions of high perme-
ability, 1 obtain magnetic circuits of mint-

‘mum reluctance, and also secure great

strength and rigidity in the magnetic struc-
ture. It will be noted that the form of the
field structure secures a very compact ar-
-angement, giving small size to the machine.
1 may, if desired, provide means for assist-
ing the magnets in maintaining a high field
strength, such as described in my pending
application Serial No. 443,023, filed July 11,
1908, but such particular construction and
arrangement of circuits form no part of my
present invention.

The plates 2, after being built up to form
the field ov frame, ave clamped together in
any suitable manner, as by through-belts 5,
and supported as a whole by end plates 6,
which are rotatably mounted in the pedes-
tals 1. The field frame, as shown in Fig. 1,
comprises two sets of plates 2 spaced apart
by a ring 7. Wound around the bridge por-
tions 4, 4" of one set are the main generating
coils 8, 8’, which may be connected in series
or in parallel with each other, as desired,
and which supply the ignition circuit.
Wound avound the bridge portiens &, 4” of
the other set of plates 2 are the generating
windings 9, 9 which may be connected in
series or in.parallel with each other, and
which supply current to the coil of the elec-

1.045,85%

tro-magnetic means for separating the spark-
ing electrodes. Between the two sets of the
lamine and the end plates § are placed
spacing rings 10 for the purpose of allew-
ing the space for the end turns of the gen-
erating windings. Around the entire field
frame is a non-magnetic sheathing 11 _for
protecting the parts.

Within the extensions forined upon the

end plates 6 are roller bearings for support-

ing the shaft 12, which in turn supports an
inductor or rotor 18 colperating with one
set of plates and the generating windings 8.
8’. and also supports an additicnal inducter
er rotor 14 which codperates with the other
set of plates and the generating windings 9,
9’. The form of the inductors is shown in
Fig. 2 and they are displaced angularly with
reference to each cther, as indicated in Fig.
2 for the purpcse as hereinafter deseribed:
The shaft 12 will be driven by the gas en-
gine whose sparking is to be contrelled and
the gearing cr other driving connection will
be such as to give a certain definite relation
of the speed and position of the induciors to
the engine.

With reference to the generation of cur-
rent or electromotive force in the two sets

_of generating windings, a general statement

as to one set of windings will apply to the
other, as the actions are similar in vach,
with the exception that by reason of the an-

‘gular displacement of the inductors. the

phase of electromotive force and current in
one set of windings will be diffevent from
that in the other.

Referring mere particularly to Ifig. 2,
it will be seen that the magnetic flux tends
to take the path from the poles N..N’ to
the poles S, 8, returning through the per-
manently magnetized portions 3, 3. DBy
reason of the rotation of the inducter 14,
however, the magnetic flux through the
generating coils 9, 97 is alternated in di-
rection and thereby causes an alternating
electromotive foree to be generated in said
coils. With the position of the indnetor 14
shown in Fig. 2, the same furnishes a dirvect
path for the magnetic flux from the pole
N’ to the pole S. and then in one path
through the yoke portion 3" and through the
coil 9 and bridge portion 4 to the pole X',
and in another path from the pole S
through the coil 9" and ‘bridge portion 4/,
thence threugh the ycke portien 3 back
to the pole N’. Assuming the votation in
the direction cof the arrow, it will be seen
that as the rotor passes from the position
shown in Fic. 2, the reluctance of the cix-
emit woll be inereased tending to cause a
decresze in the strength of the magnetic
flux throueh the generating windings, and
when the roter 14 is passed to the position
extending between the poles N and &7, it
will be seen that the direction of the mag-
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* netic flux ,thvx'ough the genera‘tix‘lgA coils' is

10

- flux caused by the change in position of the .
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~ generating windings 8, 8’
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- cam 15. United with one of the end plates

~ controlled thereby.
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~ through the portion 28 is’an insulated rod’

“pole 8, and then in one path through the

.within the casing is an arm 18 carrying a

for,connection to a circuit and an electrode |
.31 at the other end.” In the center of the |
© plug-is_located ‘another rod 32, ‘which “is.
... angularly movable and carries at its inner.

