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8 Claims. (C. 171-274) 
My invention relates to alternating current 

control systems, either single or polyphase and 
has particular reference to a system for con 
trolling the voltage applied to alternating cur 
rent motors having series characteristics in such 
manner that the speed of such motors is main 
tained constant, irrespective of load. 

In certain machine tool applications it has been 
found desirable and oftentimes necessary to sup 
ply electric motors for their operation having ex 
tremely high starting torque and high torque 
sensitivity. In these cases it is common practice 
to employ series type direet current motors, but 
the use of such motors is accompanied by numer 
Ous disadvantages. 
The use of direct current series motors neces 

sarily requires a source of direct current for 
operation. This is oftentimes dificult or ex 
pensive to obtain, since it is common practice to 
supply industrial and manufacturing establish 
ments with alternating current type of power. 
Furthermore, the direct current series motor, 
while supplying demands as regards torque char 
acteristics, has a badly drooping inherent speed 
regulation curve resulting in wide fluctuations 
in motor speed with moderate changes in load 
upon the motor. 
AS is well known constancy of speed is also a 

desirable and oftentimes essential requirement 
in the operation of machine tools, and for this 
reason direct current series motors are, to some 
extent, unsatisfactory for this application. This 
difficulty has been overcome in some applications 
by employing constant speed motors of the in 
duction or squirrel-cage type which have been 
specially wound to provide the desirable torque 
characteristics. Such motors are, however, very. 
inefficient and require the use of a mechanical 
transmission or gear change box in order to pro 
vide the necessary speed selection to permit dif 
ferent machining operations to be performed 
with the machine tool with which such motor is 
used 

It is therefore an object of my invention to pro 
vide a control system which when combined with 
a series type alternating current motor will pro 
vide the typical series type torque characteristics 
and operate to maintain the speed of such motor 
constant irrespective of load variations. 

It is a further object of my invention to pro 
vide a control syster of the character set forth 
in the preceding paragraph in which a saturable 
core reactor is employed to cause the voltage ap 
plied to the motor with which the system is asso 

ciated to be varied in accordance with the speed 
load-voltage characteristic of such motor. 

It is also an object of my invention to provide 
a control system of the character set forth in the 
preceding paragraphs in which a current trans 
former and rectifier associated therewith are emi 
ployed to excite the direct current control wind 
ing employed for saturating the saturable core re 
actor. 

It is also an object of my invention to provide 
a special current transformer for use in a control 
system of the character set forth in the preceding 
paragraphs which includes means for producing 
a non-linear relationship between the changes in 
current flowing through the primary of said cur 
rent transformer and the voltage induced in the 
transformer secondary. 

It is also an object of my invention to provide a 
system of the character set forth in the preceding 
paragraphs in which grid-glow rectifiers are em 
ployed in combination with a phase shifting de 
vice to provide the desired regulation of voltage 
in accordance with the speed load voltage char 
acteristic of the motor with which the system is employed. 

It is a further object of my invention to provide 
a control system of the character set forth in the 
preceding paragraphis in which is employed an 
adjustable means for establishing the speed of 
the motor which will be maintained by the regul lating equipment. 
Other objects and advantages of my invention 

will be apparent from a study of the following 
Specifications, read in connection with the accom 
panying drawing, wherein: , 

Fig. 1 is a schematic representation of the sys 
tem of my invention as applied to a single phase 
circuit including an alternating current series 
motor; 

Fig. 2 is a schematic representation of a sat 
urable core reactor which is particularly ap 
plicable to use in the systems illustrated in Fig. 1. 

