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My invention relates to methods of and appa 
ratus for controlling the magnitude of a Con 
dition, specifically the speed of a motor, to permit 
its use for timing, measuring, or other purpose 
requiring constant speed, under varying condi 
tions of load, or other factors influencing its Speed. 
In accordance with my invention, the phase 

relation between the alternating current voltages 
impressed upon the grid and anode of a tube, 
preferably a thyratron is varied by and in ac 
cordance with the change in magnitude of the 
condition under control, specifically the speed of 
a motor, and the resulting change in the inte 
grated value of the unidirectional anode current 
impulses is utilized to effect, for example, a con 
trol restoring the condition to the desired mag 
nitude. 
More specifically, a motor winding is included 

in the anode circuit of the tube and for regula 
tion of the integrated anode current, the grid of 
the tube is connected to a point the phase of 
whose potential is determined by an impedance 
varied in magnitude by, or in accordance with, 
change in position of structure responsive to 
changes in motor speed. 
My invention further resides in the methods 

and Systems hereinafter described and claimed. 
For an understanding of my invention and for 

illustration of several forms it may take, ref 
erence is to be had to the accompanying draw 
ings in which: 

Fig. 1 is a diagram of a speed-governing sys 
tem utilizing a thyratron. 

Figs. 2a, 2b and 2C are explanatory curves re 
ferred to in the description. 

Fig. 3 is a modification of Fig. 1, and in which 
the phase of the grid potential is determined by 
inductance and resistance. 

Fig. 4 is generally similar to Fig. 3 except that 
the variable resistance is a carbon-pile. 

Fig. 5 is a further modification of the invention 
generally similar to Fig. 3, except that it utilizes 
a novel type of variable resistance. 

Fig. 6 is a further modification in which the 
variable phase determining impedance is capaci 
tative. 

Fig. 7 is a further modification of the invention 
utilizing a photo-electric cell for shifting the 
phase of the thyratron grid voltage. 

Fig. 8 is a modification in which the variable 
phase-determining impedance is inductive. 

Fig. 9 illustrates a system using an audion. 
Figs. 10a, 10b, and 10c are explanatory curves 

(C. 171-119) 
referred to in description of the operation of 
the system of Fig. 9. - - 

Referring to Fig. 1 the motor M, whose speed 
is to be controlled, drives a governor G or other 
speed-responsive means capable of translating 8 
change in Speed of motor M into change in posi 
tion of a movable structure. Specifically, the 
governor G is provided with a centrifugal mem 
ber pivotally mounted upon the support 2 which 
is secured to and rotates with the shaft 3 of the 10 
motor. The normal path of the member 1, may 
be determined by a biasing spring, or by a weight, 
the centrifugal force and the biasing force bal 
ancing at the desired motor speed. In the ar 
rangement specifically illustrated, the bias is 
provided by the weight of the pivoted arm 4, sup 
plemented if desired by weight W, which is trans 
mitted by the depending rod 5 to one arm 6 of 
the bell crank 7 whose other arm carries the cen 
trifugal member . The change in position of 
the arm 4 in response to change in the speed of 
the motor Mis utilized to control the motor speed, 
as now described. 
The tube W is of the type known as a thyratron, 

One of whose distinguishing characteristics is 
that after the potential of the grid passes a cer 
tain critical or threshold value, the grid loses con 
trol over the impedance of the inter-electrode 
path between the plate and cathode, the plate 
current continuing to flow without effect by 
change in grid potential until the anode voltage 
is reduced to a cut-off value interrupting flow of 
anode current. The term "thyratron', as used 
in the specification and claims is to be interpreted 
as directed to a tube having this characteristic. 
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35 In the system specifically shown in Fig. 1, a 
source of alternating current AC is connected to 
the terminals of an impedance P, specifically the 
primary of a transformer T, whose secondary 
S supplies current to the heater H of the thyratron 
W for heating the cathode C to electron-emissive 
temperature. The cathode C is connected to a 
point 8 whose potential is intermediate that of 
the terminals of impedance P. The anode A of 
the thyratron is connected to the terminal 9 of 
impedance P, so that the anode A is alternately 
positive and negative with respect to cathode C. 
When the anode voltage is negative there is of 
course no flow of current through the tube from 
anode to cathode but when the plate voltage is 
positive, current may flow for a greater or less 
part of the positive half wave, as hereinafter explained. 
Across the terminals 9 and to of the impedance 

P are connected in series the resistance R and 
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2 
the impedance X, Specifically a condenser. The 
grid G of the tube is connected to a point in 
this path, the phase of whose voltage with re 
spect to the voltage upon the anode A is deter 
mined by the ratio of the reactance of the con 
denser X to the resistance R, whose effective 
value as shown, is varied by change in position 
of the speed-responsive arm 4. 

