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The present invention relates to an electric 
automatic pilot adapted for use with dirigible 
craft and one which may be applied equally as 
well to the automatic steering of both air and 
water craft. . . . . . . . . . . . 

In an electric automatic pilot various methods are employed whereby the displacement signal 
for each axis of control is derived from a related 
electrical instrument and transmitted to operate 
an electric servomotor of the related control Sur 
face so that a rapid response on the part of all 
the necessary control surfaces is obtained. One 
of the methods in the creation and transmission of displacement signals utilizes the inherent char 
acteristics of inductive devices in conjunction with 
an electronic direction discriminating device as 
more fully described in pending application 
Serial No. 516,488, filed December 31, 1943. While 
the electric automatic pilot described in the 
above-mentioned pending application performs 20 
in a manner superior to any other prior device, 
commercial operation has disclosed certain latent 
defects which are overcome by means of the 
novel arrangement of the present invention. For 
example, it is possible that upon the occurrence 25 
of certain conditions, the automatic pilot of the 
above copending application may be subjected to 
a hard-over signal of sufficient magnitude to 
throw the craft out of control. Moreover, as a 
result of the arrangement of signal devices and 
amplification channels there utilized, one sided 
control and/or false operation may be obtained. 
An object of the present invention, therefore, 

is to provide a novel and improved automatic 
steering system for mobile craft. . . . . 
Another object of the present invention is to 

provide novel safety features in an automatic 
pilot which will increase the safety factor in 
the flying of aircraft. . . 
A further object is to provide novel improve 

ments in automatic steering systems which will 
remove latent sources of danger heretofore exist 
ing therein. 
A still further object is to provide a novel safety 

feature whereby the possibility of creating a hard 
over control signal has been eliminated from an 
automatic pilot. - 
Another object is to provide novel means 

by the occurrence of one sided control is elimi 
nated from the operation of an automatic pilot. 
A further object of the present invention is to 

provide novel means whereby the occurrence of 
false operations in the functioning of an auto 
matic pilot is reduced to a minimum. " . . . -- The foregoing and other objects and advan. 
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tages of the invention - will appear more fully 
hereinafter from a consideration of the detailed 
description which follows, taken together with 
the accompanying drawings wherein one embodi 
ment of the invention is illustrated by way 
of example; It is to be expressly - understood, 
however, that the drawings are for illustrative 
purposes only, and are not to be construed as de 
fining the limits of the invention, reference being 
had for this purpose to the appended claims: 

In the drawings, wherein like reference nu 
merals refer to like parts: . . . . 

Figure 1 is a schematic diagram and representa 
tion of the rudder channel of the automatic pilot. 

Figure 2 is a schematic diagram and repres 
entation of the elevator and aileron channels of 
the automatic pilot. r 

Figure 3 is a schematic diagram of the elec 
tronic direction discrimination device and am 
plifier. - - - - - - - . . . i - 
For a better understanding of the present in 

vention, reference is made to the copending ap 
plication referred to above wherein the theory 
and operation of the electric pilot hereof is fully 
set forth. As there shown, inductive transmitting 
devices, comprising three phase wound stators in 
ductively associated with wound rotors connected 
to the craft's. source of , alternating current po 
tential, are provided, and connected to reference 
means responsive to axial deviations of the Craft 
from neutral axes for generating electrical dis 
placement signals resulting from such deviations. 
In response to the deviations, potentials are gen 
erated in the stator windings of each transmitter 
proportional, respectively, to the angular position 
of each stator winding of each transmitter with 
respect to... the related rotor windings, and are 
transmitted to three phase wound stators of in 
ductive receiver devices having wound rotors in 
ductively associated therewith. For a no dis 
placement condition of the craft about any of its 
axes, a condition of electrical equilibrium exists 
between the transmitters and receivers whereby 
the electrical axes of the receiver rotors are nor 
malto the resultant magnetic fields of the receiver 
stators so that no potentials are induced within 
the various receiver rotor windings. As soon, 
however, as an angular displacement of the craft 
occurs about its various axes the transmitter ro 
tors are angularly displaced relative to their re 
lated stators generating new values of potential 
in the latter whereby the condition of equilibrium 
reviously existing between the transmitters and 

- In this manner the direc 
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ceiver stators are changed so that they are no 
longer normal with the electrical axes of the re 
ceiver rotors whereby potentials are induced in 
the latter whose imagnitudes are proportional to 
the arraount of angular deviations froin the War 
ious neutral axes. 

