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My invention relates to regulating systems 
for maintaining a predetermined division of 
load between a plurality of parallel machines 
and its object is to provide an improved sys 

stem for accomplishing this result. - 
My invention is especially applicable to 

a regulating system for maintaining the load 
properly divided between a plurality of over 
compound direct cuirrent generators connect 

no ed to a common network. 
My invention will be better understood 

from the following description taken in con 
nection with the accompanying drawing, and 
its scope will be pointed out in the appended 

15 claims. 
In the accompanying drawing, which 

shows my invention in connection with a load 
regulating system for two overcompound di 
rect current generators connected in parallel, 

20 Fig. 1 shows one embodiment of my inven 
tion and Fig. 2 shows a modification of the 
embodiment shown in Fig. 1. 

Referring to Fig. 1, 1 and 2 are two over 
compound direct current generators which 

25 are respectively connected to the direct cur 
rent net work 3 by suitable switching means 
4 and 5. These switching means may be of 
any suitable type and may be controlled 
either manually or automatically. For ex 

30 ample, each means may form a part of a automatic switching equipment, examples of 
which are well known in the art, whereby it is 
closed automatically after the respective gen 
erator has been started and has reached a pre 

35 determined condition. Each generator is provided with the usual 
series, commutating, and shunt field wind 
ings. As shown in the drawings, 7 and 8 are 
the series field windings, 9 and 10 are the com 

40 mutating field windings, and 11 and 12 are 
the shunt field windings of the generators 1 
and 2 respectively. 

13 represents any suitable switching means 
which, when closed, completes an equalizing 

45 connection between the two series field wind 
ings so that substantially equal currents flow 
through the series field windings. It is pref 
erable in some cases to complete this connec 
tion only after both machines are connected 

50 in parallel. Therefore, I have shown the cir 

tion. 

cuit of the closing coil of the switch 13 as in 
cluding auxiliary contacts on the switches 
4 and 5, so that the switch 13 can be closed 
only when both of the switches 4 and 5 are 
closed. It may be desirable, however, in 
other cases, to complete the equalizing con 
nection before the two machines are connect 
ed in parallel and this may be done in the ar 
rangement shown by omitting the auxiliary 
contacts of the switches 4 and 5 from the cir 
cuit of the closing coil of the switch 13 and 
providing any other suitable switching 
means, which may be either manually or au 
tomatically controlled, to open and close the 
circuit of the closing coil of the switch 13 
at the proper time. 

For equalizing the loads on the two genera 
tors, suitable current limiting means, shown 
as resistors 15 and 16, are respectively pro 
vided in the circuits of the field windings 11 
and 12, and a polarized relay 17 of any suit 
able type, examples of which are well known 
in the art, is provided for selectively con 
trolling a short circuit around each resistor 
in accordance with the relative current out 
puts of the two generators. For the purpose 
of this invention, a polarized relay is defined 
as a relay which has a movable member, the position of which depends upon the relative 
directions of two magnetic fields, the direc 
tion of one of the fields being substantially 
constant while the direction of the other field 
is variable. 
As shown in the drawing, the polarized re 

lay 17 comprises an armature 18 pivotally 
mounted within the two windings 19 and 20 
which are therefore in mutual inductive rela 

The mutually inductive windings 19 
and 20 are wound differentially with respect 
to each other and are respectively connected 
so as to be energized in accordance with the 
current outputs of the generators 1 and 2. As 
shown in the drawing, the winding 19 is con 
nected in parallel with the commutating 
winding 9 and the winding 20 is connected in 
parallel with the commutating winding 10. 
The armature 18 also is pivoted between the 
polar projections of a stationary magnetic 
member 21 so that the armature occupies dif 
ferent positions depending upon the direction 
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and magnitude of the resultant magnetomo 
tive force produced by the currents through 
the windings 19 and 20. The armature is bi 
ased to the position shown in the drawing so 
that when the ampere turns of the two wind 
ings are substantially equal neither of the re 
sistors is short circuited. When the ampere: 
turns of the winding 19 exceed the ampere 

