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Specification of Letters Patent.

Patented May 8, 1917.

Application filed April 27, 1915; Serial Wo. 24,252,

To all whom it may concern.:

Be it known that I, Ricrarp VarLEy, a
citizen of the United States of America, re-
siding at Englewood, in the county of Ber-
gen and State of New Jersey, have invented
new and useful Improvements in Electrical
Systems, of which the following is a speci-
fieation. ’ :

This invention 1is an electrical system
wherein a high tension flow or discharge of
current is effected at a current using instru-
roentality, such as a spark gap or the spark
plig of a cylinder of an internal combustion
engine.

As such a system I aim for high efficiency
in spark discharge or energizing of the cur-
rent using instrument, simplicity of con-
struction and arrangement and fiexibility.in
control.

In Letters Patent 1,081,413, granted to me
on December 16th, 1913, T disclose an elec-
trical system employing a transformer
wwherein the magnetic flux may be built up
to a supernormal -state of intensity for pro-
longed energizing thereby of a current using
instrumentality. In said Letters Patent I
show means for controlling the flux and com-
prising essentially a circuit adapted to be
opened and closed at desired intervals to
effect periodical discharges of current at the
instrumment, and issued on applications di-
vided from the disclosure of the specifica-
tion of the said Letters Patent are Letters
Patent No. 1,108,385, granted to me. July
14th, 1914, and No. 1,112,177, granted to me
September 29th 1914, and wherein are dis-
closed means, comprising a plurality of cir-
cuits, one or more of which are used in

“building up and in controlling the state of
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flux in the transformer.
In the latter two Letters Patent said cir-

cuits are shown as comprising windings on.
a plurality of legs of the transformer core.’

"These windings may both be energized from
a sonrce of alternating current or from a
source of continuous current. When con-
nected with the source -of alternating cur-
rent, preferably the circuit of only one of

‘the windings is interrupted to obtain current

discharge, and . when cennected with the
source of continuous current preferably both
circuits are interrupted. »

In the present case I disclose a system
employing a transformer having a plurality
of windings one of which comprises a choke
winding or circuit when the transformer is

1

1
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‘ment in ignition systems.

energized from a source of alternating cur-
rent, but which may be used as an energiz-
ing winding for the transformer for ener-

‘gizing the current using- instrumentality
from a source of continuous current, such
“as a battery.

T also herein disclose other novel features
of construction, all of which will be here-
inafter more tully set forth in the following
description in which reference is made to
the accompanying drawings and which is
addressed to those skilled in the art. .

In the drawings I have shown my inven-
tion as applied to an ignition system where-
by the gaseous charges in the cylinders of
an internal combustion engine, may be ex-
ploded. However, my invention-is not lim-
ited in use but, on account of the advantages
obtained thereby, it finds desired embodi-
Tt wlso will be
apparent that many changes may be made
in the construction and arrangement shown,
without departing frem my invention.

Figure 1 is a diagrammitic view of an
ignition system embodying my invention;
¥ig. 9 is a similar view showing a modified
form of interrupter mechanism; Fig. 3 is
a diagrammatic view showing an arrange-
ment wherein a plurality of transformers
are employed to energize a plurality of spark
plugs or current using instruments; ¥ig. 4
is a similar view, showing a manner of ntiliz-
ing the magnetic flux of the transformer
cove, to operate the current responsive inter-
rupter mechanism; and Fig. 5 is a similar
view showing a modified manner of mount-
ing the interrupter mechanism and of dis-
posing the windings on the legs of the trans-
formers. '

In Fig. 1, the numeral 2 indicates the core

of a transformer 3 that corresponds gener-
ally with thaf disclosed in my several above

mentioned TLietters Patent in that it is pro-’

vided with a plurality of windings, herein
indicated by the numerals 4 and 5, by means
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of which a magnetic flux is caused to be -

built up in the core to a supernormal state
for emergizing of a secondary winding 6,
which is grounded and leads to the rotatable
arm 7 of distributer apparatus 8 the seg:

ments 9 of which connect with the spark

plugs of the cylinders of the engine (not
shown) sin® the usual manner. Switch
mechanism 10 is employed t6 establish be-
tween the winding 4 and-an alternating cur-
rent generator 11 and rbetween winding 5
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and a source of direct current, such as bat-
tery 12, cifcuit connections under control of
roller timer apparatus 13 and interrupter
or contact mechanism 14, in the manper
hereinafter more fully described.

