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a decrease in the load carried by the secondary 
transformer winding and associated discharge 
valves carrying nuore than their share of load Sandi 
simultaneously to cause an increase in the load 
carried by the secondary transformer winding 
and associated discharge valves carrying less 
than their share of load, Switching means are 
also provided for cutting out the operation of 
the balancing means on the electric valve con 
verting apparatus, whenever this is desired. 
The novel features which we believe to be chair 

acteristic of Our invention are Setiforth with par 
ticularity in the appended claims. Our inyen 
tiora, itself, however, will best be understood by 
reference to the following description taken in 
connection with the accompanying drawing is 
which the single figure thereof diagrammatically 
represents an embodiment of our invention. 

Referring now to the single figure of tile draw 
ing, We haye illustrated therein a System enbody 
ing our invention for transmitting energy front 
a polyphase alternating current supply circi 
9, having three phases, to a direct current load 
circuit S. An electric valve translating appara 
is including the main electric discharge Vayes 
i2 to it, inclusive, and a transformer 8 are ar 
ranged to transmit the energy eitween the Supe 
ply and load circuits it and , respectively. The 
transfor aer 8 nay comprise a prinary winding 
9 and groups of Y-connected secondary windings 
2 and 2, the neutrals of "faic are naštercora 
nected by means of an interphase transformer 
22 to produce a form of six-phase system of the 
double Y type. The midpoinºt 23 of interphase 
transformer 22 is connected to one side of the 
direct current circuit i?, while the other side 
of the direct current circuit is connected to the 
cathodes Of the Inain electric discharge waves 
2 to . As indicated, suitable fuses 2 may be 
connected in series relation with the electric 
valves 2 to , inclusive. The electric waves 
2 to 7 are preferably of the type employing an 

ionizable mediurn such as a gas or a vapor, anti 
each comprises an anode 25, a cathode of the 
Self-reconstructing type such as a mercury pool 
cathode 26, and a contro member 2 of the 
make-alive or the immersion ignitor control 
member type. The immersion ignitor contro 
members 2 are of a material having a substan 
tially greater electrical resistivity than that of the 
associated mercury pool cathode 2S. These con 
trol members may be constructed of a suitable 
material Such as boron-carbide and silicon-car 
bide, or of the material disclosed and clainued. 
in U. S. Letters Patent No. 822,742, granted 
Septenaber 8, 1931, on an application of Karl B. 
McEachron, and assigned to the assignee of the 
present application. In order to establish an arc 
discharge between the anode 25 and the cathode 
26, it is necessary that a predetermined mini 
mum critical flow of current be transmitted 
through the immersion ignitor control member 
2. The main or power arc discharge path of 
each of the electric valves 2 to AT, of course, 
lies between the anode 25 and the cathode 26. 

Excitation circuits 28 to 33 are associated with 
electric valves 2 to f, respectively, and may 
be connected to be responsive to the anode 
cathode voltage of the associated main power 
electric valve. Each of the excitation circuits 
28 to 33 includes a control electric valve 3 which 
may be connected between the anode 25 and 
the immersion ignitor control member 27 of the 
associated electric valve through a current limit 
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and an inductive reactance 3. The fuses 35 
protect the control electric valves 3 while the 
resistOr 36 limits the Surge peak current Which 
might flow through the auxiliary control elec 
tric valve in the event, the main electric discharge 
Waye does not conduct. The inductive reactance 
3 combined with capacitor 38 which is connected 
in parallel with the control electric valves 34 
decrease the high frequency oscillations which 
are undesirable from the standpoint of radio 
interference, he control electric valves it are 
preferably of the type employing an ionizable 
medium and each comprises an anode 3S, a cath 
ode 0, a flament or cathode heating element , 
therefor, Sand a contro member O grid 42, As 
described the electric Waives 34 may be of the 
type employing a screen or shield grid 43 which 
is connected to a point less positive than the 
anode and may be connected directly to the cath 
cdº. À capacitance 4 is connected between the 
cathode 4 and the control grid 42 to absorb 
transient voltage variations which asy be pres 
eni in the grid circuit due to the anode circuit, 
A carrent limiting resistance 45 may be con 
nected in Series relation viti, the controi grid 
is 33d the grid or excitation circuit described 
heein after. In order iC ingress o the con-, 
rol gilds 2 o electric contro aves 3. In ex 

