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3,147,422 
ELECTRONIC MOTOW CONTROL SYSTEM 

Hamison N. Thomas, Hanntsvilile, Ah., assigaor to the 
FJsaiQed States of America as represented by the Ad- 
minishator of the National Aerosnautiss and Space 
WdminisbaB~n 

Piled Apr. 16, 1963, Ber. No. 273,534 
9 Claims. (CB. 318-260) 

(Granted under Title 35, U.S. Code (19521, see. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United Stales 
of Amerioa for governmental purposes withozt the pay- 
ment of any royalties thereon or therefor. 

This invention relates (to electxical systems in which 
means are provided for electrically controlling the speed 
of a motor and particularly to a system for accomplish- 
ing rapid and precise decreases in motor speeds. 

There are many applications in which motor speeds 
must be very precisely controlled at selected speeds and 
wherein when there is a required change of one of these 
speeds to a different speed, the change will be accom- 
plished rapid!y with no tendency to free-wheel between 
speeds. Known motor control systems appear particular- 
ly deficient where the required shift. in speed is from a 
higher to a lower one. During such shifts of speed there 
is a tendency for the motor to coast or free-wheel for a 
period before settling down to the lower speed. While 
various forms of electrical braking have been devised in 
the past, they are generally of the on-off type and have 
generally been found unsuitable for inter-speed braking. 

It is, accordingly, an object of this invention to provide 
an improved electronic nlotor control system which over- 
comes this deficiency and introduces a degree of precision 
in speed control not known to have been previously 
obtainable. 

In accordance with the inventha the motor to be con- 
trolled is powered by two energizing circuits. Each of 
these circuits consists of an alternating current supply 
connected in series through current control means, such 
as a thyratron t~tbe, to the motor. One of the energizing 
circuits provides a driving power for the motor at a speed 
determined by its current control means and the other 
energizing circuit provides electrical b rd ing  power to 
the motor of a magnitude determined by its current con- 
trol means. The driving circuit current control means is 
regulated by a control signal which includes substantially 
one-half of a selected speed input voltage and substzntial- 
ly one-half of a voltage represe~ltative of the counter 
electromotive force (E.M.F.) of the motor and whercin 
these two voltages are conibined in a bucking fashion, the 
speed setting voltaze tending to increase speed and the 
connter E.M.F. voltage tending to retard speed. The 
braking circuit control means, which is normally elec- 
trically cut off, is regulated by a control signal including 
an oppositely arrangcd combination of the speed setting 
voltage and counter E.M.F. voltage. In addition, the 
braking control signal inzcludes a supplementary voltage 
which varies directly with the speed of the motor (sup- 
plied, for example, by a D.C. tachometer or generator) 
and which is poled to tend to apply an increased braking 
power. 

Where the current conlrol means are thyratron tube 
stages, appropriately phase shifted alternating current 
sources are also provided in series with the contlol signal 
and thyratron gids to achieve a normal 90" lagging grid 
voltage with respect to anode-cathode voltages of the 
thpratron txbes. When pecessary to attain the normally 
cutoff condition of the thyratron tube in the braking con- 
trol means, an additional fixed negative bias source is 
connected common to both control signals. 

Other objects, features and ad~~multages of the present 

invention will be apparent from the following detailed 
description when considered together wiBr the accom- 
panying drawings in which: 

FIG. 1 is an electrical schematic diagram of a basic 
5 embodiment of the invention; 

FIGS. 2-5 are graphical illustrations dc~~:ciicg opcr-3- 
tion of the embodiment of the invention shown in FIG. 
1; and 

FIGS. 6-8 are electrical schematic diagra~las of r;iod,- 
10 fications of the embodiment of the invenztion shown in 

FIG. 1. 
Referring now to FIG. 1, primary terminals X snd "f 

of transformer 10 are appropriately energized horn an 
alternating current supply 12 (e.g. 60 cycles) and t!;lns- 

