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My invention relates to rectifiers, that is, de 
vices by which a supply of direct current may be 
obtained from an alternating source of electrical 
supply: A common form of such rectifiers is the 
metallic disc-type, and my invention is especially 
adapted for use with rectifiers of this type. 
Such-rectifiers are operated on a source of alter 
nating current of uniform voltage, such as is 
commonly available; the voltage of the direct cur 
rent Supplied therefrom may vary as much as 
30%, that is, the voltage at full load on the rec 
tifier maybe only 70% of the no-load voltage. 

This larger variation in direct current voltage 
is objectionable when the rectifiers are used to 
supply "electric current for some purposes, and 
it is an object of my: invention to , reduce the 

If 

variation in potentiai between full load and no 
load. On the direct current supply lines leading 
from the rectifier, or to improve-the-voltage regul 
lation of the System; 

Fig. 1 of the drawing shows a circuit: diagram 
of an installation"embodying my invention; and 

Fig. 2 shows an alternative relay circuit. 
The apparatus which I use to accomplish-the 

purpose of my invention may be readily: supplied 
by a man skilled in the art with the information 
supplied by the accompanying 'Specification and 
the drawing, which shows simple, diagrams: of 
connections. In the drawing designates trans 
formers, 2 rectifier columns, and 3 and 4. regul 
lating assemblies. 
used, each having a primary connected to an 
alternating current Supply source. The trans, 

Three transformers: may be: 

formers are shown Y-connected to a three-phase. 
SOCe. 
is connected, as shown in Fig. 1, to the center of 
one of the rectifiers 2. 
rectifiers 2, which are preferably of the metal 
lic disc type, is connected to one wire 2 of a di 
rect-current load line, the other side being con 

The secondary 2 of each transformer 

One end of each of the 

nected to the other wire 22 of that line. Warious 
loads 23 may be connected across these: lines, 
as shown. 
I have found that, using metallic disc rectifiers, 

of the form noW in common use, the Voltage.ber 
tween the wires 2 and 22, with the load 23 draw 
ing 100% of the full load rated capacity of the 
rectifiers, may be only 70% of the voltage. at no 
load. The load 23 may be Variable, and it is ; 
highly desirable that the voltage between the 
Wires or direct current busses 2 and 22 be: kept 
more uniform. 
Irender this voltage more uniform or constant 

in potential by one or more-regulating assemblies; 

O. 

s 

2) 

is 

3. 

43, . 

each of such assemblies consisting of a shunt. 3, 55. 

2. 
through, which the current flowing in the load 23 
paSSeS. Connected to the ends of the shunt 3 is 
the coil of a pilot relay 32. The voltage impressed 
On this coil is the potential drop in the shunt 3 
caused by the currents flowing through it. The. 
coil 32 of the relay 32 attracts a pivoted: arma 
ture: 322, but this armature is held in its closed 
position, as shown in the drawing, by a tension 
Spring .323. In this closed position the armature 
322 closes the circuit through the coil 33 of a 
contactor 33: The-coil 33 f attracts an armature 
332, which is held away from the coil 33 by a 
Spring 333. As long as the current flows in the 
coil .33, the armature 332 holds contacts closed 
through which current'. flows through a ballast 
resistor 34. This ballast resistor. 34 is in parallel 
With the-load 23 and is, in effect, an artificial load: 
The Voltage drop in the rectifiers 2 is not a di 

rect Straight line-function of the current flowing 
therethrough, but about 50% , of the total varia. 
tion of 30% voltage drop between full load and 
no load OCCurs in the first One-third of the in 
crease in load. If We consider no load voltage as 
100%, the Voltage. at one-third load will have 
dropped to 85%. Using only one regulating as 
sembly, I therefore may make the ballasting re 
sistance take one-third full load current so that 
initially with no load 23.I still have an artificial 
load equal to one-third full load, this artificial 
load or ballast being imposed by the ballasting 
resistor 34. The voltage, between the Wires 2 
and 22 cannot rise above 85% of no load voltage: 
as long as the ballast resistor 34 is in circuit. 
The pilot relay is, however, so adjusted that 

whenever the current taken by the load 23 is more 
than two-thirds full load current, the relay. 32 
actuates the contactor 33 and cuts the resistor 34 
out of circuit. In other words, the pilot relay acts, 
to cut the resistor 34 out of circuit, whenever 
two-thirds load is taken by the load 23. Before 
the relay 32 so operates, the: voltage between the: 
Wires 2 and 22 will have fallen to full load volt 
age; or 70% of no load voltage. Using a regu 
lating assembly, the voltage car never exceed 
85% of no load voltages and Will fall to 70%. 
With no regulating assembly, the voltage may 
fluctuate from 100% to 70%. 