The alternating current. generator 11
(here shown as of a type for a four cylinder
four cycle engine) has its energizing cir-
cuit or inductive winding grounded at one
end, as at 15, while the other end is adapted

" to connect through switch contacts 16 and

15

17 and 18 of switch 10 with ‘winding 19 of
the interrupter mechanism 14 which 1n turn
through switch contacts 20, 21, and 22 may
he brought into. circuit with transformer
winding 4 when the rotatable arm 23 of the

roller timer 13 passes to a timer segment 24,
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grounding the circuit, as at 25 in common

with ground 15; the switch blades 17 and 21
being movable into bridging contact” with
the respective associated contacts 16 and 18
and 20 and 22, when arm 26 of the switch

10 is shifted to “magneto” position marked"

“M” on" the index plate 27 of the switch

mounting. When the switch arm is shifted -

to this magneto position, switch contact 28
bridges contacts 29 and 30, thereby causing
the winding 5 of the transformer to be nor-
mally short circuited through afixed con-
tact 31 and contact 82 carried by an arma-
ture blade 33 arranged in attractive juxta-
position to the electro-magnet core 34 of
said interrupter mechanism.

The roller timer mechanism 13 is geared

to be driven in synchronism with the engine,

as in the usual manner, and with-the switch

" mechanism 10 adjustéd for magneto con-

40
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nections in the manner above described,
it will be apparent that, with driving by
the engine of the generator 11 to produce a
suitable alternating current, travel of the
timer arm 23 into engagement with the seg-
ment 24 will close the circuit of the trans-
former winding 4, setting up a flux in the
core thereof. With the circuit of the wind-

ing 5 closéd by the interrupter mechanism’
14, said winding acts as a choke upon the-
_travel of the magnetic lines of force set up

" in .the transformer core, causing a repres-

50

'sion thereof from that particular pertion of .

the core in such manner that, with sufficient

source strength, the lines of force tend to:
take a leakage path intermediate the sides-
or legs of the transformer. -As the current

wave approaches or reaches its maximum
point or period of flow the core of the elec-

_ tromagnet 14 will be sufficiently energized,

60
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the. armature 33 and separate. contact 32
from contact 31, and thus suddenly opening

the circuit of the winding 5, Opening of -

the circuit of this winding 5 causes the re-
pressed flux to assume the normal magnetic

path of the core, causing in the leg carrying

1,225,534
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the secondary winding 6, & magnetic surge -

of great intensity which immediately builds
up in the secondary winding 6 a voltage ca-
pable of instantly breaking down or bridg-

1ng the gap of a spark plug connected 1n

circuit through the distributer arm 7 and a
segment 9. During the time the roller timer
arm 23 is in engagement with a segment 24,
the winding 4 of the transformer remains in
active circuit with- the generator so that
during and after the first disruptive move-
ment of the flux in the core, the tendency is
to maintenance of an active state of flux for
prolonged energizing of the eurrent using
instrumentality, all as clearly set forth

in my above mentioned Letters Patent

1,081,413, o

By employing the roller timer 13 or other
suitable contact mechanism for intermit-
tently establishing the above mentioned cir-
cuit closure, I provide means for 'bringin%
the transformer winding 5 into circuit wit
the source of continuous current or battery
12, when the switch arm 26 is shifted in an
opposite - direction or to battery position

marked “B” on the indicator plate 27.°

Shifting of the switch arm to battery po-
sition canses the switch blade 21 to connect

. contact 20 with contact 35 and to cause con-

tact 17 to bridge contacts 18 and 30. Asa
result the interrupter winding 19 is con-
nected in circuit with the contacts 31 and
32 so that the armature blade 33 vibratorily
responds to cause a pulsative flow of current

from the battery through the transformer.

winding 5 when the roller timer arm 23
passes to a segment 24 and completes said
battery circuit through grounds 25 and 12°.
Energizing of the winding 5, of course, in-

duces a high potential current in the sec-:
ondary winding 6, as is well understood,.