15 f o r m s  secondary windings 14 and 14 proviiic a first alter- 
nating current output (e.2. 110 volts) across terminals 18 
and 20 and a second, identical, oiltpput acioss terminals 
22 and 24. The anode-cathode circnit of thyratron 26 is 
connected in series with winding 14 and armature 23 of 

20 D.C. shunt motor 30, with the anode-cathode inkelcon- 
nections being poled to produce current flow throagh 
armature 2% in a first (running or dr!vir:g) direztlon. 
Similarly, the output terminals of secondary winding 16 
are connected in series with thyratron 32 2nd arma:ure 

25 28, however, the cathode-anode circ:~it of thyratron 32 is 
poled in this ilzstance lo allour current to Piow throuz'9 
almature 28 in the opposite (braliing) dj~ection to that 
permitted by thyratlon 26. Field coil 33 of motor 30 is 
separsteIy powered by D.C. source 34. Resistors 35 and 

30 36 are connected at cathode terminals 38 and 40 in s:ries 
across armature 28 and are of equal value (c g. 2,000 
ohms) to equally divide the voltace across armalrzri: 23 
at terminal 42 with respect lo term;aals 44 an6 46. 

The effective grid potential applied to thyiation 26 con- 
35 sists of the negative voltage across resistor 35, which is 

one-half the armature voltage (or counter E M.F. volt- 
age), a negative voltage from fixed bias scilrcc 48 (c.g. 
4.5 volts), an applied positive cont~ol voltage across IC- 

sistor 5@, and an alternating voltage applied bctween ter- 
40 minals 51 and 53 of A.C. soujce 54. 

The control or input vo!tage across resijior 50 repre- 
sents ?h 01 the input control or setting volia_ce, from D.C. 
reg~laied voltage source 52 (e.g. 105 volts D C.) and is 
a7?ailab!e at ally desired positive val~ne bctweca 7Clo and 

45 maximum value at movable lernlinai 55 of potentiometer 
56 (connected across source 52) with respec! lo fixed ter- 
minal 58. Resistor 58, which is paralle!ed by filtcr ca- 
pacitor 60, is con~iecied in series with resi3tor 62,  of ecjoai 
value, paralleled by a similar capacilol- 64 bctwecn fixed 

50 terminal 58 and movable termillctl 55. Tblis, 4-?h ?he 
c o ~ ~ l r o l  voltage appears at the top of resistor ternina! 
66 with respect to center terminal 68 and -35 the cor~trol 
volage appears at the bottom ber13iEnaJ '?a with I espcct to 
terminal 68. Tachometer 86 is driven E?.] mot3r 30. 

55 Alterrlating current source 54 consists of Lransfoirzer 
72, resistor '74 (e.g. 56,000 ohms) and capacitor 76 ( e . ~ .  
.05 mf. to provide eqcal-56,030 ohms-ielctacce at 60 
cycles) v~ilb resistor 74 and capacitor 76 being coirnectcd 
in series across oulpu"Lerz;inals 78 and 83 of transforrl-~er 

60 72. Trmsforner 92 is energized at terminals X aqd Y 
by alternating current source 112 and provides a low 
voltage (e.g. 6.3 volts) output at lerrninds 78 and 8'19. 
The effect of this combination is to provide a voltaze b-,- 
tween source output terminals 51 and 53 which is sbiftc.! 

6.5 in phase by 90" from the input applied to terminals X 
and Y and is shifted in phase by 90" (lag) flom the 
anode-cathode voltage applied to thyratron 26. The gr cl 
of thyratron 26 is connected thro~lgh parazitic or stabiliz- 
ing resjstor 82 (e.g. 500 to 10,000 ohms) to terminal 55 

70 of alternating current source 54 to completc the circclt 
between the cathode and grid of tl~yralron 26. 