10 
turns of the winding 20 by a predetermined 
amount, the direction and amount of flux in 
armature 18 is such that the armature is 
moved to the right and connects the contacts 22 together, thereby completing a short cir 
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cuit around the resistor 16. When the am 
pere turns of the winding 19 are less than the 
ampere turns of the winding 20 by a prede-, 
termined amount, the direction and amount 
of flux in the armature 18 is such that the 
armature is moved to the left and connects 
the contacts 23 together, thereby completing 
a short circuit around the resistor 15. The 
windings 19 and 20 are designed so that their 
ampereturns are substantially equal when 
the load is divided in the desired manner be 
tween the two machines. . The magnetic member 21 may be a perma 
nent magnet but preferably it is magnetized 
by means of a magnetizing winding 25, the 
circuit of which is arranged to be completed 
across a suitable source of direct current of 
a definite polarity, such as the network 3. 
Suitable adjustable rheostats 28 and 29 may 
be provided in the circuits of the shunt field windings 11 and 12 respectively, whereby the 

5 voltage of the generators may be regulated. 
The adjustments of these rheostats may be 
controlled either manually or automatically 
in a manner well known in the art. 
The operation of the system shown in Fig. 

1 is as follows: When only one generator is 
in operation, the switch 13 is open so that the 
winding 25 and the current winding associ 
ated with the generator in operation are the 
only windings of the relay 17 that are ener 
gized. For example, if the generator 1 is the 
the current winding 19 and the winding 25 
of the relay 17 are energized. The energiza 
tion of the current winding 19, under such 
conditions, causes the relay 17 to close its con 
tacts 22 and thereby short circuit the resistor 
16 in the circuit of the field winding 12 of 
generator 2. Since the generator 2 is not 
connected to the network, the short circuit 
ing of the resistor 16 has no effect at this time, 
but when the generator 2 is being started the 
fact that the resistor 16 is short circuited 

30 and 31 on the circuit breakers 4 and 5 
complete the circuit of the closing coil 
of the switch 13, the relay 17 then operates 
to control the division of the load between 
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the two machines. If the current output 
of the generator 1 is too great relatively 
to the current output of the generator 2, . 
the relay 17 closes its contacts 22, thereby 
increasing the excitation of the generator 
2. This increase in the excitation of the 
generator 2 increases its current output 
and thereby decreases the current output of 
the generator 1. When the current output 
of the generator. 2 has been increased suffi 
ciently so that it is at the proper value rela 
tively to the output of the generator 1, the re 
clay 17 then operates to open its contacts 22 
which remain open until the output of the 
generator. 2 again decreases relatively to the 

put of the generator 2 is too great relatively 

O 

80 
output of the generator 1. If the current out 
to the current output of the generator 1, the 
relay 17 closes its contacts 23 to effect an in 
crease in the excitation of the generator 2 un 
till desired current balance is restored when 
the relay 17 opens its contacts 23. 

Tests have shown that by means of my im 
proved arrangement it is possible to operate 
in parallel two overcompound direct cur 

85. 

90 
rent generators which have materially differ 
ent volt-ampere characteristics and maintain 
the load divided between the two machines in 
the desired manner for all values of load. 

It will be obvious to those skilled in the art 
that my invention has the inherent advantage 
of maintaining the desired division of cur 
rent through the machines irrespectively of 
the temperatures, thereof. When a shunt 
wond machine is started after it has been 
idle for some time, the resistance of the shunt 
field circuit is much less than it is after 
the machine has reached its normal operat 
ing temperature. Therefore, a cold shunt 

with a hot machine, tends to maintain a higher 
terminal voltage than the hot machine and 
consequently the cold machine tends to carry 
more than its share of the total load. The re 

- - - lay 17 operates under such conditions to con 
machine supplying current to the network, 
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wound machine, when converted in parallel 105 

O 

trol the short circuiting of the resistor in the 
shunt field circuit of the hot machine to main 
tain the voltages of the two parallel connected 
machines equal and keeps the desired division 
of current between them. If a cold machine 
is placed in operation at a time when the load 
is such that the higher voltage of the cold 
machine causes the current through the hot 
machine to reverse, the direction of the cir 
culating current between the two machines 
is such that the torque produced by the re 

causes the machine to build up its voltage. current, through the relay current wind 
more quickly. 
When the second machine is connected to . 