In Fig. 2d the curve Ed represents the alter 
nating current voltage upon anode A; the curve 
Eg represents the alternating current voltage 
upon grid g. For convenience the curve of criti 
cal voltage e is assumed to be represented by 
the axis ec. As indicated, the grid voltage Eg 
reaches the critical voltage e at the point 2 
of the curve Ed. Current then flows in the anode 
circuit of the thyratron continuing until the anode 
voltage, curve Ea, falls below the ionization volt 
age. The shaded area of the curve indicates the 
integrated value of each positive impulse. It is 
assumed for purpose of explanation, that the 
integrated value of these shaded areas affords 
the average value of current which effects the de 
sired speed of rotation of motor M. 

If for some reason or other, the centrifugal 
force predominates or example, if the speed of 
the motor Mincreases, arm 4 moves upwardly in 
creasing the effective value of resistance R, and 
thereby shifting the phase relation between the 
voltage upon the grid G and the anode A of the 
thyratron, as indicated by the displacement of 
curve Eg to the right, Fig. 2b. Because of this 
shift in phase, the grid voltage Eg attains the 
critical value e after the anode voltage Ea has 
passed point 2. The average value of each anode 
current impulse is therefore less, as indicated by 
the decreased areas of shading under curve Ea. 
This decrease in the average anode Current may 

be utilized in any suitable way to decrease the 
speed of motor M or equivalent. In the System 
specifically illustrated, the motor is energized 
from the anode or plate current and the de 
crease in the anode current of the thyratron re 
sults in decreased energization of the motor and 
consequently, decreased speed. The motor Speed 
falls and the arm 4 restores the phase relation 
of the grid and anode voltages towards the rela 
tion shown in Fig. 2d., and the arm 4 is then in 
a position effecting equilibrium of the governor 
G. at the desired Speed. 

Conversely, if the motor speed for one reason 
or another, such as increased load, decreased line 
voltage, etc., decreases, the arm 4 or equivalent, 
moves downwardly to decrease resistance R. With 
the result that the grid and anode Voltages are 
brought more nearly in phase, as can be de 
termined by comparison of FigS. 2d. and 2C. 
Under this circumstance, the grid voltage passes 
through the critical value e before the plate volt 
age passes through its value 2, and consequently 
the average value of each of the anode current 
impulses is increased, as indicated by the greater 
areas of shading under curve Ea. 
The increased anode current of the thyratron 

is utilized in any suitable manner to effect in 
crease in speed or motor M. When the motor 
winding, as indicated, is directly in the anode 
circuit, the motor input is of course directly in 
creased. As the motor Speed increases, the phase 
relation between the voltages is returned towards 
the relation graphically shown in Fig. 2d., and 
for this relation the governor is in equilibrium 
at the desired motor Speed. 
The changes in anode current of the thyratron 

can be used to change the motor Speed or input 
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in any other known or suitable way; for example, 
the anode current may traverse an auxiliary or 
Control field winding to vary the effective total 
field. Further, the anode current of the 
thyratron may Supply the armature of a sepa 
rately excited direct current motor. This sys 
tem is also adapted for use with motors other than 
those electric in nature. For example, the change 
in anode current may be utilized to vary the set 
ting of a Solenoid valve regulating the supply of 
a motive fluid to a fluid motor, turbine, or the 
like. 