Referring to the drawing, I have illustrated 
diagrammatically a regular alternating current 
service or Source of power comprising line con 
ductors and 2, it being understood that a local 
generator is a complete equivalent. Tracing 
these leads, the line, connects first through a 
field 3 and armature 4 of an alternating current 
series motor which represents the load or point 
of utilization. 
A primary winding 3 of a current transformer 

32, and a series winding 33 of a saturable core 
reactor 34 are also connected in series with the 
motor -4 across the supply lines -2. Direct 
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current components of magnetic flux in the re 
actor core are supplied through a pair of rect 
fler tubes 35 of the so-called ''grid-glow' or 
"Thyraton' type. These tubes are supplied by 
a transformer whose primary 8 is bridged across 
the lines and 2, and whose secondary is 
connected between anodes 38 of the two rectifiers 
5. A center tap 89 of the secondary winding 

37 connects through a pair of series connected 
direct current control windings 40 and 4f of the 
saturable reactor 34 and thence back to cathodes 
42 of the rectifier tubes 35. Grids 43 of these 
tubes Connect to opposite ends of a primary 
winding 44 of a transformer 45, a center tap of 
which winding also connects with the cathodes 42. 
A secondary winding 46 of the transformer 45 is 

bridged by a condenser 47, and is connected be 
tween the line and a series winding 48 of a 
second saturable reactor 49, and thence back to 
the other conductor 2. 

Saturating windings 60 and 5 of the reactor 
49 are connected in series to be supplied by a 
bridge-type rectifier 52 from a secondary 53 of 
the current transformer 32. 
In this arrangement the current supplied by 

the current transformer 32 may be extremely 
small, since its function is merely to change the 
phase of the voltage supplied to the grids 4 of the 
grid-glow rectifiers. The actual power drawn 
by these grids will be small, for the grids merely 
serve to determine at what portion of the cycle 
the tubes 35 shall start to draw. current. The 
control of rectifiers of the grid-glow type by 
change of phase of the grid voltage is sufficient 
ly Well known so that it is unnecessary to de 
scribe it here, it being obvious that the division of 
voltage between the transformer primary 46 and 
the reactor coll 48 will change in both phase and 
magnitude as the saturation of the reactor core 
9 changes, and that through this means very 

large changes in the saturation of the reactor 
core 34 may be accomplished with relatively small 
changes in the power supplied by the current 
transformer 32. The voltage supplied across the 
notor may therefore be caused to vary very rap 
ldly with slight changes in load, thereby provid 
ing extremely accurate and extremely rapid con 
trol of the speed of the motor -4. 
The operation of the device will be understood 

by considering the motor as operating with a 
minimun load. Under these conditions the volt 
age supplied by the source -2 will be divided 
between the motor -4 and the reactor series 
windings S. Normal current through the pri 
mary winding f of the current transformer 32 
will cause a small voltage to be induced in the 
secondary winding SS. Current flowing as a re 
sult of this small voltage will be rectified and in 
duce a negligible D-C. component in the con 
trol windings B-. This results in the volt 
age which is applied to the grids of the grid-glow 
tubes being substantially out of phase with the 
voltage applied to the anodes of these tubes so 
that a negligible direct current is caused to flow 
in the control windings -4. 
An increase in the load upon the series motor 

8-4, however, will cause larger currents to flow. 
This would normally cause an increased voltage 
drop in the windings 8, but the increased cur 
rent will cause a larger current to flow in the 
rectifier circuit and the control windings B-S, 
thus saturating the saturable reactor 4 and 
thereby greatly decreasing the reactance of the 
windings 4. This causes the grid and an 
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each other so that an increased direct current is 
caused to flow in the control windings 40-4. 
The voltage across the reactor windings 33 is 
therefore decreased instead of increased by the 
increased flow of current. 

Attention is called to the fact that alternating 
Current series notors have a 'series character 
istic' which requires an increase in terminal volt 
age to provide an increased power output when 
operated at a constant speed, and also that con 
stant speed with changes in load cannot be ac 
Curately maintained with the regulator just de 
scribed if the amount of direct current flowing 
in the direct current windings 40-4 is made 
exactly proportional to the amount of current 
flowing through the primary of the current trans 
former 32. This is due, in part, to the particu 
lar characteristics of the series motor employed 
and due also, in part, to the relative proportions 
of the iron circuit employed in the saturable re 
actor 84 and its relation to the windings placed 
thereon. For this reason the physical constants 
of the current transformer 32, saturable reactor 
49, and capacitor 47 are accordingly adjusted 
with respect to the saturable reactor 34, the char 
acteristics of the tubes 35, and the particular 
series motor 3-4 with which the regulating 
equipment is to be used so as to provide the de 
sired non-linearity of response. I have found 
that proper adjustment of these factors permits 

- me to achieve substantially constant speed regul 
lation of an alternating current series motor, ir 
respective, of load imposed on said notor. 
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It is to be understood that the drawing shows 
but One of a large number of modifications of 
my invention using rectifier tubes of the grid 
glow type, since there are many circuits using 
these tubes in either full wave or half wave re 
lationship which are well known in the art. 