Deviations of the craft from the neutral axes 
in One direction induces in the receiver rotors 
potentials whose magnitudes are proportional to 
the amount of deviation and having definite 
phases or polarities with respect to the craft's 
source of alternating current potential. Devia 
tions of the craft from the neutral axes in the 
opposite direction induces in the receiver rotors 
potentials whose magnitudes are proportional to 
the amount of deviations but having phases or 
polarities 180° out of phase With those induced 
during deviations in the first direction. 
The phase shift in the potentials of the re 

ceiver rotors occurring as the result of different 
directions of deviation of the craft from the 
neutral axes is independent of the amount of 
deviations, the amount affecting only the mag 
nitudes of potentials induced in the receiver ro 
tors. The direction of deviation determines 
Whether the potentials of the receiver rotors are 
in phase or 180 out of phase With the craft's 
source of alternating current potential. Signal 
potentials are thus created. Whereby the direc 
tion of deviations determines the phase shift and 
the amounts of deviation determine the magni 
tude of the potentials. 
The axial displacement signals Created by a 

change of the craft's attitude are amplified in 
order to operate the servomotors of the related 
control surfaces. These Signals are impressed 
upon the grid of an amplifier tube of either the 
rudder, aileron or elevator channels, the plate 
of which connects through a pair of parallel 
leads with the grids of two phase discriminating 
tubes, the anodes of the latter being connected 
to opposite terminals of a grounded Split Sec 
ondary winding of a potential transformer thus 
making the plate potentials of the discriminator 
tubes 180° out of phase with each other. Satura 
ble transformers connect with the plate circuits 
of the discriminator tubes and with the related 
servomotors so that the latter are energized in 
response to displacement signals, the direction 
of operation depending upon the phase of the 
incoming displacement signals which, in turn, 
determine the conductivity of one or the other 
of the discriminator tubes. 
One disadvantage encountered With the use. Of 

the above discussed interdependent signal sources 
has been that in the event of an Open or short 
circuit in the connection of the three phase 
stators of the transmitting and receiving de 
vices, sudden unbalanced potentials are induced 
in the receiver rotors creating hard-over signals. 
which are applied to the related control Sur 
faces causing the craft to be thrown out of con 
trol. 
To the end that the foregoing disadvantage 

may be overcome, the novel arrangement con 
stituting the subject matter of the present in 
vention is provided with the use of which inter 
dependent signal sources have been eliminated. 
For this purpose single phase variable inductive 
devices comprising single phase Wound stators 
associated with single phase Wound rotors have 
been provided. As shown in Figure 1 of the 
drawings, three such devices. 0, and 2 are 
utilized in the rudder channel. Device. O com 
prises a single phase stator. 3 and a single phase 
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4. 
rotor f4 which is connected to a shaft 5 which, 
under certain conditions described more fully in 
the aforementioned application, is displaced an 
gularly in accordance With a displacement sig 
nal developed by a gyro Stabilized earth inductor 
compass 6 to develop a corresponding signal in 
stator winding 3. 

Device f , on the other hand, comprises a sin 
gle phase stator 7 and an inductively coupled 
single phase rotor 8 secured to a trunnion 9, 
of a rate of turn gyroscope 20 while device 2 
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comprises a single phase stator 2 and an in 
ductively coupled single phase rotor 22 connected 
to a shaft 23 which is driven through a gear sys 
tem 24 by a rudder servo 25. Angular displace 
ment of any one or all of Shafts 5, 9 and 23 
displaces the magnetic fields of rotors 4, 8 and 
22, which are connected through Suitable re 
Sistors 26 with the craft's Source of alternating 
current (not shown), from a normally electri 
cally balanced condition relative to stators. 3, 
f7 and 2 so that signal potentials are induced , 
therein. The potentials of the various stators 
are impressed across the fixed terminals of re 
sistors 27, 28 and 29, the latter two being variable 
for a purpose to presently appear and engaged 
by slidable contacts 30 and 3, and fed in Series 
to the input of the rudder channel amplifiers 32 
whose output is connected by way of leads 33 
With motor 25. 
Where the deviation of the craft from a neu 

tral axis necessitates the corrective action of 
more than one element of control. Such as the 
rudder channel, for example, the signal voltage 
in order to be a function of all the elements of 
control, must of necessity be the algebraic sum 
of the signals of all the elements of control and 
for this reason all the sources of signal potential 
must be connected together in series and in phase 
with each other. This becomes apparent in view 
of the fact that were not the individual signal 
potentials in phase they could be added only 
vectorially whereby a signal potential would be 
derived which would not be a function of all the 
elements of control. This object is attained by 
connecting the resistors 26 in Series with the 
windings of rotors 4, 8 and 22 to maintain the 
signal voltages in phase, and by arranging re 
sistors 27, 28 and 29 across the stator windings 
to maintain the amplitudes of the signal volt 
ages substantially equal for equal displacements 
of their related rotor Windings, in which event 
the phases of the signal potentials of each ele 
ment of control can be initially adjusted so that 
all will be maintained in phase with each other 
and their amplitudes for equal displacement of 
their related rotors maintained substantially 
equal. . 
As in the case of the rudder channel, the three 