Alternaiing current source 540, employing t rans for~er  
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72a., resistor 741.1 and capacitor 760, is identical to current ting will drop the cathode-grid voltage lO6 of thyratron 
source 54 and functions similarly in a cathode grid cir- 26 below the point of conduction (FIG. 4) and remove 
cuii of thyratron 32 consisting of resistor 36, source 48, driving power from motor 30. This, then will tend to 
resistor 62, resistor 82n, and tachometer circui"r4. cause moior 30 to coast. However, the same change - nachomele? circuit 24 consists of direct current gen- 5 in the setting of poienlioineter 56 lowers voltage 1069 
eralor or tachometer 86 (e.g. develops 2 to 3 volts per (FIG. 5) to the point where thyratron 32 commences to 
thousanci revolutions per minute) and potention~eier $38 condnct and it continues conducting for the period illus- 
conceited acioss the o~ztput terminals 90 and 82 of ta- trated by the shaded portion 112a producing a reverse 
clron:eter 86. The output of tachometer circuit 84, which current through motor 30 and winding 16 which exerts 
is connectecl in series with the grid-cathode circuit just 10 a braking force and prevents coasting. As motor 3@ 
described is between movable terminal 94 of potentiom- slows, the counter B.M.F. voltage 100 dccreases and when 
etcr $8 and end terminal 92 col-on lo potentiometer it reaches a piedeterrnined value, voltage I06a will no 
85. longer intercept threshold voltage 9Sa and thyratron 32 

It will be observed that the voltages developed in the will cut ofr' to remove the braking power. At this same 
calllode-grid circuit of thyratron 26 and in the cathode- 15 point thyrairon 26 will cut back on to sustain the runnins 
grid circuit of thyratron 32 function oppositely. That is speed at this new speed setting which is determined by 
the vo&:lges developed tend to keep thyratron 26 tu~-ned the position of potentiometer arm 55. 
on and thyrairon 32 tu;ned off. Thyratron 26 functions FLG. 6 ii1u;trares a modification of the circuit shown 
to supply n~o:or 30 wiih running power and thyratron 33 in FIG. 1 in which the counter E.M.F. voltages (voltages 
scrves to provide, when needed, a braking power. 20 I L D  and I@On) across resistors 35 and 36 are developed 

To explain the operation of the circuit, reference is by an additional tachometer or generator 117 which is 
made to FIGS. 2-5 illustrating the re:at;on between the drivcn by a shaft connection 116 to  motor 30. When 
various voltages developed in the circuit. FIG. 2 is rep- this system is employed, the level of voltages 100 and 
resesllative of tbe opzration of thyratron 26 with the 1000 with respect to control voltages produced from volt- 
potential applied to the anode with respect to the cathode 25 age source 52 should be adjusted (reduced if the output 
by scconiiziry winding 14 shown by wayform 98. Oilly of the tachometer 116 is less than counter E.M.F.) to 
the posiiive llalf cycles are illustrated inaj.much as thyra- preserve the same operating relation described with re- 
trorr 26 is cu! off during negative half cycles. Line 98 spect to the circuit of FIG. 1. 
iilr!sLra:es dire threshold voltage, or grid potential above FIG. 7 shows a modii'rcation of the circuit of FIG. 6 
which thyratroll 26 conducts. Cathode-grid voltage i s  30 in which the motor lo be controlled, motor 118, is a 
computed by adding negative D.C. counter E.M.P. veil- series Ii9.e. motor. In this configuration motor field 120 
age 100 (acr,oss resistor 3S), negative bias voltage 102 of motor 3118 Is driven though bridge rectifier circuit 1622 
(sor:rce 48), positive D.C. control voltage Ifi4 (across which is in series with armature I24 of motor 118. The 
resistor 5 @ )  and A.C. voltage 106 across source 54. The purpose of bridge circuit 122 is to allow cnrrehl to pass 
results are that alternating voltage 106 is added to the 35 in one direction through armature 124 when supplied by 
D.C. voltages at a D.C. level and intersects the tube 26 and in another direction when supplied a braking 
threshold voiiage 98 at point 110 to fire thyratron 26 power by tube 3% and at the same time to allow the cur- 
for the period and at a magnitude represented by shaded rent to pass through field 1269 in the same direction re- 
portion 112. garclless of the direction of current flow through arma- 

