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My invention relates to electric valve translat-
ing circuits and more particularly to electric cir-
cuits having electric valve means of the type em-
ploying an lonizable medium.

© In electric translating circuits which employ
electric valves of the controlled type, such as
those having control members which determine
the time of initiaticn of conduction of current
through the electric valve means to control an
electrical condition of an assodlated circuit, it is
of importance to provide control circuits which
not only control the electrical condition precisely
in response o a controlling influence, but which
are of a simple and rugged construction and

which do not require frequent repair or replace~ :

ment in order to assure continuity of service.
In accordance with the teachings of my inven-
tion described hereinafter, I provide new and im-
proved control or excitation circuits for electric
valve translating apparatus which afford advan-
tages not obtainable by the use of prior art ar-
rangements. ) o

It is an object of my invention to provide new
and improved electric valve translating appara-
tus.

It is another object of my invention to provide
new and Improved control or excitation -circuits
for electric valve iranslating apparatus.

It is a further object of my invention to pro-
vide new and improved excitation circuits for
electric valve apparatus which are intended to
operate in parallel relationship during predeter-
mined intervals of time. )

It is & still further object of my invention to

" provide new and improved control and excita-

in parallel. The use of the current dividing -re_-_
actor serves {o increase the voltage which is ap-

. plied to one of the electric valves if that electric
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valve fails to become conductive at the desired
instant. In this way, the electric valve in each
pair which tends to lag the other valve is con-
trolled by impressing on its control member an
increased voltage. :

Another aspect of my invention relates to an- .

improved arrangement including electric valves
which are provided with relieving anodes which
effect the transmission of the excitation current
to the relieving anodes as soon as an arc dis-
charge is established within the electric valve
means due to the proper energization of the as-
sociated immersion-ignitor control member. In

" one of the modifications, a second current divid-
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ing reactor is employed to relieve the duty im-
posed on the unidirectional conducting device
which is connected between the excitation means

- or circuit and the control members. In this man-

30

tion circuits for electric valve means of the type .

which employ an ionizable medium, such as a
gas or a vapor, and which Include immersion-
ignitor type control members, .
 Briefly stated, in the illustrated embodiments
us my invention I provide new and improved
.. excitation circuits for electric valves comprising
. immersion-ignitor type control members and
which are intended to operate in parallel rela-
tionship during accurately determinable inter-
vals-of time to energizZe an associated load cir-
cult. I provide an excitation means or circuit
which generates an alternating voltage of peaked
wave form having symmetrical positive and neg-
ative peaks. The excitation circuit is connected
to - the immersion-ignitor control members
through suitable current dividing reactors in or-

der to assure the simultaneous transmission of-

impulses of current to the control members of
" electric valves which are- connected to operate
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ner, the life of the excitation system is substan-
tially increased due to the reduction of the duty
imposed on the unidirectional conducting de-
vices. s : '

For a better understanding of my invention,
reference may be had to the following descrip-
tlon taken in connection with the accompanying
drawing, and its scope will be polnted out in the
appended clalms. Figs. 1, 2, 2a and 3 diagram-

, matically {llustrate embodiments of my invention

as applied to polyphase electric valve rectifying
equipment. ’

Referring now to Fig. 1 of the accompanying
drawing, my invention is there illustratéd as ap-
plied to an electric valve translating system, such’
as- & rectifying' system, for transmitting power
from a polyphase alternating current supply cir-

-euit { to & direct current load eircuit including

a positive conductor 2 and a negative conductor
3. The translating system including an electri-
cal network having a plurality of electrically dis-
placed phase windings, at least two of which are
displaced or arranged to conduct current during
intervals of time displaced 180 electrical degrees.
In the particular embodiment of the invention
llustrated, I have chosen to show the inductive
network as comprising a transformer 4 having -
a plurality of primary windings § and two groups
of electrically displaced secondary windings 6, T,
8 and 9, 18, {1. The two groups of secondary
phase windings may be connected in the conven-
tional ‘double Y relationship by the employ-
ment of an interphase transformer 12 having an
Intermediate point connected to the negative
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conductor 3 of the direct current load circuit.
The translating system also includes a plurality
of pairs of electric valve means, each pair of

which is connected to a different one of the phase

windings 6-11, inclusive. The pairs of electric
valves are intended to conduct current in paral-
lel relationship. For the purpose of illustrating

my invention, only electric valve means {3, 14~

and {5, 16 connected with the phase windings
8 and § are illustrated. It will be understood,
of course, that other pairs of electric valves are
also connected to windings 8, 7, 18 and 4. I
employ current .dividing or current balancing
means, such as auto-transformers {7 and (8,
connected between the phase windings 8 and §

and the pairs of electric valve means i3, £ and.