It should also be noted that while the principal 
object of my invention is to provide an alternat 
ing current series motor and control equipment 
operating in combination therewith to maintain 
a substantially constant rotational speed of the 
motor irrespective of load variations thereon, it 
should be noted that a suitable change in circuit 
constants will provide either a drooping or a ris 
ing speed characteristic to meet certain special 
commercial applications of my invention. 

It will be obvious that many modifications are 
possible in the core structure of the various re 
actors and transformers using my system. Cer 
tain of the various windings may safely be placed 
on different legs of the same core structure, in 
order to save the total amount of material used, 
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but in attempting this due care should be exer 
cised that unexpected voltages be not developed 
across the other windings. It is especially desir 
able that care should be given to the design of the 
saturated reactor since it is possible to develop 
fairly high voltages in the various portions of the 
D.-C. windings even though the voltage across the 
terminals may be zero. 
One desirable form of core for such reactors is 

illustrated schematically in Fig. 3. This core 
construction preferably includes three core legs 
US, ST and SS mutually interconnected each with 
the other by means of a triangular upper end 
yoke comprising portions, it and land a sim 
ilar lower yoke comprising members 62, B3 and 4. 

In order to achieve the desired balancing of 
fluxes so as to prevent the generation of unex 
pected or undesired voltages in a direct current 
control winding, it is essential that this magnetic 
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Ts voltages to become more nearly in phase with structure be truly symmetrical. In this case 7 



series A-C. windings 65 and 66 are connected, 
either in series or in parallel, so as to excite a 
magnetic circuit comprising the legs. 67, 58 and 
the end yoke members 59 and 62 of the core. 
Under these circumstances the magnetomotive 
force that is developed across the leg 56 is ex 
tremely small, since if the device be truly sym 
metrical the magnetomotive forces across its ends 
are such as to balance out. It is upon this leg 56 
that a saturating or D.-C. control winding 67 is 
disposed, the magnetic circuit of this winding 
necessarily including the two legs 57 and 58, 
which are accordingly changed in Saturation by 
the current through this coil. 

It will therefore be observed that I have pro 
vided an alternating current control system 
which, when combined with an alternating cur 
rent Series type of motor and adjusted in accord 
ance with the characteristics thereof, will operate 
to maintain a substantially constant rotational 
speed of said motor, irrespective of load varia 
tions thereon. 

It will also be noted that the system of my 
invention is adapted to use with relatively large 
motors of this type and that with such a system 
the amount of power required by the controlling 
mechanism is relatively small so that even when 

) 

combined with series type alternating current 
motors of relatively large horsepower, the ef 
ciency of the system is not seriously impaired. 
While I have shown and described the pre 

ferred embodiment of my invention, I do not de 
sire to be limited to any of the details of con 
struction shown or described herein, except as 
defined in, the appended claims. 

I claim: w 

1. In an alternating current system comprising 
a source of power and a load, means for regulat 
ing the power supplied to said load comprising a 
current transformer and a saturable reactor in 
series with said load, a rectifier system including 
rectifier tubes of the grid-glow type connected to 
Supply a direct current component to said sat 
urable reactor, a circuit including a second sat 
urable reactor connected to supply a control volt 
age to said grid-glow tubes, and a rectifier sup 
plied by said current transformer and connected 
to supply a direct current component to said 
second reactor. 