citsation circuits 28-33 alternating voltages pref 
eliably having a lagging phase displacement re 
Stive to the ancde-cathcde voltages of the re 
spective control electric waves, we employ a 
transformer is having a primary winding and 
groups of Seconday widings 3 and 9. The 
primary winding 4 of transformer 46 may be 
energized with alternating potential from any 
Suitable supply which has a fixed phase rela 
tionship with said anode supply, and is illus 
trated as being energized from alternating cur 
rent Supply circuit 9. The secondary windings 
i8 and 9 of grid transformer 36 are connected 
is a zigzag Y relationship so that the alternating 
grid potentials have a lagging phase displace 
anent relative to the potentials of the secondary 
windings 20 and 2 of the main power trans 
former 3. This lagging phase displacement 
Should preferably be in the neighborhood of 90 
electrica degrees whereby the bias shift method 
of grid control may Suitably be employed as de 
scribed and claimed in U. S. Letters Patent No. 
1,653,987, granted January 3, 1928, upon an ap 
plication of Albert H. Mittag. By impressing a 
direct current bias upon the neutrals of the sec 
ondary windings 48 and 49 of grid transformer 
4, a shift in the phase of the grid potentials 
of control electric valves 3 relative to the anode 
cathode voltage of these valves occurs and in 
this manner the valves may be caused to con 
duct for longer or shorter intervals of time de 
pending upon whether the grid excitation is ad 
vanced or retarded. It will be understood by 
those skilled in the art that in the arrangement 
described above a positive direct current blas 
impressed upon the neutrals of the secondary 
Windings 8 and 49 of grid transformer 46 will 
advance the phase of the grid excitation of con 
trol electric valves 34 and cause them to be con 
ductive for a longer interval during each cycle. 
Conversely a negative bias will retard the phase 
excitation and render control electric valves 34 
conductive for a shorter period during each 
cycle. In Order to obtain this direct current 
bias to advance or retard the grid excitation of 
control electric valves 34 we provide a poten 
tiometer regulator 50 the moving arm S of which 
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is connected to the neutral terminals of grid 
transformer secondary windings 48 and 49 
through two equal resistances 52 and 53 the pur 
pose of which will become apparent as this de 
scription proceeds. Resistances 52 and 53 are 
serially arranged and interconnect the neutrals 
of zigzag Y-connected grid transformer secondary 
windings' 48 and 49. The moving arm 5 of 
potentiometer regulator 50 is connected to ter 
minal 54 intermediate resistances 52 and 53. 
The other terminal of potentiometer regulator 
50 is connected to the cathodes of control elec 
tric valves 4 through cathodes 26 and immer 
sion ignitor type of control electrodes 27 of main 
electric discharge valves 2 to T. By providing 
two secondary grid transformer windings 48 and 
49 each associated with a separate group of three 
electric discharge valves it is possible to impress 
a different direct current bias potential upon 
the neutral of secondary winding 48 than upon 
the neutral of secondary winding 49 so that con 
trol electric valves 34 and associated main valves 
2, 3 and 4 may be made to carry more or 

less current than control valves 34 and asso 
ciated main valves 5, 6 and T as will be de 
Scribed in detail hereinafter. However, the di 
rect current bias potential obtained from poten 
tioneter regulator 50 impressed upon terminal 
54 will through control valves 34 effect all of 
the main electric discharge valves 2 to 7 in 
the same manner. It will of course be under 
stood by those skilled in the art that poten 
tiometer regulator 50 can readily be adapted to 
automatic operation. For example, the moving 
arm 5 may be controlled in response to the 
voltage of the direct current circuit whereby 
Voltage regulation of this direct current circuit 
may be obtained. 
Although we have described the electric valve 

converting apparatus as transmitting energy 
from a three-phase alternating current supply 
circuit to a direct current circuit 1, it will 
be understood by those skilled in the art that 
Supply circuit to may comprise any number of 
phases and furthermore that energy might equal 
ly Well be transmitted from direct current circuit 

to alternating current circuit le or even be 
tween two alternating current circuits of like 
or different frequency. 