{5, {6 in order that the respective pairs conduct
current in parallel rélationship.

Although in the various embodiments,of my in-
vention described, I have shown the pairs of elec~
tric valve means as being interconnected through
a current dividing means, such as auto-trans-
formers 17 and {8, I have found that by using the
control or excitation cireuits described herein-
after that pairs of electric valve means may be
operated in parallel velationship without em-
ploying augxiliary - current dividing auto-trans-
formers or reactors. Therefore, it is not neces-
sary to empioy the current dividing means unless
these elements are required.

The electric valve means i8-18, inclusive, are
preferably of the type each comprising an ‘anode

- 18, a cathode such as a mercury pool cathode 20,
and an jmmersion-ignitor control member 21{.
The immersion-ignitor control members 2{ are
preferably of a material such as boron carbide
or silicon carbide and which serve to establish
an arc discharge between the anode and the
cathode upon the transmission of & predetermined
minimum critical value of current between the
control member and the cathode, If desired, the

electric valves 13-16 cach.-may be provided with.

an auxiliary or relieving anode 22 which is con-
nected to- the assoclated control member 21

 through & current transfer resistance 3. Due .
~ to the current in resistances 28, there is jmpressed

on relieving anodes 22 a substantial voltage and
upon the establishment of an arc discharge or

the estabiishment of a cathode spot on cathodes.

28, this voltage will cause most of the excitation
current $o be transierred to the relieving anodes
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alternating current supply circuit { through a
transformer 30 and a phase shifting device 8.
If desired, the excitation means may also com-
prise a capacitance 32 which Is connected across-
the secondary winding of. transformer 38 and
which serves to increase the impulse of. voltage
produced across the terminals of inductance 26.

While I have illustrated the impedance element
or inductance 26 as being a specific type, such as
an autotransformer, I may employ within the
scope of my invention other impedance elements
such as various combinations of resistances,
capacitances, or inductances in place of the in-
ductance 28. Furthermore, the impedance ele-
ment may comprise an asymmetrical conducting
device, such as & rectifier of the contact type or a
plurality of rectifiers of the contact type poled in
3, manner to permit the desired alternate energi-
zation of electric valves which are intended to
operate 130° out of phase. An arrangement of
this type is described and claimed in the co-~
pending patent application Serial No. 374,716,
filed January 16, 1941, by E, F. W. Alexanderson

* and me, and which is assigned to the assignee of -
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the presenj application, .
It will be noted that the excitation system illus-
trated supplies excitation current to control
members 2§ of the pairs of electric valves con-
nected to windings 8 and 9 which are connected
to phase windings displaced 180 electrical de-
grees with respect to the voltage of the alternab~
ing eurrent circuit {. Purthermore, the eleciric
valves of each pair are intended to conduch cur-
rent simultaneocusly, and consequently the im-
pulses of current transmitted to the control mem-

" pers 2 of each pair must be transmitted thereto

40

substantially simultaneously and must be dis-

placed 180 electrical degrees with respect to the

impulses transmitted to the control members of
the pair of electric valves associated with the dia-

_- metric winding.

In order to accomplish the above siated desired

" pesult, I provide & pair of current dividing re-

22, thereby relieving the duty imposed on the '

control member. : :
T provide gn excitation system for energizing

the control members .21 of the electric valve

means. Only the excitation system for the elec-
tric valves 18, 14 and {5, 16 is illustrated. It Is,
of course, to be understood that similar excitation

sctors 3% and 34 which are connected to the
control members 21 and relieving ancdes 22 of
the pairs of electric valve means {3, i3 and 1§, 1§,
respectively, The current dividing reactors 33
and 38 are provided with intermediate connec-
tions 85 and 36, respectively, and are connected
to terminal connections 27 and 28 of the induc-
ance 26 through suitable unidirectional conduct-
ing devices &7 and 38. The employment of uni-

. directional conducting devices 37 and S8 assures.
- the transmission of only unidirectional current to
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means are intended for the peairs of electric valves .

(not shown) associated with the electrically dis-
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placed phase windings 8, {0 and 7, {{. The ex- .

citation system comprises an excitation means 24
which produces a periodic or alternating voltage

of peaked wave form having symmetrical positive

and negative peaks. This ‘excitation means 24
comprises & saturable inductive reactance or de-

immersion-ignitor control mswberg 2{, and by
virtue of the employment of curreni dividing re-
actors 38 and 34 only one unidirectional conduct-
ing device Is -required for each pair of electric
valves.