2. In an alternating current system comprising 
a source of power and a load, a saturable reactor 
and a current transformer connected in series 
with said load, means connected across said 
Source for Supply a Saturating current for said 
reactor, a rectifier system supplied by said cur 
rent transformer, and means controlled by the 
output of said current transformer and includ 
ing a second saturable reactor for controlling the 
Saturating current supplied to said first men 
tioned saturable reactor. 

3. In an alternating current system comprising 
a source of current and a load, means for reg 
ulating the power supplied to said load from said 
source comprising an impedance and a current 

' transformer in series with said load, a rectifier 
system connected to the output of said current 
transformer, a saturable reactor connected to 
derive its saturating current from said rectifier 
System, means including a tube of the grid-glow 
type for controlling said impedance, and a control 
circuit for said grid-glow tube including said 
Saturable reactor. 

4. In combination with an alternating current 
motor having series characteristics, means for 
increasing with increasing loads the voltage sup 
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plied to said motor from a substantially constant 
source, comprising a saturable reactor and a cur 
rent transformer connected in series with said: 
source and motor, a rectifier system connected 
to supply saturating current to said saturable re 
actor, and means controlled by current from said 
transformer and comprising a second rectifier 
and saturable reactor for controlling the current 
supplied by said rectifier system. 

5. In combination with an alternating current 
motor having series characteristics, means for in 
creasing with increasing load the voltage supplied 
to said motor from a substantially constant po 
tential source comprising a Saturable reactor and 
a current transformer connected in Series with 
said source and motor, a grid glow tube rectifier 
system connected to supply saturating current to 
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said saturable reactor, and means controlled by . 
current from said transformer and comprising a 
second rectifier and saturable reactor for con 
trolling the current Supplied by said rectifier. Sys 
tem. 

a source of alternating current; an electric motor 
having a series characteristic Connected to Said 

6. In an electric circuit, the combination of: 

25 
source of alternating current; and a regulator 
interposed between said Source of current and 
said motor comprising a saturable reactor having 
an impedance winding connected in circuit with 
said motor and a direct current control winding, 
means for supplying direct current to said con 
trol winding, and means responsive to changes in 
load current of said motor for simultaneously 
correspondingly varying the magnitude of said 
direct current to maintain the speed of said motor 
constant by varying the terminal voltage thereof 
in accordance with said series characteristic. 

7. In an electric circuit, the combination of: 
a source of alternating electric current; an elec 
tric motor having a series characteristic connected. 
to said source of alternating current; and a reg 
ulator interposed between said source of current 
and said motor comprising a current responsive 
rheans connected in series with said motor, a 
saturable reactor having an impedance winding 
connected in circuit with said motor, and a direct 
current control winding, control means connected 
between said current responsive rheans and said 
control winding for supplying direct current to 
said control winding to vary the impedance of 
said impedance winding oppositely relative to 
changes in current flowing through said current 
responsive means, and means associated with said 
current responsive means for controlling the 
amount of direct current in said control winding 
to vary the terminal voltage of Said motor non 
linearly relative to the current flowing in said 
current responsive merans in accordance with 
said series characteristic to maintain said motor 
speed at a substantially constant value independ 
ently of variations in load on said notor. 

8. In an electric circuit, the combination of: 
a source of alternating current; an electric no 
tor having a series characteristic connected to 
said source of alternating current; and a regul 
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lator interposed between said source of current . 
and said motor comprising a saturable reactor 
having an impedance winding connected in cir 
cuit with said motor and a direct current control 
winding, a current transformer having a primary 
winding connected in series with said motor, a 
secondary winding on said current transformer, 
circuit means including a rectifier connecting said 
secondary winding to supply direct current to 75 
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said control winding to vary the impedance of 
said impedance. winding oppositely relative to 
changes in current flowing through said current 
transformer primary winding, and means associ 
ated with said secondary winding for controlling . 
the amount of direct current in said control wind 
ing to vary the terminal voltage of said motor non 

linearly relative to the current flowing in said 
current transformer primary winding in accord 
ance with said series characteristic to maintain 
said motor speed at a substantially constant value 
independently of variations in load on said motor. 

WILLIAM T. CRODEN. 