If the governor bias is changed, by adding an 
other weight W, for example, the control sys 
tem holds the motor Speed constant at a higher 
value at which the centrifugal and biasing forces 
acting on member are in equilibrium. The 
Speed may be reduced by decreasing weight W, 
and Without further change the motor speed will 
be held constant at a lower value. It is not 
necessary to change the circuit constants, 
The biasing force may be varied by change in 

magnitude of a condition to be measured or con 
trolled, for example, rate of fluid flow, as dis 
closed and claimed in Copending application Se 
rial No. 548,052, of myself and another, filed June 
30, 1931, and the thyratron system will hold the 
motor Speed constant at values each definitely 
related to different rates of flow. 
The System shown in Fig. 3 is generally the 

Same as that shown in Fig. 1, except that the 
Series combination of reactance and resistance 
for determining the phase of the grid potential 
consists of inductance and resistance in series, 
instead of capacity and resistance. To obtain the 
proper phasing for this arrangement, the re 
sistance R is connected so that its value is de 
creased for an increase of motor speed, instead 
of increased for an increase of motor speed, as 
in Fig. 1, and is connected to the terminal O 
of the impedance P instead of to terminal 9. 
Further, the inductive reactance X which re 
places the condenser X of Fig. 1 is connected be 
tween the grid G and terminal 9 of the impedance 
P instead of between the grid and terminal O. 
The operation of the system of Fig. 3 is illus 

trated by FigS. 2a to 2c. Briefly, increase in mo 
tor Speed decreases the value of resistance R 
to shift the phase relation of the grid and anode 
Voltages to decrease the integrated anode cur 
rent and this decreased anode current is utilized 
to decrease the speed of the motor. Conversely, 
decrease in Speed of the motor increases the re 
sistance R, shifting the phase relation of the 
anode and plate voltages generally as indicated 
in Fig. 2c to increase the integrated value of 
anOde Current, and the increase of anode cur 
rent is utilized to increase the motor speed. 
The system shown in Fig. 4, corresponds to that 

in Fig. 3 in all respects except that a carbon pile 
R is utilized as the variable phase determining 
resistance or impedance. Briefly, as the motor 
speed increases, the pressure exerted by plate 3 
upon the carbon pile increases, decreasing its re 
sistance and causing the grid voltage to shift in 
phase, as shown in Fig. 2b, with ultimate reduc 
tion in Speed of the motor. On the other hand, 
if the speed falls, the pressure upon plate 3 is 
relieved and the value of resistance R, increases, 
causing the grid voltage to shift in phase as 
shown in Fig. 2C, with ultimate increase in speed 
of the notor. 
The system shown in Fig. 5 is generally the 

same as that shown in Fig. 3. The specific type 

0 

15 

20 

25 

30 

35 

40 

45 

50 

65 

70 

of governor and variable resistance, are different, 75 



s 

() 

20 

30 

35 

40 

45 

50 

55 

60 

85 

70 

75 

2,010,577 
however. The rod 5d in this modification is ro 
tatable with the governor support. As indicated 
it may pass through bracket member 4 rotat 
able with support 2. The rod 5a is free to move 
along the axis of rotation, that is, it may slide 
up and down in bracket 4 but is prevented from 
rotating with respect to bracket 4. For exam 
ple, the shaft 5a may be square, or some shape 
other than round, and pass through a hole of 
similar configuration in the upper part of bracket 
4. The lever 5 bearing against the upper end 

of rod 5a. Supports or carries weight W. 
The rod 5d. Carries a commutator member R2 

consisting of a cylinder with conducting and in 
sulating Sections. In the form specifically shown 
in Fig. 5, the lower half 6 of the cylinder pre 
Sents an electrically conductive surface, while the 
upper half of the cylinder 7 presents a continu 
Ous periphery of insulating material, to a brush 
f8. 
Assuming that the motor Speed increases for 

any reason, the rod 5a moves upwardly, increas 
ing the area of contact between the conductive 
ring 6 and the brush 8. The decrease in re 
sistance because of the increased contact area has 
the same effect as the decrease in resistance in 
Figs. 3 and 4, i. e., it ultimately effects reduction 
in speed of motor M by shift in phase relation 
of the grid and anode potentials. Conversely, if 
the motor speed decreases the rod 5a falls, de 
creasing the area of contact between brush. 8 
and conductive ring 6, ultimately resulting in 
increased speed of the motor. The particular 
advantage of using this commutator type of va 
riable resistance is that there is a minimum of 
friction between the resistance and contact ele 
ments, since there is rotation as well as sliding 
contact action. If desired, the brush may rotate 
with rod 5a and the brush disk bear against a 
fixed commutator plate, in part against a con 
ductive portion and in part against an insulat 
ing portion. 
The return circuit to terminal 0 is completed 

by brush 9, or any other suitable connection to 
the motor shaft or frame. 
This type of variable resistance may be utilized 

in the system shown in Fig. 1, having a capacita 
tive reactance X, merely by reversing the com 
mutator R2, that is, by having its conductive 
ring at the top and its insulating portion below, 
so that increase of speed decreases the contact 
area, and vice versa. 
In the modification of my invention shown in 