_ The operation of the embediment of my inven-
tion shown in Fig. 1 will be explained by consid-
ering ‘the system when it is operating as a poly-

. phase rectifier to trarsmit direct current to the

85

vice 25, which may ke self-saturable, and which -

includes an impedance element, such as an in-

ductance 26, having terminal connections 27 and
28 and an electrically intermediate connection 28.
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‘The electrically-intermediate connection 28 may

be positioned to be an exact center tap, if desired.
The excitation means 24 is energized from any
sultable sourne of alternating current of the de-
sired frequency end may be energized from the

76

load 'circuit from the alternating current supply
eircuit.  The various pairs of eiectric valve means
conduct current in a predetermined order de-
termined by the phase relationship of the yolt-
age of -secondary windings 8-i{. Due to the
phase voltage equalization of the interphase
transformer 12, pairs of electric valves associ-
ated with the phase windings in the two groups
of windings conduct current during common in-
tervals of time; that is, each pair of electric
valves conducts current during 120 electrical de-

-grees but conducts current for only 60 electrical
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degrees with any one other palr of electric valves
associated with the other group. In addition,
the electric valve means of each pair conduct

current simultaneously and in parallel relation- -

ship. The excitation system controls the pairs
of electric valves to conduct current in a prede-
termined order or sequence, and also energizes
the control members 21 so that the electric valves
of each pair conduct current during the same
interval of time and, hence, conduct the same
average value of current. ]

Considering the operation of the excitation

system in more detail, the excitation means 24-

including the saturable device 25, acting in con-
junction with- the inductance 26, produces an
" alternating voltage of peaked wave form and the
positive and negative impulses or peaks are sym-
metrical.

desired to render the electric valve means {5 and
18 conducting, the voltage appearing across in-
ductance 26 is such that'the connection 28 is
positive in potential relative to connection 27 and
impulses of current of peaked wave form are
transmitted to immersion-ignitor control mem-
bers 21 of electric valve means 15 angd 16 through
the respective portions of the current dividing
reactor 3¢ and unidirectional conducting de-
vice 38. The return path from the cathodes 20
includes the connection between the positive
conductor 2 to the intermediate connection 29
of inductance 28. If for any reason one of the

electric valves, such as electric valve 15, is ren--

dered conducting prior to the electric valve 16,
the flow of current through the right-hand por-
tion of current dividing reactor 34 will effect an
increase of voltage impressed on control mem-
ber 21 of electric valve means (6. I have found,
as a practical matter, that the voltage impressed
on the control member 21 of the electric valve
means (6 is substantially doubled if the elec-
tric valve means {6 does not begin to conduct
current in substantial simultaneity with the elec-
tric valve means 15, . _

Upon initiation of arc discharges within the
electric valve means 15 and 16, the current trans-
mitted through the resistance 23 effects an in-
crease of the voltage impressed on relieving an-
odes 21, thereby transferring the greater por-
tion of the excitation current to the relieving
anodes and reducing the load imposed on the
control members, ° . )

Diiring the next half cycle, that is 180 electri-
cal degrees later, the terminal 27 of inductance
26 will be positive in potential relative to con-
nection 28 and .positive impulses of current will
be transmitted to control members 21 of electric
valve means {3 and 14, thereby rendering these
electric valves conducting simultaneously.

Phase shifting device 3f may be adjusted or
controlled to control the voltage impressed across
the direct current load circuit. Adjustment of
the phase shifter 31 controls the time during the
respective positive half cycles of anode-cathode
voltage at which the impulses of current are
transmitted to control members 21 and, lence,
controls the magnitude of the load voltage. -

Fig. 2 represents 8 portion of the circuit shown
in Fig. 1 and corresponding elements have been
assigned ' like reference numerals. In the ar-
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During one interval of time, for ex- -
ample In that interval of time during which it is
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tue of this connection, the relieving anodes 22
relieve the duty imposed on the unidirectional
conducting devices 39-42 by transferring the
excitation current from the control members 21
upon initiation of are discharges. The system
showh in Fig. 2 operates substantially the same
as that explained above In connection with th

arrangement of Fig. 1. :

Fig. 2a diagrammatically illustrates a further.
embodiment of the arrangement shown in Fig. 2
and only a portion of the excitation system is
shown. In the arrangement of Fig. 2a, the in-
termediate connections 35 and 38 of the current
dividing reactors 33 and 34 are connected di-
rectly to the terminal connections 27 and 28 of
inductance 26. Transfer resistances 23a¢ and 223b
are connected in series relation with the rectifiers -
41 and 42 and serve to effect the transfer of most
of the excitation current from the control mem-
bers 21 to the relieving anodes 22 as soon as an
arc discharge is established in the electric valve
means 5 and 16. In the arrangement of Fig.
2a, it will be noted that the unidirectional con-
ducting devices 37 and 38 are not employed.