phase. Wound inductive devices have been elim 
inated from the aileron and elevator control 
channels and in their stead, in accordance with 
the present invention, single phase variable in 
ductive devices have been provided. As shown in 
Figure 2 of the drawings, an inductive bank de 
vice 34 is provided having a single phase stator 
35 and a single phase rotor 36 connected to a 
trunnion 37 of a gyro vertical 38. For elevator 
control, a second single phase variable inductive 
device is provided having a single phase stator 
39 and a single phase rotor 40 connected to a 
trunnion 4 of the gyro vertical. 
Bank device 34 is connected in series with the 

input of the aileron channel of an amplifier 88 
and with a single phase wound stator 43 of a 
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follow-up device 44 having associated therewith 
an angularly movable single phase. rotor 45, the 
latter being displaceable through a reduction 
gear system 46 by a servomotor 47 which is con 
nected to the output of the amplifier aileron 
channel by way of leads 48. . . . 

Stator 39 of the pitch device 42 is connected 
in Series with the input of the elevator channel 
of amplifier 88 and with a single phase wound 
stator 49 of a follow-up device 50 having asso 
ciated there with an angularly movable single 
phase rotor 5 which is displaceable through a 
reduction gear system 52 by way of a servomotor 
53, the latter being connected to the output of 
the amplifier elevator channel by way of leads 
54. Stators 43 and 49 of the follow-up devices 
44 and 50 have resistors 55. and 56 arranged 
across their terminais which are engaged by ad 
justable contacts. 5.T. and 58. while...rotors 45 and 
5 connect with the craft's source of alternat 
ing. current (not shown) through resistors 59 
and 60. ... . . . . . ... . . . 

In the foregoing manner, the use of interde 
pendent signal devices in the rudder, aileron and 
elevator channels of an automatic pilot and their 
surrounding. disadvantages have been eliminated. 
With the novel arrangement of single phase vari 
able inductive devices connected in-series no sig 
nal will be communicated to the grids of the 
amplifier channels in the event of a break in 
their connection as distinguished from the hard 
over signals previously developed by a break in 
the connections of interdependent signal Sources. 
While the novel arrangement Set forth above 

has eliminated the possibility of hard-over Con 
trol signals, a break in the connecting lines to 
grids 6, 62 and 63 of amplifier tubes 64, 65 and 
66 of the rudder, aileron and elevator channels, 
shown in Figure 3, will result in picking up stray 
potentials and communicating them to the grids 
Which are provided with a normally negative bias. 
Such stray potentials are normally greater than 
the negative grid bias but smaller than the sig 
nal potential developed by the inductive devices 
whereby operation of the amplifier will occur in 
response to the stray potentials resulting in false 
operation of the related control surfaces. To the 
end that false operation due to stray potentials 
may be overcome, a negative cut-off bias is im 
pressed upon the grids 6, 62 and 63 from the 
negative sides of batteries 6a, 63d and 69a 
through resistors 67, 68 and 69, Such bias being 
of a magnitude greater than any stray potential 
that may be developed because the resistance 
value of each of the resistors 61, 68 and 69 is 
greater than the respective input impedances to 
the vacuum tubes 64, 65 and S6. 
By the novel provision of the negative cut-off 