Since actual operation has shown a persistent 
tendency toward unbalance between the main 
power currents flowing from the respective sec 
ondary transformer windings to the electric dis 
charge valves of electric valve converting appa 
ratus of the type described, we provide, in accord 
ance with our invention, an automatic current 
balance control 55 by which to maintain a bal 
ance between the currents flowing from the re 
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reactor 72 and capacitor 73. 
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spective secondary windings of the main power . 
transformer. In the illustrated embodiment we 
have provided a current balance control by which 
? balance is continuously maintained between 
the currents flowing from the two Y-connected 
secondary windings 20 and 2 of main power 
transformer 8. Accordingly, we have provided 
a plurality of current transformers 56 to B ar 
ranged so that each has its primary winding 
connected in series with one of the main anode 
power supply lines associated with electric valves. 
12 to , respectively. These current transform 
ers are used to indicate the currents flowing 
through the respective anodes of electric dis 
charge valves 2 to , and are provided with 
cores 56'-6", respectively, insulated from the 
anode conductors. These cores are connected 
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to the cathode bus for the purpose of minimiz 
ing any capacity effect between the secondary 
coils and the anode conductor or the core struc 
ture. The secondary outputs of current trans 
formers 56, 57 and 58 which are associated with 
the anode supply lines leading from Y-connected 
secondary winding 20 of main power transformer 
18 are rectified through separate elements of 
three double-element thermionic rectifier valves 
62, 63 and 64, while the secondary outputs of 
current transformers 59, 60 and 6 associated 
with the other Y-connected secondary winding 
2 are rectified through the remaining separate 
elements of thermionic electric valves 62, 63 
and 64. Each of these thermionic valves is pro 
vided with a pair of anodes 65 and 66. Currents 
flowing from current transformers 56 to 58, re 
spectively, are connected to anodes 65 of ther 
mionic valves 62 to 64 and currents flowing from 
current transformers 59 to 6 are connected to 
anodes 66 of thermionic valves 62 to 64. These 
rectifiers 62 to 64 are each provided with a cath 
ode 67 of the hot cathode type, the filament of 
which is suitably energized for heating purposes 
from the flament transformer 68, the primary 
winding of which is supplied from a suitable 
source of alternating current. The direct cur 
rent output of current transformers 56 to 58 
when rectified by electric valves. 62 to 64 is fill 
tered or smoothed by means of a reactor 69 and 
a capacitor TO so that not the peak currents but 
rather the average currents are metered. A 
potentiometer 7 is connected across capacitor 
TO so that the direct current potential appear 
ing across potentiometer 7 is to all practical 
purposes proportional to the average anode cur 
rent flowing through the three anodes asso 
ciated with the Y-connected secondary winding 
20 of transformer 8. Similarly, the output from 
current transformers 59, 60 and 6 when recti 
fied by thermionic valves 62 to 64, is filtered by 

The potentiometer 
T4 is connected in parallel with capacitor 3 and 
the potential appearing across this potentiometer 
is proportional to the average anode. current 
flowing through the anodes of electric discharge 
valves 5 to associated with Y-connected Sec 
ondary winding 7 of transformer 8. 
The polarities of the current transformer wind 

