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My ‘invention relates to.electric. valve clreuits
-and more particularly to control systems for elec-
tric valve apparatus  einploying ionizable me-
diums.
3 In the control of electric valve appa.ratus em-
" ploying ionizable ~mediums, ‘and ‘particularly
those having control members of the:immersion-
ignitor type for initiating the-arc discharge, it
- has -been found that it is highly important to
10: provide control systems susceptible of supplying
control “voltages of . substantially perpendicular
wave front to effect. precise and positive control
of the electric valve apparatus.  Furthermore, it

is ‘highly desirable to employ control circuits:

18 which may be energized from commercial sources
of alternating voltage and: which are simple in
construction and reliable in operation. More
particularly, it has béen found important to use
“circults which apply to the immersion-ignitor

g0 control members relatively high voltages of pre-
determined wave form, preferably of perpendicu~-
1ar wave front, to assure positive initiation of the
.arc discharge at the desired txmes in: ‘the cycle

of operation of the electric valve apparatus.
g8 Heretofore, the control circuits have necessitated

the use of apparatus of inordinate size and rat-
ing relative to the amount of energy transmitted
by the electric valve apparatus.
It is an object of my invention’ to provide a
80 new and improved electric valve circuit.
It is another object of my invention to prov1de
a new and improved electric valve control sys-

tem for electric valve apparatus of the type em-

ploying ionizable mediums and control members
g5 of the immersion-ignitor type.

In accordance with the illustrated embodiment
of my invention, I provide a control eircuit for
energizing an immersion-ignitor control member
of an electric valve'means whereby the electri-

40 cal discharges are initiated in a positive and re-
‘Hable: manner at: accurately -determinable in-
stants in the cycle of operation. ‘More specxﬁcal-
1y, I provide a-control system mcludlng a lsource
of alternating current and a resonant- circuit,

48 which may be linear or monlinear, energlzed,

from the source of alternating current. ‘A con-

trolled electric valve :is employed to impress on:

the immersion-ignitor control .member a uni-
_ directional voltage of substantially perpendicu-
80 lar wave front derived from one of the elements
of the resonant circuit. The controlled electric
valve is provided with a control member which
renders the. electric. valve conductive at a: pre-
determined time to impress on- the immersion-
858 ignitor control member a voltage of predeter-

’.

mined magnitude and wave form. . In one modi-
fication of my invention, the controlled ‘elestiic

‘valve effects discharge of .the capacitance of the

resonant circuit to energizé the immersion-ignitor
control member, and in ancthér modification of & .
my invention the controlled eitetiic valve im-

'presses. on the immersion-ignitor: control mem-

beér a voltdge derived from the induectence in the
resonant- eircuit.

For 8 better understanding: of my invention, 10
reference may be had to the following descrip-
tion, taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended. claims. Fig..1 of the drawing dia-
grammatically. shows an embodiment. of my-in- 18

vention in.which an immersion-ignitor .control

meimber of an electric. valve apparatus:is ener-
gized by employing a voltage derived -from: &
capacitance of & resonant. circuit, and. Fig. ‘2
represents. certain .. operating: .‘characteristics 9
thereof.  Fig. 3 represents another embodiment

of my invention in which the immersion-ignitor
control member is:energized in accordance with -
a. voltage: derived from: the inductance  of the
resonant circuit.

Referring now. to- Fig, 1 of the ‘accompanying
drawmg, my -invention is diagrammatlcally :
shown as applied to an electric valve translating
system ‘for transmitting. energy. from an alter-.
nating current circuit | o a direct current circuit 80
2, through..a: transformer 3 and_ electric valve =
means. 4 and 5. The transformer 3 is provided
with a pnmary wmding 6 having an electrically
intermediate connection{l. and s secondary wind- ,
ing 8. Eachof the electric valve means 4 and-5 36
includes’ an anode 8, a self—reconstructing cath-
ode, . such as a mercury. pool; .cathode 10, and
an associated control member {1 which may be
of the immersion-ignitor typel The immersion-
ignitor control member }I' may be of a material 40
such as boron-carbide or silicon-carbide, oriof . -
a material such-as that described a.nd claimed ™
in U. S. Patent 1,822/742 granted ‘to Karl B.
McEachron September 8, 1931, and  &ssighed. to
the assignee of the present application. . 4%
" I provide control circuits: 12 .and 13 which sre -
associated with electric valve means 4 and.S§,

respectively, to impress on immersion-ignitor.