. 1,048,

thereby reversed; thus the path will": be
from the pole N through the inductor to

yoke 3 and generating coil 9 to pole N, -and
In ancther path from S’ through the gen-
erating: coil 9’ and yoke portion 3 to the
pole N. : The direction of flux through the
generating coils is therefore opposite .in
direction: to that occurring when the rotor
is in the position shown in F ig. 2, and con-
sequently. the rapid reversal -of magnetic

rotor will cause an electromotive force to
be _generated in the ‘generating coils.  As
the rotation of the inductor 14 is continued,
the magnetic flux through the generating’
coils will be varied and reversed accord..
ingly, and it will-be seen that for each com-
plete revolution of the inductor 14, two com-
plete alternating current waves will be gen-
erated. The same is true of the generation -
of electromotive force and current in the

At one end of the shaft 12 is mounted a

6 is a casing 16, which, together with a
cover plate 17, incloses the cam 15 and parts
Pivotally. mounted

roller 19 adapted to engage the cam 15. A
spring 20, extending between the part of the -
casing 16 and an extension 21 from the arm
18, tends to maintain the roller 19 in con-
stant engagement with the cam. The ex-
tension 21 carries a flexible contact strip 22,
which, being controlled by the movement

and break connection with a fixed contact.
23. 'The latter is supported by a metal por-
tion 24 which extends through and is in-
sulated from the casing 16, and is provided
at its outer end with'a terminal 25. A web
26 is formed® within the cusing 16 for the
purpose of preventing oil from - being
thrown into' the upper compartment in
which- the contacts are located. The cas-
ing 16 is shown as having a rod 27 connected
to'the upper portion thereof, and by means
of this rod the operator may adjust the
pesition of the field elements and other
parts angularly with reference to the shaft,
the whole béing movable in the pedestals 1, 1.

The' electro-magnetic ‘spark plug com-
prises the usual main porticn 28 adapted
to make a threaded engagement with"-the
head of an engine cylinder, and extending

29 having a terminal 30 at one end adapted.|

end an arm 33 forming the other electrode. |
The main plug supports a franie 34, ‘which'

‘trode 31. - The outer
‘tends’ through- the " franie’

-grounded on the engine, the cnrrent r

windings through a ground

strip 22 and fixed cont

859 8
is secured to the plug by bolts 35, the said
bolts passing through slots’ in ‘the frame 34

80 as to allow ‘angulay”adjustment of the

frame 34 and its parts with reference to the °

main portion of the plug and'the’ fixed elec:
~8id of the tod 32 ex-

‘31 and' carries

fixed thereto a movable drmiature 36 aving
two portions adaptedi+s’ raf Spéc: 1

00

tively with the two polés of ‘a'¢6
electro-magnet.” A ‘spii ¢
cuter end. of the rod: 32, ‘of
spring being fixed tlieveto:

0" the “sleeve

cf the armature 86, and:the other end ren-

gaging one .of the pole of “the coré 37 as
indicated at 39 in Fig:5; *his:spring tends
to_force the armature: away from' the
poles of the magnet against a :pin:40 fixed
to the frame 34, and«aﬁn

the electrode 33 normally in::engagemenit

with the fixed electrode.81. - The poles:.of

ereby ‘tends to hold -
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the electro-magnet are +Shown.-as-being se- -

cured to the non-magruetic » frame: 34 by

screws, and it will be understood. that these - . .

Ppoles and the core 37.may be laminated; if

desired. The coil 41:of: the: electro-magnet

1s shown as being formed, sipon.the, core 37,

‘The generating coils 8,

8. are.connected in

33, current from one

lead passing to the ter-
1,

minal 30, through rod 29.to the electrods
thence to electrode 83 and rod g2 which.
urn;

920

«a . circuit, which includes, the. electrodes 81, o

95

ing to the other termingl of the generating ..