bias on the grids through resistors 67, 68 and 
69 the amplifier channels are rendered inopera 
tive and unresponsive to all voltages applied to 
grids 6, 62 and 63 having a magnitude less than 
the applied negative bias but will operate in re 
sponse to signal voltages. The normal low in 
pedance input circuits act as short circuits on 
the cut-off bias supplied through resistors 67, 
68 and 69. In this manner novel provision is 
made in the input circuits of the amplifier chan 
nels so that in the event open circuits Occur, 
a negative cut-off bias is automatically applied 
to the input tubes causing the channels affected 
to go dead rather than subjecting the related 
control surfaces to the effect of stray pick-up 
voltageS. 
A further disadvantage resulting with the use 
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6. 
of the automatic pilot of the above referred to 
copending application resided in the possibility 
of one sided control in any one or more of the 
control channels of the amplifier due to the fact 
that the heater circuits of the discriminator tubes 
of each channel were connected in parallel. Thus, 
the-burning out of one heater element of one 
discriminator. tube of one channel resulted in 
blocked operation for One side of that control 
channel whereby response was available for only 
One direction of deviation from a neutral axis. 
To the end...that the occurrence of one-sided 
control in any one or more control channels may 
be eliminated, heater elements 70, 7 of discrimi 
nator tubes. 2, iS of the anplifier rudder chan 
nel as well as heater elements T4, 75 of tubes 
76, 77 of the amplifier aileron channel and heater 
elements 78, 79 of tubes 80, 8 of the amplifier 
elevator channel are connected in series with suit 
able current sources such as batteries 82, 83 and 
84, for example, by way of leads 85, 86 and 87 
as shown in Figure 3. With this novel arrange 
ment, if any one of the heater elements of any 
one or more control channels burns out, the whole 
channel automatically becomes inoperative there 
by preventing one sided control in any one or 
more of the control channels. 

... Although but one embodiment of the inven 
tion has been illustrated and described, various 
changes and modifications in the form and rela 
tive arrangement of parts, which will now ap 
pear to those skilled in the art, may be made 
without departing from the scope of the inven 
tion. Reference is therefore to be had to the 
appended claims for a definition of the limits of 
the invention. 
I claim: 
1. In an automatic pilot for aircraft having a 

movable control Surface thereon and a servo 
motor for Operating Said Surface, reference 
means including a variable inductive device hav 
ing a single phase Wound stator and an in 
ductively coupled angularly movable single phase 
wound rotor for developing in said stator a sig 
nal in response to a departure by said craft from 
a predetermined position for operating said 
motor, rate of departure means comprising a 
rate-of-turn gyroScope and a second variable in 
ductive device controlled thereby and having a 
Single phase Wound stator and an inductively 
Coupled angularly movable single phase wound 
rotor for developing in Said second-named stator 
a signal in response to the rate of departure by 
said craft from said predetermined position for 
modifying the operation of said motor, a third 
variable inductive device comprising a single 
phase Wound Stator and an inductively coupled 
angularly movable single phase wound rotor re 
Sponsive to the operation of said motor for de 
veloping in Said last-named stator a follow-up 
signal for further modifying the operation of said 
motor, means connecting said rotors for energi 
Zation from a source of alternating current, 
means connecting Said stators in Series with one 
another for controlling operation of said motor, 
means connected to the rotors of at least two 
of said variable inductive devices for controlling 
the phase of the Signal developed therein. Within 
an angle of less than 180 degrees, and means con 
nected to the stator of at least two of said vari 
able inductive devices for controlling the mag 
nitude of the signal developed therein inde 
pendently of the phase of the signal. 

2. In a device of the kind described wherein a 
signal is developed in response to a change in 
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condition, thermionic means having an input of 
relatively low impedance adapted to receive the 
signal, a relatively high impedance connected to 
said input, and biasing means cooperating With 
said relatively high impedance and providing for 
the passage of signals to Said thermionic means 
during normal operation and biasing Said thern 
ionic means to cutoff, in the event of an open 
circuit in Said input, and rendering Said thern 
ionic means inoperative to Stray Signals. 

3. The combination. With an automatic pilot 
for an aircraft having a movable control surface 
thereon and a servomotor for operating said sur 
face together with reference means for develop 
ing a signal in response to a departure by Said 
craft from a predetermined position for operat 
ing said motor, of thermionic means intercon 
necting Said notor With Said reference means 
and having an input of relatively low impedance 
adapted to receive the signal, a relatively high 
impedance connected to Said input, and biasing 
means connected to Said relatively high imped 
ance to bias Said thermionic means to cutoff in 
the event of an open circuit in said input. 

4. The combination with an automatic pilot 
for an aircraft having a movable control Surface 
thereon and a Servomotor for operating said sur 
face, together With reference means including a 
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8 
variable inductive device having a single phase 
stator winding and an inductively coupled angu 
larly movable single phase rotor winding for de 
veloping in one of said Windings, a signal, in re 
Sponse to a departure by said craft from a pre 
determined position, for controlling said motor, 
of thermionic means having an input of rela 
tively low impedance and an output, means con 
necting Said motor to said output, means con 
necting the Signal developing winding to said 
input, a relatively high impedance connected to 
Said input, and biasing means connected to said 
impedance to bias said thermionic means to cut 
off in the event of an open circuit in said in 
put. 

ALAN M. MACCALLUM. 
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