the network.' 3 and the auxiliary contacts 

ing associated with the hot machine is in a 
direction: to cause the relay 17 to short cir 
cuit the resistor in the field circuit of the hot 
machine. Therefore, under such reverse cur 
rent conditions, the currents in both of the 
current windings 19 and 20 of the relay 17 
produce torques in the same direction to 
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cause the relay to short circuit the resistor in 
the field circuit of the hot machine. 
While I have described the arrangement 

shown in this figure as controlling the out 
puts of two machines i and 2 so as to main 
tain a predetermined division between the 
outputs thereof, this arrangement, is also ar 
ranged to maintain the desired relation be 
tween the current supplied to the two ma 
chines when they receive current from the 
load circuit. For example, assume the two 
imachines 1 and 2 are connected to the cir 
cuit 3 and are receiving current therefrom 
and the current supplied to the machine 1 
is greater than the current supplied to the 
machine 2. Under these conditions the am 
pere turns of the winding 19 of the polarized 
Irelay 17 exceed the ampere turns of the wind 
ing 20. Since, however, the current through 
these windings are in the opposite directions 
from what they are when the machines 1 and 
2 are supplying current to the load circuit, 
the resultant flux produced in the armature 
18 of the polarized relay 17 is also in the oppo 
site direction. Therefore, the relay 17 oper 
ates to close its contacts 23 instead of its 
contacts 22. The closing of the contacts 23 
effects in the manner heretofore described an 
increase in the excitation of the machine 1 
so that the amount of current supplied to the 
lmachine 1 is decreased. 

In a similar manner, if the current Sup 
plied to the machine 2 exceeds the amount 
of current supplied to the machine 1, the 
polarized relay 17 operates to close its con 
tacts 22 and effects an increase in the excita 
tion of the machine 2 so as to decrease the 
amount of current supplied thereto. 
The relay 17, therefore, operates to main 

tain the proper division of current between 
the two machines whether the machines are 
supplying current to the load circuit or re 
ceiving current from the load circuit. 
In the modification of Fig. 1 shown in Fig. 

2, the two current coils 19 and 20 of the regul 
lating relay 17 are connected in series in the 
equalizer connection. It will be observed that 
by means of such a connection the direction 
and magnitude of the flux in the armature 18 
varies in accordance with the relative cur 
rent output of the two machines in the same 
manner as in Fig. 1. When the generator 1. 
is supplying more than its share of the load, 
the voltage drop across the series field wind 
ing 7 is greater than the voltage drop across 
the field winding 8. Therefore, current flows 
through the equalizer connections and the 
current coils 19 and 20 from the field Wind 
ing to the field winding 8. The direction of 
the current through the current coils 19 and 
20 under these conditions is such as to cause 
the relay 17 to close its contacts 22, thereby 
effecting an increase in the current output of 
the generator 2 to restore the proper division 
of the load between the two generators. 

B 

When the generator 2 is supplying more than 
its share of the load, the voltage drop across 
the series field winding 7 is less than the volt 
age drop across the series field winding 8. 
Consequently, current flows through the 
equalizei connection and the current coils 19 
and 20 in the opposite direction so that the 
relay 17 closes its contacts 23, thereby effect 
ing an increase in the current output of the 
generator 1 to restore the proper division of 
the load between the two generators, The 
arrangement shown in Fig. 2 is also arranged 
to maintain the proper division between the 
currents through the machines 1 and 2 when 
they receive current from the load circuit 3. 
For example, if the current supplied to the 
machine 1 exceeds the current supplied to 
the machine 2 the polarized relay 17 oper 
aies to close its contacts 23 instead of its con 
tacts 22 since the voltage drop across the 
winding , while greater than the voltage 
drop across the winding 8, is in the opposite 
direction from what it is when the machine 1 
is supplying the greater current to the load 
circuit. Consequently, the current through 
the windings 19 and 20 of the reiay 17 is also 
in the opposite direction so that the flux pro 
duced in the armature of the polarized relay 
17 is in a direction to cause the relay to close 
its contacts 23. The closing of the contacts 
effects an increase in the excitation of the 
machine 1. In a similar manner the relay 17 
operates to close its contacts 22 to effect an 
increase in the excitation of the machine 2 
when the current supplied to the machine 2 
exceeds the amount supplied to the machine 1. 
While I have in accordance with the pat 

ent statutes shown and described my inven 
tion as applied to a particular system and as 
embodying various devices diagrammatically 
indicated, changes and modifications will be 
obvious to those skilled in the art, and Ithere 
fore aim in the appended claims to cover all 
such changes and modifications 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 a regulating system, two direct cur 

rent generators connected in parallel, a field 
circuit for each generator, current limiting 
means in each field circuit, and a polarized 
relay connected and arranged so that when 
the current output of one of said generators 
is too great relatively to the current output 
of the other generator, said polarized relay 
occupies a position to decrease the amount of 
current limiting means in the field circuit of 
said other generator and when the current 
output of Said one of said generators is too 
small relatively to the current output of said 
other generator, said polarized relay occu 
pies a position to decrease the amount of cur 
rent limiting means in the field circuit of said 
one of said generators. 

