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LESLIE L. PERRY AND ALLEN M. ROSSMAN, OF WILMETTE, ILLINOIS, ASSIGNORs To 

SARGENT & LUNIDY, INCORPORATED, o3. CHICAGO, ILLINOIS, A CORPORATION OF 
LLINOS 

METHOD or AND MEANS FOR GENERAEING AND DISTRIBUTING CURRENT FLow 
Application iiied April 25, 1929. Serial No. 358,090. '. 

This invention relates to a method of and 
means for generating and distributing cur 
rent flow. More particularly this invention 
is concerned with the generation and distri 
bution of currents in and from large turbo 
generator units. . 
As turbo-generator units have been in 

creasing in size, the problem of handling the 
large current flow incidental to increased ca 
pacity has become more and more difficult. 
On some recent units the problem has been 
partially solved by increasing the terminal 
voltage from the previous standards of 
11,500 and 13,800 to 22,000 volts. In the still 
larger units now under consideration the 
current even at 22,000 volts becomes too large 
to be handled readily. The difficulty resides 
largely in the protective and Switching mech 
anism. ". . . . . 

iDuring the past two or three years another 
partial solution has been to put two inde 
pendent windigs on the same generator, 
each winding being of one-half the normal 
capacity of the entire machine. Each wind 
ing has a definite maximum current carrying 
capacity which cannot be exceeded without 
overheating it and damaging its insulation. 
it is permissible to operate both windings 
at their maximum capacity simultaneously, 
but it is not permissible to increase to an 
appreciable extent the current of one winding 
to compensate for a decrease in current on 
the other. To get maximum capacity from 

3. s 

40 

the units it is necessary to effect a balance 
of current in the two windings. This solu 
tion of the double winding generator has, 
therefore, been successful only where exter 
nal means were available for balancing the 
currents on the two windings. This can be 
done either by connecting the two windings 
to the same section of the bus, which the dou 
le winding was really designed to avoid, 

or by connecting them to independent sec 
tions of the bus and then balancing the load 
by shifting circuits from the heavier loaded 
section to the lighter loaded one. The first 
method has the objection of concentrating 
on one bus section too much inormal current 
and too much short circuit energy. The 
second method is not always possible, for ex 

ample where the unit circuits are of such 
from the heavily loaded section to the lightly 
loaded one would merely reverse the unbal 
anced condition. In large power stations it is customary to 
tie all generators together electrically but 

large capacity that shifting one of them 

55 

with a certain definite amount of impedance 
in the form of transformers or reactors be 
tween them. Under normal conditions of operation there is practically always some 
unbalanced current flowing over these im 
pedances and this current sets up a voltage 
difference between the terminals of the gen 
erators on the two sides of the impedance. 
The flow of current can then be regulated 
and balanced between generators by adjust 
ing the field currents of the respective genera 
tors. If instead of between two independent 
generators the voltage difference is set up 
between the terminais of two independent Windings on the same generator, any manip 
ulation of the field current will affect the voltages of both windings in practically the 
same degree. To date this lack of means for independently controlling the voltage of each 
Winding and hence of equalizing the cur 
rents between the two windings has limited 
the field of application of the two winding 
generator. 
To remove this limitation our invention 

aims to provide means for changing the volt 
age relation of one winding with respect to 
the other. According to the present inven 
tion this is accomplished by means included 
in series relation with the windings them 
selves. This may be done by introducing a positive or negative balancing force, which 
may be self-excited as, for example, an im 
pedance, or may be excited from an external 
Source of energy, as through a transformer. 
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In practice it may be accomplished in the 
following ways: - 

1. By varying the impedance of either or 
both windings, either independently or 
simultaneously; 

2. By bucking or boosting the voltage of 
either or both windings, either independent 
ly or simultaneously; . . . . . . 

3. By change in transformer ratios when 100 
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transformers are interposed between the 
Windings and the point of interconnection, 
or by a combination of any two, or all. 
The means for accomplishing this control 

may be located in the phase leads of the gen 
erator, or, where the generator is star con 
nected, in the neutral leads, or if transform 
ers are interposed between the generator 
windings and the point where they are con 
nected together, such differential effect may 
be accomplished in such transformers or 
lines. 
The variable impedance required by the 