control members. .11 thereof unidirectional volt- :
ages of substantially perpendicular wave front, 80
Each of the control circuits- 12 and. 13 includes a
resonant circuit, which may be either linear or.
nonlinear, and comprises an inductance (4, which
may or may not be self-saturating, and a capaci-
tance {5 which, as illustrated, are connected in &
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.the controi member: {4,
valve 28 o extend, in the direction of the.time-

€=

series relation with each other and are connected
&Ccross eny suitable source of alternating current
{§. The source of alternating current i6 may
be derived from any suitable circuit, and in the
arrangement shown in Fig. 1 circuit 16 is shown
as being energized from the alternating current
circuit { through any suitable phase shifting
circuit. 7, which may-include an inductance I8

“and o variable resistance 19. One terminal of

the alternating current circuit {6 is connected to”

the electrically. intermediate terminal 7 of pri-

mary winding 6 of transformer 3. Considering
circuit {2, a suitable unidirectional conducting

device, such as an electric valve 20, is connected -

hetween a point of the resonant circuit and cath-
cde {8 to impress on immersion-ignitor control
member {{ a voltage derived from one of the
elements of the resonant circuit, as, for example,
the voltage appearing across the terminals of
vapacitance 5. The electric valve 20 is prefer-
abkly of the type employing an ionizable medium,
such as & gas or & vapor, and includes an anode
2%, a cathede-22 and a control member 23. An
inductance 24 Is connected in series relation with
cathode 16 and electric

axis, the current transmitted to the control mem-
ber {1 when the -electric valve 20 effects dis-
charge of the capacitance {5. The feature of the
arrangement of Fig. 1, whereby a resonant cir-
zulf and a unidirectional conducting device are
employed to energize a control member of an elec-

tvic valve, is disclosed in my copending applica- -

tion Serial No. 148,517, filed June 16, 1937, and
assigned to the assignee of the present application.

To obtain a control voltage to render electric
valve 28 conductive and to effect energization
of immersion-ignitor control member. il of elec-
tric valve 4 at a predetermined time in the cycle
of voltage applied to anode 9, I provide a suit-
able phase shifting circiiit such as a serially-
connected -capacitance 25 and a resistance 26
which are connected :to the source of alternating
current {6. A suitable current limiting resistance
27 may be connected in series relation with the
contrel member 23 of electric valve. 20.

The -operation of the embodiment of my in-
vention shown in Fig. 1 .will be considered when

“the system is operating to transmit unidirec-.

tional current to the load circuit 2 from the al-

“ternating current circult i, throiugh transformer

3 and electric valve means 4 and 5. As will be
well understood by those skilled in the art, the
electric valves 4 and 5 will-be rendered conduc-
tive by the control circuits 12 and 13 and will
‘conduct current. alternately to transmit unidi-
rectional current to load circuit 2. Adjustable
resistance- {8 of phase shifting circuit {7 is ‘ad-
justed to impress on the resonant cireuit, includ-
ing inductance {4 and the capacitance 5, an
alternating voltage having a predetermined phase

displacement- relative: to the voltage impressed

on anodes § of electric vaive means 4 and 5.
Inductance {8 and capacitance 15 operate as a
resonant circuit tuned to the frequency of the
aliernating current circuit 6. Under these con-
ditions, it is to be understood that the voltages
appearing across the inductance (4 and. capaci-
tance &5 rise to values several times that appiied
to the resonant circuit, and. these voltages are
employed to impress on the control members i1
voltages which assure positive initiation of the~
arc discharges.

