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1. 

This invention relates to electrical regulating 
Systems, and more particularly to electronic cir 
cuits adapted to control a variable characteris 
tic which is adjustable. 
The present application is a continuation-in 

part of application Serial No. 550,731, filed Au 
gust 23, 1944 (now Patent No. 2,445,789, dated 
July 27, 1948), which discloses a motor-speed 
governor circuit the principal features of which 
include an unusually wide adjustable motor 
Speed range of 100 to 1 or greater, very good 
speed-load regulation in comparison with other 
governors having a comparable range, and a rela 
tively simple and inexpensive circuit. It is the 
purpose of the present invention to further in 
prove the speed-load regulation, to further ex 
tend the useful speed range, and to provide a 
very simple and inexpensive circuit for limiting 
the motor starting current and yet obtain a wide 
speed range and good regulation. 
When starting a motor, it is usually neces 

sary to provide Some means of limiting the start 
ing current in order to protect both the motor 
and the power supply circuit. With D. C. mo 
tors, such as are used with the electronic gover 
nor of application Serial No. 550,731, the starting 
current is usually limited by inserting a resistor 
in series with the armature during the starting 
period. This resistor is automatically shorted 
out after the starting period, because it in 
creases the motor speed-load regulation to a very 
large value if it is left in the circuit. The in 
crease in regulation due to the inclusion of the 
starting resistor in the armature circuit is not 
as great with the electronic governor of applica 
tion Serial No. 550,731 as it is with more conven 
tional circuits, but it is nevertheless Sometimes 
larger than desirable. For this reason, in the 
past means have been provided for shorting out 
the starting resistor used in Such governor. 
Since the operation is automatic, this involves 
a starting timer, a starting relay, complicated 
Switch gear, and complicated circuits to recycle 
the starting operations. Some other past means 
have involved the use of relatively complicated 
and expensive circuits to accomplish the same 
purpose. Thus, such starting equipment repre 
sents an appreciable part of the cost of Such 
governor. 
The main object of this invention is to provide 

a novel circuit which further improves the per 
formance of the governor, simplifies the motor 
starting means, and lowers the cost of the gov 
eO. 
The drawing is a simplified circuit diagram ill 
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lustrating the invention as applied to the autor 
matic speed-control of a shunt motor. 
An alternating current supply circuit is 

connected to a control circuit 2 by a master 
switch 3, and safety fuses 4 are provided in the 
power supply conductors of such control circuit 2. 
A pilot light 5 is connected across Such conduc 
tors to indicate when the circuit 2 is energized. 
Connected to the circuit 2 are primary windings 
6, 7 and 8 of transformers 9, O and f. The pri 
mary winding 8 is connected to the circuit 2 by 
a normally open Switch 2 of a time delay relay 
3 which is also connected across such circuit. 
Upon closing the switch 3, the time delay relay 
3 is adapted to close the switch 2 after a suit 

able time interval, permitting the cathode heater 
f 4 of a grid-controlled gaseous discharge tube 
or thyratron 5 to become hot, such heater be 
ing connected to the secondary winding 6 of 
transformer O by conductors l, 
Transformer supplies the motor armature 

power through the gaseous tube 5. The anode 
8 of the thyratron 5 is connected to ground 

at 9 through the secondary winding 20 of the 
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transformer . The cathode 2 of thyratron 5 
is connected by a conductor 22 to the armature 
winding 23 of a direct current shunt motor 24. 
The transformer 9 is provided with a second 

ary winding 25 having connections A, B and C 
with a resistor 26 and a condenser 27, forming 
a phase-shift network 28 which Supplies to the 
control grid 29 of the thyratron 5, through a 
transformer 30, an alternating voltage which lags 
the alternating voltage applied to the anode 8 
of the tube, by a phase angle of the order of 90. 
The secondary winding 3 of the transformer 36 
is connected to the control grid 29 through a 
suitable grid resistance 32, and to the cathode 2 
through a grid condenser 33. 
The secondary winding 3 of transformer 30 

serves as a convenient means of Superimposing on 
the alternating voltage, applied to the grid 29, 
a unidirectional grid biasing voltage in Order 
to cause the output current of the thyration 5 
to be increased or decreased in accordance with 
whether such unidirectional voltage is increased 
or decreased. 
The transformer 9 supplies power to a potenti 

ometer or voltage divider 34 through a full wave 
rectifier tube 35, the output circuit 36 of which 
includes a filter comprising a condenser 37 which 
acts to Smooth the pulsating direct current out 
put of the rectifier tube 35. The adjustable tap 
38 of the voltage divider is connected to the con 
trol grid 29 by a circuit 39 which includes a 'C' 
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battery 40, secondary 3 f of transformer 30, and 
the resistor 32. The shunt field winding 4 of the 
motor 24 is also connected across the output cir 
cuit 36 of the rectifier 35. 
Another potentiometer 2 is employed in the 

phase shift-network 28 to provide convenient 
means for adjusting the amplitude of the phase 
shift voltage. 