first method preferably consists of reactors 
having taps brought out to switching equip 
ment. With this equipment the amount of 
reactance in the circuit may be varied by 
shunting or switching more or less reactance 
out of the circuit. 
The second method of control by boosting 

or bucking the voltage may be accomplished 
by the induction regulators, by a booster 
generator in series with one circuit of the 
main generator, or by load ratio control 
transformers. The last named cquipment 
appears to be less expensive and to give a 
better design than the others. 
When transformers are interposed they 

may be provided with suitable taps or load 
ratio control transformers. 
The booster transformer has the advan 

tage over the reactor scheme in that it can be 
designed to handle smaller currents at high 
er voltages which, in the ranges being con 
sidered, may be switched much more easily 
than larger currents at low voltages. 
The present, invention provides a method 

of generating and distributing current flow 
by generating a common voltage in a plural 
ity of parallel generator windings which are 
subjected to the same field excitation and con. 
necting the windings to load circuits through 
the intermediary of busses, a bus for each 
winding, which busses are tied together 
through impedances for limiting short cir 
cuit currents. Then if the loads are unequal, 
the windings will be unbalanced due to the 
impedance being a barrier to current flow 
from the more lightly loaded winding to the 
more heavily loaded bus. We modify the 
terminal potential of the two windino's un 
til the effective potential of the winding of 
less load is relatively higher than the effec 
tive potential of the winding of greater load 
to a degree sufficient to cause a balancing flow 
of current through the bus reactor or imped 
ance. This may he done by depressing the 
voltage of the more heavily loaded winding 
or by boosting or raising the voltage of the 
winding which is less heavily loaded. 
The introduction of such regulating force 

may be made entirely automatic, either 
through the use of automatically regulated 
aparatus or by an external interlinkage 
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magnetically or electromagnetically, as will 
appeal more in detail later. 
The broad concept herein involved is the 

introduction of means for compelling a trans 
fer of load from the more heavily loaded 
winding to the less heavily loaded winding 
by compelling current to flow through a 
transfer connection which current would 
otherwise not flow because of a barrier either 
in the transfer connection or in the connec 
tions of the windings thereto. In other 
Words, we compel more current to flow across 
the barrier than would flow thereacross under 
the influence of the generated voltages of the 
windings. 
Now, in order to acquaint those skilled in 

the art with the manner of constructing and 
operating a device embodying our invention, 
we shall describe in connection with the ac 
companying drawings the apparatus and 
mode of use embodying the invention in 
means and method of our invention. 
In the drawings: 
Fig. 1 is a diagram of a system embodying 

our invention; 
Fig. 2 is a modification of the same; 
Fig. 3 is a diagram of a modified form in 

which transformers are employed for pro viding the regulating voltage; 
Fig. 4 is a further modification similar to 

the modification of Fig. 3; 
Fig. 5 is a modification in which the gen 

erator has four parallel windings; 
Fig. 6 shows a modification in which the 

generator has three parallel windings in 
which a transformer scheme of regulation is employed; 

Fig. 7 is a diagram of a system which is 
inherently self regulated; 

Fig. S is a diagram of a system embodying 
a modification of Fig. 7; 

Fig. 9 is a diagram of a system employing 
transformers between the generator windings 
and the tie or interconnection; and 

Fig. 10 is a diagram of a system employing 
transformer's and transmission lines between 
the generator windings and the tie or inter 
connection. 

Referring now to Fig. 1, the generator 1 
comprises two main parts, namely, the por 
tion 2 containing the generator winding and 
the portion 3 comprising the field winding. 
ln practice the portion 2 is preferably a sta 
tionary frame comprising a part of the mag 
retic circuit of the generating winding: the 
part 3 is a rotating member comprising a part 
of the magnetic circuit and the field winding. 
Windings here are shown at 5 as connected 
together to the direct current exciter busses 6. 
The stator portion which carries the gen 

erator winding comprises two separate three 
phase windings consisting of coils 7, 8 and 9 
for the three phases of one winding and the 
coils 10, 11 and 12 for the three phases of 
the other winding. The inner terminals of 
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which may be grounded through a reactance 
14, as is well known to those skilled in the 
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the windings 7, 8, 9, 10, 11 and 12 are tied 
together by a common star connection 13 

art. - s 

The outer terminals of these windings are 
connected to two separate sections 15 and 16 
of a bus system in which the two busses 15 and 
16 are connected together through a set of re 
actor's 17. The leads 18 from the first set of 
windings 7, 8, 9 are connected to the bus 15 
through reactors 19 comprising the separate 
reactors 19A, 19B and 19C. These reactors 
are provided with taps and switches such as 
20A, 20B and 20G in the three phases and 
which are spoken of generally as the switches 
20 for connection to short circuiting bars or 
busses 21 as, for example, the bar 21A for the 

