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MOTOR CONTRO, CIRCUIT 
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ration, Detroit, Mich., a corporation of Dea 
ware 

Application October 23, 1942, serial No. 463,130 
(C. 172-282) 8 Claims. 

1. 
This invention relates to remote control by 

radio of aircraft and other vehicles. 
An object of the present invention is to pro 

vide electric motor operated means for actuat 
ing the steering mechanism and other controls 
of the airplane and to provide a system of con 
trol therefor whereby the functions of the elec 
tric motor operated means may be controlled 
from a distance. This object is accomplished by 
a System of motor control the several functions 
of which are caused to become operative respec 
tively in response to the operation of relays of a 
radio receiver which are tuned to different fre 
quencies. The radio transmitter employs a sin 
gle wave length or carrier wave which is modu 
lated by one, and sometimes two, of a plurality 
of different frequencies corresponding to the 
furictions to be controlled. In case two functions 
of the motor control are to become operative at 
the same time, the carrier wave is modulated by 
a frequency combination such that the tuned re 
Iays, which are selected to operate simultaneous 
ly, may effectively separate the modulating wave 
into its two components. is 

Further objects and advantages of the present 
invention will be apparent from the following 
descriptioF), reference being had to the accom 
panying i drawings wherein a preferred embodi 
ment of the present invention is clearly shown. In the drawings: - - - - 

Pig. E is a wiring diagram of the control ap 
paratus at the radio transmitting station. 

Fig. 2 is a wiring diagram of the control ap 
paratus at the radio receiving station. 

Fig. 3 is a wiring diagram of the electric motor 
control apparatus which functions in cooperation 
with the radio transmitter shown in Fig. 1 and 
the radio receiver shown in Fig. 2. 
The motor control system shown in Fig. 3 is 

for example adapted. to be operated by the radio 
transmitter and receiver disclosed in Mirick 
Patent 1,597,416, granted August 24, 1926, and 
shiOWI in Figs and 2. 

Referring to Fig. 1, a broadcast antenna O is 
connected by a transformer with a generator 
2 which provides a radio carrier wave. . The 
means for modulating the carrier wave includes a 
plurality of vibrators f3, 4, 5, 6, T, 8 ener 
gized by a battery 9, the circuit of which is con 
trolled by a main switch 20. The vibrators are 
adjusted independently to different frequencies. 
These vibrators are connected respectively by 
push, buttons or keys 23, 24, 25, 26, 27, 28 with 
transformer primaries 33, 34, 35, 36, 31, 38 whose 
secondaries 43, 44, 45, 46, 47, 48 are connected 
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with a transformer primary 49, whose secondary 
5) is connected with the radio wave generator 
2.: "If for example key 23 is pressed, a wave 
having the frequency of the vibrator 3 will be 
Superimposed on the carrier wave and the modu 
lated carrier wave will be radiated from the an 
tenna 0 and will be picked up by antenna 60 of 
the receiving apparatus located on the airplane. 
The signal received by antenna 60 passes to 
anpifier detector 6... which causes the low fre 
quency signal to pass through the input of a re 
lay apparatus comprising a master tube 62 and 
a plurality of tubes 63, 64, 65, 66, 67,.68 corre 
sponding in number to the number of control 
circuits at the transmitter. Tuned resonant re 
lays T3, 74, 75-6, 7, 8 are constructed to re 
spond respectively, to the frequency of the vibra 
tors 3, 4, 5, 6, 7, 8 of the transmitter. 
These relays are connected in Series in the plate 
circuit of the master tube 62 supplied by B-bat 
tery 69. When key 23 is pressed to connect vibra 
tor 3 with radio generator 2, resonant relay T3 
responds to control the input circuit of tube 63, 
the dutput of which is connected with a second 
ary relay 83 which then operates to close a switch 
83a and thus make a connection between a posi 
tive battery wire 44 and a terminal 93. Simi 
hary, when key 24 of the transmitter is pressed, 
vibrator 4 is connected with radio generator 2; 
and resonant relay 4 and tube. 64 function to 
effect, the response of secondary relay 84 and 
the closing of the switch 84a: ... to connect bat 
tery lead 44 with a terminal 94. Similarly, the 
other keys 25' through 28 respectively control 
tuned relays 75 through 8 to cause the tubes 65 
through 68, respectively, to effect the operation of 
secondary relays 85through 88, respectively, and 
the connection of battery: wire 44 with terminals 
95 through 98, respectively. 
The filament electrodes of the tubes are ener 

gized by battery fo. A constant negative poten 
tial is maintairfed on the grids of tubes 63 through 
68 from battery. It connected across the input 
eircuit of each of these tabes to resistances 63a. 
through 68.a. Ehe independent resonant relays 
3 through 78, are provided, respectively, with 

pairs of contacts T3a which are normally open; 
but, when any particular relay becomes ener 
gized, these contacts are closed and charge the 
grids of the respective tubes with positive po 
larity derived from battery 72 causing a plate 
current to flow in the particular tube and in the 
secondary relay in the plate circuit to be actuated. 
Normally when the contacts of the resonant re 
lays are open, the grids are charged negatively; 
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and, accordingly, there will be zero plate current 
through that particularly circuit so that a maxi 
mum value of plate current will be obtained upon 
the closing of the contacts of the resonant re 
layS. 
While separate batteries are indicated for sup 

plying negative grid bias and positive charging 
potential, a separate plate battery for the master 
tube 62 and a separate plate battery for the re 
lay tubes 63 through 68, it will be understood that 
this is represented for the sake of clearness and 
that common Source of potential may be en 
ployed. 
As will be described later, it is necessary to op 

erate two modulating vibrators simultaneously 
in order to effect the operation of two functions 
of the motor control system simultaneously. For 
example, the function of the motor control Sys 
tem controlled by vibrator 3 may be required 
concurrently with the function controlled by wi 
brator 6; the function controlled by vibrator 4 
may be required concurrently with the function 
controlled by vibrator f6; and the function con 
trolled by vibrator 5 may be required concur 
rently with the function controlled by vibrator 
6. This means that tuned relays T3 and T6 must 