FIG. 3 is illustrative of the operation of thyratron 32 40 ture 134. This is necessary in order to provide a break- 
for the same setting of movable arln 55 and for the ing force by virtue of current flow from tube 32 in view 
saxe  period of time illustrated in FIG. 2. Waveforms of the characierisiics of a direct current motor wherein 
having counterpoints in FIG. 2 are designated with the normal reversal of current flow though both armatare 
saiiie number but with an "a" suffix. It will be observed and field will not produce a reversal in motor torque. 
that: the summalion of the grid voltage sources is such FIG. 8 shows a modification of the circuit of FIG. 7 in 
that A.C. bias representing the summation, does 45 which tachometer 116 is dispensed with and series motor 
not cross over curve 98a and thus thyratron 32 does not 188 is controlled In part by a counter E.M.F. which is 
conduct at all. It is important, however, that the cathode- main;ained by applying a small D.C. bias from source 
grid voltage of tuba 32 be such during normal running 126 across field 120. By means of this technique there 
(not acceierating or braking) that it is just below the is maintained (when the drive voltage is cut off) a counter 
ti~reshofd valve which would produce conduction. This 50 E.M.F. between terminals 38 and 40 which may be ern- 
cenditlon is accomplished by tachometer 86 which pro- ployed as in the case of the shunt mctor shown in FIG. I 
vides an additional grid-cathode voltage 114 which tends lo provide the counter E.M.F. voltages across resistors 
to prodtice conduction. This type source (instead of a 39 and 36 required by the control circuit of the invention. 
fixed voltage one) is employed to achieve the variable The basic operation described above with respect to 
voltage (varying directly with speed) necessary to main- 55 FIGS. 1-5 exists for the circuits of FIGS. 6-8 and thus 
tain the degree of proximity to threshold value required. each embodiment of the invention described provides 
This requirer~ent is that the proximity be such that with an automaiic control braking force which electrically 
slight increase in counter E.M.F. (indicating armature switches on and oB at precise times to achieve rapid and 
speed in excess of existing setting of potentiometer arm certain reduction from higher to lower operating speeds. 
55) or decrease in control voltage I04 (due to a change 60 Bb.y.iously, many modifications and variations of the 
to a loviie; voltage selting of potentiometer arm 55) that present invention are possible in the light of the above 
voltage XG6n crosses threshold voltage 98a and fires tube teachings. It is, thereforei to be understood that witl~in 
32, a conditio;~ illustrated in FIG. 5. the scope of the appended claims the invention may be 

Converzely, the biasing of tube 26 is such that a slight practiced oiher than as specifically described. 
decrease in control voltage 104 or increase of counter " I claim: 
Z.M.F. voliage 100, cuts off conduction in tube 26, the 1. An electronic rno:or control system comprising: 
condition ill~istrated in PIG. 4. (a) first current coiltrol means responsive to a first 

Assume, for example, that movable arm 55 of poten- electrical signal for variably controlling the current 
tionreter 56 is lowered to produce a lower control voltage 70 in a first direction supplied to a motor to be con- 
across resistors 50 and 62 in order to  slow motor 30 to trolled; 
a reduced speed setting. Inasmuch as the operating grid - ( b )  second crzrrcnl control means responsive to a sec- 
voltage between the cathode and grid of thyratron 26 and electrical signal for variably controlling the cur- 
is quite small during normal running, a small decrease rcxt flow in an cpposite direction supplied to said 
in voltage produced by this change in potentiometer set- 7 5  motor 40 be controlled; 
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(c)  first signal means responsive to the counter electro- 

motive force voltage of said motor to be controlled; 
( d )  second signal means responsive to the counter 

electromotive force voltage of said motor to be con- 
trolled for providing a second control voltage of a 5 
magnitude cqual to said first control voltage but of 
opposing character; 