2. In a regulating system, two generators 
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connected in parallel, and a polarized relay 
for controlling the excitation of one of said 
generators, comprising two mutually induc 
tives differentially wound windings respec 
tively energized in accordance with the cur 
rent outpuits of the two generators. 

3. In a regulating system, two direct cur 
rent generators connected in parallel, each 
generator being provided with a series con 
nected field winding, and a polarized relay for 
controlling the excitation of one of said gen 
erators comprising a magnetic member and 
two differentially wound windings around 
said member respectively connected in par. 
allel with said series connected field windings. 

4. In combination, two dynamoelectric ma 
chines connected in parallel, a polarized relay 
arranged when in one position to effect a 
change in the excitation of one of said ma 
chines and when in another position to effect 
a change in the excitation of the other of 
said machines and means for producing a 
magnetomotive force in said relay which va 
ries in direction and magnitude in accordance 
with the difference between the loads of the 
two machines whereby said elay is moved 
into one of said positions when the load on 
one of said machines exceeds the load Cin the 
other and is noved into the other of said po 
sitions when the load on said one of said ma 
chines is less than the load on the other. 

5. In a load regulating system for two di 
rect current generators connected in parallel, 
a polarized relay arranged when in one posi 
tion to effect a change in the excitation of one 
of the generators and when in another posi 
tion to effect a change in the excitation of the 
other generator, and means for producing a 
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magnetomotive force in said relay which va 
ries in direction and magnitude in accordance 
with the difference between the current out 
puts of the two generators comprising two 
differentially wound windings for said relay 
arranged so that when the ampere turns of 
one of said windings exceeds the ampereturns 
of the other winding, said relay is moved into 
one of said positions, and when the ampere 
turns of said one of said windings is less than 
the ampere turns of the other winding said 
relay is moved into the other of said posi 
tions, one of said windings being connected so 
that it is energized in accordance with the 
current output of one of said generators and 
the other of said windings being connected so 
that it is energized in accordance with the 
current output of the other generator. 
* ... 6. In a load regulating system for two over 
compound direct current generators connect 
ed in parallel, the combination of a resistor 
in the shunt field circuit of each generator, a 
polarized relay arranged when in One posi 

: S5 

tion to effect the short circuiting of one of 
said resistors, and when in another position 
to effect the short circuiting of the other re 
sistor, and means for producing a magneto 
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motive force in said relay which varies in di 
rection and magnitude in accordance with the 
difference between the current outputs of the 
two generators, whereby said relay is moved 
to One of said positions when the current out 
put of a predetermined one of said genera 
tors exceeds the current output of the other 
generator and is moved to the other position 
when the current output of said predeter 
mined one of said generators is less than the 
current output of the other generator. 

7. In a load regulating system for two 
compound direct current generators connect 
edin parallel, the combination of a l'esistor in 
the shunt field circuit of each generator, and 
a polarized relay arranged when in one posi 
tion to effect the short circuiting of one of 
said resistors and when in another position 
to effect the short circuiting of the other re 
sistor, said relay having two differentially 
wound windings respectively connected in 
parallel with the series connected field Wind 
ings of the two generators whereby said relay 
is moved to one of said positions when the 
current output of a predetermined One of Said 
generators exceeds the other by a predeter 
mined amount and said relay is moved to the 
other of said positions when the current out 
put of said predetermined one of said gen 
erators is less than the other by a predeter 
mined amount. 

8. In a regulating system, two overcom 
pound direct current generators connected 
in parallel, current limiting means in the 
field circuit of each generator, and a polar 
ized relay controlled by the relative cur 
rent outputs of the two generators for Se 
lectively short circuiting the current limit 
ing means in the field circuit of the genera 
tor furnishing the smaller current. 

