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4 Claims. 
The present-invention relates to' electric sys 

tems wherein‘power is interchanged between-di 
rect and alternating current circuits through 
means comprising‘an electric discharge appara 
tus, particularly to such systems including poly 
phase transformer secondary windings intercon 
nected by an interphase transformer, andone of 
its objects is to providean improved means'for 
compensating or preventing unbalance in the 
currents ?owing from the transformer second 
ary windings in such systems. 
In recti?er'systems or like systems comprising 

main supply transform-er means‘ including poly 
phase secondary windings interconnected by an 
interphase connection or transformer, unbalanc 
ing difficulties due to various causes have been 
encountered. In certain cases the reactive volt 
age of the main supply transformer‘ has tended 
to cause unequal distribution of the loadbetween 
the interconnected secondary . windings, one of 
the secondaries being subjected to ‘the larger load 
when the phase rotation of the main transformer 
was- in one direction and the other .secondary 
having the larger load when the phase rotation of 
the main transformer was in the other direction. 
In other cases the cause of the unbalance has been 
traced todiiferences in the voltage drop inthe 
arc discharge paths associated respectively with 
the interconnected transformer secondary wind 
ings. Other causes, more or less obscure, have 
been found to contribute to the unbalance. 

Various means have been suggested to over 
come the tendency to unbalance in the above men 
tioned power systems, including ‘the provision of 
reactance in the connections associated with that 
one only of the secondary windings theoutput of 
which tended to rise above the output of the other 
secondary. This method of preventing. the. un 
balance, which is set forth, in connection with 
the compounding system described in Lennox 
Patent No. 1,783,804, in Sabbah Patent I No. 
1,923,749, assigned to the sameassignee-as the 
present application, has however been found'to 
be inadequate in certain cases due to the random 
shifting of the unbalance from onevof the trans 
former secondaries to the other during operation. 
The shifting was due apparently,-among other 
causes, to change in transformer temperature; the 
balance being impaired after a period-.ofoperation 
on heavy overload. In-other cases, the shift was 
apparently causedby changesin the voltage drop 
through the arc discharge apparatus with age 
and temperature, under which conditions the un 
balance between the transformer secondaries 
tended to be reversed. 

(Cl. 175-363) 

‘In accordance with ‘the present‘ invention the 
foregoing difficulties are obviated by the provi 
sion in power systems of the above described char 
acter of sets of reactors connected respectively 
between each of the polyphase transformer sec 
ondaries and the corresponding anodes of the arc 
‘discharge apparatus, and saturating. windings op 
eratively associated with the sets of reactors, each 
saturating winding being energized’ from the op 
posite transformer secondary, thereby to varythe 
reactance of the reactors in such manner‘ as to 
compensate for the unbalance tendingto occur 
in the currents ?owing from the polyphase trans 
former secondaries. 
The invention will be better understood, from 

the following description when considered in con 
nection with the accompanying drawing and its 
scope will be set forth in the appended claims. 

. Referring to‘ the drawing, the single ?gure 
thereof is a diagrammatical representation of..a 
recti?er system in which the invention has been 
embodied. . 

In. the ?gure, the. recti?er system includesal 
ternating current supply terminals Wand direct 
current. terminals I I between which. power is 
transmitted through, an electric discharge ~ap 
paratus, such as constituted ‘by separate recti?ers 
l2, and a main supply transformer provided with 
a primary I3 and with two three-phase second 
ary windings I4 and I5. 
To prevent unbalance in the system, the phase 

terminals'IB to 2| ,of secondaries I4 .and' I5=are 
connected respectivelyvto anodes 22 to.2'l of the 
discharge apparatus I2 through anode reactor 
windings 28»to-.133 mounted respectively. on legs 
34 to 36 and 3'! t0,39 of reactor cores 40 and 4| 
each having a fourth or extra leg 42,43; to .per 
mit a ‘required degree of,,saturation. ‘The neu 
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tral terminals 44,..45 .of the transformer- sec- ¢ 
ondary windings Ill, ..I5 are interconnected 
through an interphase transformer .66 . and 
through reactorvsaturating windings 41,48, pref 
erably of a relatively large number . ofpturns. 
.The saturating windings 47,48 are mounted re 
spectively on the extra legs 42, 43 of there 
actor cores.40,».4I, and .are so. connected-that 
saturating. Winding.“ of core 58 associated with 
transformer winding I t is energized by current 
?owing from transformer winding. I5, and sat 
urating winding .48 of core All. associated with 
transformer winding I5 is energized by current 
?owing from transformer winding M. The ex 
tra, or ,saturatingtwindingsx-41,48 are Wound in 
such sense that, upon increased flow of current 
therethrough, the saturation of the reactor cores 55 
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4!), 4| increases. To prevent complete saturation 
of the reactors 28 to 33 air gaps ‘i9, 50 are pref 
erably provided in the cores M), 1H. 
In operation of the system shown for illus 

