
Feb. 11, 1936. c. stansBURY Re. 19,853 
MOTOR CONTROLLER 

original Filed May 24, 1934 

8wenker 
al Qeyss- sww. 

&f - - earner 

  

  



0. 

20 

25 

30 

0 

45 

50 

Reissued Feb. 11, 1936 
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Cutler-Hammer, Inc., Milwaukee, Wis a cor 
poration of Delaware 

- Original No. 2,013,221, dated September 3, 1935, 
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for reissue October 24, 1935, Seria No. 46,599 

8 Claims. (C. 172-274) 
This invention relates to control systems and 

more particularly to regulating systems for con 
trolling the speed of motors. 
Among the objects of the invention is the pro 

vision of means for maintaining the speed of 
motors constant at any desired preselected value. 
Another object is to provide a speed controlling 

device of the aforementioned character employ 
ing electronic tubes to perform the regulating 
and controlling functions. 
Another object is to provide a controller which 

permits of accurate speed control of a motor 
under widely varying load conditions. 
Another object is to provide a controller which 

affords accurate speed control under rapidly 
varying load conditions. 
Another object is to provide a controller which 

accomplishes the aforementioned results when 
the motor operates at a relatively low speed. 
Another object is to provide a controller which 

has no mechanically moving elements which are 
required to respond to the controlling impulses. 
Another object is to provide a controller which 

requires no arc interrupting contacts to open 
and close circuits of high voltage or magnitude. 
Another object is to provide a controller which 

is rapid and accurate in response to changes in 
Operating conditions. 
Other objects and advantages will hereinafter 

appear. 
As is well known, the speed of alternating cur 

rent motors may be varied by varying the in 
pedance of the primary or of the secondary cir 
cuit. Warious means have been proposed for the 
variation of such impedance, one of such means 
consisting of connecting in series with a winding 
of the motor a so-called saturable reactor in 
which the impedance of a coll connected in an 
alternating current circuit is varied by superim 
posing upon the flux created by the alternating 
current flowing in said coil a direct current flux 
induced in the same magnetic structure by a 
unidirectional current flowing in another, coil. 
The use of such a saturable reactor is particu 
larly advantageous where large powers have to 
be controlled, since a very small amount of 
energy in the direct current circuit will supply a 
controlling effect sufficient for controlling a very 
large motor. In the present system, automatic 
means have been provided whereby tendencies of 
an induction motor to depart from a desired 
speed immediately affect an electronic tube 
which, in turn, instantaneously varies the direct 
current of the saturable reactor to thereby vary 
the motor characteristic to thus check depar 

tures of the motor Speed from the desired value 
substantially in their incipiency. 
The accompanying drawing is illustrative of 

one type of system embodying my invention. 
In the drawing, lines L., L and I designate 

the terminals of a three phase alternating cur 
rent supply system, is a three phase slip ring 
type induction motor having a primary winding 
terminating in the terminals , b, c and sec 
Ondary windings terminating in the slip rings d, 

and 1. Connected in series with the second 
ary winding is a Saturable reactor 2 having alter 
nating current coils 2, 2 and 2, which are con 
nected in star between the slip rings d, e and 

, respectively. The reactor also has a direct 
current coil. 2d. A gaseous electron tube 3 hav 
ing a cathode 3, an anode 3 and a grid 3 has 
its cathode connected to the line Ll while the 
anode 3 is connected to the anode 4b of a recti 
fler 4 whose cathode 4 is connected to the line 
L. The direct current winding 2d is connected 
in parallel with the rectifier 4. 
The system further includes a transformer 5 

having a primary winding 5 which is connected 
across the lines L and L and a secondary wind 
ing 5 which is connected in series with a con 
denser 5 across the terminals of a resistor 7. 
The terminal of the resistor which is common 
with the condenser 6 is also connected to the 
grid 3, 8 is a full wave rectifer having a cath 
ode 8 and anodes 8b and 8. A transformer 9 
has its primary winding 9 connected across lines 
Li and L. The secondary winding 9b of trans 
former winding 9 has one end connected to the 
anode 8b while its other end is connected to the 
connon terminal of the resistor and the wind 
ing 5. Between this latter terminal and the 
Cathode 8 are connected a condenser and in 
parallel therewith a resistor 2. A third trans 
former to has a primary winding 0 which is 
connected in shunt with a potentiometer resistor 
5, the latter being connected across the coil 20 

while its secondary winding 
between the line and the anode 8. A con 
denser 8 and a parallel resistor 4 are con 
nected between the line Land the cathode 8. 
The system operates in the following manner: 
When the lines L,L and L are energized the 