ings as indicated by the arrowheads associated 
with current transformer 56, are such that when 
current flows through the primary conductors in 
a direction from anode to cathode of main elec 
tric valves 2 to T, respectively, a secondary 
current flows from anode to cathode of rectifier 
valves 2 to 64. Because of the fact that an 
excessively high inverse voltage appears, across 
the secondary windings of the current trans 
formers 56 to 6, respectively, at the time when 
the main anode currents of electric discharge 
valves 2 to 7 cease to flow, we have provided 
electric discharge valves 75 connected across 
the secondary winding of each of the current 
transformers 56 to 6 so as to suppress the in 
verse peak and also to eliminate the high fre 
quency oscillations which would otherwise appear 
across the secondary windings of the current 
transformers. These electric discharge valves 
75 are connected so as to become conductive in 
a reverse direction with respect to valves 62, 63 
and 64. It will be understood by those skilled in 
the art that valves 75 could be replaced by means 
of large resistors, although in this latter case a 
certain amount of current would continually flow 
through the resistors and the necessity of cali 



4. 
bration of the arrangement would occur in the 
interest of more accurate metering of the main 
anode currents. 

in order to compare the direct current poten 
tials proportional to the average currents flowing 
from secondary transformer windings 20 and 2 
potentiometers T and 4 have a common posi 
tive terminal 76 and isolated negative terminals 
TT and 78, respectively. If the currents flowing 
from each Y-connected secondary winding 2 
and 2 are equal then the potentials appearing 
across potentiometers and 4, assuming the 
constants of the circuit to be identical, are equal 
and no potential difference should exist between 
terminals and 8. If, however, the currents 
flowing through electric discharge valves 2, 3 
and are greater than the currents flowing 
through electric discharge valves is, 6 and it, 
then the potential difference between terminals 
76 and 77 vill be greater than the potential dif 
ference between terminals 6 and 8 and ter 
minal 77 will be at a negative potential relative 
to terminal 8. Conversely, if the currents flow 
ing through electric discharge valves 2, 3 and 
4 are less than those flowing through electric 

discharge valves 5, 6 and then the potential 
difference between terminals and will be 
less than the potential difference between termi 
nals 6 and 78 and the potential of terminal 8 
will be negative with respect to the potential of 
terminal . Potentiometers i and 7 are pro 
vided with adjustable siders 9 and 89, respec 
tively, for purposes of adjustment which will be 
described in detail herein after and the poten 
tial difference between terminal 6 and slider 9 
is used instead of the potential difference be 
tween terminals Ts and T. Similarly, the po 
tential difference between terminal 6, and Slider 
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80 is used instead of the potenti difference be tween terminals is and is si & Ts of poten 
tiometer 7 is connected to terminal 8 of resist 
ance 52 while slider 80 of potentiometer 4 is 
connected to terminal 82 of resistance 53. In 
view of the above description it will be under 
stood by those skilled in the art that when the 
current flowing through main electric discharge 
valves 2, 3 and equals the current flowing 
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through main electric discharge valves 5, 6 and 
there will be no potential difference between 

sliders 79 and 80 assuming that they are initially 
placed in the same position on potentiometers 

and 14, respectively, and similarly, terminals 
8 and 82 of resistances 52 and 53, respectively, 
Will be at the same potential. The grid excitation 
circuits of all of the control electric valves 
therefore will have the same direct current bias 
potential impressed upon them by virtue of pos 
tentiometer regulator 50 acting through terminal 
54 intermediate resistances 52 and 53. If, how 
ever, more current flows through main electric 
discharge valves 2, 3 and 4 than through elec 
tric discharge valves 5, 6 and 7 a negative 
direct current potential will appear at terminal 
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and 2 ?. Thus it is observed that if unbalanced 
currents exist, equal and opposite bias potentials 
are applied to the respective excitation circuits 
in order to cause some electric discharge valves 
to carry more current while others are caused 
to carry less current so as to restore balanced 
Conditions. 