Fig. 6, the grid potential is shifted in phase by 
varying a reactance instead of a resistance. 
Specifically, the movement of arm 4 changes the 
value of a capacity between the grid G and ter 
minal O of impedance P. As indicated, the ca 
pacity may be the inherent capacity X2 between 
the biasing weights W for the governor and a 
plate 20, preferably adjustably carried by a fixed 
Support. 
The operation of the system of Fig. 6 is graphi 

cally illustrated by Figs. 2a to 2c. Briefly, the de 
creased reactance of X2 resulting from increased 
speed shifts the phase of the grid potential, as 
shown in Fig. 2b, to reduce the average value of 
the anode current of the thyratron, and this de 
creased current is utilized to reduce the motor 
speed. The converse is true when the motor speed 
decreases to increase the reactance of X2, as will 
be readily understood. 
The system shown in Fig. 7 is generally similar 

to that shown in Fig. 1 insofar as the electrical 
connections and method of Operation of the thy 

3 
ratron relay system are concerned. However, 
this arrangement avoids need of a resistance hav 
ing a mechanically adjustable contact or slider, 
Or for any mechanical or electrical connection 
between the resistance and the speed responsive 
member. 

Briefly, the arm 4 instead of changing the posi 
tion of the contact arm of a variable resistance 
is utilized to vary the internal resistance of a 
photo-electric cell R3 or equivalent. The mirror 
2 carried by the arm 4a reflects light from a 
Source 22 to the photo-electric cell. As the motor 
Speed increases, the mirror transmits less light 
from the source 22 to the photo-electric cell R3 
increasing its resistance. 
The System thereupon operates in the same 

manner as that of Fig. 1, the increase of resist 
ance increasing the phase difference between the 
grid and anode Voltages as shown in Fig. 2. Con 
versely, when the motor speed falls below a de 
Sired Value, the mirror reflects more than the 
normal amount of light to the photo-electric cell 
R3, whose resistance is therefore less than nor 
mal, causing the grid voltage to shift more nearly 
into phase with the anode voltage, Fig. 2C, with 
the ultimate result of increased motor speed. 

In all of the modifications specifically shown, 
it has been assumed that an increase of average 
Value of the anode current is utilized to effect an 
increase of the motor Speed. In some known 
motor control arrangements, however, an in 
Crea.Se in Current resultS in decrease in motor 
Speed, as is the case when the control current is 
utilized to energize only the field winding of the 
motor. To use the systems illustrated in such an 
arrangement the connection to resistance R is 
transposed to the other end, or more generally 
the direction of change of the variable impedance 
with respect to the movement of the governor is 
reversed. 
In the modification shown in Fig. 8, the variable 

phase-shifting impedance ac, is inductive, in 
stead of capacitative or resistive as in the preced 
ing modifications. Specifically, it consists of two 
sections of inductance, one of which is fixed and 
the other of which is movable by arm 4 to vary 
the self-induction of the impedance, or the mutual 
induction between the sections thereof. 
Assuming an increase of speed of motor M, the 

two sections of inductance are brought closer to 
gether, increasing the self-induction, which causes 
the grid potential to shift more out of phase with 
the plate potential (Fig. 2b). The decrease in 
anode current of the tube resulting from the phase 
shift is utilized to reduce the speed of the motor 
M. The reduced Speed increases the separation 
between the sections of inductance ac3 to complete 
the control cycle which may repeat until the gov 
ernor is in equilibrium at the desired speed, and 
the normal phase relation restored. 

Conversely, as the motor speed drops below the 
normal or desired value, the effective value of in 
ductance ac3 is decreased, causing the grid voltage 
to more nearly come into phase with the plate volt 
age (Fig. 2c). The increased anode current of 
the tube is utilized to cause the motor M to speed 
up which tends to restore the inductance ac3 to a 
value for which the governor system is in equilib 
rium at the desired speed. 
Any of the preceding arrangements, with pos 

sibly slight modification, can be used with other 
tubes having at least a cathode, grid and plate, for 
example an audion, or triode, as shown in Fig. 9. 
The phase-shifting arrangement of impedances 
and the connections to the elements of the tube 
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4. 
are the same as in Fig. 1, except that the plate 
circuit of the tube includes an auxiliary field F. 
which is in opposition to the main field winding of 
the motor. 