operate simultaneously, or tuned relays T4 and 
76 must operate simultaneously, or tuned relays 
5 and 76 must operate simultaneously. In se 

curing this simultaneous action of these tuned re 
lays, two conditions are essential. One condi 
tion is that the wave form of the resultant 
E. M. F. derived from the sinultaneous opera 
tion of two oscillators must approach that of a 
Wave in which instantaneous values of E. M. F. 
due to each one singly are added algebraically. 
Such a resultant is obtained by placing the trans 
former secondaries 43 through 48 in series as 
shown in Fig. 1. The second condition is that 
the waves to be combined should be as nearly as 
possible of pure sine form without harmonics. 
This condition is approached by using condens 
ers 53 through 58 to tune the circuits electrically 
to the periods of the oscillators and resonant re 
lays of the receiving apparatus tuned by con 
denser 73b through 8b. 
The terminals 93 through 98 of Fig. 2 appear 

also at the top of Fig. 3 with the following addi 
tional designations: 93 is designated TR, meaning 
trim motor right or clockwise; 94 is designated 
TL, meaning trim motor left or counterclock 
wise; 95 is designated TC to designate the trim 
motor centering or returning to center position; 
96 is designated GY, meaning gyroscope control; 
97 is designated SR, meaning servomotor right 
or clockwise; 98 is designated SL, meaning servo 
motor left or counterclockwise. 
The trim motor and the servomotor and con 

troller therefor will now be described with refer 
ence to Fig. 3 in which the heavy lines indicate 
the armature circuits of the motor 00 and the 
ServOmotor 20 and the series field circuit of the 
servonotor. Servomotor f00 drives a shaft rep 
resented by a dot-dash line O. Shaft 0 op 
erates an arm 02 connected by link 103 with 
mechanism for operating a rudder or elevator or 
other part of an airplane to be controlled. A 
cable fo4 is connected with arm O2 and passes 
around a plulley 95 and is attached at 06 to a 
piate O rotatable coaxially with a shaft O8 con 
nected to a metallic arm 03 carrying a metalic 
Contact, or roller O for engaging either of two 
COndtctor segments Or 2 or an in termedi 
ate insulating segment 3 carried by plate DJ. 
Shaft G8 is operated by a gyro (not shown). 
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The slack in the cable 04 is taken up by spring 
4 connected with pin 96 and with a station 

ary stud 5. Pulley 05 is carried by an arm 6 
attached to a shaft driven by an electric no 
tor 20 called a trim motor and carrying a limit 
Swich operating arm 8 and a centering switch 
Operating cam O. The function of the trim 
motor is to set a course to be maintained auto 
matically by the gyro. 
The trim motor 20 has an armature 2 con 

nected by brush 22 with a pivot 23 for the ar 
nature 24 of a relay 25. Armature 24 is 
urged downwardly by a spring 26 so that con 
tact 2 on the armature 24 normally engages a 
contact 28. The relay 25 has a core 129 sur 
rounded by a magnet coil 39 which, when ener 
gized, causes armature 24 to be attracted up 
Wardly to cause contact 27 to be separated from 
contact 28 and to engage contact 3. Brush 
32 is connected with a magnet coil f33 (which 

controls a brake) and with an arnature 34 of 
relay 35 having a core 139 surrounded by the 
magnet coil 40 which, when energized, attracts 
arnature 34 against the action of spring 36 and 
causes contact 3 (on the armature 34) to sep 
arate from contact 38 and to engage contact 
4. A wire 42 leading from the plus pole of a 

battery is connected by switch f 43 with the wire 
44. The relay contacts 3 and f4 are direct 

ly connected to wire f44. A shunt field winding 
45 is connected between wire 44 and wire 49 
connected with wire 46 leading to the minus 
pole of the battery. Contacts 28 and 38 are 
connected by wire 4 and variable resistance 
48 with wire f 49. 
Relay coils f30 and 40 are connected with wire 

49 by wires 50 and 5. Relay coil 30 is con 
nected by wire 52 with resilient blade 53 carry 
ing a contact. 54 for normally engaging a con 
tact 55 carried by resilient blade 56 connected 
by wire 57 with terminal 93, TR. When sending 
key 23 (Fig. 1) is pressed, terminal 93 becomes 
connected with positive battery lead 44. There 
fore relay 30, which is connected with battery 
negative lead 46 through wire 150, wire i5 and 
wire 49, is energized to attract armature 24 up 
Wardly to separate contact f2T from contact 28 
and to cause contact 2 to engage contact 3, 
thereby causing current to flow from the battery 
through armature 2 in such direction as to 
cause arm 6 to move toward the right or clock 
wise as indicated by arrow 16R in Fig. 3. So 
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long as switch 23 is closed, clockwise movement 
of arm 6 will continue but not farther than is 
determined by a limit switch in a manner to be 
described. During operation of the motor 20 a 
notor brake (not shown) is held disengaged 
against the action of a: brake. applying spring 
(not shown) by an electromagnet whose coil 33 
is then, in circuit with the motor armature 2. 
When Switch 23 is opened relay 30 is deemer 
gized and the arnature f 24 returns to the po 
Sition shown, thereby causing motor armature 
2 to be short-circuited and the armature shaft 

to be brought quickly to rest by dynamic braking. 
The armature shaft and hence the arm 6 will 
be held in position by a friction brake which then 
is permitted to be engaged by a spring since the 
electromagnet coll 33 is then ineffective. Dur 
ing the first part of the period of deceleration of 
the arnature shaft, the friction brake is ineffec 
tive to assist in stopping because the magnet 33 
is Sufficiently energized to overcome the force of 
the brake Spring. During the end of this period, 
the magnet coil becomes sufficiently deenergized 
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to allow the spring force of the brake to be ef 
fective. Then the friction brake can assist dy 
namic braking. The principal function of the 
friction brake is to prevent creeping of the arma 
ture shaft and of arm 6. The friction brake 
spring is adjusted so that when the trim motor 
is normally loaded, the coil 33 can overcome the 
spring and release the brake. If key 23 is 
pressed long enough to cause arm stud 9 to 
strike blade 53, then contacts f 54 and 55 are 
separated and armature circuit 30 is interrupted 
and the motor 20 will stop. 