9. In a load regulating system for two dy 
namoelectric machines operating in paral 
lel, the combination of current limiting 
means in the field circuit of one of said ma 
chines, and a polarized relay for varying 
the amount of said current limiting means 
in said field circuit comprising means for 
producing a main magnetomotive force, a 
magnetic member and means for producing 
in said magnetic member an auxiliary mag 
netomotive force whose direction and mag 
nitude vary directly with the difference be 
tween the outputs of the machines, said 
magnetomotive forces and said magnetic 
member cooperating to cause said relay to 
effect a decrease in the amount of current 
limiting means in the field circuit only 
when the output of the other machine ex 
ceeds the output of said one of said ma 
chines. 

10. In a load regulating system for two 
dynamoelectric machines operating in par 
allel, the combination of current limiting 
means in the field circuit of one of said ma 
chines, and means for varying the amount 
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of current limiting means in said field cir 
cuit comprising a polarized relay having a 
magnetic member and means for produc 
ing therein a magnetomotive force whose 
direction and magnitude vary directly with 
the difference between the outputs of the 
machines, said relay being arranged to ef 
fect a decrease in the amount of said cur 
rent limiting means in said field circuit only 
when the output of the other machine exceeds. 
the output of said one of said machines. 

11. In a regulating system, two dynamo 
electric machines connected in parallel, and 
means for regulating the relative currents 
flowing through the two machines including 
a polarized relay responsive to the direction 
and relative magnitudes of the currents flow 
ing through the two machines for control 
ling the current through one of said machines. 

12. In a regulating system, an electric cir 
cuit, two dynamoelectric machines connected 
in parallel across said circuit and a polarized 
relay responsive to the direction and relative 
magnitudes of the currents flowing through 
the two machines for effecting a predeter 
mined change in the current through one of 
the machines when it is supplying to said cir 
cuit a greater current than the other machine 
is Supplying and a similar change when said 
one of said machines is receiving from said 
circuit a smaller current than the other ma 
chine is receiving, 

13. In a regulating system, two dynamo 
electric machines connected in parallel, and a 
polarized relay for controlling the excitation 
of one of said machines to maintain a pre 
determined relation between the currents 
flowing through said machines comprising 
two mutually inductive differentially wound 
windings respectively energized in accord 
ance with the currents flowing through the 
two machines. 

14. In an automatic station, means for con 
trolling the voltage of a machine connected 
in parallel with another machine to control 
the relative currents through the machines 
including a polarized relay having a winding 
energized in accordance with the magnitude 
and direction of the current through one of 
said machines, and resistance shunting means 
controlled thereby. 

15. In combination a plurality of translat 
ing devices adapted to be connected in par 
allel, and means for controlling the voltage 
of one of said devices including a polarized 
relay having a winding energized in accord 
ance with the magnitude and direction of the 
current through one of said devices and re 
sistance shunting means controlled thereby. 

16. Means for controlling the relative cur 
rents between translating devices connected 
in parallel comprising means including a 
polarized relay having a winding connected 
in series relation with one of said devices for 
controlling the voltage of one of said devices 

5. 

whereby the said voltage is equalized with 
that of the other device. 

17. In a regulating system, a plurality of 
translating devices connected in parallel, and 
means including a polarized relay having a 
winding connected in series relation with one 
of said devices for controlling the voltage 
of one of said devices to control the relative 
currents through said devices. 

18. In combination, a plurality of Sources 
of current, means for connecting said sources 
in parallel, and means for controlling the 
relative currents through said devices when 
said sources are connected in parallel com 
prising a polarized relay having a winding 
energized in accordance with the magnitude 
and direction of the current through one of 
said sources for varying the excitation of one 
of said sources. 

19. In combination with a plurality of 
sources of current and a field rheostat asso 
ciated with each source, of means for equal 
izing the voltage of one of the sources with 
that of another source to control the relative 
currents through them including a polarized 
relay having a winding energized in accord 
ance with the magnitude and direction of 
current through one of said sources and means 
controlled by said relay for short-circuiting 
a portion of the field rheostat of one of said 
sources whereby its excitation is increased to 
equalize its terminal voltage with that of the 
other source. 

20. In an automatic station, a plurality of 
translating units, each unit having a shunt 
field circuit, means for controlling the rela 
tive currents through said units when con 
nected in parallel including a polarized relay 
energized in accordance with the magnitude 
and direction of the current through one of 
said sources and means controlled thereby 
for varying the resistance of the shunt field 
circuit of one of the units to equalize its volt 
age with that of the other unit. 
In witness whereof, I have hereunto set my 

hand this 7th day of February, 1930. 
GORDON.R. MCDONALI). 
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