Referring to Fig. 10, it is assumed that with the 
motor running at the desired speed, the integrated 
value of the current impulses traversing the auxil 
iary field F are represented by the areas under 
the curves Ip, which obtain for the phase relation 
of the grid and plate voltages indicated. When, 
however, the speed of the motor increases, the 
magnitude of the resistance R is increased, caus 
ing the grid and plate voltages to be more out of 
phase. As a result, the impulses of anode cur 
rent are of much smaller value, Fig. 10b. The 
auxiliary field F is therefore weakened, in effect 
increasing the strength of the motor field which 
results in a reduction of Speed. 
On the other hand, if the motor speed falls be 

low the desired value, the magnitude of resistance 
R is decreased, causing the grid and plate volt 
ages to more nearly come in phase, Fig. 10c. The 
increased current flowing through the bucking 
field f, weakens the effective field of the motor and 
causes it to speed up until the System comes to 
equilibrium at the desired speed. 
The tube relay systems described may be used 

for control of conditions other than speed, for 
example, electrical, physical or chemical condi 
tions simply by replacing the Speed-responsive de 
vice G by a device responsive to the condition to 
be controlled, for example, a flow-meter for rate 
of flow, a diaphragm for control of pressure etc., 
and by utilizing the change in integrated value 
of the anode current due to shift in phase of the 
grid and anode voltages to effect a control. For 
example, the position of arm 4 may be varied by a 
diaphragm responsive to a differential pressure 
varying with rate of fluid flow and the anode cur 
rent may control a solenoid valve in the path of 
the fluid. 
While I have illustrated several forms of speed 

control systems, it is to be understood that my in 
vention is not limited thereto but corresponds 
in scope to the appended claims. 
What I claim is: 
1. A speed-control System comprising a motor, 

a member rotatable with said motor having con 
ductive and insulating portions, a brush normal 
ly contacting with said portions, centrifugal 
structure for changing the position of said mem 
ber with respect to Said brush to change the 
area thereof in contact with the conductive por 
tion, a tube, a Source of alternating current for 
impressing alternating current voltages on the 
grid and anode of Said tube, means including 
said variable contact device for shifting the 
phase relation between the grid and anode volt 
ages, and means for utilizing the change in inte 
grated value of the anode current for varying 
the motor excitation. 

2. A Speed control System comprising a motor, 
a variable resistance device comprising a Com 
mutator member having conductive and in Su 
lating portions and a brush member, one of 
said members being rotated by the motor, Cen 
trifugal structure for changing the relative posi 
tion of said members to vary the area of con 
tact between said conductive portion and Said 
brush member, a tube, a source of alternating 
current for impressing alternating current volt 
ages on the grid and anode of Said tube, means 
including said variable contact device for shift 
ing the phase relation between the grid and 
anode voltages, and means responsive to change 

2,010,577 
in the integrated value of anode current for 
varying the speed of said motor. 

3. A speed-control System comprising a motor, 
a member rotatable with said motor having con 
ductive and insulating portions, a brush nor 
mally contacting with Said portions, centrifugal 
structure driven by said motor for changing the 
position with respect to Said brush to change 
the area thereof in contact with said conduc 
tive portion, and a circuit arrangement includ 
ing the variable contact device formed by said 
brush and member for varying the energization 
of said motor. 

4. A System comprising a motor, a centrifu 
gal member driven thereby, a tube whose anode 
current determines the effective motor input, 
means for impressing alternating current volt 
ages of Substantially constant frequency upon 
the anode and grid of Said tube, a variable im 
pedance for varying the phase relation between 
the grid and anode voltages, and means includ 
ing Said centrifugal member driven by said mo 
tor for varying said impedance thereby to change 
the integrated value of said anode current. 