( E )  speed setting control means for providing first and 
second speed seiting voitages of equal magnitude 
but of opposite polarity; 10 

( f )  speed responsive means coupled to saic! motor to 
be conlro!led for providing a speed responsive volt- 
age varying directly with the speed of said motor to 
be controlled; 

( g )  first control circuit means for combining said first 15 
control \loitage and said first speed setting voltage to 
provide said first electrical signal and wherein said 
first control voltage is poled to oppose an increase 
in cu~rent  flow by said first current control means 
and said first speed setling voltage is poled to prc- 20 
euce an increase in current flow in said first current 
control means; 

(h) second control circuit means for combining said 
second control voltage, said second speed setling 
voltage and said speed responsive voltage to provide 25 
said second electrical signal and wherein said second 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second current control means and said second speed 
setting voltage is poled to oppose current flow by 30 
said second current control means. 

2. An electronic motor control system comprising: 
( a )  first current control means responsive to a first 

elcctr;ca! signal for variably controlling the current in 
a first direction salpplied to a motor to be controlled; 35 

( I i )  second cnrrent control means responsivc to a sec- 
ond electrical signal for variably controlling the cur- 
rent Bow in an opposite direction supplied to said 
motor to be ccntrolied; 

(c) first signal means responsive to the counter eiec- 40 
irolnoiive force voltage of said motor to be controlled 
lor providing a first control voltage; 

(d) sccond signal means responsive to the counter elec- 
tromotive force voltage of said motor to be controlled 
for providing a second control voltage of a magni- 45 
tvde equal to said first control vo!tage but of oppos- 
ing character; 

(e) speed setting control means for providing first and 
seconcl speed setting voltages of equal magnitude but 
of opposite polarity: 50 

( f )  speed responsive means coupied to said motor to 
be controlled for providing a speed responsive volt- 
age varying directly with the speed of said motor to 
be controlled; 

( g )  first con'croi circuit means for combining said firs? 55 
control voltage and said first speed setting voltage 
and wherein said first control voltage is poled to 
oppose an increase in cnrrent flow by said firsl cur- 
rent control means and said first speed setting volt- 
age is poled lo ploduce an increase in current flow 
in said first current control means; 

( i t )  second control circuit means for combining said 
second conlrol \ohage, said second speed setting 
voltage and said speed responsive voltage to provide 
said second electrical signal and wherein said second G5 
cont~ol volts,oe and said second speed responsive 
voEtage are poled to increase current Aow by said 
second current control means and said second spced 
setting voitage is poled to oppose current Bow by 
said second curlent control means; 70 

(i)  said first current control means including means 
res3onsiue to a predetermined value of said first 
eieclrical siznal for culling 04 said current in said 
first direction and said second current conrtol means 
including means responsive to a like predetermined 75  

2 

6 
value of the sum of said second control voltage and 
said second speed setting voltage for turning on said 
current flow in said opposite direction; 

( j )  the output of said first control circuit means com- 
prising said first electrical signal. 

3. An electronic motor control system comprising: 
(a) first current control means responsive to a first elcc- 

trical signal for variably controlling the current in a 
first direction supplied to a motor to be controlled; 

(b) second current control means responsive to a sec- 
ond electrical signal for variably controlling the 
current flow in an opposite direction supplied to said 
motor to be controlled; 

( c )  first signal means responsive to the counter elec- 
tromotive force voltage of said motor to be con- 
troiled for providing a first control voltage; 

(d) szcond signal means responsive to the counter 
electromotive force voltage of said motor to be con- 
trolled for providing a second control voltage of a 
magnitude equal to said first control voltage but of 
opposing character; 