By means of these switches 20 
and the bars or busses 21, the reactors 19 or 
impedances which they provide may be cut 
out of the circuit by short circuiting for the 
purpose of balancing the load on the two sets 

30 

of windings. In the leads 22 for the wind 
ings 10, 11 and 12 similar reactors 23 and short 
circuiting bars 25 and switches 24 are provid 
ed for cutting out more or less of the imped 
ance presented by the reactances for the pur 
pose of balancing the load upon the windings, 
as will more readily be apparent later. 
Assuming that load circuits, such as 26, 27, 

28 and 29, are to be supplied with current 
and that the loads carried for each of these 
circuits are substantially equal, it will be ap 
parent, therefore, that when the generator 
windings are energized by interaction with 
the same field winding equal or substantial 
ly equal potentials will appear upon them, 
that is the potentials on the two sets of wind 

40 ings will be substantially equal and each 
winding, therefore, delivers to its corre 
sponding bus section substantially the same 
amount of current. - 
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The potentials upon the bus sections 15 and 
16 will be equal and hence the potentials at 
the terminals of the reactors 17 will be equal. 
Under these circumstances the full load of 
the generator is delivered without unbalance 
and consequently without overheating of 
either winding. 

Assume now that the load 26 is 35% of the 
rated capacity of the generator and the loads 
27 and 28 are 20% of the rated capacity of 
the generator, and the load 29 is 25% of the 
rated capacity of the generator. It will be 
seen, therefore, that the first winding com 
prising the coils 7, 8, 9 is connected to 55% 
of the load directly and the second winding 
is connected to 45% of the load directly. Un 
der these conditions the first winding is over 
loaded and will become overheated. The bus 
reactors 17 introduce sufficient opposition to 
the current flow from the bus section 16 to the 
bus section 15 that this 10% difference is not 
altogether equalized. - 

The result is that the first winding remains 
Overloaded unless some means is introduced 
for balancing the load. 
In the present case we accomplish this by 

depressing the effective voltage of the first 
winding comprising the coils 7, 8, 9 by the in 
troduction of a corresponding amount of im 
pedance at the reactors 19. 
While this requires the relative preponder 

ance of voltage on the bus section 16 over that 
in the section 15 no practical objection to the 
Saline occurs since the lines 28 and 29 are op 
erated on a slightly higher voltage than the 
lines 26 and 27 and this may be taken into 
account as by means of the induction regula : 
toFS or regulating devices at the terminals of 
the lines in a manner well known to those 
skilled in the art. s 

It will be seen, therefore, that we provide 
for a redistribution of the voltages or a dif 
ferential arrangement of the voltages on the 
terminals to secure the desired balancing of 
loads. The arrangement is somewhat like 
adjusting the arms of a Wheatstone bridge. 
Instead of resistance inductance is employed, 
since resistance would waste too much energy. 
This reveals the fundamental scheme. In 

stead of inserting the regulating means in se 
iries relation in the leads from the outer ends 
of the windings to the busses the regulating. 
means may be inserted at the inner ends in a 
star connected generator, such as that shown 
in Figure 1, by the arrangement shown in 
Figure 2. 

In this case the inner terminals of the 
windings are connected together through re 
actances 30A, 30B and 30C with taps taken 
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Out from said reactances and cooperating con 
tactors 31A, 31B and 31C connected together 
by the common star' connection 13. The con 
tactors 31A, 31B and 31C are adapted to en 
gage with the contacts 32A, 32B and 32C, the 
said three contactors or switch arms being 
operated in unison according to the preferred 
embodiment. 

It can be seen at once that the reactors 30 
are in a differential relation with respect to 
the two windings, that is to say by shifting 
of the arms 31 to one side or the other of 
center with respect to the winding 30 the 
major part of the reactance is thrown to 
one winding or to the other in re 
spect to the neutral connection 13. 