70

75

80

85"
90
95
100

105 -

when the circuit of winding 4 is open, for

energizing of the spark plug connected in
circuit by the synchronously driven dis-
tributer mechanism 8. - A usual condenser
36 is preferably connected across the con-
tacts 31 and 32.- - - I
‘With the switch arm 26 shifted to “B” or
battery connection, it will be seen that the
generator 11 and the transformer winding
4 are brought out of active-circuit.” The
arrangement shown is such that the battery
current may-be utilized through this same

transformer in starting the engine or at such .
times when the generator is running at a

speed non-productive of effective energizing

rent. -~ . : :

- In Fig.-2 T have shown the system illus-
trated in Fig. 1 but have also shown a modi-
fied form of interrupter mechanism 14 em-
bodying a polarized magneto or relay selec-

-tive of a certain portion of the alternating

current. - Said- portion may be either the
positive or the negative part, the interrupter

110

| ufficient ! ..of ‘the transformer by the alternating cur- .
by reason of the magnet winding 19 in the . o

circuit of the generator winding, to attract

130 .
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preferably being operated by the higher ten-
sion values of the portion employed that is,
being responsive at or near the peak of the
current wave. This selective interrupter
comprises, more specifically stated, a mag-
net 34* the leg 37 of which has a permanent

magnetism. Another leg or pole piece 38

of the magnet carries the winding 19 above

described in connection with FIO‘ 1 Either -

pole or leg 37 or 38 singly is ineffective to
attract the armature 337, The arrangement
ig such that the interrupter will respond to
interrupt the circuit of the trinsformer
winding 5 to currents flowing in one di-
rection on]y It will be assumed that the
leg 37 is of “N” or “north” polarity and
the leg or pole 38 of “S” or “south” polarity.
The winding 19 may be so arranged as to
cause an increase in the energizing of the
pole 38 when the positive portion of the
current wave traverses the winding 19, so
that when it rises to its maximum value it
will attract the armature blade 33" for open-
ing of the circuit of the winding 5, for the
purpose above set forth, but when the nega-
tive portion of the current wave traverses
said winding 19, the-pole 37 will be weak-
ened, so that the armature 33" does not at-
tractively respond for separation of the con-

} tacts 31 and 32, or the arrangement may be

reversed, if desired, so that the negative por-
tion only of the wave may operate to actuate
the interrupter mechanism, it being premised
that my invention is not limited to utiliza-
tion of any particular portion of the current
wave. 1t also will be apparent that I may
use any suitable form of magnet function-
ally corresponding to the magnet above de-
seribed. -

Among the advantages of the arrangement
shown in Fig. 2 is the following: In Fig.
1 it will be seen that with the employment
of a generator of the high frequency type,
a plurahty of pulsations may traverse the

= winding 19 of the current responsive inter- -

rupter durmg travel of the controller of
timer arm 23 over a segment 24. As a re-
sult the current interrupter mechanism 14,
unless otherwise controlled, responds to sep-
arate the contacts 81 and 32 at each im-

puilse or rise of the current to maximum

value, causing the transformer to deliver a
succession of sparks at the plug during the
engagement of the distributer arm with the
respective plig segment 9. In the present
arrangement of Fig. 2, the selective or po-
larized interrupter is responsive to only the

positive pulsatlons or the negative pulsa-,

tions (as desired) of current, with the result
that the frequency of dlscharge of the trans-
former is cut down with resultant reduc-
tion of stresses and savmg of the interrupter
contacts.

Tt will of course be understood that the
arrangement in Fig. 2 is such that when the

S

switch arm 26 is shifted to battery position
and the roller timer otherwise completes the
circuit, as above described in connection with
Tig. 1, the current fromn the battery is made
to ow through the interrupter winding 19
in the right “direction so that said inter-
rupter is vibr atorily responswe to said con-
tinuous current.

Inasmuch as the system shown in Fig. 2
in other respects corresponds with the sys-
tem shown in Fig. 1, further description-of
this second arrangement is rendered unnec-
essary, like reference numerals being used
to indicate like parts.