in order that any one of the rectifier valves 62, 
63 or 64 may be replaced in case it should be 
come defective and without affecting the Opera 
tion of the current balancing means to any great 
extent we have provided that the secondary 
windings of the current transformers associated 
with diametrically opposite electric discharge 
waives, insofar as the firing period is concerned, 
both feed into the same two-element rectifier. For 
example, the secondary winding of current trans 
former 56 associated with main electric discharge 
valve 2 is connected to the anode 65 of rectifier 
valve 62 while current transformer Secondary 
winding si associated with main electric dis 
charge valve f is connected to anode 66 of the 
same rectifier valve 62. The same relationship 
is true with respect to the remaining current 
transformer secondary windings and rectifiers 63 
and 64. By this arrangement it is possible to 
remove thermionic rectifer 62, 63 or 64 from 
the circuit without greatly affecting the operation 
as far as balancing the currents flowing from the 
two Y-connected secondary windings 20 and 
2 is concerned other than to change the Sen 
sitivity. It has been found that even with only 
a single one of the thermionic rectifiers 62, 63 
or 64 connected in the circuit a considerable bal 
ancing effect is obtained which is improved when 
two rectifier valves are used and of course is 
much better when all of the currents flowing 
from the secondary windings 20 and 2 of trans 
former 8 are used. m 

In order that the electric valve converting ap 
paratus may be operated without the current bal 
ancing means we provide double pole, double 
throw switches 84, 85 and 86, preferably of the 
"make-before-break' type, which are connected 
in series with the anode leads of the thermionic 
rectifiers 62, 63 and 64, respectively. A single 
pole switch 8 is also provided in order to short 
circuit terminals 8 and 82 of resistors 52 and 53 
and place them at the same potential when the 
current balancing means is cut out of the cir 
cuit. When switches 84, 85 and 86 are moved to 
the right the secondary windings of current trans 
formers 56 to 6 are short circuited and the cur 
rent balancing means is cut out of operation. 
These switches have been provided not only that 
the electric valve converting apparatus may be 
operated without the current balancing means 
but also to facilitate the replacement of the 
thermionic rectifiers 62, 63 or 64 without appre 
ciably affecting other than the Sensitivity of the 
Current balancing means in case one of these 
rectifiers should become defective. 

8 of resistance 52 relative to the direct current 
potential of terminal 82 of resistance 53. This 
bias potential will retard the phase of the grid 
excitation of the auxiliary control valves 4 as 
sociated with main electric discharge valves 2, 
3 and f4 and at the same time the opposite po 

tential appearing at terminal 82 will tend to ad 
vance thephase of the grid excitation of the con 
trol valves associated with main discharge Waves 

5, 6 and T, thereby tending to restore a bal 
ance between the currents flowing from the re 
spective secondary transformer windings 28 
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The operation of the embodiment of our in 
vention diagrammatically shown in the single 
figure of the accompanying drawing will be 
understood by those skilled in the art in view of 
the detailed description given above but will be 
briefly described by considering first the electric 
valve converting apparatus when operating with 
balanced currents flowing from the secondary 
windings 20 and 2 of main power transformer 
8. The main electric discharge valves f2 to 
are rendered conductive in the proper sequence 
ciue to the action of the contro electric valves 