The opeérating characteristies - represented in
Fig. 2 may be considered to facilitate the expla-
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nation of the operation of the control circuits
i2 and 13 of the arrangement of Fig. 1.  Curve
A may represent . the voltage appearing across
the terminals of capacitance 15 in cireuit 12.
The electric valve 20 is energized by the excita-
tion circuit therefor to be rendered conductive
at a time a to impress on control member. {{

_& unidirectional voltage of substantially perpen-

dicular wave front to render electric valve means
4 conductive. Curve B represents the_current
transmitted to the control member {{ by the
discharge of the capacitance (5. The circuit for
energizing control member i1 includes capaci-
tance” 15, inductance 24, immersion-ignitor con-
trol member 11, cathode 10 and electric valve 20.
The inductance 24 serves to extend, in the direc-
tion of the time axis, the current transmitted to
the control member {1 to assure positive initia-
tion of the. arc discharge and to effect precise
control of the time at which the electric valve
means 4 is rendered. conductive. -After electric

_ valve 20 is rendered conductive, the resonant eir- .

cuit will be unbalanced, that is, rendered-dis-.

sonant thereby limiting the current transmitted

to the circuit 12 from the source -of alternating
current 16,

- It is to be understood that, by the proper de-

sign and proportioning of the self-saturating in-

ductance 14, the resonant circuit may be made
to operate as. a non-linear resonant circuit.

Under this condition of operation, the voltage

appearing scross the capacitance 15 will be one
of rectangular wave form having a substantially
perpendicular wave front, and the voltage ap-
pearing across the self-saturatlng inductance 14

-will be of substantially peaked wave form. It

is to be understood that my invention in its
broader aspects applies to the control clircuit

when it; is operating either as s linear resonant )

circuit er as a nonlinear resonant eircuit.

. The arrangement of my invention diagram- .

matically shown in Fig. 3 is substantially the
same as that shown in ¥ig. 1 and corresponding
elements have been assigned like reference nu-
merals.

in accordance with the voltage appearing across
the inductance 14. The resonant circuit, includ-
ing inductance 14 and capacitance 15, may be

- arranged to operate either as a linear resonant
_ circuit or as a nonlinear resonant circuit. The

inductance 14 may be designed to be self-satu-
rating.
The operation of the arrangement of Fig. 3

" is substantially the same as that of Fig. 1. The

resonant circuit including inductance 14 and ca-
pacitance 15 resonates to the frequency of alter-
nating current circuit 16, and the-electric valve
20 is rendered conductive at a predetermined
time in the cycle of voltage appearing across
the terminals of inductance 4 to impress on
immersion-ignitor control member If an im-
pulse of unidirectional voltage of substantially
perpendicular wave front. - When the circuit is
operating as a linear resonant circuit, the volt-

. age appearing across the inductance {4 will, of

course, be sinusoidal and the electric valve 20 may
be rendered conductive at about the maximum
value of applied voltage to impress on the con-
trol member 11 a relatively large voltage of steep
wave front. When the circuit is. operating as
a nonlinear circuit, the voliage appearing across
the terminals of inductance 14 will be of peaked
wave form and the electric valve 28 may be ren-
dered conductive at substantially the pesk value

In the arrangement of Fig. 3, the im- 41
'mersion-ignitor control member {1 is energized
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of this voltage to impréu & corresponding volt-
age on the control member {1, :

--.One -of the principal advantages of the con-.

trol circuits constructed-.in accordance with my
invention is the operation .of these circuits in the
event the-electric valve 20 fails to transmit the
current to the immersion-ignitor. control mem-
ber during a particular half’ cycle .of applied

* woltage: During the next half cycle of applied
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voltage of the same polarity, the circuit will atito-
matically increase its voltage due to the resonat-
ing condition of the circuit, assuring ignition
of the arc during that half cycle. The direction
of change of voltage under these conditions tends
to cause the electric valve # to be rendered con-
ductive. ‘Another important feature of my ‘in-
vention is the feature of the control circuits by
virtue of which relatively large currents are sup-
plied to the control members {1 without impos-
ing on the supply circuit, such as supply circuit
t or circuit 16, heavy current conditions. This
feature is of particular importance where it is
desired to effect positive control by supplying
relatively large currents to the control. members,
and where it is undesirable to obtain these cur-
rents directly from the supply circuit.