In Fig. 3 T have shown a system wherein
a plurality of transformer. units are em-
ployed and in which each transformer may
be energized from the source of continuous
current without bringing the controlling coil

or choke coil (indicated in Figs. 1 and 2-

as the coil or winding 5) into circuit with
said source of current. Xach transformer
8 is provided with an energizing winding
4’ which by means of switch mechanism
10’ and the roller timer mechanism 13, may
be brought into ecircuit with the gener ator
11 or w 1th the source of contmuous current
12, in the circuit of which last named source
is vibrator mechanism 14% Tach {rans-
former is provided with an auxiliary in-
terrupter mechanism 14* the winding of
which is in series with the transformer
winding 4’. The secondary winding 6’ of
each transformer is suitably Orounded and
leads to a spark plug (not show n).

“With the switch arm 26" shifted to either
generator or battery connection, passage of
the synchronously driven roller timer arm
923 into engagement with a segment 24 of the
timer, completes the circuit of a respective
coil or winding 4’ of the tl.lllbf()llllel through
ground 12* or 15 and gr ound 25, Energiz-
ing of the winding 4’ besides qethno up a
state of flux in the respective transformer
in the manner already described. canses en-
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ergizing of the winding of the anxiliavy -

interrupter or vibrator 14® for opening of
the circuit of the winding 5" and.cnergiz-
ing of the spark plug connected in circuit
of the respective secondln\ winding 6", as
is understood, energizing of a tr: msfmmu
by the genemtor causing the respective in-
terrupter or controller 11 to respond at or.
near the peak of the current wave.

When the switch arm 26* is shifted for
utilization of the battery current, the vi-
brator 14 causes a trembled flow of current
through a transformer winding 4 connected
in circuit through grounds 19¢ and 25 as
the roller timer arm 23 engages a segment
24. 'The interrupter 14* is plefembly
“lagged” slightly behind the vibrators 14°
so that the choke coil circuit of any trans-
former is opened before the battery circuit
is opened by means of the-interrupter 14

B
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In Fig. 41 show a system corresponding

"with that shown in Fig. 8 (and like parts

of which accordingly bear like reference
numerals) with the exception that the aux-
iliary vibrator or current responsive inter-
rupter 14° is here disclosed as having its
electro-magnet forming part of the trans-
former. This is preferably done by extend-
ing from the transformer core a leg portion

384° carrying the energizing winding 19’ in

series with the winding 4’. The arrange-

 ment is such that the flux of the transformer

15

25

86

86

40

core assists the flux set up in the leg 84°
by the winding 19’ so that very few ampere
turns of winding 19’ are required. Fur-
thermore, it provides a compact, self-con-
tained arrangement. In this system shown
in Fig. 4 it also will be noticed that the

. “choke winding or controlling circuit 5 is
29

disposed at opposite ends or sides of the
secondary winding 6’. This brings the sec-
ondary winding into 2 more intimate and

therefore. influentially receptive inductive.
relationship to the core of the transformer

and operates to reduce the copper content or

bulk of ‘winding of both choke winding and

secondary winding, resulting in compact-
ness and saving in cost of production. * -

_ In lieu of extending the transformer core’
in the manner shown in Fig. 4 to form a -
core 34° for the magnet of the .interr-upte¥=

mechanism, I may cause the rise and fall o

the parts of which correspond with those of
Fig. 4 and bear like reference numerals. In

‘this system, the transformer core carries the

armature blade 33* in such manner that it

lies. attractively adjacent the end of a le
carrying the active winding 4’. It thus wil
be seen that control of the interrupter is

effécted solely through the transformer per

- 8¢, the extra winding 19’ shown in the pre-

46
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ceding - arrangements
This direct action resuits in
dependence in operation besides having
structural advantages in compactness of

form ‘and simplicity- of mounting of -the

interrupter blade or armature. . .
The broad features herein deseribed of
building up a high state of flux from a

- source of energy and causing said flux to

. 5§
80

65

inductively energize a current using instru-
mentality are not claimed herein as the same
are covered by my above mentioned Letters
Patent No. 1,081,413, - S e

The arrangements shown in Figs. 2, 8, 4
and 5, except as hereinafter may be claimed,

are not claimed herein ag the same form sub-

ject matter of my applications Serial Nos.
41,427, and 53,196. R -

Having thus described my invention, what
I claim and desire to secure by Letters Pat-
ent, 18: o

- cuit of the last named coil and having elec-
“trically actuable means in circuit with said - -
. source. - N

‘being ~ eliminated.”
ositiveness and

tro-magneti¢c means in circuit with' said

1,226,584 -

1. A source of energy and s circuit there- -
for, a coil inductively related to said circuit -
and a second coil inductively related to the
other coil, of current responsive means for .
intermittently short circuiting said first coil. vo.
2. ‘A source of energy and a circuit there- .