and the grid excitation circuits 2 to 33 as 
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sociated therewith. The output of the electric 
Wave converting apparatus may be controlled by 
varying the position of movable arm 5 of poten 
tiometer regulator 50 thereby varying the direct 
current bias applied to control electric valves 34 
and either advancing or retarding the grid ex 
citation thereby increasing or decreasing the 
power output. If the average currents flowing 
from secondary transformer winding 20 are equal 
to the average currents flowing from secondary 
transformer winding 2 there will be no potential 
difference between sliders '79 and 80 of potenti 
ometers and , respectively, associated with 
current balancing means 55 and hence no change 
in the operation of the electric discharge valves 
Will occur, assuming that the sliders 9 and 80 
are in the same relative positions on their re 
spective potentiometers. If, however, the aver 
age currents flowing from secondary transformer 
winding 20 are gerater than the average currents 
flowing from secondary transformer winding 2, 
a positive bias potential will be impressed on the 
neutral of secondary grid transformer winding 
49 while an equal and opposite bias potential is 
impressed on the neutral of grid transformer 
secondary winding 48, whereby main electric dis 
charge valves 2, 3 and 4 will be caused to 
carry less current and main electric discharge 
valves fs, 6 and 7 will be caused to carry more 
current thereby restoring the balance. It will be 
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understood by those skilled in the art that a 
small amount of unbalance between the currents 
is necessary to produce a direct current potential 
diference between terminals 8 and 82 of re 
sistors 52 and 53, respectively, to force a balance 
between the respective anode currents. With the 
sliders 79 and 80 in the same relative positions 
and the system having a normal tendiency to un 
balance, the currents flowing will in Wer become 
balanced. For this reason sliders 9 and 80 are 
initially adjusted relative to One another so that 
the apparatus will have a slight initial correc 
tion. Instead of sliders 9 and 80 it will be 
understood by those skilled in the art that this 
initial correction could be produced by means of 
a fixed bias of proper magnitude and direction. 
It is desirable that the potentials obtained from 
potentiometers 7 and 74 are as large as possible 
in order to minimize the degree of unbalance that 
caust be tolerated. The heavier the load carried 
by the electric valve converting apparatus the 
better will be the operation of the current bal 
ancing means due to the fact that a larger direct 
current bias potential will be available at termi 
nals and 2 for causing a phase shift in the 
grid excitation relative to the anode potential 
of control electric Waves . 
Although We have shown and described a par 

ticular embodiment of our invention as applied 
to an electric valve converting apparatus em 
bodying a main transformer including a pair of 
Y-connected secondary windings intercon 
nected by an interphase transformer, it will be 
understood by those skilled in the art that our 
current balancing means may equally well be em 
bodied in connection with many other types of 
electric valve converting apparatus. 
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fall within the true spirit and scope of our in 
Wento. 
What we claim as new and desire to secure by 

Letters Patent in the United States is: 
1. In combination, an alternating current sup 

ply circuit, a direct current load circuit, a plural 
ity of electric discharge valves interconnecting 
said circuits, a control electrode and an excita 
tion circuit therefor for each of said electric dis 
charge valves, means for obtaining a measure of 
the current flowing through said electric dis 
charge valves comprising a control circuit includ 
ing energy storage means for producing a direct 
current blas potential proportional to the dif 
ference between the average currents flowing 
through said valves, said bias potential being im 
pressed upon said excitation circuits of said elec. 
tric discharge valves to control the operation 
thereof in such a manner as to prevent any sub 
stantial unbalance between the currents flowing 
through said Waves. 

2. In combination a supply circuit, a load cir 
cuit, electric translating apparatus connected be 
tween said circuits and including a transformer 
and a plurality of electric discharge valves, said 
transformer including a primary winding and a 
plurality of secondary windings, a control circuit 
for preventing uaubalance between the currents 
flowing from said secondary transformer wind 
ings comprising means including a plurality of 
Current transformers for obtaining a measure of 
the current flowing from said transformer sec 
ondary windings, and means for controlling the 
operation of said electric discharge valves in re 
sponse to any tendency toward unbalance indi 
cated by said measured currents. 

3. In an electric valve converting apparatus an 
alternating current supply circuit, a direct cur 
rent load circuit, electric translating apparatus 
connected between said circuits and including a 
power transformer and a plurality of electric dis 
charge valves, said transformer being provided 
with a primary winding and a plurality of Y 
connected secondary windings, an excitation cir 
cuit for each of said discharge valves, and means 
for maintaining a balance between the currents 
flowing from the Y-connected secondary trans 
former windings, said last mentioned means 
comprising means for producing direct current 
potentials proportional to the average currents 
flowing from said Y-connected secondary wind 
ings, and means for impressing any difference 
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While we have described what we at present 
consider the preferred embodiment of our in 
vention, it will be obvious to those skilled in the 
art that various changes and modifications may 
be made without departing from our invention, 
and We, therefore, aim in the appended claims 
to cover all such changes and modifications as 
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between said direct current potentials on the ex 
citation circuits of the respective discharge valves 
associated with said Y-connected windings for 
restoring a balance between the currents flow 
ing thereron. 