( e )  a variable source d control setting voltages com- 
prising a fixed amplitude source of voltage, means 
responsive to said source of voltage for providing 
selectable values of output voltage and means re- 
sponsive to said output voltage for providing first 
and second speed setting voltages which are of equd 
magnitude but of opposite sense; 

(f) speed responsive means coupled to said motor to 
be controlled for providing a speed responsive volt- 
age varying directly with the speed of said motor to 
be controlled; 

( g )  first control circuit means for combining said first 
control voltage and said first speed setting voltage 
and wherein said first control voltage is poled to 
oppose an increase in current Bow by said first currcnt 
control means and said first speed setting voltage is 
poled to produce an increase in current Row in said 
first current control means; 

( h )  second control circuit means for combining said 
second control voltage, said second speed setting 
voltage and said speed responsive voltage to provide 
said second electrical signal and wherein said second 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second current control means and said sccond speed 
setting voltage is poled to oppose current flow by 
said second current control means; 

(i)  the output of said first control circuit means corn- 
prising said first electrical signal. 

4. An electronic rnotor control system corrzprising: 
(a) first current control means responsive to a first elec- 

trical signal for variably controlling the current in a 
first direction supplied to a motor to be controlled; 

(b) second current control means responsive to a sec- 
ond electrical signal for variably controlling the 
current flow in an opposite direction supplied to said 
motor to be controlled; 

( c )  first signal means responsive to the counter elcc- 
tromotive force voltage of said motor to be con- 
trolled for providing a first control voltage; 

(d) second signal means responsive to the counter 
electromotive force voltage of said motor to be con- 
trolled for providing a sccond control voltage of a 
magnitude equal to said first control voltage but ol' 
opposing character; 

( e )  a variable source of control setting voltages com- 
prising a fixed amplitude source of voltage, means 
responsive to said sotlrce of voltage for providing 
selectable values of output voltage and first and sec- 
ond electrical impedance circuits connected in series 
across said selectable values of output voliage lor 
providing first and second speed setting voltages 
which are of equal magnitude but of oppositn sense; 

(f) speed responsive means coupled to said motor to 
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be controlled for providing a speed responsive volt- 
age varying directly with the speed of said motor to 
be controlled; 

( g )  first control circuit means for combining said first 
control voltage and said first speed setting voltage 5 
to provide said frst electrical signal and wherein said 
first control voltage is poled to oppose an increass 
in current flow by said first current control means 
and said first speed setting voltage is poled to pro- 
duce an increase in current flow in said first current 10 
control means; 

( J z )  second control circuit means for combining said 
second control voltage, said second speed setting 
voltage and said speed responsive vollage to provide 
said second electrical signal and wherein said second 15 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second current control means and said second specd 
setting voltage is poled to oppose current flow by 
said second current control means; 20 

(i)  said first current control means including means 
responsive to n predetermined value of said first 
electrical signal for cutting off said current in said 
first direction and said second current control means 
including means responsive to said speed responsive 25 
voltage and a like predetermined value of the sum 
of said second control voltage and said second speed 
setting voltage lor turning on said current flow in said 
opposite direction. 

5. The system set forth in claim 4 wherein each of said 30 
impedance circuits comprises an electrical resistor, said 
electrical resistors being of equal value and in series 
across said selectable value of output voltage. 

6. An electronic motor control system comprising: 
(a )  first thyratron tube responsive to a first electrical 35 

signal for variably controlling the current in a first 
direction supplied to a motor to be controlled. 

( b )  second thyratron tube responsive to a second elec- 
trical signal for variably controlling the current flow 
in an opposite direction supplied to said motor to be 40 
controliecl. 