The system shown in Fig. 2a operates to trans-
mit unidirectional impulses of current of peaked
wave form to the control members 21 of the pairs -
of electric valve means simultaneously. The uni-
directional conducting devices 41 and 42 assure
the transmission of only unidirectional current

‘to control members 21, and the relieving anodes

22 are connected in a manner to transfer the
excitation current from the control members 2i
upon initiation of arc discharges within the:
electric valves.

~The arrangement of Fig. 3 represents a por-
tion of the circuit shown in Fig. 1 and corre-
sponding elements have been assigned like ref-
erence numerals. In the arrangement of Fig, 3,
I have provided an .excitation system wherein -
simplicity of circuit construction is provided and
wherein only & minimum number of unidirec-
tional conducting devices are required in order
to obtain satisfactory operation of the translat-
ing system. It will be appreciated that by re-
ducing the number of unidirectional conducting
devices, I provide an arrangement which not
only reduces the cost of the excitation system
but also reduces the probability of failure of the
system due to the failure of operation of the
unidirectional conducting devices. More specifi-
cally, in the arrangement of Fig. 3 the unidirec-
tional conducting devices 43 and 44 are con-
nected between terminals 28 and 27 of the in-
ductance 26 and the intermediate connections of
current dividing reactors 33 and 34. In addition,

- T provide a second pair of current dividing re-

Co

rangement of Fig. 2, in addition to employing the -

unidirectional conducting devices 3T and 38, I
connect unidirectional conducting devices 39-42
in series relation with coutrol members 21 of
_ electric valve means 1318, respectively. By vir-
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actors 45 and 46 which have intermediate con-
nections 47 and 48 connected to the terminal
connections 28 and 21, respectively, of induct-
ance 26. The current dividing reactors 45 and 46
are connected to the relieving anodes 22 and, by
virtue of the connection in the system as illus-
trated, not only reliéve the duty imposed on con-
trol members 21 but also servé to reduce the
duty imposed on unidirectional conducting de-
vices 43 and #4. That is, unidirectional conduct-

ing devices 43 and 44 are required to conduct
current only until the arc discharges are estab-
lished within the electric valve means. As soon
as arc discharges are established, the excitation
current is transferred immediately. fo the re-
lieving anodes 22 anid most of the excitation cur-
rent then flows through current dividing react-
ances 45 and 46, effectively by-passing not only’
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the conftrol members 21 but aiso by-passing the
unidirections] conducting devices 48 end 44,

- In explaining the operation of the errenge-
ment shown in Fig. 3 let it be assumed that the

termingl 28 of inductance 28 is positive in po-
tential relative to terminal 27 af the time imme-
diately preceding the transmission of positive
impulses of current to control members 21 of
electric velve means {8 and 4. Inliially, the
current is transmitted through the unidirection-
al conducting device 438, the two portions of the
current dividing reactor 33 to the confrol mem-
bers 20 of electric valve meens {3 and (4. Upon
the establishment of cathode spots and arc dis-
charges within the electric valve means 13 end
{4, current is transferred to the relieving anodes
22, This operation causes current to fow through
the two portions of current dividing reactor 45
and effectively by-passing unidirectional con-
ducting device 43, current dividing reactor 38,
resistances 23 and control members 2. In like
manner, the portion of the clrcult sssoclated
with electric valve means {5 and 16 operaies to
relieve the duty imposed on unidirectional con-
ducting device 44, current dividing reactor 34,
resistances 28 and control members 21 of electric
valve means {5 and {8 as soon as arc discharges
are initiated.

While I have shown and described my inven-
tion es applied to particular systems of connec-
tions and as embodying various devices disgram-
maiticelly 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 gll such changes and modifice-
tions as fall within the true spirit and scope of
my invention.

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

1. In combination, an aliernating current cir-
cuit, & direct current load circuit, electric trans-
lating apparatus connected between said circuits
and comprising a pair of electrically displaced
phase windings and two pairs of electric valve
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means each associated with a different one of -

said phase windings, current dividing means
connected between each pair of -electric valve
means and the associated phase winding, sald
electric valve means each being provided with a

control member for controlling the conductivity

thereof, an excitation means for energizing the
control members for causing the electric valve
means in each pair to conduct current in parallel
and for causing the pairs of electric valve means

to conduct current during intervals of time dis- .

placed 180 - electrical 'degrees and including
means for producing g periodic voltage having
symmetrical peaks displaced 180 electrical de-
grees and comprising a saturable inductive re-
actance comprising 2 winding connected in se-
ries relation with an impedance element provided
with terminal connections and 2 connection
electrically intermediate the terminsl connec-

tions, said intermediate connection being con--

nected to one terminal of saild direct current cir-

cuit, and individual means connected between-

each of said {erminsl connections and the con-
trol members of & differeant one of the pairs of
electric valve means for supplying impulses of
current simultanecusly to the electric valve
means in the respective psirs.

