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My invention relates to apparatus for reg 
ulatlng an electrical condition of a dynamo 
electric machine or circuit and more particu 
larly to such apparatus utilizing electric 

5 valves for e?ecting the desired regulation. 
Heretofore there have been proposed vari~ 

ous arrangements including electric valves 
for regulating an electrical condition of a 
dynamo-electric machine or circuit. Certain 

10 of these arrangements of the prior art have 
effected the desired regulation by controlling 
--the phase relation between the "grid and 
anode potentials of the electric valves. My 
invention relates to regulating apparatus of 

15 the latter type. 
It is an object of my invention to provide 

an improved regulating apparatus utilizing 
electric valves for regulating an electrical 
condition ofa dynamo-electric machine or 

to circuit, by means of which the arrangements 
of the prior art may be materially simpli?ed. 

It is another object oi my invention to 
provide an im roved regulating apparatus 
utilizing electric valves for regulating an 

25 electrical condition of a dynamo-electric ma 
chine or circuit in which the desired regula 
tion is e?iected by varying the phase relation 
between the grid and anode potentials of the 

‘ electric valves. ' 

so It is a further object of my invention to 
provide an improved electric circuit for pro 
diicing a potential variable in phase with re 
spect to that of an alternating current circuit 
which is of general application but which 
is particularly suitable for controlling the 
electric valves of my improved motor control 
circuit. 
In accordance with one embodiment of my 

invention, the ?eld circuit of a direct current 
motor is energized from an alternating cur 
rent circuit through a pair of electric valves. 
In order to control the amount of energy 
transmitted by the valves and thus the excita 
tion of the motor, I provide an improved 
phase shifting circuit for varying the ‘phase 
of the grid potentials of the valves with re 
spect to their anode potentials. This im 
proved phase shifting circuit comprises a re 
sistor and a saturable reactor connected in 
series across the alternating current circuit. 
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Serial Ito. setters. 

Provision is made for energizing the satu~ 
rating winding of the reactor in accordance 
with the armature current oi’ the motor, thus 
serving to maintain the load on the motor 
substantially constant. 
For a better understanding of my inven~ 

tion together with other and further objects 
thereof, reference is had to thefoliowing de 
scription taken in connection with the ac 
companying drawings and its scope will be 
pointed out in the appended claims. Figure 
l of the accompanying drawings illustrates 
my invention as applied to an arrangement 
for maintaining constant the load on a direct a 
current motor. Figure 2 shows a vector dia 
gram. 

Referring now to the drawings I have il 
lustrated an arrangement for controlling the 
excitation of a ?eld winding 11 of a direct 
current motor 10, in response to variations in 
the armature current of the motor. The 
armature of the motor 10 is energized from a 
suitable source of direct current 12, prefer 

it 

w 

ably of constant potential. The excitation of 4 
the winding 11 is derived from a source of 
alternating current 13 through a full wave 
recti?er comprising the transformer 14 and 
electric valves 15 and 16. Electric valves 15 
and 16 are each provided with an anode, a 
cathode and a control grid and may be of any 
of the several types well known in the art, 
although I prefer to use valves of the vapor 
electric discharge type in which the starting 
oi‘ current in the valve is determined by the 
potential on the control grid, but in which 
the current through the valve can be inter 
rupted only by reducing its anode potential 
below the critical value. The grids of the 
valves 15 and 16 are connected to the com 
mon cathode circuit through opposite halves 
of'the secondary winding of a grid trans 
former 17 and a current limiting resistor 18. 
The primary winding of the grid transformer 
17 is energized from a phase shifting circuit 
19 comprising a resistor 20 and a saturable 
reactor 21 connected across the secondary 
winding of a transformer 22, the primary 
winding of which is energized from the al 
ternating current circuit 13. The primary 
winding of transformer 17 is preferably con 
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nected between the junctions of resistor 20‘ 
and reactor 21 and an electrical midpoint of 
the secondary winding of transformer 22. 
The reactor 21 is provided with a saturating 
winding 23 which is‘connected in series with 
the armature circuit. of the motor 10. 
In explaining the operation of the above 

described apparatus it will be assumed that 
initially the excitation of the ?eld winding _ 
11 is su?icient to maintain a proper speed of 
the motor 10 for the desired load which it is 
desired that the motor 10 shall deliver and 
that the saturation of the reactor 21 by the 
winding 23 is just sufficient to maintain the 
phase of the grid potentials of the valves 15 
and 16 ~at a proper value to maintain the re 
quired excitation. This condition may be 
seen more clearly by referring to Fig.‘ 2 in 
which the vector OA represents the potential 
across the secondary winding of the trans 
former 22, the point C the potential of the 
midpoint of this winding, the vector OB the 
potential drop across the resistor 20 and vec 
tor BA the potential drop across the reactor 
21, so that the vector CB represents .the po 