Obviously, as in Figure 1, the reactances 
may be connected in series in each lead, that 
is instead of three reactances as shown in 
Figure 2 leading to the common neutral wire 
13 through the selector switches 3131 there 
may be six such reactances and each one be 
ing either shunted out or switched out to a 
variable degree. Also it is to be noted in 
connection with Figure 1 that while we have 
shown the switching arrangement as provid 
ing for short circuiting a part or all of the 
reactance in each case, it is to be noted that 
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instead of short circuiting, the reverse oper 
ation of open circuiting a portion thereof 
may be employed. 
In the arrangement of Figure 2 the regul 

lating action is substantially the same as dis 
closed in connection with Figure so far as 
the fundamental principle is concerned, the 
variation being in the position of the re 
actors and the fact that they are differentially 
connected instead of merely additively or 
subtractively in each lead. 

In Figure 3 instead of having reactances in 
the leads 1S and 22, we have provided trans 
formers in the leads 22 and these transformers 
may be operated differentially, that is to say, 
their potential imay be added to or subtracted 
from the generated voltage so as to depress 
or raise the voltage of one set of windings 
with respect to the other. 
That is to say, transformers 33 are inserted 

in the leads 22, the secondary windings 34A, 
34B and 3.4C being connected in series with 
the leads 22A, 22B and 22C, the secondary 
windings being inductively related to the 
primary windings. The secondary wind 
ings 35 are connected to auto-transformers 
36, one for each phase, these auto-transform 
ers being collected between the correspond 
ing bus bar and the neutral connection 13 and 
having selector switches 37 and 38 for regul 
lating the voltage impressed upon the pri 
mary windings 35, as desired. These selector 
switches 3 and 38 are adapted for coopera 
tion with contacts connected to the taps, the 
contacts being indicated at 39 and 40. The 
switching of the contacts on the contacts 39 
and 40 of auto-transformer winding 33 per 
mits a change of impressed voltage on pri 
mary 35 of transformer 33 without breaking 
the circuit in accordance with a known 
scheme of changing the transformer ratio un 
der load. 
To permit this the neutral point of the 

auto transformer winding and its cooperat 
ing primary winding 35 are connected to 
gether by a tie wire 41. It can be seen that 
the selec. G switches 37 and 3S may be ad 
justed to provide either a raising or depress 
ing voltage upon the windling 34 of the trans 
former 33 to raise or depress the generated 
voltage applied to the corresponding bus 16. 
Flence, if one bus section, such as 15, be mole 
heavily loaded than the companion bus sec 
tion 16 by boostiing the voltage at the trans 
formers 33 to illcrease the voltage on the bus 
16, the load upon the two windings of the 
generator 1 may be balanced. Eikewise if 
the load on the bits 16 should be too great, the 
transformers 33 may depress the generated 
voltage. that is subtract from the generated 
voltage, so as to cause a differential between 
the potentials of the two generator windings 
which results in balanced current flovs. 
The amount of raising or depression of 
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voltages need be only that which corresponds 
to the drop across the bus reactors. 
In Figure 4, instead of inserting the trans 

formers in the generator leads between the 
generator winding and the bus, the trans 
formers are connected at the inner ends of 
the windings between the generating coils 
of corresponding phase and the neutral con 
lection 13, which is in this case connected 
to the Secondary windings 43 of the trans 
formers 45, the primary windings 46 being 
connected to auto transformer windings 47, 
which auto transformer windings are con 
nected between the bus bars 15 and the neu 
tral connection 13. 

Selector switches 48 and 49 cooperating 
with the contacts 50 and 51 permit the selec 
tion of voltage of the proper potential and 
value to provide the necessary balancing 
force. These selector switches have the same 
function as like parts 37 and 38 in the previ 
oils embodiment. It is to be observed that 
the effect of the primary windings 46 upon 
the secondary windings 43 is, with respect to 
the two windings of the generator, differ 
ential in its eitect, namely, that such effect is 
additive as to one winding and subjractive as 
to the other, or vice versa. Thus except for 
the use of transformers instead of reactors 
the system of Figure 4 is similar to Figure 2, 
Figure 2 showing the use of inductances as 
the means for supplying the necessary force 
to secure balancing of the load of the two 
windings. 