If two regulating assemblies are used, each 
ballast resistance: takes a lot, or se-third ful load 
(Urrent, or a total of two-thirds full load cur. 
rent. The voltage between the wires: 2 and 22. 
may then be about 78% of no load- voltage. AS: 
the load 23 draws more current up to one-third 
load, the Voltage decreases to, say, 70%. The 
pilot relay of the: regulating: assembly 3 then, op 
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erates, and the resistor 34 is cut out, and the 
voltage again rises to 78%. As the load 23 in 
creases to two-thirds full load, the Voltage drops 
to 70%, the pilot relay of the assembly 4 cuts 
out the ballast resistance, and the voltage again 
rises to 78%, falling gradually to 70% as the load 
imposed by the load 23 increases to full load. 
Using two assemblies, the voltage then fluctu 
ates from 70% to 78% of no load voltage; that 
is, when no load 23 is imposed, the voltage is 
78% of no load voltage without the regulating 
assemblies, and it never falls below 70% of this 
value. It is to be noted in Fig. 1 that the current 
feeding the resistor 34 passes through part of 
the shunt 3, which also carries the current to 
the load 23, and that the relay 32 is so adjusted 
that after it opens and the ballast resistor 34 is 
disconnected, the relay will not close if the load 
current persists at its previous value. This cur 
rent will increase slightly due to the rise in volt 
age due to the disconnection of the ballast re 
sistor 34, and the relay can be, and should be, So 
set that it will again close if the load current falls 
substantially below the value it had at the time 
the relay opened. Practically all commercial re 
lays will remain closed on a considerably lower 
current in their coil than is needed to cause 
then to close. It is, however, easy to make a re 
lay which will close with 100 millivolts at the 
terminal of its coils and will open when this 
value falls to 45 millivolts, Assuming that, using 
a single regulator 4, the relay 32 opens when the 
load is one-third of maximum rated load and 
that the voltage across the shunt is 100 millivolts 
with the resistor connected, when the resistor is 
disconnected, the potential across the shunt will 
be slightly more than 50 millivolts. If, now, the 
load decreases a little more than 10%, the poten 
tial across the shunt will be about 45 millivoltS, 
and the relay 32 will then close. This provides 
a very sensitive control using a conventional and 
easily obtained pilot relay. 
An even more sensitive relay circuit is shown in 

Fig. 2. In this arrangement I supply the relay 
32 with a contact 334 which is connected to a 
primary resistor 335 and a secondary resistor 336, 
one terminal of the coil 32 being connected be 
tween the resistors 335 and 336, as shown in the 
drawing, and one terminal 337 of the resistor 336 
being connected to the shunt 31, as shown. When 
the armature 322 is pulled out of its closed or pri 
mary position shown in full lines in the drawing 
into its open or secondary position, as shown in 
dotted lines, it completes a circuit from the Wire 
2 to the wire 22 through the resistors 335 and 
336. Prior to this, the circuit through the re 
sistor 335 is open, but the coil 32 is at all times 
energized by current flowing through the resistor 
336. With no current flowing in the resistor 335, 
the voltage drop across the resistor 336 is merely 
that produced by the current flowing to the coil 
321. Nearly every relay of the type I prefer to 
use as the relay 32 will hold in its secondary po 
sition on less current than it will need to pull 
into that position, so that with the armature 322 
in the position shown in dotted lines in the draw 
ing, or in its secondary position, this armature 
will not be pulled back to its primary position 
shown in full lines until the current falls consid 
erably below that needed to pull the arnature 
from its full line or primary position to its dotted 
line or secondary position. When, however, the 
circuit is established through the resistors 335 
and 336, the current in the resistor 336 is in 
creased, being the sum of the currents in the re 
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4. 
Sistor 335 and the coil 32?. This results in a 
voltage drop in the resistor 336 greater than ex 
isted when only the coil 32 was in circuit. The 
Woltage across the shunt 3 being unchanged, this 
reduces the voltage on the terminals of the coil 
32 and reduces the current fiowing through the 
coil 32. The resistor 335 is so proportioned that 
With the voltage across the shunt 3 just suff 
cient to cause the coil 32 to pull the armature 
322 from its full line or primary position to its 
dotted line or secondary position, the voltage 
across the coil 32, after the circuit is established 
through the resistors 335 and 336, is only very 
slightly more than that necessary to cause 
enough current to flow in the coil 32 to hold 
the armature 322 in its dotted line or secondary 
position. A slight decrease in the current taken 
by the load 23 will cause a slight decrease in the 
voltage across the shunt 3, and the current in 
the coil 32 will decrease to a sufficient degree 
to allow the spring 323 to pull the armature 322 
back into its full line or primary position, which 
will cut the ballast resistor 34 back into circuit. 
One important feature common to both the al 