- for, a plurality of coils inductively related

to said circuit, one of said coils having in

“circuit a spark gap, and current actuated .

means for intermittently, short circuiting
another of sdid coils. . S , o
3. A source of energy and a circuit there-
for, a plurality of coils inductively related
to said circuit and to one another, and cur- -
rent actuated means for intermittently g4 .
short circuiting one of said coils. e
4. A source of energy and a circuit there- .
for, a plurality of coils inductively related - -
to said circuit and to one another, one of .
said coils having in eircuit a spark gap, g5
and current actuated means for intermit- -
tently short circuiting another of said coils. -

75 ¢

5. A source of energy and a circuit there-= " -

for, a coil inductively related to said cir--
cuit and having in circuit a spark gap, a g9
coil for controlling said inductive relation- "= /-
ship, and current responsive apparatus for™

_intermittently short eircuiting said control- - ' 

ling coil. - CE T
‘6. A source of energy and a circuit there- "
for, a coil inductively related to said cir-:

95 “. 

~“cuit and having in circuit a spark gap, a
the flux in the main core of the transformer -
to actuate the interrupter blade or armature.

‘Such an arrangement is shown in' Fig. 5

coil for controlling said inductive relation- . .
ship, and apparatus for controlling the cir- -

100

7. A source of energy and s circuit there- . .
for, a coil inductively related to said cir-"
cuit, a second coil inductively related to 105
said other coil, and means- for intermit- -
tently short circuiting one of said coils and .
comprising- electro-magnetic means in cir- - "
cuit with said source. . PR AN
8. A source of energy and a circuit there-.
for, a coil inductively related to said cir- :
cuit, a ‘second coil inductively related to -
said other coil and having in circuit a spark =~ -
gap, and means for intermittently short cir- - E
cuiting said first coil and comprising elec- 115

10
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9. A source of energy and a circuit there:
for, a coil inductively related to said cir-
cuit, a second coil inductively related to the

120,
other coil, and current responsive means for~ . |

“short circuiting one of said coils and oper--

atively connected in the first named circuit. = -

10. A source of energy and a circuit
therefor, a coil inductively related to said
circuit, a second coil inductively related to
said circuit and having in circuit a spark
gap, and electro-magnetic means connected -
in said first circuit, for short circuiting said
first coil. . ’ R

125

180 .
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11. A source of energy,l.é, plumlity of

windings one of which is provided with a
spark gap and another of which is connect-
ed in circuit with said source of .energy,
means for short circuiting a third of said
windings and comprising electzo-magnetic

means in circuit with said source of energy

and said second named winding.

12. A source of emergy and a winding
connected thereto, a second coil or winding
inductively related to said first winding, a
third coil inductively related to said sec-

ond winding, and electromagnetic means in

series with said source, for intermittently
short circuiting another of said coils or
windings. _ -
13. A source of energy and a coil con-
nected thereto, a second coil inductively re-
lated to said coil, a third coil inductively
related to said second coil, and electro-mag-
netic means in series with said source and
one of said coils, for intermittently short
circuiting another of said coils. S
14. A transformer core provided with a
plurality of windings one of which is for
connection with a source of energy and. an-
other of which is connected in circuit with

a current using instrumentality, and a cur- -

rent responsive contaét- mechanism for in-
termittently short circuiting another of said
windings. ' _

15. A magnetizable core, a winding
thereon adapted for connection with a
source -of energy, a second winding thereon
having in circuit a spark gap and, by rea-

- son of said core inductively related to said

40
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winding, for intermittently short circuit-

55

60

65

other winding, a third winding for control-
ling said inductive relationship, and a cur-
rent actuated device for intermittently
short circuiting said third winding.