primary winding of motor receives current and 
a voltage is induced in the secondary circuit so 
that a current flows through the windings 2a, 2b 
and 20 of . the Saturable reactor. 
through these windings depends upon the ener 
gization of the winding 2d, the impedance of the 
windings 2, 2b and 2 increasing with decreas 
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2 
ing current in the winding 2d. In other words, 
the higher the current in the winding 2 the 
lower will be the impedance of the secondary cir 
cuit and the higher the motor speed for a given 
load. The current in the coil 2d is controlled by 
controlling the instantaneous voltage of the grid 
30 during the positive half cycle of the voltage be 
tween the lines and during which the tube 
3 permits current flow therethrough provided 
that the voltage of the grid 3 is more positive 
than the critical grid voltage. The voltage of the 
grid 3 with respect to the cathode 3 at any 
moment is the resultant of the instantaneous 
voltage across the resistor , the condenser if 
and the condenser f3,-the three being in series. 
The voltage across the resistor T is a function of 
the voltage induced in the secondary winding 5 
of the transformer 5 whose primary is connected 
across the lines L1 and L. The condenser f is 
charged by a voltage impressed upon it by the 
secondary winding 9th of the transformer 9 
through the electron tube 8, said voltage being 
proportional to the line voltage. The effective 
voltage of the condenser f is determined by the 
value of the resistance 2. By proper adjustment 
of this resistance and the condenser the effec 
tive voltage of the latter will attain a certain de 
sired value at a given moment during the post 
tive half cycle. 
A voltage opposite to that of condenser is 

impressed upon the condenser 3 through the 
secondary winding ob of the transformer to 
whose primary winding on is connected to the 
coil 20 of the reactor through potentiometer . 
This voltage is a function of the adjustment of 
the resistor 14 and of the condenser 3 and of the motor speed. 
By varying the adjustment of the potentiome 

ter S to which is connected the primary wind 
ing 0 of the transformer O the voltage in 
pressed upon the winding ob can be adjusted 
with respect to the relatively fixed voltage which 
is the resultant of that of the condenser and 
impedance so that the critical value of the grid 
voltage is attained during any desired moment 
of the positive half cycle of the voltage impressed 
upon tube and thus the strength of the cur 
rent which is passed by the tube and which flows 
through the winding 2d may be adjusted. , 

If for a given adjustment of the potentiometer 
5 the motor should slow down due to changes 

in load its secondary voltage increases thereby 
increasing the voltage impressed upon the con 
denser and making the grid 3 more positive. 
This increases the effective current through the 
coil 2, which, in turn, decreases the impedance 
of the coils 2, 2 and 2 and causes the motor to speed up. 
The rectifier 4 which is connected in parallel 

with the coil 2 to smooth out the oscillations of 
... the current flowing therein in a well known man 

ner may be onitted under certain conditions. 
It will thus be seen that for any given adjust 

ment of the potentionetter S the system tends to 
maintain the speed of the motor constant, and 
that this speed may be varied between substan 
tially zero and synchronous speed of the motor. 
While I have shown the invention in connec 

tion with a wound rotor induction motor, it will 
be obvious to one skilled in the art that it may 
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1. In combination, a dynamo electric machine, 

ea saturable reactor in circuit with a winding of 
said machine and having a control winding, an 
alternating current supply, an electron tube con 
nected in circuit with said Supply and said con 
trol winding and having a grid, and means to 
control the current in said control winding in 
accordance with a characteristic of said machine, 
said means comprising means to Supply a unidi 
rectional reference voltage to said grid, also 
means to supply a second unidirectional voltage 
to said grid which is a function of said char 
acteristic of said machine and which is opposed 
to said reference voltage, and also means con 
nected to said alternating current supply to 
superimpose an alternating voltage of a given 
phase relative to the voltage of said supply upon 
the resultant of said reference voltage and said 
second unidirectional voltage. 

2. In combination, an alternating current sup 
ply line, a dynamo electric machine connected 
thereto, a saturable reactor in circuit with a 
winding of said machine and having a control 
Winding, an electron tube connected in circuit 
with said supply line and said control winding 
and having a grid and means to control the cur 
rent in said control Winding in accordance with 
a characteristic of said machine, said means 
Comprising means to supply a unidirectional ref 
erence voltage to said grid, also means to supply 
a second unidirectional voltage to said grid which 
is a function of said characteristic of said ma 
chine and which is opposed to said reference 
voltage, and also means to superimpose an al 
ternating voltage of the frequency of the voltage 
of said supply line and of a given phase relative 
thereto upon the resultant of said reference volt 
age and said second unidirectional voltage. 