( c )  first signal means responsive to the counter elec- 
tromotive force voltage of said motor to be con- 
trolled for providing a first control voltage; 

( d )  second signal means responsive to the counter elec- 
tromotive force voltage of said motor to be controlled 46 
for providing a second control voltage of a magni- 
tude equal to said first control voltage but of op- 
posing character; 

( e )  a variable source of control setting voltages com- 
prising a fixed amplitude source of voltage, means 50 
responsive to said source of voltage for providing 
selectable values of output voltage and first and sec- 
ond electrical impedance circuits connected in series 
across said se!ectable value of output voltage for 
providing first and second speed setting voltages 55 
which are of equd magnitude but of opposite sense; 

( f )  a direct current generator mechanically coupled 
to said motor for providing a speed responsive volt- 
age varying directly with speed of said motor; 

( g )  first control circuit means for combining said first 60 
control voltage and said first speed setting voltage to 
provide said first electrical signal and wherein said 
first control voltege is poled to oppose an increase 
in current flow by said first thyratron tube and said 
first speed setting voltage is poled to produce an in- 65 
crease in current flow in said first thyratron tube; 

( h )  second control circuit means for combining said 
second control voltage, said second speed setting 
voltage and said speed responsive voltage to provide 
said second electrical signal and wherein said second 70 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second thyratron tube and said second speed setting 
voltage is poled to oppose current flow by said second 
thyratron tube; 75 

rx 
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(i) first control means responsive to a predetermined 

value of said first electrical signal for cutting off 
said ccrrent in said first direction and second control 
voltage and said second speed setting voltage for 
turning on said current flow in said opposite direc- 
tion. 

7. An electronic motor control system comprising: 
(a) first thyratron tube responsive to a first electrical 

signal for variably controlling the current in a first 
direction supplied to a motor to be controlled com- 
prising firat current control means; 

( b )  secand thyratron tube responsive to a second 
electrical signal for variably controlling the current 
flow in an opposite direction supplied to said motor 
to be controlled comprising second current control 
means; 

( c )  first signal means responsive to the counter elec- 
tromotive force voltage of said motor to be con- 
trolled for providing a first control voltage; 

( d )  second signal means responsive to the counter 
electromotive force voltage of said motor to be con- 
trolled for providing a second control voltage of a 
magnitude equal to said first control voltage but of 
opposing character; 

( e )  a variable source of control setting voltages com- 
wising a fixed amplitude source of voltage, means 
responsive to said source of voltage for providing 
selectable values of output voltage and first and sec- 
ond electrical impedance circuits connected in series 
across said selectable values of output voltage for 
providing first and second speed setting voltages 
which are of equal magnitude but of opposite sense; 

(f) a direct current generator mechanically coupled 
to said motor for providing a speed responsive volt- 
age varying directly with speed of said motor; 

(g )  'first control circuit means for combining said 
first control voltage and said first speed setting volt- 
age and wherein said first control voltage is poled 
to oppose an increase in cnrrent flow by said first 
current control means and said first speed setting 
voltage is poled to produce an increase in current 
flow in said first current control means; 

( h )  second control circuit means for combining said 
second control voltage, said second speed setting volt- 
age and said speed responsive voltage to  provide said 
second electrical signal and wherein said second con- 
trol voltage and said second speed responsive voltage 
are poled to increase current flow by said second 
control means and said second speed setting voltage 
is poled to oppose current flow by said second cur- 
rent control means; 

(i) said first current control means including means 
responsive to a predetermined value of said first elec- 
trica! signal for cutting off said current in said first 
direction and said second current control means in- 
cluding means responsive to  a like predetermined 
value of the sum of said second control voltage 
and said second speed setting voltage for turning 
on said current flow in said opposite direction; 

( j )  the output of said first control circuit means com- 
prising said first electrical signal. 