While I have shown and described my inven-
tion as applied to a particular system. of .con-
nections and as embodying various devices dia-
grammatically shown, it will be obvious to those
skilled in the art that changes and modifications
may be made without departing from my inven-
tion; and I, therefore, aim in the appended claims
to cover all such changes and modifications as
Tall within the true spirit and scope of my inven-
tion. ‘ :

What I claim as new and desire to secure by
Letters Patent of the United States is: ‘

1..In combination, an electric valve means hav-
ing a control member, a source of alternating
current, a resonant’ circuit connected to be ener-
gized continuously from said source for producing
a voltage substantially greater than that applied
to said resonant circuit, and means for impress-
ing on said control. member a component of volt-
age derived from said resonant circuit and for
rendering said electric valve means conductive
during half cycles - of voltage of predetermined
polarity of said"source and comprising a con-
trolled electric valve connected between said reso-
nant circuit and said control member, said reso-

.nant circuit serving to-increase said component of

voltage: accumulatively in the event said con-
trolled electric valve fails to conduct current to
sald control member during each half cycle of
voltage of said predetermined polarity. »
2. In combination,.an electric valve means hav-
ing a control member, a source of alternating cur-
rent, a resonant circuit connected to be energized

continuously from said ‘source and including an "

inductive impedance and a capacitive impedance
for producing voltages substantially grester than
the voltage applied to said resonant circuit, and
means comprising a controlled electric valve for
impressing on said control member a voltage de-
rived from one of said impedances and for ren-

dering selectively resonant and dissonant “$aid

resonant. circuit, said resonant circuit serving to
increase said- component of voltage-in the event
said controlled electric valve fails to conduct cur-
rent- to said . control mémber during each half
cycle of voltage of predetermined polarity of said
source.

3. In combination, an electric valve means em-
ploying an ionizable ‘medium having ‘a control

3

member for initlating an arc discharge, a source
of alternating current, a resonant circuit con-
nected to be energized continuously from said
source and including a serially-connected induct-~
ance and a capacitance for producing a voltage
substantially greater than the voltage applied to
said resonant circuit, and a controlled electric
valve connected to impress on said control mem-
ber a component of voltage derived from said
capacitance to render said electric valve means

conductive during each half cycle of voltage of -

predetermined polarity of said source and: for
rendering said resonant circuit dissonant when
in a conducting .condition. .

4. In combination, an electric valve means hav-
ing a control member, a source of alternating

current, a resonant circuit continuously energized

from said source and inzluding a serially-con-

nected capacitance and an inductance for pro-

ducing ‘a voltage substantially greater than the
voltage applied to said resonant circuit, an elec-
tric valve having a control member. and being
connected to energize said first mentioned control
member in accordance with & component of 'volt-

age - derived ‘from: 'said resonant circuit, “and™

means for energizing said control member of said
electric valve to impress on said first mentioned
control member through said electric valve a volt-
age of substantially perpendicular wave front to
render said electric valve means conductive ‘dur-
ing each half cycle of predetermined polarity 'of
sald source, said electric valve serving to render
said: resonant circuit dissonant when in a con-
ducting condition. -

V5. In combination, an electric valve means hav-
ing a control' mempber, a source of. alternating
current; a resonant circuit continuously energized
from: said “source and including a serially-con-

10

13

26

nected capacitance and an inductance for pro-

ducing a voltage substantially greater than the
voltage applied to said resonant circuit, an elec-