Relay magnet 40 is connected by wire 60 with 
Spring blade f6 carrying a contact 62 engaging 
a contact 63 on a spring blade 64 connected by 
Wire 65 with terminal 94, TL. When sending 
key 24 is pressed, terminal 94 will be connected 
with battery positive lead 44 and relay coil f 40 
will be energized since it is connected through 
wire 5 to the battery negative lead 46. Then 
armature 34 will be attracted upwardly to dis 
engage contact 37 from contact 38 and to move 
contact 37 into engagement with contact 4, 
thereby connecting the motor armature 12 with 
wires 44 and f47 to cause the arm 6 to ro 
tate counter-clockwise or to the left as indicated 
by arrow 6 in Fig. 3. So long as key 24 is 
pressed, counterclockwise rotation of arm f 6 will 
continue, and when the key 24 is released rota 
tion will stop. However if key 24 is held down 
long enough for insulated pin - 9 on arm 8 to 
engage blade 6, then contact 62 will be sepa 
rated from contact 63 and the relay 40 will be 
deemergized and rotation will stop. . . . 
The shaft fl carrying arms 6 and 8 does : 

not rotate at the same speed as the motor arma 
ture 2, but at a very much reduced speed, there 
being a train of speed reducing gears (not shown) 
between armature 2 f and the shaft i? 7. Shaft 
f7 carries a cam 70 for engaging a cam fol 
lower 7 carried by resilient-arm 72 which car 
ries a contact 3 for engaging a contact T4 car 
rted by arm f 56. Cam To also engages a fol 
lower 75 on a resilient arm 76 which carries a 
contact 77 for engaging a contact 78 on arm 
64. When arm 8 is in the exact central posi 

tion shown, camTO permits both pairs of con 
tacts T3, 74 and TT, T8 to be opened. If arm 

6 has been moved toward the right by motor 
20, came will be rotated clockwise to close con 
tacts T 7, 18. If it is desired to restore arm 6 
to central position from some position toward 
the right of that shown in Fig. 3, the key 25 is 
depressed thereby causing terminal 95, TC to be 
connected with battery positive lead 44; there 
fore relay coil 40 is energized since it is then 
connected with terminal 95 through wire 60, 
contacts f62, 63, contacts T8, TT, blade 76 
and wire 79 leading to terminal 95. Relay mag 
net coll 40 being energized, motor 20 will ro 
tate arm fs to rotate counterclockwise to cen 
tral position. When central position of arm 6 
is reached, cam T G will permit contacts 77, 78 
to be separated. Since relay 35 may have a 
slight time lag, the motor will not immediately 
come to rest but will cause arm 6 to move 
slightly to the left of central position and arm 
it 8 slightly to the right and the cam TO will so 
move as to cause contacts f3, T4 to be engaged 
whereupon relay coil 30 becomes energized 
while the magnetic flux in relay 35 is decaying. 
Relay 30 being energized, the motor will rotate 
clockwise and arm 66 will move toward the 
right, thereby causing contacts T3 to be disen 
gaged, but since relay 30 has a time lag, arm 
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8 will not stop moving toward the left until it 
has caused contacts 77, T8 to be engaged. 
Therefore there will be an oscillatory motion of 
arms 6 and fill through a small angle on each 
side of central position. This oscillatory center 
ing movement will continue so long as the cen 
tering switch or key 25 is pressed. The foregoing 
obtains where extremely close centering is de 
sired. If approximate centering will suffice, then 
more clearance can be provided between the cam 
followers T, 75 and the cam 70 in the central 
position of the cam; and there will be no oscil 
lation of the trim motor. 
The servomotor OO comprises an armature 

8), a shunt field 8 connected between wire 
44 and wire f46 and a series field 82 connected 
with wire 22 and connected with wire 46 
through a brake magnet coil 83 which per 
forms the same function as brake magnet coil 
33 of trim motor 20. Clutch magnet coll 84 is 

in parallel with the shunt field 8. Brake coil 
83 functions when the motor is operating to 

overcome a brake spring (not shown). The 
brake may be either the shoe type or disc type. 
The clutch magnet coil 84 and the shunt field 
t8 are operative when switch 43 is closed. 
Clutch coil 84, when energized, causes a clutch 
(not shown) to connect the shaft 0 , driven 
at a reduced speed by the motor f09 through 
reduction gearing (not shown), withi, the arms 
02 and 245. Whien the circuit of notor O is 

interrupted to stop the motor, brake magnet coil 
83 is inoperative so that the motor-driven shaft 
() is frictionally prevented from creeping. The 

shunt field 8 and the clutch coil 84 are ener 
gized so long as the switch 43 in positive battery 
lead 42 is closed. . . . . . . 
Armature f8) is connected through a com 

mutator with brushes 90 and 9 connected 
respectively with the pivots of relay armatures 
92 and 93 urged downwardly by springs 94 
and 95, respectively, and carrying contacts .9S 
and 91, respectively, engageable with contacts 
93 and 99, respectively, connected with a wire 