It is to be undel'stood that the generator 
need not be limited to two sets of windings, 
as three or four or any number may be em 
ployed, as will be apparent from Figures 5 
and (5. respectively. 
In Figure 5 we have shown four windings 

53, 54, 55 and 56, each constituting a com 
plete three phase winding, each winding 
being connected to a corresponding bus sec 
tion 57, 58, 59 and 60 with the connecting 
reactors 61, 62, and 63 connecting the bus 
sections together. If desired an additional 
reactor 64 may be connected between the bus 
section 5 and the bus section 60 to make 
a complete ring bus. In the present case, the 
inner ends of the three phases of the winding 
53, that is, the coils 53A, 53B and 53C, are 
connected directly to the neutral connect on 
13 whereas the windings 54, 55 and 56 are 
connected to said neutral winding through 
coils 65, 66 and 67, respectively, these coils 
being the secondary winding of regulating 
transformers 6S, 69 and 70, respectively. 

in this construction the winding 53 is con 
nected directly between the bus sections and 
the neutral wire 13 and its voltage is not 
altered. The other windings 54, 55 and 56 
are connected between the bus sections and 
neutrals through the transformer windings 
and, hence, a voltage may be added algebrai 
cally through these transformer windings to 
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the voltage of the corresponding generating 
coils. The voltage of the windings 54, 55 and 
56 may be adjusted relative to the voltage of 
the winding 53 so as to secure an equal dis 
tribution of load. The three transformers 
68, 69 and 70 for each phase may be inde 
pendentiy regulated so as to secure a proper 
distribution of load on the four windings of 
the generator. 
In Figure 6 we show a method of balancing 

three windings 80, 81 and 82 which are suit 
ably connected to three bus sections 83, 84 
and 85 with connecting reactors 86 and 87 by 
the introduction of transformer secondary 
windings 89 and 90 of the transformers 91 
and 92. In this case the winding 81 is con 
nected directly to the neutral connection of 
the star connected Windings whereas the gen 
erator windings 80 and 82 are connected 
through the secondary windings 89 and 90 of 
the transformers 91 and 92. Through the in 
dependent regulation of transformers 91 and 
92 for each phase the voltage of the corre 
sponding multiple windings 80 and 82 may 
be independently depressed or raised to bring 
about voltage control of distribution for 
equalizing the load upon the various multiple 
windings. 

In Figure 7 we have shown a system of 
inherent regulation in which the differential 
flow of current between bus sections acts auto 
matically to boost the voltage of the lighter 
loaded winding so as to bring about inher 
ently a regulation of load. The bus sections 
120 and 121 are connected together through 
reactor's 123. The generator is provided with 
double windings 124 and 125, which are con 
nected to the sections 120 and 121, respective 
ly, of the bus. The windings at their inner 
ends are connected to the common star con 
nection 13 through current transformers 126. 
These transformers 126 are in series rela 

tion with the generator windings as, for ex 
ample, by having windings 128 and 129 in 
series with corresponding generator windings 
124 and 125, respectively, and disposed pref 
erably between the generator coils and the 
neutral stal connection 13. 
The transformer windings 128 and 129 for 

each phase are inductively related through 
magnetic connections indicated by cores 
shown in dotted lines at 130. Now it may be 
seen that by causing the windings 128 and 129 
to oppose each other magnetically any un 
balanced flow of current will automatically 
produce a boosting potential in the coil of 
less current flow. So long as the current flows 
are balanced the transformer acts substan 
tially like so much resistance only. 

However, if the circuit of one of the wind 
ings 128 or 129 should be opened, an abnor 
mal potential Will be induced in the open 
circuited winding somewhat as is the case of 
opening the secondary of a current trans 
former. It is desirable to avoid this and 

permitting also 

5 

hence switches 131 and 132 may be provided 
for shorting or shunting out the windings of 
Or the unloaded winding may be short cir 
cuted or both upon opening the circuit of 
either generator winding. The switches may 
beinterlocked with switches in the generator 
leads 18 and 22, or may be controlled other 
wise automatically to be operated in accord 
ance with the presence or absence of current 
flow in the corresponding generator windings. 