It will be noted that this circuit is somewhat 
similar to that of Fig. 4 of application Serial No. 
550,731, except for the addition of a starting re 
sistor 43, a “compensating circuit' 44 comprising 
resistors 45 and 46, and condenser 4. The start 
ing resistor 43 and the resistor 45 are connected in 
series in the output circuit 22 of the thyratron 5 
along with the armature winding 23 of the motor 
24. The resistor 46 and the condenser 4 are con 
nected in series with each other to ground at 8, 
and in parate with the resistor 45 which is con 
nected to ground at 49. The negative terminal 
of the potentionineter 34 is connected by conductor 
50 to the circuit 5 between the condenser 4 and 
resistor 46. 
In operation the motor armature current flows 

through the resistor 45 and develops a compensat 
ing voltage across this resistor having the positive 
polarity shown in the drawing. The resistor 46 and 
condenser 47, serve to filter fluctuations in the 
voltage across resistor 45. This filtered voltage 
appears across condenser 47. Such voltage is 
in series with the other voltages which appear 
on the control grid 29 of the thyratron 5 and, 
therefore, it tends to make the grid voltage of 
the thyratron 5 more positive by a value pro 
portional to the increase in armature current. 
As the load on the motor 24 is increased, the 

armature current increases and, therefore, the 
voltage across condenser 47 increases, and this 
in turn causes the grid voltage of the thyratron 
5 to become more and more positive, and thus 

tends to cause the motor speed to increase with 
the motol load. With the proper value of re 
sistor 45, any increase in motor load will develop 
a compensating voltage of exactly the right value 
necessary to compensate for any drop in Speed due 
to change in load and thus the motor Speed is 
made practically independent of load over a wide 
range. 
As an example of the improvement which can 

be expected, tests on a motor with the unimproved 
generator governor control showed that a maxi 
mum speed range of approximately 100 to 1 could 
be obtained without exceeding 10 percent regular 
tion. With the compensating circuit 44 added, 
however, a speed range of better than 600 to 1 
was obtained without exceeding 10 percent regul 
lation. 
Furthermore, the regulation throughout the 

entire speed range was much better with the Con 
pensated circuit 44 than with the non-compen 
sated circuit. For example, the regulation be 
tween 10 and 1000 revolutions per minute of the 
motor 24 was substantially Zero percent for the 
compensated unit and ranged from 55 percent at 
10 R. P. M. down to approximately A of 1 per 
cent at 1000 R. P. M. for the non-compensated 
circuit. At 3 R. P. M. the regulation was 16.5 per 
cent for the compensated type and approximate 
ly 190 percent for the non-compensated type. At 
1750 R. P. M. the regulation was % of 1 percent 
for the compensated type and 2.5 percent for the 
non-compensated type. 
The above results were obtained with a fixed 

resistance value of resistor 45. When resistor 45 
is adjustable So that the most Suitable resistance 
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4. 
value for a given speed is chosen, the regulation 
of the motor 24 is practically zero throughout the 
entire speed range. Resistor 45 and the Speed 
adjusting potentiometer tap 38 are arranged so 
that they can be simultaneously adjusted by a 
common control 52. 

If desired, the compensating circuit can be 
made to increase the speed of the motor as the 
load is increased by properly selecting the resist 
ance value of resistor 45. 
Since the inclusion of the starting resistor 43 

without any automatic shorting means tends to 
make the motor 24 situw down with an increase in 
load, and a property chosen value of resistor 45 in 
the compensatcd circuit 4 tends to make the mo 
tor speed increase with an increase in load, these 
circuits are combined with Opposing effects to get 
exceptionally good regulation. Thus, good motor 
performance is obtained without the additional 
parts and circuit complications normally required 
to short out the starting resistor. The starting 
resistor 43 remains in the armature circuit of the 
motor at all times, i. e., when the motor is run 
ning as well as during the starting thereof. 
The above description is concerned with a cir 

cuit in which the starting resistance is in Series 
with the armature at all times. However, the 
compensating circuit 44 will also improve the 
regulation of this circuit when the Starting re 
sistance 43 is shortcod out after the starting period 
or when a starting resistance is not used. The 
circuit described in application Serial No. 550,731 
has good regulation over a wide range. By means 
of the compensating circuit 44 the regulation is 
further improved and the useful Speed range fur 
ther extended. By the proper selection of the 
values of the components the speed-load regula 
tion can be made substantially Zero Over a wide 
range. 
One simple type of compensating circuit 44 is 

shown, but any compensating circuit which is 
connected in Series With the motor arnature to 
deliver to the grid of the control tube a positive 
voltage proportional to the armature current is 
within the scope of this invention. For example, 
it is possible to supply further filtering action by 
inserting another resistance and condenser Such 
as 46 and 47 in connection 50 or to substitute an 
inductance for resistor 46. 