5. A System comprising a motor, a centrifugal 
member driven thereby for producing a force, 
means producing an Opposing force, a tube whose 
anode current determines the effective motor 
input, means for impressing alternating cur 
rent Voltages of Substantially constant fre 
quency upon the anode and grid of said tube, a 
variable impedance for varying the phase rela 
tion between the grid and anode voltages, and 
Structure for varying Said impedance moved in 
accordance With the difference between said 
forces. 

6. A control System for a motor comprising a 
motor circuit, a tube so related to said circuit 
that its anode current determines the effective 
input of the motor, means for impressing alter 
nating voltages of Substantially constant fre 
quency upon the grid and anode of Said tube, 
a variable reactance for shifting the phase rela 
tion between the grid and anode voltages, and 
means including a centrifugal member adapted 
to be driven by said motor for varying said re 
actance. 

7. A control System for a motor comprising a 
motor circuit a tube So related to said circuit 
that its anode current determines the effective 
input of the motor, a Source of alternating cur 
rent, a connection from a terminal of said source 
to the anode of Said tube, a connection from the 
other terminal of Said Source to the grid includ 
ing a variable capacity, a connection from the 
grid to said first terminal including a resistance, 
and means comprising a centrifugal member 
adapted to be driven by said motor for varying 
Said capacity. 

8. A control System for a motor comprising a 
motor circuit, a tube so related to said circuit 
that its anode current determines the effective 
input of the motor, means for impressing alter 
nating current voltages of Substantially constant 
frequency on the grid and anode of Said tube, 
a light-sensitive cell for varying the phase rela 
tion of the grid and anode Voltages, and means 
including a centrifugal member adapted to be 
driven by said motor for varying the light re 
ceived by said cell. 

9. A control System for a motor comprising a 
centrifugal mechanism to be driven by Said mo 
tor and including a member movable in response 
to the centrifugal force developed by Said mech 
anism, means for producing a force opposing 
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motion of said member, a motor circuit, a tube 
so related to said circuit that its anode current 
determines the effective motor input, means for 
impressing alternating voltages upon the anode 
and grid of Said tube, and means controlled by 
Said movable member for varying the phase rela 
tion between the grid and anode voltages. 

10. A control system for a motor comprising a 
centrifugal mechanism to be driven by said mo 
tor and including a member movable in response 
to the centrifugal force developed by said mecha 
nism, an adjustable weight supported by said 
member, a motor circuit, a tube so related to 
Said circuit that its anode current determines the 
effective motor input, means for impressing al 
ternating voltages upon the anode and grid of 
said tube, and means controlled by said movable 
member for varying the phase relation between 
the grid and anode voltages for maintaining the 
Speed of the motor at any predetermined con 
stant magnitude. 

11. A control system for a motor comprising a 
centrifugal mechanism to be rotated thereby 
about a vertical axis and including a horizon 
tally pivoted bell-crank having a vertical arm 
and a mass supported therefrom and having also 
a horizontal arm, an adjustable Weight Supported 
by said horizontal arm, a motor circuit, a tube 
so related to said circuit that its anode current 
determines the effective motor input, means for 
impressing alternating voltages upon the anode 
and grid of said tube, and a variable impedance 
device controlled by said horizontal arm for 

5 
varying the phase relation between the grid and 
anode voltages for maintaining the speed of the 
motor at any predetermined constant magni 
tude. 

12. A control System for a motor comprising 
a centrifugal mechanism to be driven by Said 
motor and including a member movable in re 
sponse to the centrifugal force developed by Said 
mechanism, means for producing a force opposing 
motion of Said member, a motor circuit, a tube SO 
related to said circuit that its anode current de 
termines the effective motor input, means for 
impressing alternating voltages upon the anode 
and grid of Said tube, means including a vari 
able condenser controlled by Said movable men 
ber for varying the phase relation between the 
grid and anode voltages. 

13. A control System for a motor comprising 
a centrifugal mechanism to be driven by said 
motor and including a member movable in re 
sponse to the centrifugal force developed by said 
mechanism, means for producing a force oppos 
ing motion of Said member, a motor circuit, a 
tube so related to said circuit that its anode 
current determines the effective motor input, 
means for impressing alternating voltages upon 
the anode and grid of Said tube, a condenser 
comprising a stationary plate and a plate mov 
able with said movable member, and means in 
cluding said condenser for varying the phase 
relation between the grid and anode voltages. 

BENJAMIN J. WSON. 
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