In Figure 8 we have shown a modification 
of the system of Figure 7 in which an addi 
tional control is provided for governing the 
distribution of current flow in the two gen 
erator windings. . . 

Each transformer 126 has the additional 
winding 99 upon the core 130. The winding 
99 is energized from the leads 42 from the 
busses 120 or 121 to the auto-transformer 
winding 98 which is provided with suitable 
taps for engagement by selector switches per 
mitting the selection of a positive or nega 
tive potential of predetermined value, and 

change of connections under. 
load. 
By suitable regulation of the energization 

of winding 99 a bucking or boosting effect 
may be produced for regulating the distribu 
tion of current flow in the 
ingrs as desired. 

Referring now to Fig. 9, the two windings 
7, 8, 9 and 10, 11, 12 are connected to the 
same bus 137 through transformer banks 135 
and 136 respectively. The primaries are 
connected in delta to the generator leads 139 
and 140 respectively. The secondaries of the 
transformers are connected in star through 
the leads 141 and 142 respectively to the bus 
137 which bus may have one or more loads 
such as 138 connected thereto. 
Now it will be apparent at once that even 

though the secondary leads 141 and 142 are 
connected directly to the same bus with no 
reactance in the inter-connection the imped 
ance of the two transformer banks 135 and 

generator wind 

either or both windings. Either the loaded 
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136 may not be the same. If that is the case 
then the load upon the two windings will 
not be equal and one may be overloaded, and 
the other underloaded. If the power factors 
of the two circuits are not substantially the 
same, the heating effect will not be the same 
in the two windings. 
To compensate for this we preferably in 

sert load ratio control transformer's 145 and 
146 in series relation to the secondaries of 
the power transformers 135 and 136 respec 
tively. 
While we have shown these transformer 

connections in both lines 141 and 142 it may 
be sufficient to dispose them in one of the 
lines. - - 

These transformers comprise auto-trans 
former windings such as 146 connected in star 
to the generator leads 139 for example. To 
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these auto-transformer windings 146 we con 
nect primary windings 147, through taps and 
selector switches suitable for changing con 
nections under load. The secondaries 148 
are connected in series with the secondaries 
of the power transformers 145 preferably 
between said secondaries and their grounded 
neutral connection 143. 
Now it may be seen that by suitable control 

of the voltage developed in the load ratio 
transformers 144 and 145 the relative distri 
bution of power between the two generator 
windings may be controlled. If one trans 
former bank 135 or 136 has higher reactance 

5 than the other such barrier as this interposes 
to equal distribution of load in the generator 
windings may be overcome by suitable con 
trol of one or the other of the transformers 
144, 145. Ether a bucking or a boosting 
voltage may be developed in either trans 
former 145-146 by appropriate switching of 
the connections. 
While we have shown two such transform 

ers, one in each of the lines 141 and 142, it is to 
be understood that a sufficient difference 
might be made by a single transformer, that 
is, either the bank 145 or the bank 144, since 
a single transformer may be used for either 
bucking or boosting the voltage in the corre 
sponding line. 

In Fig. 10 we have shown a system involv 
ing the double winding generator 1 in which 
the winding 7, 8, 9 has the leads 150 extending 
to a transformer bank 151 and the winding 
10, 11, 12 has the leads 152 extending to the 
transformer bank 153. In this case the two 
generator windings may deliver load inde 
pendently through an interconnected net 
work of transmission line and the like with 
out being connected together with busses at 
the generator or at the generating station. 
The transmission network may comprise 

the high tension lines 154 and 155 connected 
to an extensive transmission system which 
may have load connections such as 156 or 
157 before the lines are interconnected as at 
the bus or tie 158 which may be at a remote 
station. From the bus or tie 158 which may 
be a part of an extensive system, further load 
connections such as 159 may be led off. Now 
it can be seen that due to the different points 
at which load may be taken off the intercon 
nected system the resistance between the gen 
erator winding and any particular point of 
take-off may be less for one winding than 
for the other winding with the result that 
eyen though the system might comprise a nor 
mally balanced load. any change in the 
amount of load led off from each branch or 
connection would disturb the balance. 
Load ratio control transformers, such as 

162, connected in the previously described 
manner in series with one set of leads 150 
and the generator bank 151 may be employed 
for bucking or boosting the voltage of that 

winding so as to compensate for differences 
in impedance between the load and each of 
the windings. A similar load ratio control 
transformer may be employed in connection 
with the generator leads 152 and transmis 
sion line 155. Only one has been shown since 
the other would be of similar construction 
and need not be described. 
The tie wire 158 may be a low tension con 

nection relative to the transmission lines 154 
and 155, the transformers 160 and 161 being interposed. 