4. In combination a supply circuit, a load cir 
cuit, electric translating apparatus connected be 
tween said circuits and including a plurality of 
electric discharge valves, means for balancing 
the currents flowing between said valves, said 
last mentioned means including a plurality of 
Current transformers and associated rectifiers 
for obtaining an indication of the currents flow 
ing through said valves, and means for modify 
ing the operation of said valves in response to 
unbalance between said currents. 

5. In combination a supply circuit, a load cir 
cuit, electric translating apparatus connected be 
tween said circuits and including a plurality of 
electric discharge valves arranged in groups, 
means for balancing the currents flowing be 
tween said groups of valves, said last mentioned 
means including means for obtaining an indica 
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tion of the currents flowing through certain valves 
of each group, means for controlling the Opera 
tion of Said valves in response to the unbalance 
between said currents, and switching means for 
changing the connections of said balaucing 
means so that Said balancing means may respond 
to the current conducted by any number of valves 
of each of said groups of valves. 
6. In an electric valve converting apparatus, 

an alternating current circuit, a direct current 
circuit, means including a plurality of groups of 

0 

electric discharge valves interconnecting said cir 
cuits, a control circuit for balancing the currents 
flowing through said groups of valves comprising 
raneans including a plurality of curret trans 
ioralers for obtaining an idication of the cur 
rents trariSamitted by each of 8sic groggs of 
valves, and means responsive to said indicated 
currents for controlling the operation of said 
groups of valves to eliminate current unbalance 
between said groups of valves. - 

7. In combination, an alternating current sup 
ply circuit, a direct current load circuit, electric 
translating apparatus connected therebetween 
and including groups of electric valve means each 
having an anode, a cathode and a control mem 
ber, an excitation circuit for energizing said con 
trol member, means including a plurality of cur 
rent transformer's for obtaining an indication of 
the average current flowing in the anode circuits 
of certain of said electric discharge valves, and 
means fesponsive to any unbalance between the 
Current flowing in certain of said valves for im 
pressing a potential On the excitation circuit of 
certain of Said valves to restore balanced condi 
tions. 

8. In an electric valve converting apparatus an 
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alternating current supply circuit, a direct cur 
rent load circuit, electric translating apparatus 
Connected between said circuits and including a 
power transformer and a plurality of electric dis 
charge valves, said transformer being provided 
With a primary winding and a pair of secondary 
Windings each of SEid secondary windings being 
associated with a group of electric discharge 
Valves, an excitation circuit for said plurality of 
electric discharge valves including an excitation 
transformer having a pair of secondary windings 
One of which is associated with each of said 
groups of electric discharge valves, means for 
maintaining a balance between the currents flow 
ing from said pair of secondary windings of said 
power transformer comprising capacitance means, 
means for charging said capacitance means in 
accordance with the current conducted by the 
Valves associated with both of said secondary 
windings of said power transformer, and means 
for impressing the voltage of said capacitance 
means on the secondary windings of said excita 
tion transformer to reduce the conductivity of 
the valves associated with the transformer wind 
ing carrying more than its shart of the current 
and to increase the conductivity of the valves as 
sociated with the transformer winding carrying 
less than its share of the load in order to restore 
balanced current conditions between said groups 
of electric discharge valves, 

9. In an electric yslive converting apparatus an 
alternating current supply eircuit, a direct cur 
rent load. circuit, electric translating apparatus 
connected between said circuits and including a 
power transformer and a plurality of electric 
discharge valves, said. transformer being pro 
vided with a primary winding and a plurality of 
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secondary windings, an excitation circuit for 
each of said discharge valves, means for balanc 
ing the currents flowing from the plurality of 
secondary windings, said last mentioned means 
comprising a plurality of current transformers 
and associated rectifiers for producing direct 
current potentials proportional to the average 
Currents flowing from each of said secondary 
windings, means for impressing any difference 
between said direct current potentials on the 
excitation circuits of the respective discharge 
valves associated with said secondary windings 
in such a mariner as to restore balanced condi 
tions between the currents flowing therefronn, 
Sri Switching reans for cutting out the opera 
tion of said osaacing eers. 