_ tential applied to the grids of the valves 15 
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and 16. Should the load on the motor tend 
to increase for any cause, the armature cur 
rent of the motor 10 will increase the satura-, 
tion of reactor 21 thus decreasing its im— 
pedance and the component of the vector OA 
which appears across it. In this condition 
the vector OB’ represents the potential across 
resistor 20 and the vector B’A the potential 
across ‘reactor 21. It is seen that the grid 
potential of the valves 15 and 16 as repre 
sented by the vector CB’ has advanced in 
phase with an increase in the armature cur 
rent of the motor 10. The result is that the 
output of the recti?er is increased and with 
it the excitation-of the ?eld winding 11 which 
serves to decrease the speed of the motor and 
thus lower the load to its normal value. By 
the use of a saturable reactor as one of the 
elementsof my improved phase shifting cir 
cuit, it is seen that all moving parts and con 
tacts are eliminated and that a phase shifting 
circuit is provided which is readily adjust 
able in accordance with variations in the cur 
rent of the circuit to be controlled. I 
-While I have described what I at presen 

consider the preferred'embodiment of my in 
vention, it will be obvious to those skilled in 
the art that various‘ changes and modi?ca 
tions may be made without departing from 
my invention and I, therefore, aim in the ap 
pended claims to cover all such changes and 
modi?cations 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 combination, a dynamo-electric ma 

chine provided with ?eld and armature wind 
ings, an alternating current circuit, means for 
energizing one of said windings from said 
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circuit including'an electric’ valve provided 
with a control grid, a resistor and a variable 
reactor serially connected across said circuit " 
for producing dephased potentials, connec 
tions for impressing upon said control grid 
‘a potential derived from said series circuit 
and means responsive to‘an electrical condi- ' 
tion of said ,machine‘for controlling said 
reactor. ’ I. 4 

2. In combination, a dynamo-electric ma 
chine provided with ?eld and armature wind— 
ings, analternating current circuit, means 
for energizing said ?eld winding from said 
circuit including an electric valve provided 
with a control grid, a reactor provided with a 
saturating winding and a resistor serially 
connected acrossvsaid circuit for producing 

a: 

so 

dephased potentials, connections for impress- j 
ing upon said control grid a potential derived, 
from said series circuit,'and means responsive 
to an electrical condition of vsaid machine 
for controlling the energization of said satu 
rating winding. - v 

3.'In combination, an alternating‘ current 
supply circuit, a direct current motor pro 
vided with ?eld and armature windings an 
electric valve for energizing said ?eld wmd 
ing from said alternating current circuit, a 
separate source of direct current for energiz 
ing said armature winding, and means re 
sponsive to the load on said motor foricon 
trolling the conductivity of said valves. 

4:. In combination, an'alternating current 
supply circuit, a direct current motor pro 
vided with ?eld and armature windings, an 
electric valve, provided with a control grid, 
for energizing said ?eld winding from said 
supply circuit, a separate source of direct cur-~ 
rent for energizing said armature winding, 
and means responsive to variations in the 
load on said motor for impressing upon said 
grid an alternating potential variable in 
phase with respect to that of said supply cir 

_ cuit. 

5. In combination, an alternating current 
‘supply circuit, a direct current motor pro 
vided with ?eld and armature windings, 
means for energizing said ?eld winding from 
said supply circuit including an electric valve 
provided with a control grid, an impedance 
phase shifting circuit for exciting said con 
trol grid, and means responsive to the arma 
ture current of said motor for controlling 
said phase shifting circuit. 

6. In combination, a source of alternating 
potential, a direct'current circuit, and means 
for producing an alternating'potential va 
riable in phase with respect to that of said 
source in response to an electrical condition 
of said direct current c1rcu1t comprising a 
plurahty of impedance elements connected 
across said source ‘for producing dephased 
potentials, one of said elements comprising a 
saturable. reactor, and means responslve to 
sald electrical 'conditlon of said dlrect cur 
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rent circuit for varying the saturation of said 
reactor. 

7. In combination, a dynamo-electric ma 
chine provided with armature and ?eld wind 

5 ings, an energizing circuit for said ?eld wind 
ing including an electric valve provided with 
a control grid, an impedance phase shifting 
circuit for controlling the phase of the po 
tential of said grid, and means responsive to 

10 the current in said armature for controlling 
the impedance of one of the elements of said 
phase shifting circuit. 

8. In combination, a dynamo—electric ma 
chine provided with armature and ?eld wind 

“ ings, an energizing circuit for said ?eld wind 
ing including an electric valve provided with 
a control grid, an impedance phase shifting 
circuit including a saturable reactor, a con 
nection for exciting said control grid with a 

20 potential variable in phase derived from said 
phase shifting circuit, and means responsive 
to the current ?owing in said armature for 
controlling the saturation of said reactor. 
In witness whereof, I have hereunto set my 

25 hand. ‘ 

MYRON ZUCKER. 
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