claim: 
1. An electrical regulating System for govern 

ing the Speed of a direct current shunt motor, 
comprising a thyratron type tube having an out 
put circuit including the armature winding of 
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said motor, a phase-shift network operatively 
asSociated with said tube, a resistor in said out- . 
put circuit which tends to make the armature 
slow down with an increase in load during the 
running of the motor, and a compensating circuit 
consisting of a first resistor in series with said 
resistor, and a Second resistor and a condenser in 
parallel with said first resistor, connected to the 
control grid of the tube through a source of con 
stant potential which is adjustable to adjust tie 
speed of the motor, which compensating circuit 
tends to make the armature speed increase with 
an increase in load, So that the regulation of the 
Speed of the motor is not adversely affected by 
the starting resistor during the running of the 
motor, the first resistor being adjustable so that 
the most Suitable resistance value thereof for a 
given Speed of the motor can be chosen, whereby 
the regulation of the motor is practically zero 
throughout the entire speed range, and common 
means for simultaneously adjusting both the ef 
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fective voltage of the source of constant potential 
and the effective resistance of the first resistor. 

2. An electrical regulating system for main 
taining Substantially constant the speed of a 
shunt wound motor, comprising the combination 
with an electronic speed control of the type in 
which a reference voltage that is adjustable to 
Set the motor Speed to the desired value, is 
matched by a voltage proportional to the speed 
of the motor and the difference between such 
voltages maintains such speed at a substantially 
Constant value, of means for adding to such 
reference voltage a voltage that is proportional 
to the motor load comprising a thyratron, means 
for Supplying an alternating voltage to the input 
circuit of Said thyratron, means for passing the 
Output of Said thyratron through the armature 
of Said motor, a resistor connected in series with 
Said armature, and means connected across said 
resistor to carry over from one cycle into the 
next cycle a voltage proportional to the current 
through Said resistor. 

3. An electrical regulating system for main 
taining Substantially constant the speed of a 
motor, comprising in combination a thyratron, 
means for Supplying an alternating voltage to 
the input of Said thyratron, means for passing the 
rectified current output of the thyratron through 
the armature of the motor, means for selecting 
the speed at which the motor will operate in 
cluding means for applying to the grid of the 
thyratron a unidirectional negative voltage pro 
portional to the Speed of the motor, an alternat 
ing voltage lagging the plate voltage by approxi 
mately 90, a unidirectional positive voltage pro 
portional to the desired motor speed, and a uni 
directional positive voltage proportional to the 
motor load. 

4. An electrical regulating System for main 
taining substantially constant the speed of a 
shunt wound motor, comprising the combination 
of a thyratron, means for Supplying an alternat 
ing voltage to the input of said thyratron, a re 
sistor connected in series with the armature of 
the motor, means for passing the output of the 
thyratron through the armature of the motor and 
said resistor connected in Series with such arma 
ture, means connected acroSS Said resistor to carry 
over from one cycle into the next cycle a voltage 
proportional to the current through the resistor, 
such proportional voltage being added to a nega 
tive voltage proportional to the speed of the 
motor, a positive voltage proportional to the de 
sired motor Speed, and an alternating voltage 
lagging the input voltage of the thyratron by ap 
proximately 90, the algebraic sum of such volt 
ages being applied to the grid of the thyratron to 
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6 
control its output So as to maintain the desired 
motor speed. 

5. An electrical regulating System for main 
taining Substantially constant the speed of shunt 
Wound motor comprising the combination of a 
thyratron, means for supplying an alternating 
voltage to the input circuit of said thyratron, 
means for passing the output of said thyratron 
through the armature of said motor, a resistor 
connected in Series with Said armature, means 
connected across said resistor to carry over from 
One cycle into the next cycle, a voltage propor 
tional to the current through said resistor, means 
for obtaining a negative voltage proportional to 
the motor armature counter E. M. F. voltage, 
means for obtaining a positive voltage propor 
tional to a desired motor speed, means for obtain 
ing an alternating voltage lagging the input volt 
age of the thyratron by approximately 90°, and 
means for applying the algebraic sum of such 
voltages to the grid of said thyratron to maintain 
the desired motor speed. 

6. An electrical regulating system for govern 
ing the Speed of a direct current shunt motor, 
comprising a thyratron type tube having an out 
put circuit including the armature winding of 
Said motor, a phase-shift network operatively 
aSSociated with Said tube, a resistor in said out 
put circuit and a compensating circuit consisting 
of a first resistor in Series with said resistor, and 
a Second resistor and a condenser in parallel with 
Said first resistor, connected to the control grid 
of the tube through a source of constant poten 
tial which is adjustable to adjust the speed of 
the motor, which compensating circuit tends to 
make the armature speed increase with an in 
Crease in load, Said first resistor being adjustable 
SO that the most Suitable resistance value thereof 
for a given Speed of the motor can be chosen, 
whereby the regulation of the motor is practically 
Zero throughout the entire speed range, and com 
mon means for simultaneously adjusting both the 
effective voltage of the source of constant poten 
tial and the effective resistance of the first 
resistor. 
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