-connection;
Current from one terminal of the windings
9, 9 passes through the'el mag 01
41 and is then grounded: and passes by the
grounded’ connection through the flexible,
act 23 to, the terminal
oh is mide.to the

S oy -
1cally 1

25, from which coneé
other terminal of the c
nections are diagramm

ndicated, in

Fig. 8, the ignition circuit being shown as in-
cluding the coils 8, 8" in series ‘and includ-

ing the fixed electrode 81 and movable elec-
trode '83. The windings'9, 9" are shown
connected in series and including the ‘mag-
netic coil 41 and the contacts 28, 24' of ithe
interrupter shown in'"

is diagrammatically shown in Fi
ing upon an armature
make and break betwe

cated for ignition'in a"single ‘eylinder; and

-magnetic.coil

Fig."3." The coil 41'
*for catising the
{ thecledtrodes 31
33, . The connections ‘and cifcuits ‘are:indi-
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it will' be understood: ‘b’g‘th(‘)'s‘efskﬂled ‘in‘the"

art that application' o

From the above descr iption of $he opera-

tion of the generator, it will'be¢ understood
that for -each revolitién 6f ‘the rotor two:
itiv egative:
-current .waves are generated in each set of:
windings. T préferably’ so shape the polar.
projections and the rotors in‘relation there-

positive current waves and‘tw

‘this invention may
‘be made to any desired number of cylinders.”
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to, as shown in Fig. 2, that the two current

or electromotive force waves in say the pgosi-
tive direction are very abrupt and attain a
high magnitude, whereas those in the oppo-
p Site, or say negative direction, are less
abrupt and more uniform and attain a lesser

magnitude. The parts are arranged so that

the ignition contacts are separated approxi-
aately at the peak of the current waves in

- 10 the circuit of the windings 8, 8’, and I pref-
erably utilize the two more uniform waves
appearing -in the circuit of windings 9, 9’

- for the purpose of actuating the armature
86 for separating .the- ignition electrodes.
Thus for producing. the spark I use sharp
waves having high peaks for a short period
and so obtain all possible available energy
for spark discharge, whereas for magnetic

operation T preferably utilize smooth waves, -

20 which secures better operation by reason of
“the self-indugtion of the circuit. The rela-
tionship of the armatures 13, 14 for obtain-
ing this operation with the respective waves
would be obtained by placing them at an
25 -angular relation of agproximately 90 de-
--grees. It being desirable, however, to com-
pensate for self-induction and inertia of the
magnetically operated parts, the armature
14 1s advanced angularly a certain amount
30 so that, as shown in Fig. 2, the angular dis-
placement of these armatures is less than 90
degrees for the purpose of this compensa-
tion. I :
In operation, the shaft of the generator
35 will be driven from that.of the engine in
fixed relation thereto, and it will be under-
stood from the above that the electro-motive
force of the coils 9, 9’ is generated slightly
in advance, as regards phase, of the elec-
40" tromotive force generated in the windings
_ 8, 8”. By reason of this advance in phase,
the self-induction of the actuating-circuit
and inertia of the moving parts, such as the
armature 36 and rod 32, are compensated
45 for so that when the maximum current of a
sharp wave from the generating windings
8. 8/ is supplied to the ignition circuit, the
electro-magnetic device will cause the elec-
trodes to be separated. »
50 adjusted in relation to the other parts that
the contact 22 will be forced into engage-
ment with the contact 23 and cause current
to flow in the coil 41 so that the armature 36
will-be attracted by. the magnet poles and
55 separate the electrodes upon the occurrence
. of maximum electromotive force of a smooth
wave in the windings 9, 9. The closing of
the cireuit of coil 41 thus tends to secure a
- rapid movement of the movable electrode 33,
80 und together with the advance in phase of
the electromotive -forece in windings 9, 9,
will secure a separation of the electrodes ai
the time of maximum current flow in the
ignition circuit. It will be seen that the
65 electro-magnetic actuating device. thus se-

The cam 15 is so.

1,045,850

cures a quick separation of the contacts and
also a separation to such a distance asg will
proeduce a spark of considerable lepgth.
[urthermore, as this separation occurs at the
time of maximum current flow of a sharp
wave in the ignition circuit, a heavy spark

‘will be obtained. When the cam allows the

contacts- 22, 23 to separate, the armature

will snap back'to its normal position by the’
.action of the spring which allows the igni-

tion circuit to be again closed, and upon the
next closure of the circuit of the electro-
magnet by the action of the cam the above-
described operation will be repeated.