200 leading to a resistance unit 20 connected by 
wire 202 with series field coil 82. Armatures 
92 and 93 move upwardly toward relay cores 
24 and 205, respectively, when their surround 
ing magnet coils 206 and 297, respectively, are 
energized. Coils 206 and 207 are connected by 
wires 208 and 269 with battery negative lead f46. 
A wire 2.0 is connected with wire 44 and with 
contacts 22 and 23 with which the armature 
carried contacts 96 and 97, respectively, en 
gage, when the armatures 92, and 93, respec 
tively, move upwardly: Contacts 22 and 23 are 
connected with contacts 24 and 2 5, respec 
tively, adapted to be engaged by contacts 26 
and 27, respectively, carried by armatures 92 
and 93, respectively, and insulated from said 
arnatures and from Said contacts 96 and 97. 
Contacts 26 and 27 are connected respectively to 
wires 28 and 29 leading to a resistance 220 con 
nected with a contact 22 normally engaged by a 
contact 222 carried by bell-crank armature lever 
223 which is attracted toward a relay core 224 
when its surrounding coil 225 is energized. Ar 
mature lever 223 carries a contact 22s for en 
gaging a contact 22T. Lever 223, which is elec 
trically connected with contacts 222 and 226, is 
connected by wire 228 with the junction of wire 
20 and resistance 20, the other end of which 
is connected by wire 229 with contact 227. 
Therefore, so long as contacts 226 and 227 are 
Separated. resistance 20 is effective to reduce 
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the C. E. M. F. of the armature and to reduce 
the speed of the armature. The engagement of 
contacts 22 and 222 provides a circuit connec 
tion by which the resistance 220 is placed in 
parallel with the armature, said paralleling cir 
cuit being completed through either set of con 
tacts 2i 4, 26 or 25, 2fT. The relay coil 225 is a 
counter E. M. F. coil. It is connected in parallel 
with the armature 80 through a pair of normally 
closed contacts 230 and 23, the latter being 
carried by bell crank armature lever 232 which 
will move toward relay core 233 whenever either 
of its surrounding magnet coils 23, 238 are 
energized. One end of coil 23 is connected 
with terminal SR, 97 and the other end is con 
nected with a terminal 237 a. Likewise the coil 
238 is connected between terminal SL, 98 and a 
terminal 238a. Terminal 23a is connected with 
a spring blade 240 carrying a contact 24 nor 
mally engaging a contact 242 carried by Spring 
blade 243 having its free end located in the path 
of movement of an insulated pin 244 on an arm 
245 driven by shaft 9. Blade 243 is connected 
by wire 245 with relay coil 206. Similarly ter 
minal 238a is connected with spring blade 250 
carrying a contact 25 normally engaging a co 
tact 252 carried by spring blade 253 having its 
free end located in the path of movement of the 
pin 244. Blade 253 is connected by wire 255 with 
relay coil 207. 
Terminal GY, 96 is connected by wire 256 with 

a resistance 269 connected with a gyro-Controlled 
arm 09. Terminal 23Ta is connected by Wire 
257 with segment which is mounted on the 
plate, 0.7. Terminal 238a is connected by wire 
258 with segment 2 located on plate OT. 
The operation of the motor-controlled System 

will now be described. When it is desired to ef 
fect a direct manual control of the servonotor 
00 (not through the use of the gyro) to effect 

clockwise rotation of motor 00 as indicated by 
OOR as shown in Fig. 3, the key 27 is pressed 

thereby causing the relay 87 to operate to con 
nect terminal 9 with the positive battery 
wire 44, Fig. 2. This causes the following cir 
cuit to be established: wire 44, Fig. 2, connected 
with terminal 97, relay coil 23, normally closed 
limit switch contacts 24, 242, wire 245, relay 
coil 206, wires 298 and 209, negative battery lead 
46. Then arnature 92 moves up to cause con 

tact 96 to be separated from contact 98 and to 
engage contact 22 and contact 26 to move up 
to engage contact. 24. The following armature 
circuit is then established: wire 44, wire 20, con 
tact 22, contact 96, armature 92, brush 90, 
armature 80, brush 9, armature 93, contact 
9, contact 99, resistance 20, wire 202, series 

field 82, brake coil 83, negative battery lead 
46. The shunt field 3 and the clutch magnet 

coil 84 are energized by the closing of Switch 
63. Therefore the motor 89 operates as a 

compound wound motor to rotate arm 02 in the 
direction 62R, the power being transmitted by 
clutch (not shown) which is effective when 
clutch magnet coil 84 is energized. The motor 

will continue to rotate in this direction SO 
long as key 27, Fig. 1, is closed but not further 
than determined by the limit switch in a man 
ther to be described. During the running Of thye 
motor the brake coil 83 is energized to callse 
separation of tine brake shoes or discS, not show il. 
When key 2 is opened the brake coil 83 will be 
digenergize (i to a lovii brake parts to be feil gas, it 
through the action of a Spring, thereby a SSisting 
in the stopping of the motor and holding the 
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motor armature in its stopped position. If how 
ever the key 27 is held down long enough for 
the arm 245 to carry its pin 244 into engagement 
with blade 243 and to cause separation of con 
tacts 242 and 24, then coil 206 will be discon 
nected and armature 92 will move downwardly 
under the action of spring 94 to interrupt the 
circuit from the battery lead 42 to the arma 
ture 80. 
Hand control of rotation of arm fo2 counter 

clockwise as indicated by arrow 02L is effected 
in a similar manner, except that key 28 is pressed 
to cause terminal SL, 98 to be connected with 
positive battery lead 44 of Fig. 2. In this case 
relay coil 20 (instead of 206 as in the case of 
clockwise rotation) is effective to attract arma 
ture 93 upwardly to cause contact f 9 to be 
separated from contact f 99 and to engage contact 
23 thereby causing current to flow through the 
armature 89 in the opposite direction to give 
counterclockwise rotation. Counterclockwise ro 
tation is limited by engagement of pin, 244 of 
arm 245 with switch blade 253 to cause separa 
tion of contacts 252 and 25. . 
As in the case of the trim motor d20, the stop 

ping of the servomotor 100 from either, direction 
of rotation is hastened chiefly by dynamic brak 
ing and the friction brake released by magnet 
83 (when sufficiently deenergized), assists in 

stopping and then prevents creeping of the-arma 
ture shaft and arm O2. : . 
Whenever operation of the servomotor OO is 