Even if the load 159 were the only load 
and were connected to the tie or bus 158 the 
various transformer banks having different 
impedance would tend to produce an unbal 
anced load upon the two windings. This, as 
above explained, may be directed by a load 
ratio transformer in either one or both of the 
leads extending to the tie connection such 
as 158. 
Assume that the load 159 is connected to the 

winding 10, 11, 12 through a circuit of less 
impedance than it is connected to the wind 
ing 7, 8, 9. In that case the load ratio trans 
former 162 is set so as to boost the voltage 
of the winding 7, 8, 9 to cause it to deliver an 
increased current flow to the load. 
Assume that the load 157 is supplied by 

the two windings, it can be seen at once that 
this load is connected more directly to the 
winding 10, 11, 12 than it is to the winding 7, 
8, 9. It is necessary for current from the 
winding 7, 8, 9 to pass through the trans 
formers 151 and 160 to the tie 158 and from 
the tie 158 to return through the transformer 
161 to reach the load 157. The load ratio 
control transformer 162 may be so manipu 
lated as to secure the desired result. Ilike 
wise, in any inter-connected system where 
the current flow may vary from time to time 
through one route or the other the load ratio 
control transformers may be manipulated to 
secure the desired balance. 
We do not intend to be limited to the de 

tails shown and described, as we believe that 
We are broadly the first to provide means for 
regulating the distribution of load between 
or among the windings of a multiple winding 
generator. 
We claim : 
1. In combination a generator having 

multiple windings and a common field, bus 
sections connected individually to the wind 
ings, reactors connecting said bus sections in 
series with each other, and means connected 
in series relation to one of said windings for 
equalizing the load upon said windings. 

2. In combination a star connected gen 
erator having multiple windings and a com 
mon field, bus sections connected to said 
windings, loads connected to said bus sec 
tions, reactors tying said bus sections to 
gether in series with each other, and means 
connected in series relation between the ter 
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minals of One of said windings and the bus 
section for causing a substantially equal dis 
tribution of the load between said windings. 

3. In combination a generator having 
multiple windings star connected and hav 
ing a common field, bus sections connected 
individually to the terminals of said wind 
ings, load circuits connected to said bus sec 
tions, reactors connecting said bus sections 
in series with each other, and means con 
nected in series relation between the genera 
tor Windings and the star connection there 
of for controlling the distribution of cur 
rent flow in said windings. 

4. In combination a star connected genera 
tor having multiple windings and having a 
common field, bus sections connected in 
dividually to said winding, reactors tying 
said bus sections together in series with each 
other and regulating reactors connected in 
series relation between the windings and the 
star connection for distributing the current 
flow through said windings. - 

5. In combination a generator having mul 
tiple windings, a star connection for said 
windings and a common field for the wind 
ing, bus sections connected individually to 
said winding, reactors tying said bus sections 
together in series with each other, and trans 
former means connected in series relation 
with the generator windings for introducing 
a modifying potential to equalize the load 
upon said windings. 

6. In combination a generator having mul 
5 tiple windings, a star connection for said 
windings and a common field for the wind 
ings, bus sections connected individually to 
the Windings, reactors connecting said bus 
sections together in series with each other and 
transformers connected in series relation be 
tween the star connection and said windings 
for introducing modifying potentials for dis 
tributing the load between or among said 
windings. 

7. In combination a generator having mul 
tiple windings and having a common field, 
bus sections connected to said windings, re 
actors tying said bus sections together in 
series with each other, and means energized 
by unequal current flow in said windings for 
modifying the effective potential of the 
windings. 

8. In a system of the class described a gen 
erator having plural windings, means for 
connecting said windings in parallel to a load, 
said means comprising a barrier to the free 
flow of current equally from both windings 
to the load, and means in series relation to 
one of the windings for compelling a sub 
stantial equal distribution of load among 
the windings. 