trative purposes in the drawing, assuming that 
conditions in the system are such that the cur 
rent from one of the transformer secondary 
windings, as M, increases over normal, and the 
current from the other windings, I5, correspond 
ingly decreases, the current through saturating 
winding 48 thereupon increases and the current 
through saturating winding 47! decreases. The 
saturation of the reactor system associated with 
transformer windings l5 and including reactance 
3| to 33 therefore increases, with consequent de 
crease of the reactance in the connections be 
tween transformer win-ding l5 and the corre 
sponding anodes 25 to 27!. At the same time the 
saturation of the reactor system associated with 
transformer windings ill and including anode 
reactors 28 to 36 decreases, with consequent in 
crease of the reactance of the connections be 
tween transformer windings is and the corre 
sponding anodes 22 to 2d. The increase of cur 
rent through windings iii and the decrease 
through windings i5 are therefore checked and 
the unbalance tending to occur in the system is 
compensated. 
Assuming that conditions in the system change 

in such manner that the current from the trans 
former secondary windings l5 increases above 
normal while the current from secondary wind 
ings I4 decreases, the unbalance therefore being 
opposite to that above described, it will be evi 
dent that the saturating windings 4'6', 48 then 
operate to check the current increase through 
windings l5 and the decrease through windings 
M and to compensate the unbalance as before. 
In general, by the means set forth in accord 
ance with the present invention, unbalance aris 
ing from any of the causes herein-above men 
tioned or other causes, in the current flowing 
from the interconnected transformer secondaries, 
is compensated to a desire-d degree or substan 
tially prevented. 
While the present invention has been shown 

and described with reference to an electric dis 
charge apparatus of the heated cathode type in 
which pairs of anodes and cathodes are en 
closed in separate vessels, the invention is not 
to be limited thereto since any other suitable 
arrangement of electric discharge apparatus in 
which current is caused to flow unidirectionally 
between a negative conductor and a plurality of 
anodes, for recti?ers for like purposes, for ex 
ample, a multi-anode electric discharge device 
of the single cathode, mercury pool type, may 
be employed. 
The invention has been described herein in a 

particular embodiment for purposes of illustra 
tion. It is to be understood, however, that the 
invention is susceptible of various changes and 
modi?cations and that by the appended claims 
it is intended to cover any such modi?cations 
as fall within the true spirit and scope of the 
invention. 
What is claimed as new and desired to secure 

by Letters Patent of the Unite-d States is: 
1. The combination of a polyphase system pro 

vided with two polyphase main transformer sec 
ondary windings, an interphase connection con 
nected between the neutral terminals of said 
secondary windings, a plurality of reactor wind 
ings, an electric discharge apparatus comprising 

2,044,593 
a plurality of anodes each connected to a differ 
ent phase of said transformer windings through 
a different one of said reactor windings, and 
means responsive to the current flowing between 
each of said polyphase transformer windings 
and said interphase connection to vary simul 
taneously the reactance of the reactor windings 
connected to the other polyphase transformer 
windings, thereby to compensate for unbalance 
in the currents flowing from said two polyphase 
transformer windings. 

.2. The combination of a polyphase system 
provided with two polyphase main transformer 
secondary windings, an interphase transformer 
connected between the neutral terminals of said 
secondary windings, an electric discharge appa 
ratus comprising a plurality of anodes, two sets 
of reactor windings connected respectively be 
tween different ones of said anodes and different 
phases of said secondary windings, two reactor 
cores having separate legs for the correspond 
ing reactor windings and an extra leg, direct cur 
rent terminals connected to said interphase 
transformer and through said discharge appara 
tus and said reactor windings to said trans 
former win-dings, two saturating windings mount 
ed respectively on said extra core legs, and means 
to supply current to a given one of said saturat 
ing windings corresponding to a given one of said 
secondary windings from the other of said sec- ‘ 
ondary windings, to prevent unbalance in the cur 
rent ?owing from said two secondary windings. 

3. The combination of a six-phase system pro 
vided with two three-phase main transformer 
secondary windings, an interphase connection ‘T' 
connected between the neutral terminals of said 
secondary windings, six reactor windings, an 
electric discharge apparatus comprising six an 
odes each connected to a different phase of said 
transformer windings through a different one of 
said reactor win-dings, and means responsive to 
the current ?owing between each of said trans 
former windings and said interphase connection 
to vary simultaneously the reactance of the 
three reactor windings connected to the other of 
said transformer windings, thereby to compen 
sate for unbalance in the currents ?owing from 
said two three-phase transformer windings. 

4. The combination of a polyphase system pro 
vided with two three-phase main transformer ’ 
secondary windings, an interphase transformer 
connected between the neutral terminals of said 
secondary windings, an electric discharge appa 
ratus comprising six anodes, two sets of three re 
actor windings connected respectively between 
diiferent ones of said anodes and different phases 
of said secondary windings, two reactor cores each 
having three legs for the corresponding reactor 
windings and an extra leg, direct current termi 
nals connected to said interphase transformer ' 
and through said discharge apparatus and said 
reactor windings to said transformer windings, 
two saturating windings mounted respectively on 
said extra core legs, and means to supply current 
to a given one of said saturating win-dings corre 
sponding to a given one of said three-phase sec 
ondary windings from the other of said three— 
phase secondary windings, to prevent unbalance 
in the current flowing from said three-phase sec 
ondary windings. 

WILLIAM A. DODGE, 
Administrator of the Estate of Camille A. Sabbah, 

Deceased. 
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