effected by pressing either of the keys 27 or 28 
to cause terminals 9 or 98 to be connected with 
the battery, then one or the other, of the relay 
coils 237 or 238 is energized to effect the attrac 
tion of armature lever 232 to separate contacts 
23 from contact .230. Therefore whenever the 
servomotor is controlled by hand through the 
keys 27 or 28, the relay coil 225 is inoperative 
and contacts 22 and 222 remain closed so that 
the resistance 220 remains in parallel with the 
arnature 80 when either-one of the armatures 
92 or 93 is up and the other one is down. Un 
der these conditions the resistance 220 is a by 
pass around the armature 80 and the speed of 
the armature is thereby limited as well as by the 
effect of the resistance 20 in series with the 
series field (82. When the servomotor 80-is con 
trolled by the gyro, neither of the coils 237 or 238 
is effective. Therefore contacts 230, 23 remain 
closed and the coil 225 operates as a counter 
E. M. F. coil; and voltage thereon will build up 
to a certain value as the speed of the motor in 
creases until finally the arnature 223 will beat 
tracted toward the core 224. and the contacts 22 
and 222 will be separated and the contacts 226 
and 227 will be engaged, thereby rendering both 
resistances 220 and 20 - ineffective, whereupon 
there is an abrupt increase in, motor speed. This 
increase in motor Speed is desirable when, con 
trolling the servomotor by gyro control. 
To obtain gyro control, the operator presses 

key 26, Fig. 1, thereby connecting positive bat 
tery wire 44 with terminal GY, 96 which is con 
nected with gyro-controlled arm 09. As long 
as conductor roller O is on the dead spot it 3 of 
plate foll, the servomotor f00 will not operate. 
HOW ever, if the plane should swerve from its 
course there will be relative rotation between 
the arm 09 and the segments and 2. If 
for example the deviation from course would be 
such as to cause segment to be engaged by 
roller 0, then there will be a connection be 
tween terminal 96 and terminal 237 a whereupon 
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relay coil 296 will be energized to cause the servo 
motor to turn the arm 02 in the direction of the 
arrow 02R. This will effect a pull in a direction 
to cause clockwise rotation of plate 0 and hence 
segment f in the R direction until . Such time 
as the dead spot 3 engages the roller 0. Then 
the motor ) is stops and the arm 02 remains in 
a fixed position. If the deviation from course is 
in the opposite direction such that segment f 2 
engages roiler 0, then terminal 238a becomes 
connected with terminal GY, 96, thereby effecting 
energization for relay coil 297 thereby causing 
motor 99 to rotate the arm G2 counterclockwise 
or in the direction of arrow 02, thereby effect 
ing counterclockwise rotation of pate OT in order 
to bring the dead spot 3 again into engagement 
with the roller O. Since there is a certain time 
lag in the relay system it is evident that the plate 
07 must overtravel the roller slightly therefore 

there will be an oscillation of the arm O2 through 
an angle approximately 1 so long as the gyro 
is controlling the servomotor. 

During the 1 oscillation, the acceleration of 
the servomotor in either direction is insufficient 
to cause the counter E. M. F. relay 225 to close. 
Therefore the oscillation occurs at slow speed. 
Resistor 20, being in series with the servomotor, 
prevents destructive peak currents therein as the 
motor reverses. Oscillation of the servomotor 
could be avoided by using a wide nonconducting 
Segment 3; but that would result in wider devi 
ation from the set course than might be desir 
able. 
The gyro controlled arm 99 so controls the 

Servomotor 00 as to automatically maintain the 
airplane on a definite course either up or down 
or left or right. It will be understood of course 
that the rod 03 is adapted to control a rudder or 
allerons. To provide for control of both rudder 
and ailerons, the apparatus shown in Fig. 3 will 
be duplicated and the radio controller will be 
equipped for transmitting 12 different frequencies 
which are picked up by tuned relays in the re 
ceiver. 
The course which is automatically kept by the 

gyro controller of the servonotor is established 
by the trin motor 20. If for example one wishes 
to establish a course to the right of the course 
which had been maintained, the key 23 is pressed 
to effect clockwise rotation of arm 6 in the 
direction of arrow 6R, in the manner which 
has been described. When the arm G so moves, 
the spring 4 causes the plate O2 to move coun 
terclockwise to bring the segment into en 
gagement with the roller C on the gyro con 
trolled arm CS whereupon the servomotor 00 
Will cause the arm 02 to move to the direction 
O2R to effect a change in course to the right. 
Arn to 9 and its contact 0 are held in fixed 
relation to the earth by the gyro. Plate 0 is 
moved by the plane when it deviates from course, 
or by the trim motor when desired. The change 
in course will cause the plate 87 to rotate clock 
wise relative to the arm f 9 until the dead spot 
f3, hits the roller 0: ther the change in course 

is thereafter maintained by the gyro. The ex 
ten, of change in course to the right will depend 
of the dration of closin: of the key 23. Like 
wise if it is desired to Ciange this course toward 
the left, the key 24 is pressed to cause the arm 

6 to move counterclockwise as indicated by al 
ow L. tie isy (; li', is lockwise rotation of 
plate f O2 to trin: Sri II ent, 12 into engagement 
with role () ther iy (; sing the servo Inotor 
00 to no, : : 02 c : ) in te: clockwise as indi 
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cated by arrow 02L. This will change the course 
to the left and the plate Oil will rotate counter 
clockwise to carry the dead spot f 3 into con 
tact with the roller 0 on gyro arm 09. The 
extent of change of course to the left depends 
upon the diration of closing of switch 24. When 
either of the switches 23 or 24 are open, the plate 
07 remains in the adjusted position set by the 

trim motor. Thereafter the gyro controls the 
Servomotor 00 to maintain the course deter 
mined by the trim motor. 
The functioning of the system with respect to 