3. In combination, an alternating current sup 
ply, a motor supplied thereby, a saturable reac 
tor in circuit with a winding of said motor and 
having a control winding, an electron tube con 
nected in circuit with said supply and said con 
trol winding and having a grid, and means to 
control the current in said control winding in ac 
cordance with a characteristic of sald motor, said 
means comprising means to supply a unidirec 
tional reference voltage to said grid, also means 
to supply a second unidirectional voltage to said 
grid which is a function of said characteristic of 
said motor and which is opposed to said refer 
ence voltage, and also means to superimpose an 
alternating voltage of the frequency of said sup 
ply and of a given phase relative to its voltage 
upon the resultant of said reference voltage and 
said second unidirectional voltage. 

4. In combination, an alternating current sup 
ply, a motor supplied thereby, a saturable reac 
tor in circuit with a winding of said motor and 
having a control winding, an electron tube con 
nected in circuit with said supply and said con 
trol winding and having a grid, and means to 
control the current in said control winding in 
accordance with the speed of said motor, said 
means comprising means to supply a unidirec 
tional reference voltage to said grid, also means 
to supply a second unidirectional voltage to said 
grid which is a function of the counter-electro 
notive force of said notor and which is opposed 
to said reference voltage, and also means to su 
Perimpose an alternating voltage of the frequency 
of said supply and of a given phase relative to its 
voltage upon the resultant of said reference wolt 
age and said undirectional woltage. - 
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10,858 
ply, a notor supplied thereby, a saturable re 
actor in circuit with a winding of said notor and 
having a control winding, an electron tube con 
nected in circuit with said supply and said con 
trol winding and having a grid, and means to 
Control the current in said control winding in ac 
cordance with the speed of said notor, said 
means comprising a rectifying circuit connected 
to said supply and adapted to supply a unidirec 
tional reference voltage to said grid, also means 
to supply a second unidirectional voltage to said 
grid which is a function of the counter-electro 
motive force of said motor and which is opposed 
to said reference voltage, and also means to su 
perimpose an alternating voltage of the frequen 
cy of Said supply and of a given phase relative 
to its voltage upon said reference voltage and said 
second unidirectional voltage. 

6. In combination, an alternating current sup 
i ply, a motor supplied thereby, a saturable re 
actor in circuit with a winding of said motor and 
having a control winding, an electron tube con 
nected in circuit with said supply and said con 
trol winding having a grid, and means to con 
trol the current in said control winding in ac 
Cordance with the speed of said motor, said 
means comprising the means to supply a unidi 
rectional reference voltage to said grid, a rect 
fying circuit connected to a winding of said no 
tor and adapted to supply a second unidirectional 
voltage to said grid which is a function of the 
speed of said motor and which is opposed to said 
reference voltage, and also means to superimpose 
an alternating current voltage of the frequency of 
Sald Supply and of a given phase relative to its 
voltage upon the resultant of said reference volt 
age and said second unidirectional voltage. 

7. In combination, an alternating current sup 
ply, a motor supplied thereby, a saturable re 
actor in circuit with a winding of said motor and 

3 
having a control winding, an electron. tube con 
nected in circuit with said supply and said con 
trol winding having a grid, and means to con 
trol the current in said control winding in ac 
cordance with the speed of said motor, said 
means comprising a rectifying circuit connected 
to said supply and adapted to supply a unidi 
rectional reference voltage to said grid, and also 
a rectifying circuit connected to a winding of said 
motor and adapted to supply a second unidirec 
tional voltage to said grid which is a function of 
the speed of said notor and which is opposed to 
said reference voltage, and also means to super 
impose an alternating voltage of the frequency of 
said supply and of a given phase relative to its 
voltage upon the resultant of said reference volt 
age and said second unidirectional voltage. 

8. In combination, an alternating current sup 
ply line, an induction motor supplied thereby, a 
saturable reactor in circuit with a winding of 
said motor and having a control winding, an elec 
tron tube connected in circuit with said supply 
and said control winding and having a grid and 
means to control the current in said control wind 
ing in accordance with the speed of said motor, 
said means comprising a rectifying circuit con 
nected to said supply and adapted to supply a 
unidirectional reference voltage to said grid, also 
a rectifying circuit connected to said winding of 
Sadd motor and adapted to supply a second uni 
directional voltage to said grid which is a func 
tion of the speed of said motor and which is op 
posed to said reference voltage, and also means 
to superimpose an alternating voltage of the fre 
Quency of said supply and of a given phase rela 
tive to its voltage upon the resultant of said ref 
erence voltage and said second unidirectional 
voltage. 
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