8. An electronic motor control system comprising: 
(a )  first thyratron tube responsive to a first electrical 

signal for variably controlling the current in a first 
direction supplied to a motor to be controlled com- 
prising first current control means; 

( b )  second thyratron tube responsive to a second 
electrical signal for variably controlling the current 
flow in an opposite direction supplied to said motor 
to be controlled comprising second current control 
means; 

( c )  first signal means responsive to the counter elec- 
tromotive force voltage of said motor to be con- 
trolled for providing a first control voltage; 

(d) second signal means responsive to the counter elec- 
tromotive force voltage of said motor [to be controlled 
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for providing a second control voltage of a magni- 
tude equal to said first control voltage but of oppos- 
ing character; 

(e) a variable source of control setting voltages com- 
prising a fixed amplitude source of voltage, means 5 
responsive to said source of voltage for providing 
selectable values of output voltage and first and sec- 
ond electrical impedance circuits connected in series 
across said selectable values of output voltage for 
providing first and second speed setting voltages 10 
which are of equal magnitude bat of opposite sense; 

(f) a direct current generator mechanically coupled 
Ito said motor for providing a speed responsive volt- 
age varying directly with speed of said motor; 

(g)  first control circuit means for combining said first 15 
control voltage and said first speed wtting voltage 
and wherein said first control voltage is poled to op- 
pose an increase in cunent flow by said first current 
control means and said first speed setting voltage is 
poled to produce an increase in current flow in said 20 
first current control means; 

(h )  second control circuit means for combining said 
second control voltage, said second speed setting 
voltage and said speed responsive voltage to provide 
said second electrical signal and wherein said second 25 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second current control means and said second speed 
setting voltage is poled to oppose cunent flow by 
said second current control means; 30 

(i) a source of fked bias being common to said first 
and second control circuit means and being poled to 
tend to oppose current flow k o u g h  said first and 
second thyratron tubes; 

(i) said first current control means including means 35 
responsive to a predetermined value of said first elec- 
trical signal for cutting off said current in said first 
direction and said second current control means in- 
cluding means responsive to a like predetermined 
value of the sum of said second control voltage and 40 
said second speed setting voltrge for turning on said 
current flow in said opposite direction; 

(k) the output of said first control circuit means com- 
prising said first electrical signal. 

9. An electronic motor control system comprising: 45 

(a) a direct current shunt motor; 
( b )  Grst current control means inchding a thyratron 

tube responsive to a first electrical signal for vari- 
ably controlling the current in a k s t  direction sup- 50 
plied to a motor; 
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(c) second current control means including a thyra- 
tron tube responsive to a second electrical signal for 
variably controlling the current flow in an opposite 
direction supplied to said motor; 

I d )  first signal means responsive to the counter elec- 
tromotive force voltage of said motor for providing a 
first control voltage; 

(e) second signal means responsive to the counter elec- 
tramotive force voltage of said motor for providing 
a second control voltage of a magnitode equal to 
said first control voltage but of opposing character; 

Cf) a variable source of control setting voltages com- 
prising a fixed amplitude source of voltage, means 
responsive to said source of voltage for providing 
selectable values of output voltage and fkst and 
second electrical inpedance circuits connected in 
series across said selectable values of output voltage 
for providing &st and second speed setting voltages 
which are of equal magnitude but of opposite sense; 

(g) a direct current generator mechanically coupled 
to said motor for providing a speed responsive volt- 
age varying directly with speed of said motor; 

( h )  first control circuit means for combining said first 
control voltage and said first speed setting voltage to 
provide said first electrical signal and wherein said 
first control voltage is poled to oppose an increase in 
current flow by said first current coatrol means and 
said fist speed setting voltage is poled to produce 
an increase in current flow in said first current con- 
ltrol means; 

(i) second contra1 circuit means for combining said 
second control voltage, said second speed setting 
voltage and said speed responsive voltage to provide 
said second electrical signal and wherein said second 
control voltage and said second speed responsive 
voltage are poled to increase current flow by said 
second current control means and said second speed 
setting voltage is poled to oppose current flow by 
said second current con*ol means; 

( 5 )  said current control means including means re- 
sponsive to a predetermined value of said first elec- 
trical signal for cutting off said current in said first 
direction and said second current control means in- 
cluding means responsive to a like predetermiwd 
value of the sum of said second control voltage and 
said second speed setting voltage for turning on said 
current flow in said opposite direction. 
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