changing the course letter to right or to left ap 
plies equally well to changing the angle of flight 
to up or to down. As stated before, for complete 
control for left. and right and up and down, the 
System shown in Fig. 3 would be duplicated, one 
system for direction and the other for angle of 
flight and the transmitter would provide for 
sending twelve different frequencies and the re 
ceiver would provide for picking up those fre 
quencies and causing the proper tuned relay, to 
be responsive thereto. Obviously the sending and 
receiving apparatuses must take care of at least 
two frequencies at the same time since key 26 of 
gyro-controller is held down while either of keys 
23, 24, 25 is operated. - • - 
Whenever it is desired to return to the course 

originally set, the key 25 is pressed while key 26 
is pressed to cause the trim motor to return to 
center position, thereby centering. the arm 6 
and the plate. OT thereby causing the gyro to 
control the servomotor for a course straight 
ahead.- . . . . . . . . . . . . . . . . -, . . . . . . . 
The function of the resistance 260 connected 

with gyro controlled arm 109 is to produce a volt 
age drop equal to the voltage drop across either 
of relay coils 23 or 238. In this way the voltage 
drop across either of relay coils 206 or 207 is the 
same, whether they operate in series with coils 
237 or 238, respectively, as in case of direct con 
trol of the servomotor 00, or whether they op 
erate in series with the resistance 260, as in case 
of gyro control of the servomotor. . . . . 
From the foregoing description of the construc 

tion and mode of operation of the servomotor control system, it is apparent that we provide 
for direct manual control:of the servomotor for 
slow speed operation in either direction. This 
is an advantage because there will be less danger 
of getting too much...deviation from course by 
the direct manual control. In other words, the 
manual control is less sensitive, and a lesser de 
gree of skill is required to operate it. We have 
provided gyro automatic control by which the 
servomotor maintains a course. During oscilla 
tion of the servomotor between close limits, the 
acceleration of the motor is low and the motor is 
protected by a resistance, which prevents over 
heating. The course to be, maintained by the 
gyro is determined by the trim-motor. If the 
deviation from course is to be small the adjust 
ment made by the trim motor is small and the 
servomotor operates at slow speed. If the devia 
tion from course is relatively great requiring 
larger adjustment by the trim motor, the servo 
motor accelerates to top speed in order to effect 
its control of the steering apparatus quickly. 
To recapitulate, applicants' invention relates to 

a remote control of a steering part of a vehicle. 
For example, applicants' invention is adapted to 
operate and control the adjustment of the rudder 
of an airplane. An electric servomotor 00 pro 
vides the motive power to adjust the rudder. 
A series of local push buttons are provided of 
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which buttons 27 and 28, when pressed, complete 
remote controlling circuits for effecting rotation 
of the motor in one or the other direction re 
spectively. For instance when button 27 is closed 
the motor operates to adjust the rudder to the 
right, and when button 28 is closed the motor 
adjusts the rudder to the left. Limit switches 
Stop motor operation when the rudder has been 
adjusted through a predetermined range of 
movement in either direction. The speed of the 
servomotor during these adjusting cycles is held 
at a reduced speed by the provision of a relay 
controlled resistance circuit across the armature 
of the motor. 

During flight of the airplane a gyroscope is 
adapted to maintain the airplane in a substan 
tially constant direction. When gyro control is 
to be instituted, pushbutton 26 is pressed render 
ing the gyro controlled circuits to the servomotor 
effective. Now any deviation of the airplane 
from the set course in one direction or the other 
will cause the gyro control to become effective 
automatically to cause the servomotor to operate 
and adjust the rudder in one direction or the 
other to return the airplane from its veered 
course to the set course. The relay controlled 
resistance circuit is opened and thus the motor 
is adapted to operate at full speed while under 
gyro control. 
The course which is automatically kept by the 

gyro controller of the servomotor is established 
by the trim motor 20. If, for example, the op 
erator desires to establish a course to one or the 
other side of the course then maintained by the 
gyro, either push button 23 or 24 is depressed 
while the push button 26 is depressed. When 
push button 23 is closed the trimmer motor 20 
is caused to rotate in the one direction which 
will rotate the gyro plate OT in one direction 
Causing Said gyro to become effective to render 
the servomotor operative to adjust the rudder so 
that the airplane is now brought into the newly 
set course in which the gyro will maintain it. To 
change the course of the airplane to the opposite 
side of the set course, button 24 is pressed which 
effects rotation of the trimmer motor 20 in the 
other direction, adjusting the gyro so that the 
servomotor is rendered effective to adjust the 
rudder for the newly set course in which the air 
plane is maintained by said gyro. Limit switches 
control the operation of the trim notor so that 
it may actuate the gyro adjusting mechanism at 
a predetermined distance Only in either direc 
tion. 

In the claims which follow, the term automo 
tive vehicle embraces land, water and air vehi 
cles. The term course as applied to air vehicles 
includes an upwardly or downwardly course as 
well as a directional course. 
While the embodiment of the present inven 

tion as herein disclosed constitutes a preferred 
form, it is to be understood that other forms 
might be adopted, all coming within the scope of 
the claims which follow. 
What is claimed is as follows: 
1. A motor control systern for use with vehicle 

steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, re 
lay switches having magnet coils for causing ro 
tation of the servonotor in opposite directions, 
a two-way Switch for controlling the relay 
switches and having a gyro-controlled contact 
and two spaced contacts respectively connected 
with the magnet coils of the relay switches, a 
movable plate supporting the two spaced con 
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2. 
tacts, means for causing the plate to move in 
accordance with movements of the steering men 
ber and manually controlled means for establish 
ing connection between a current source and the 
relay magnet coils through the two-way switch. 

2. A motor control system for use with vehi 
cle steering apparatus comprising a reversible 
servomotor, a steering member operated thereby, 
relay switches having magnet coils for causing 
rotation of the servomotor in opposite directions, 
a two-way switch for controlling the relay 
Switches and having a gyro-controlled contact 
and two spaced contacts respectively connected 
with the magnet coils of the relay switches, a 
movable plate supporting the two spaced con 
tacts, means for causing the plate to move in 
accordance with movements of the steering mem 
ber, manually controlled means for establishing 
Connection between a current source and the re 
lay magnet coils through the two-way switch, 
and manually controlled means for effecting 
movement of the plate. 

3. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, elec 
trically operated devices for causing rotation of 
the servomotor in opposite directions, means for 
Connecting a current Source With either of the 
devices, means responsive to the operation of 
a gyro for controlling the connecting means, 
means responsive to the operation of the servo 
motor for controlling said connecting means, a 
reversible trim motor, means for effecting a coin 
trol of the connecting means by movements of 
the trim motor in either direction, and manually 
controlled means for effecting operation of the 
trim motor in either direction. 

4. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, re 
lay Switches having magnet coils for causing ro 
tation of the servonotor in opposite directions, 
a two-way switch for controlling the relay 
switches and having a gyro controlled contact 
and two spaced contacts respectively connected 
with the magnet coils of the relay switches, a 
movable plate supporting the two spaced Con 
tacts, means for causing the plate to move in 
accordance with movements of the steering 
member, manually controlled means for estab 
lishing connection between a current source and 
the relay magnet coils through the two-way 
switch, a reversible trim motor, means for effect 
ing movement of the plate in response to move 
ments of the trim motor in either direction, and 
manually controlled means for effecting opera 
tion of the trim motor in either direction. 

5. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, elec 
trically operated devices for causing rotation of 
the servomotor in opposite directions, a two-way 
Switch for controlling the electrical devices and 
having a gyro-controlled contact and two spaced 
contacts respectively connected with the electri 
cal devices, a nowable plate supporting the two 
spaced contacts, means for causing the plate to 
move in accordance with movements of the steer 
ing members, and manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the 
two-way Switch. 

6. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, elec 
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trically operated devices for causing rotation of 
the servomotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting the 
two spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the two 
way switch, and manually controlled means for 
moving the plate in either direction. 

7. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, elec 
trically operated devices for causing rotation of 
the servomotor in opposite directions, a two-way 
switch for controlling the electrical devices and 
having a gyro-controlled contact and two spaced 
contacts respectively connected with the electri 
cal devices, a movable plate supporting the two 
spaced contacts, means for callsing the plate to 
move in accordance with movements of the steer 
ing member, manually controlled means for es 
tablishing a connecticn between a current source 
and the electrical devices through the two-way 
switch, a reversible trin notor, means for effect 
ing movement of the plate in response to move 
ments of the trim motor in either direction, and 
manually controlled means for effecting opera 
tion of the trim notor in either direction. 

8. A motor control system for use with vehi 
cle steering apparatus comprising a reversible 
servomotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servonotor in opposite directions, a two. 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting 
the two Snaced contacts, a Spring for urging the 
plate in one direction, a cable connecting the 
plate with the steering member operated by the 
Servomotor and held taut by the spring, a bodily 
movable pulley around which the cable passes, 
manually controlled means for moving the pulley 
in either direction, and manually controlled 
means for establishing through the two-way 
Switch a connection between a current source and 
the electrical devices which control the servo 
notor. 

9. A motor control system for use with vehicle 
Steering apparatus comprising a reversible ser 
vomotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servomotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a novable plate supporting 
the two Spaced contacts, a spring for urging the 
plate in one direction, a cable connecting the 
plate with the steering member operated by the 
Servonotor and heli tat by the spring, a bodily 
novable pulley around which the cable passes, 3 
reversible trim notor for moving the pulley in 
either direction, manually controlled means for 
effecting operation of the trim Inotor in either 
direction, and in antially Controlled In eans for 
establishing thrus: in the two-way switch a coil. 
nection between a (rrent, Sorce and the elec 
trical devices whicil control tine servoiroo’, 

10. A motor Conf. ()) syster for usic with vyin:- 
Cle Steeliig appa 'tus complising a reversib: : 
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14 
servomotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servomotor in opposite directions, neans 
for connecting a current Source With either of the 
devices, means responsive to the operation of a 
gyro for controlling the connecting means, 
means responsive to the operation of the servo 
motor for controlling Said connecting means, a 
reversible trim notor, means for effecting a con 
trol of the connecting means by movements of 
the trim notor in either direction, manually con 
trolled means for effecting operation of the trim 
motor in either direction from a normal status, 
and manually controlled means for effecting an 
operation of the trim motor reverse to that just 
previously effected and then causing the trim 
motor to stop after returning to normal status. 

ll. A notor control Systern for use with vehi 
cle steering apparatus comprising a reversible 
servomotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servomotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
spaced contacts respectively connected with the 
clectrical devices, a movable plate supporting the 
two spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices throughout the 
two-way switch, a reversible trim motor for 
moving the pulley in either direction, manually 
controlled means for effecting operation of the 
trim motor in either direction from a normal 
Status, manually controlled means for effecting 
a. In operation of the trim motor reverse to that 
just previously effected and then causing the trim 
notor to stop after returning to normal status 
and manually controlled means for establishing 
through the two-way switch a connection be 
tween a current source and the electrical devices 
which control the servomotor. 

12. A motor control System for use with vehi 
cle Steering apparatus comprising a reversible 
servomotor a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servonotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting 
the two Spaced contacts, a spring for urging the 
plate in One direction, a cable connecting the 
plate with the steering member operated by the 
Servomotor and held taut by the spring, a bodily 
novable pulley around which the cable passes, a 
Leversible trim motor for moving the pulley in 
either direction from an intermediate location, 
In a nually controlled means for effecting opera 
tion of the trim motor in either direction, manu 
ally controlled means for effecting an operation 
Of the trim motor reverse to that just previously 
affected and then causing the trim motor stop 
in response to return of the pulley to said inter 
In ediate location, and manually controlled means 
for establishing through the two-way switch a 
Connection between a current source and the 

l: 'tric: ) (levices v, hith control the servonotor. 
13. A motor Control System for use with ve 

hicle steering apparatus comprising a reversible 
SC rv () Inotor, a steering member operated thereby. 
'lt:Ctrically operated devices for causing rotation 
?f thF Servonotor in opposite directions, a two 
Vay switch for controlling the electrical devices 
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and having a gyro-controlled contact and two 
spaced contacts respectively connected with the 
electrical devices, a movable plate supporting the 
two Spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the two 
way switch, the Spacing between the plate-Sup 
ported contacts of the two-way switch being rela 
tively short whereby the steering member is given 
an oscillatory overnent by the servomotor Which 
is caused to rotate alternately in opposite direc 
tions through control by the two-way switch, and 
means for preventing the rise of destructive peak 
currents due to reversals of the servomotor. 