ternatives illustrated is the method of accom 
plishing the immediate change in relay coll volt 
age upon operation of the relay. Usually such 
a change is accomplished by a Switching arrange 
ment within the relay coil circuit, changing the 
resistance of that circuit. Because in a low volt 
age circuit any switch contact resistance may 
greatly affect the current flow, such a method 
will sometimes result in erratic and unreliable op 
eration. In my system, the resistance in the low 
voltage relay coil circuit remains substantially 
constant, and no switching is performed in series 
or parallel with this low voltage circuit. 
To accomplish the desired immediate change in 

relay coil voltage, I utilize a potential external 
to the relay coil circuit and in the order of 100 
times its magnitude. This follows from the fact 
that, while the potential operating the relay is de 
rived from a shunt connected in series with the 
load, the circuit which causes the immediate 
change in relay coil voltage is connected in par 
allel with the load. 
In other words, by employing the methods 

shown I utilize an external potential Source of 
a magnitude of at least ten times the potential 
which feeds the relay coil circuit, which causes, 
upon operation of the relay, an immediate change 
in the relay magnetic flux. Due to the relative 
ly high voltage, the effect of variations in con 
tact resistance in the circuit is practically elimi 
nated. 
Furthermore, by arranging the external poten 

tial to cause a flux subtractive to the flux caused 
by the shunt potential, a small percentage in 
crement in the shunt potential will cause a larger 
percentage increment in the resultant coil poten 
tial. This is seen from the fact that the exter 
nal potential can be considered as substantially 
constant for small variations of the shunt poten 
tial. 
I claim as my invention: 
1. In an electrical system, the combination of: 

two supply conductors; a load connected direct 
ly to the first of said supply conductors; a shunt 
through which current passes to said load from 
the second of said supply conductors; a relay 
having an actuating coil connected at its first 
end to one terminal of said shunt; a Secondary 
resistor connected at one end to the other ter 
minal of said shunt and at its other end to the 
second end of said actuating coil; a primary re 
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sistor connected at one end to the junction of 
said secondary resistor and said coil and COn 
nected at its other end to a secondary contact 
of said relay; a primary contact; means by which 
said relay connects said first conductor to said 
primary contact whenever the coil in said relay 
is actuated by a current below a predetermined 
value and connects said first conductor to said 
secondary contact whenever said current exceeds 
this value; a ballast resistor connected at one 
end to said first conductor; and means for Con 
necting the other end of said ballast resistor to 
said second conductor whenever said first con 
ductor is connected by said relay to said pri 
mary contact. 

2. In an electrical System, the combination of: 
a first and a second supply conductor; a load 
connected at one end directly to said first con 
ductor; a shunt, one terminal of which is con 
nected to said second conductor and the other 
terminal of which is connected to the other end 
of said load; a relay coil, one end of which is 
connected to one terminal of said shunt and the 
other end of which is connected to the other 
terminal of said shunt; a ballast resistor, one 
end of which is connected to said first conduc 
tor; a pair of ballast contacts, one of which is 
connected to the other end of said ballast resis 
tor and the other of which is connected to an 
intermediate point in said shunt; and means 
for closing the circuit between said ballast con 
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tacts whenever the current in said coil exceeds 
a predetermined value, and opening said circuit 
when the current in said coil falls below a pre 
determined value. 

3. In an electrical System, the combination of: 
two supply conductors; a load connected to the 
first of said supply conductors; a shunt through 
which current passes to said load from the sec 
ond of said supply conductors; a relay having 
an actuating coil connected at its first end to 
One terminal of said shunt; a secondary resistor 
connected at one end to the other terminal of 
said shunt and at its other end to the second 
end of said actuating coil; a primary resistor; 
means by which said relay causes current to flow 
from said first conductor through said primary 
and said secondary resistors to said second con 
ductor whenever the current in Said shunt rises 
above a predetermined value, and causes a re 
duction in said current through said primary and 
said secondary resistors whenever the current in 
said shunt falls below said predetermined value; 
a ballast resistor connected at one end to One 
of said conductors; and means actuated by said 
relay for connecting the other end of said bal 
last resistor to the other conductor whenever the 
current through said shunt falls below said pre 
determined value, and for reducing said cur 
rent through said ballast resistor When said cur 

30 rent through said shunt exceeds said value. 
SOREN. L. CHRISTE. 