9. In a system of the class described, the 
combination of a generator having plural 
windings, a bus for connecting the windings 

5 in parallel, transformers of unequal imped 

7 

ance between the windings and the bus and 
means for compelling a greater flow of cur 
rent from one of said windings than would 
flow therethrough under the influence of the 
generated voltages of the windings. 

10. In a system comprising a generator 
having an armature provided with two sep 
arate windings, separate bus bars for the 
windings tied together through reactors, the 
method of equalizing the current flow of the 
two windings for unequal loads on the bus 
bars which comprises modifying the poten 
tial impressed on the bus bars by one of the 
separate windings to bring the bus bar poten 
tial of the winding of less current flow above 
that of the bus bar potential of the winding 
of greater current flow. II. In a generating and distributing sys 
tem having a plural winding generator, a 
bus section connected to each winding, re 
actors connected between bus sections, un 
equal loads connected to the bus sections, the 
method of equalizing the current flow in the 
generator windings which comprises modi 
fying the potential impressed on the bus bars 
by one of the separate windings to bring the 
potential of the bus section of less load above 
that of the potential of the bus section of 
greater load thereby transferring sufficient 
current flow from the winding less heavily 
loaded to the greater load through the con 
necting reactor to equalize the current flow 
in the said two windings. 

12. In combination, an alternator having 
an armature with two separate armature 
windings and a common field for exciting 
Said armature windings simultaneously and 
Substantially equally, two bus sections con 
nected to the two windings respectively, a 
connection between the bus sections Serving 
to permit the transfer of energy from one 
bus section to the other but serving as a limit 
ing barrier in case of an interphase short 
on either bus section, and means for com 
pelling more current to flow across said bar 
rier than would otherwise flow due to gen 
erated voltages in order to equalize the cur 
rent flow in the two windings and hence to 
equalize the heating of said two windings. 

13. In combination, a star connected gener 
ator having a plurality of generator wind 
ings connected in multiple to a common neu 
tral, a common field for exciting said wind 
ings, a load circuit connected in multiple to 
said windings and means in series relation s's 

with said windings for modifying the volt 
age drops in the multiple winding circuits 
between said common neutral and the load 
for effecting an equalization of output of said 
generator windings. 

14. In combination, a multiple winding star 
connected generator having the windings con 
nected to a coinmon neutral connection, a 
common field for exciting said windings and 
individual bus sections for each winding, cur 
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rent limiting devices connecting said bus see 
tions, a load connected to one of said bus sec 
tions and means in series relation to said 
windings for modifying the voltages im 
pressed upon the bus sections to equalize the 
output of said windings. 

15. In combination, an alternating current 
generator having a plurality of armature 
windings and having a common field for ex 

0 citing said windings, a load circuit, circuits 
connecting said almature windings in mul 
tiple with said load circuit, and current trans 
former means interlinking said connecting 
circuits for compelling a substantially equal 
distribution of current in the windings. 

16. In combination, an alternating current 
generator having a plurality of armature 
windings and having a common field for ex 
citing said windings, a load circuit, circuits 

0 connecting said armature windings in mul 
tiple with said load circuit, current trans 
former means interlinking said connecting 
circuits for compelling a substantially equal 
flow of current in the windings, and means 
for short-circuiting said current transformer 
means to prevent undesirable voltage rises 
when the multiple connection between arma 
ture windings is opened. 

17. In a system for generating and distrib 
uting electrical energy, a generator having 
a plurality of armature windings and having 
a common exciting field, said armature wind 
ings being connected in multiple by means of 
circuits of unequal impedances, a load circuit 
connected in multiple with said connecting 
circuits, and adjustable means in series with 
one or more of said connecting circuits for 
controlling the division of current flow be 
tween the several windings. 

18. In a system for generating and distrib 
uting electrical energy, a generator having a 
plurality of armature windings and having 
a common exciting field, a network consist 
ing of a plurality of load circuits intercon 
nected by circuits of unequal impedances, cir 
cuits connecting each of said armature wind 
ings to different points in the network, and 
adjustable means in series with one or more 
of said connecting circuits for controlling the 

0 division of current flow between the several 
windings. 
In witness whereof we hereunto subscribe 

our names this 19th day of April, A. D. 1929. 
LESLE L. PERRY. 

55 ALLEN M. ROSSMAN. 
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