14. A motor control System for use with We 
hicle steering apparatus comprising a reversible 
servonotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servomotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting 
the two spaced contacts, means for causing the 
plate to move in accordance with movements of 
the steering member, manually controlled means 
for establishing a connection between a current 
source and the electrical devices through the two 
way switch, whereby the two-way switch operates 
through its gyro-controlled contact and its servo 
notor operated plate to maintain a course within 
certain limits, and means for shifting the plate 
in order to set the control System for changing 
the course, and means for causing the servono 
tor to operate at less than full Speed when the 
amount of course change is relatively small or 
at full Speed when the amount of course change 
is relatively great. 

15. A notor control System for use with ve 
hicle steering apparatus comprising a reversible 
servonotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the servomotor in opposite directions, a two 
way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
spaced contacts respectively connected with the 
electrical devices, a movable plate supporting the 
tWO Spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the two 
way switch whereby the two-way switch operates 
through its gyro-controlled contact and its servo 
motor operated plate to maintain a course within 
certain limits, and means for shifting the plate 
in order to set the control system for changing 
the course, means for limiting the speed of the 
Servo-notor to less than full speed and neans 
responsive to a predetermined duration of the 
operation of the servo-motor for rendering in 
operative the speed limiting means in order that 
the servo-motor will operate at full speed, where 
by the servo-motor operates at less than full speed 
when the amount of course change is relatively 
small or at full Speed when the amount of course 
change is relatively great. 

16. A motor control systern for use with ve 
hicle steering apparatus comprising a reversible 
servo-motor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the Servo-motor in opposite directions, a two 
Way switch for controlling the electrical devices 
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16 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting the 
two Spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the 
two-way Switch whereby the two-way switch 
Operates through its gyro-controlled contact and 
its Servo-motor operated plate to maintain a 
course within certain limits, and means for shift 
ing the plate in order to set the control system 
for changing the course, a servo-motor-armature 
by-passing resistance circuit for limiting the speed 
of the Servo-motor to less than full speed, and a 
counter E. M. F. relay connected with the servo 
motor-armature for rendering said resistance cir 
cuit ineffective after a predetermined duration 
of the Operation of the servo-motor in order that 
the servo-motor will operate at full speed, where 
by the servo-motor operates at less than full speed 
When the amount of course change is relatively 
Small or at full speed when the amount of course 
change is relatively great. 

17. A motor control System for use with veh 
cle steering apparatus comprising a reversible 
servomotor, a steering member operated thereby, 
electrically operated devices for causing rotation 
of the Servomotor in opposite directions, a two 
Way switch for controlling the electrical devices 
and having a gyro-controlled contact and two 
Spaced contacts respectively connected with the 
electrical devices, a movable plate supporting the 
two Spaced contacts, means for causing the plate 
to move in accordance with movements of the 
steering member, manually controlled means for 
establishing a connection between a current 
Source and the electrical devices through the two 
way switch whereby the two-way switch operates 
through its gyro-controlled contact and its servo 
motor operated plate to maintain a course within 
certain limits, and means for shifting the plate 
in order to set the control system for changing 
the course, means for limiting the speed of the 
servomotor to less than full speed and means re 
Sponsive to a predetermined duration of the 
operation of the servonotor for rendering inoper 
ative the speed limiting means in order that the 
servomotor will operate at full speed, whereby the 
servomotor operates at less than full speed when 
the amount of course-change is relatively small 
or at full Speed when the amount of course 
change is relatively great, and manually con 
trolled means for directly connecting the electri 
cally operated controlling devices of the servo 
motor with a current source and for rendering 
inoperative the means which is responsive to a 
predetermined duration of the servomotor for 
rendering inoperative the speed-limiting means 
of the Servomotor whereby the servonotor will 
operate only at reduced speed when only the di 
rect manual control is effected. 

18. A motor control system for use with vehicle 
steering apparatus comprising a reversible servo 
motor, a steering member operated thereby, elect 
trically operated devices for causing rotation of 
the servonotor in opposite directions, a two-way 
switch for controlling the electrical devices and 
having a gyro-controlled contact and two Spaced 
contacts respectively connected with the electri 
cal devices, a movable plate supporting the two 
Spaced contacts, means for causing the plate to 
move in accordance with movements of the 
steering member, manually controlled means for 



2,415,170 
17 

establishing a connection between a current 
source and the electrical devices through the two 
way switch whereby the two-way Switch operates 
through its gyro-controlled contact and its servo 
motor operated plate to maintain a course with 
in certain limits, and means for shifting the plate 
in order to set the control System for changing 
the course, a servomotor-armature by-passing re 
sistance circuit for limiting the Speed of the servo 
motor to less than full speed, and a counter 
E. M. F. relay connected with the servomotor 
armature for rendering said resistance circuit in 
effective after a predetermined duration of the 
Operation of the Servomotor in order that the 
servomotor will operate at full speed, whereby 
tlle servomotor operates at less than full speed 
when the amount of Course-change is relatively 
small or at full speed when the amount of course 
change is relatively great and manually con 
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trolled means for directly connecting the electri 
cally operated controlling devices of the servo 
motor with a current source and for rendering 
inoperative the counter E. M. F. relay whereby 
the servomotor will operate only at reduced 
speed when only the direct manual control is 
effective, 

EDWARD M. CLAYTOR. 
ROBERT H. H.L.L. 
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