i. in an electric wave converting apparatus 
an alternating current supply circuit, si direct 
current oad circuit, electric translating appa 
ratus connected between said circuits and in 
cluding a maina poYWer transformer and a plural 
ity of electric discharge valves, said transformer 
being provided with a primary winding and a 
pair of secondary windings, an excitation circuit 
for said electric discharge valves including a 
grid transformer having a pair of secondary 
Windings provided with neutral terminals, means 
for maintaining a balance between the currents 
flowing from said main transformer Secondary 
windings comprising means for producing a di 
rect current bias potential responsive to the aver 
age currents flowing from one of said pair of 
secondary windings of said main power trans 
former, means for producing a direct current 
bias potential proportional to the average cur 
rents flowing from said other. secondary wind 
ing of said main power transformer, and mean 
for comparing said bias potentials and impress 
ing the difference across the neutral terminals 
of said grid transformer secondary windings in 
order to restore balanced current conditions. 

11. In combination an alternating current sup 
ply circuit, a direct current load circuit, an elec 
tric translating apparatus connected between 
said circuits and including a power transformer 
having a primary winding connected to said 
alternating current circuit, and a pair of sec 
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ondary windings each associated with a plural 
ity of electric discharge valves for transmitting 
energy from said alternating current circuit to 
said direct current circuit, a grid transformer 
having a pair of secondary windings one of which 
is associated with the electric discharge valves 
connected to the other secondary winding of 
said main power transformer while the other 
is associated with the electric discharge valves 
connected to the other secondary winding of 
the main power transformer, means for balanc 
ing the currents flowing from said main trans 
former secondary Windings comprising capaci 
tance means responsive to the difference between 
the average currents flowing from one of said 
main power secondary windings and the average 
currerits flowing from the other of said main 
pOWer transformer secondary windings for im 
pressing a direct current bias potential on the 
excitation circuits of the electric discharge valves 
as Will advance the phase of the grid excitation 
of certain of said valves while retarding the 
phase of the grid excitation of others of said 
valves. 

12. In an electric valve converting apparatus, 
a supply circuit, a load circuit, electric translat 
ing apparatus connected between said circuits 
and including a plurality of inductive windings 
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and a plurality of groups of electric discharge 
valves, each group of said valves being associated 
with one of said inductive windings, an excita 
tion circuit for each of said groups of electric 
discharge valves, means for maintaining balanced 
conditions between the currents flowing in said 
inductive windings including a plurality of cur 
rent transformers and associated rectifers for 
producing unidirectional potentials propor 
tional to the currents flowing in said inductive 
windings, and means for comparing said unid 
rectional potentials to obtain a resultant poten 
tial of such magnitude and polarity as to shift 
the phase of the excitation of said groups of elec 
tric discharge valves in such a manner as to 
restore balanced current conditions. 

13. In an electric valve converting apparatus, 
an alternating current supply circuit, a load cir 
cuit, electric translating apparatus connected 

0 

between said circuits including a plurality of 20 

7 
inductive windings and a plurality of groups 
of electric discharge valves, each of said groups 
of valves being associated with One of said wind 
ings, an excitation circuit for said electric dis 
charge valves, a control circuit for preventing 
unbalance between the currents flowing from 
each of said inductive windings including means 
for producing direct current potentials respon 
sive to the current flowing from each of said 
inductive windings, potentiometers for compar 
ing sald direct current potentials so as to ob 
tain a resultant potential if any unbalance ex 
ists, and means for impressing such resultant 
potential upon the excitation circuit of said 
electric discharge valves to restore balanced cur 
rent conditions. 

ELIMO E. MOVER 
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AUGUST SCHMIDT, Jr. 
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