2. In combination, an alternating current cir-
cuit, a direct current load circuis, electric trans-
latlng apparatus connected between said circuits
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and comprising 2 vair of electrically displaced
phase windings and two pairs of electric valve
mesns each associated with a different one of
said phase windings, current dividing means con-
nected between each pair of electric valve meamns
and the associated phase winding, said electric
valve means each being provided with a control
member for controlling the conductivity thereof,
an ‘excitation means for energizing the control
members for causing the electric valve means in

“each pair to conduct current in parallel and for

causing the pairs of electric valve means to con-
duct current during intervals of time displaced
180 electrical degrees and comprising means for
producing 2 pericdic voltage having symmetri-
cal peaks displaced 180 electrical degrees and in-
ciuding a saturabie inductive reactance compris-
ing a winding connected in series relation with .
an impedance element provided with terminal
connections and a connection electrically inter-
mediate the terminal connections, said inter-
mediate connection being connected to one
terminal of said direct current circuit, and means
connected between each terminal and the con-
trol members of & different pair of said valves
for supplying to the control members in the re-
spective pairs impulses of current of peaked wave
form to render the electric valves in the respec- -
tive pairs conducting simuitaneously and each
including & unidirectional conducting device and
a current dividing reactor.

3. In combination, an alternating current cir-
cuit, & direct current load circuit, electric trans-
lating apparatus connected between said circuits
and comprising a pair of electrically displaced
phase windings and twc pairs of electric valve
means each associated with a different one of
sald phase windings, current dividing means
connected between each pair of electric valve
means and the associated phase winding, said
clectric valve means each being provided with
a control member for controlling the conduec-
tivity thereof, an excitation means for energiz-
ing the control members for causing the electric
valve means in each pair to conduct current in
parallel and for causing the pairs of electric
valve means to conduct current during intervals
of time displaced 180 electrical degrees and coin-
prising means for producing a periodie voltage
having  symmetrical peaks displaced 180 elec-
trical degrees and comprising a saturable induc-
tive reactance comprising a winding connected
in series relation with an impedance element
provided with terminal connections and o con-
nection electrically intermediate the terminal
connections, said intermediate connection being
connected to one terminal of said direct current
circuit, means for transmitting to the control
members of the electric valves in each pair im-
pulses of current of peaked wave form to render
the electric valves in each pair conducting
simultaneously and during corresponding inter-
vals of time and comprising & pair of current
dividing reactors each having an intermediate
connection and a pair of unidirectional conduct-
ing devices, means connecting one of said de-
vices between one of said terminal connections
and the intermediate connection of-one of the
current dividing reactors, and means counecting
the other of said¢ devices between the other of

. said terminal connections and.the intermediate

connection of the other of said current-driving
reactors.

* 4. In combination, an alternating current cir-
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cuit, & direct current circuit, electric translating
apparatus connected between said circuits and
comprising a pair of electric valve means, said
electric valve means each comprising an anode,
a cathode, an immersion-ignitor type control
member and a relieving anode, excitation means
for producing a periodic voltage of peaked wave
“form and comprising a- saturable inductive re-
actance, a current dividing reactance connected
to the control members, a unidirectional con-
ducting device connected between said excitation
means and said current dividing reactor, and a
second current dividing reactor connected be-
tween said excitation means and the relieving
anodes.
5. In combination, an alternating current cir-
cuit, a direct current ecircuit, electric translat-
ing’ apparatus connected between said circuits

b
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and comprising a pair of electric valve means,
said electric valve means each comprising an
anode, a cathode, an immersion-ignitor type
control member and a relieving anode, excitation
means for producing a periodic voltage of peaked
wave form and comprising a saturable inductive
reactance, a current dividing reactznce con-
nected to the control members, a unidirectional

“conducting 'device connected between said excita-

tion means and said current dividing reactor,
and a second current dividing reactor connected
between said excitation means and the relieving
anodes and arranged to relieve the duty imposed
on said control members and said unidirectional
conducting device upon initiation of arec dis-
charges in said electric valve means.

ALBERT H. MITTAG.