16. A magnetizable member provided
with a plurality of windings one of which
is for connection with a source of energy
and another of which is connected in cir-
cuit with a current using instrumentality,
and current responsive contact mechanism
connected in circuit with said first named

ing another of 'said windings.

17."A source of energy and a circuit
therefor, a coil inductively related to said
circuit and a second coil inductively re-
lated to the other coil, of current respon-
sive means for intermittently short circuit-
ing said first coil, and means for also bring-
ing said first coil into and out of energizing
connection with a source of energy.

18. A source of energy and a circuit there-
for, a plurality of coils inductively related to
said circuit, one of said coils having in cir-
cuit a spark gap, current actuable means for
intermittently short circuiting another of
said coils, a separate source of energy, and
means for connecting said last named coil in
circuit with said separate source of energy.

=

19. A source of energy and a circuit there-
for, a plurality of coils inductively related to
said circuit; one of said coils having in cir-
cuit a spark gap, current actuable means for
intermittently short circuiting another of
said .coils, a separate source of current and
means for connecting said short circuiting
means in circuit with said second source of

_energy. :
20. A source of energy and a circuit theve--
- for, & plurality of windings inductively re-

lated fo said circuit, one of said windings
having in circuit a current using instrumen-
tality, contact mechanism for intermittently
short circuiting another of said windings,

‘and means, including said contact mecha-

nism, for contecting said last named wind-
ing in circuit with a separate source of en-
ergy. : : ‘

" 91. A source of alternating current and a
circuit thetefor, a coil inductively related to
said cireuit, a coil inductively related to said
coil and having in circuit a spark gap, a
third coil for controlling said inductive re-
lationship between the other coils, contact
mechanism for short circuiting said third
coil, a source of continuous current, and
means for connecting said third coil-in cir-
cuit with said source of continuous current.
. 99. A source of alternating current and =
circuit therefor, a coil inductively related to
said circuit, a winding inductively related to
said coil and having in circuit a spark gap,
a circuit for controlling said inductive rela-
tionship between said first two coils or wind-
ings, contact mechanism for short closing
said circuit, a source of continuous current,
and means for connecting said contact mech-
anism in said controlling circuit and in cir-
cuit with the source of continuous current. -

93. A transformer having'a plurality of
windings one of which has in circuit a spark
gap, means for connecting another of said
windings in circuit with a source of alternat-
ing current, means for short circuiting a
third of said windings, and means for bring-
ing said third winding into circuit with a
source of continuous current.

24, A transformer having a plurality of
windings one of which has in circuit a spar
gap, means for connecting another of said
windings in circuit with a source of alternat-
ing current, means for short circuiting a
third of said windings and comprising cur-
rent responsive contact mechanism, and
means for bringing said third winding into
circuit with a source of continuous current.

95. A plurality of inductively related
windings one of which has connected in cir-

_cuit a current using instrumentality, means

for connecting another of said windings in
circuit with a source of alternating current,
current responsive interrupter mechanism
adapted to be connected in circuit with said
source of alternating current, for intermit-

70
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tently short circuiting a third of said wind-

ings, and means for connecting said current
responsive interrupter mechanism in circuit
with a source of continuous current to cause
it to vibratorily energize said third winding.
. 26. A plurality of inductively related
windings one of which comprises essentially
a high tension winding and another of which
is adapted for connection with a source of
alternating current, vibrator mechanism for

_intermittently short circuiting another of

said windings and actuable by the alternat-
ing current source, and means for bringing.
said vibrator mechanism out of energizing
relationship with the alternating source and
into circuit with a source of continuous cur-

1,225,584

rent for causing a pulsative flow of curveni
through said last named winding.
27. A plurality of windings, current re-

sponsive contact mechanism having winding.
-adapted for connection with a source of al-

ternating. current and ' responsive to the

“higher values of tension of said alternating

current to interrupt and short circuit one i
said windings, and means for connecting the
contacts and the winding of said contact
mechanism, in circuit with a source of con-
tinuous current. ¢

In testimony whereof I have hereunto set

my hand. \
RICHARD VARLEY.