It will 'be understood that various modi-

fications may be made in the form of appa-

ratus used, as well as in the arrangements
of the circuits, without departing from the
scope of my invention.

‘Having thus described my invention, T
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declare that what I claim as new and desire

to secure by Letters Patent, is: :

" 1. An ignition deviee comprising an alter-
nating current source, sparking electrodes,
an ‘ignition ecireuit, eleétre-magnetic means
comprising an auxiliary circuit for separat-
ing said electrodes, and means whereby the
electromotive forees impressed wpon said
circuits are displaced in their phase relation
to each other. ‘

2. An ignition device comprising sparking
electrodes, an ignition circuit., an alternating
current’ source in said circuit, electro-mag-
netic means comprising an auxiliary circuit
for separating said electrodes. an alternat-
ing current source in said auxiliary cireuit.
and means. whereby the electromotive forces
of said sources are displaced in their phase
relation to each other.

3. An ignitien device comprising elec-

‘trodes, an ignition circuit, an alternating

current scurce in said cirenit, electro-mag-
netic means comprising an auxiliary circuit
for separating said electrades, an automatic
circuit closer in said auxiliary cireuit, an al-
ternating current source in said auxiliary
circuit, and means whereby the electromotive
forces of said sources are displaced in their
phase relation to each other. :

4. An ignition device of the make-and-
break type comprising sparking electrodes, a
source of alternating electromotive force,
means for conducting current from said
source to said electrodes. electromagnetic
means for separating said electrodes, and
functionally related controlling means for
caunsing said electrodes to be separated when
the current passing through said electrodes
from said alternating source has a maximum
value. : ' :

5. An ignition device of the make-and-
break type comprising sparking electrodes,
electromagnetic means for separating said
electrodes, a source of alternating electro-
motive force, means for applying out-of-
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phase waves of electromotive force to said
electrodes and to said means respectively,
and functionally related means for causing
said electrodes to be separated when the cur-
rent passing through said electrodes from
said source has a maximum value. -

6. An ignition device of the make-and-
break type comprising sparking electrodes,
electromagnetic means for separatin
electrodes, a source of alternating electro-
motive force, means for causing an electro-
motive force wave from said source to be ap-

plied to the circuit of said electromagnetic

means, which is in advance of the electro-
motive force wave applied to the circuit of
said electrodes, and functionally related
means for causing said electrodes to be sepa-
rated when the current passing through said
electrodes has a maximum value.

7. An ignition device of the make-and-
break type comprising sparking electrodes,
electromagnetic means for separating said
electrodes, a source of alternating electro-
motive force, means for applying out-of-
phase waves to said electrodes and to. said
electromagnetic means respectively, means
for controlling the circuit of said electro-

magnetic means, and functionally related

means for closing said controlling means
when the alternating electromotive force ap-
plied to said electromagnefic means has a
maximum value. '

said

8. An ignition device of the make-and-
break type comprising a spark plug having
make-and-break eleotrodes, means normally
helding said electrodes closed, electromag-
netic means mounted on said plug for sepa-
rating said “electrodes, circuit connections
for the ignition circuit and electromagnetic
circuit respectively, and means for supply-

‘ing energy from an alternating current
source to said circuits and for causing the-

electromotive force of the energy impressed
uﬁon one of said circuits to be displaced in
phase with reference to that impressed upon
the other of said circuits.

9. An ignition device of the make-and-
break type comprising sparking electrodes,
electromagnetic means for separating said
electrodes, a source of alternating current
electric energy supplying electromotive force
waves of an abrupt character and waves of a
less abrupt character, and means for causing
said electromagnetic means to be controlled
by a wave of a less abrupt character and to
interrupt the current through the electrodes
when a current wave of abrupt chardcter
passes through said electrodes.

In testimony whereof I affix my signa-

ture, in presence of two witnesses. .
‘ LEON J. 12 PONTOIS.
Witnesses:

Gro. U. Kerg,
Geo. A. Horrmax.
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