Jtric’ valve having a control member and being
" connected to energize said first mentioned con-

trol member in accordance with the voltage ap-
pearing across said capacitance and to render
said resonant circuit selectively resonant or dis-
sonant, and means for energizing saild control
member of said electric valve to render said valve
conductive: when the voltage appearing across
said capacitance attains a predetermined value
thereby rendering said electric valve means con-
ductive. Rt

6. In combination, an alternating current cir-
cuit, electric valve means connected to be ener-
gized from said circuit and having an anode, a
cathode and a control member, a source of alter-
nating voltage having a predetermined phase dis~
placement relative to the voltage of said alternat-
ing current circuit, a resonant circuit connected
to _be energized continuously from said source
and comprising a serially-connected capacitance
and an Inductance for producing a voltage sub-
stantially -greater than'the voltage applied - to
sald resonant circuit, an electric valve connected
to energize said control member by discharging
said capacitance through said control member
thereby rendering said resonant circuit dissonant,
and means for rendering said electric valve con-
ductive at the maximum instantaneous value of
voltage during each cycle.

7. In combination, an alternating current cir-
cuit, ‘an- electric valve means connected to be
energized from said circuit and including an
anode, a cathode and an immersion-ignitor con-
trol member associated with said cathode, a

- source of ‘alternating voltage having a predeter-
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mined phase displacement relative to the voltage -
of sald alternating current circuit, & resonant
circuit connected to be -energized continuously
from said source and comprising a serially-con-
nected capacitance and inductance for producing
a voltage substantially greater than the voltage
applied to said.resonant circuit, an electric valve
connected in series relation with said control
member ‘and said cathode to supply unidirectional
current to said ‘coritrol member from said reso-
nant circuit thereby rendering said resonant cir-

" euit dissonant, said -electric -valve having a con- -

18

trol member and said resonant circuit serving to__
effect an accumulative increase in the voltage
derived from said capacitance or said inductance
in the event said electric valve fails to conduct

- ¢iirrent to said control member during each half

cycle of voltage of predetermined polarity, and
a phase shifting circuit for energizing said last
‘mentioned control member to render said electric

valve conductive to effect energization of said

immersion-ignitor control member at the maxi-
mum instantaneous value of voltage during each

cycle,

8. In combination, an electric valve means
having a control member, a source of alternating

_ current, a nonlinear resonant circuit connected

30

35

to be energized -continuously from said source and
including a serially-connected capacitance and
a self-saturating inductance for producing a volt-
age substantially greater than the voltage applied
to said resonant circuit, and means comprising
‘an electric valve for impressing on said control
member a component of voltage derived from sald
resonant circuit and to render said resonant cir-
cuit dissonant when-in a conducting condition.
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9. In combination, an electric valve means
having a control member, a source of alternating
current, a nonlinear resonant circuit connected
to be energized continuously from said source and
including a serially-connected capacitance and &
self-saturating inductance for producing & volt-
age substantially greater than the voltage applied
to said resonant circuit, and means comprising

an electric valve for impressing on said control - -

member-a component of voltage of perpendicular
wave front derived from said inductance and to
render said resonant-circuit dissonant when said
second mentioned electric-valve is in a conducting
condition. _

10. In combination, an electric valve means

10

15

having a control member, a source of alternating -

current;, s resonant circuit continuously energized

from said source and including a serially-con-

nected capacitance and an inductance for pro-

‘ducing a voltage substantially greater than the
voltage applied to said resonant eircuit, an electric -

valve having a control member and being con-

nected to energize said first mentioned control .

member in accordance with a component of volt-
age derived from said resonant circuit, sald reso-

nant circult serving to increase accumulatively.
the voltage derived from sald resonant circuit in .

the event said electric valve fails to conduct cur-
rent to said control member during each half
cycle of voltage of predetermined polarity of said
source and means comprising a phase. shifting
circuit for energizing said control member:of said
electric valve to render said electric valve conduc-
tive at a predetermined time during each .cycle

of voltage of sald source. - .
MARTIN A. EDWARDS.




