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(C. 114-144) Claims. 

This invention relates to automatic steering 
gear for dirigible craft having rudders and has 
for its object to provide a gear which will present 
a high degree of directional stability without the 
use of cumbersome or expensive additional ap 
paratus. 
Any sizable craft equipped with an automatic 

steering system tends to follow a certain path 
which is substantially a sinusoidal curve of low 
frequency. The frequency and amplitude of this 
sinusoidal path are dependent upon the struc 
tural character of the craft and the character 
and mode of operation of its steering System. In 
general, there is a tendency for the craft to adopt 
a state of continual large amplitude oscillation. 
By the present invention, means are provided 

to lessen the amplitude of oscillation of Such a 
craft so as to impart a greater degree of Stabil 
ity thereto. More specifically, means are provid 
ed to oscillate the craft's rudder continually at a 
frequency greater than the above-mentioned fre 
quency. 
One advantage to be gained by use of the in 

vention resides in the average rudder angle's be 
ing accurately controlled in spite of large errors 
in the steering engine, and in the telemotor. 

3 and the resultant effect is thus applied to the 
rudder as indicated. 

Referring specifically to the device 2, this de 
vice comprises a multifield reversible motor 4 ha,V- 

5 ing field windings 5 and 6 whose circuits are al 
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The invention may be clearly understood by 
reference to the accompanying drawings Wherein 

Fig. 1 is a schematic illustration of One form of 
system embodying the invention; 

Fig. 2 is a diagrammatic illustration of an 
other form of the invention; 

Fig. 3 is a diagrammatic illustration of a com 
plete steering system embodying the apparatus of 
Fig. 2; 

Fig. 4 is a plan view of the Optical portion of 
the system of Fig. 3; and 

Figs. 5 to 7 are explanatory illustrations of the 
operation of the light beam and the light-SenSi 
tive cells. 

Referring to Fig. 1, there is represented sche 
matically at a conventional steering System 
which may be of any suitable type. For example, 
such system may take the form of that disclosed 
in my prior Patent No. 2,182,717, granted Decem 
ber 5, 1939. It will be understood that the steer 
ing system causes the craft to follow a substan 
tially sinusoidal path as above mentioned. 
In accordance with the present invention, there 

is provided a device 2 which is adapted to produce 
continuous oscillatory rudder effects at a fre 
quency substantially higher than the yaw fre 
quency. The effects of the two devices and 2 
are combined in a conventional differential gear 
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ternately closed by a timing switch . In the 
specific illustration, the switch comprises a sin 
ple thermostatic switch comprising a bimetallic 
member which is normally disposed in the posi 
tion shown and is arranged to be heated, for ex 
ample by a heater element 8 and a suitable cur 
rent source 9. As the bimetallic arm becomes 
heated, it flexes upward, leaving the contact 0 
and engaging the contact f, thereby opening the 
circuit of winding 5 and closing the circuit of 
winding 6. Thereafter, the bimetallic arm Cools 
and returns to its normal position, thereby open 
ing the circuit of Winding 6 and closing the cir 
cuit of Winding 5. This thermostatic SWitch. 
should have a cooling characteristic similar to its 
heating characteristic in order that the cycle of 
operation Will be uniform. It Will be apparent 
that the operation of the SWitch reverses the mo 
tor 4 at regular intervals, the motor being ener 
gized by source 2. Of course, any other form of 
timer may be employed. 
The amplitude of movement of the motor in 

each direction is controlled by limit switches 3 
and 4, Which may be cam-operated SWitches as 
shown, connected to the motor shaft through 
Suitable gearing 5. In operation in either di 
rection, the limit SWitch Will open its associated 
circuit to interrupt the motor operation, after 
Which at the end of the timing cycle the timer 
Will reverse the connections. 
Thus, it will be seen that the rudder will be 

Continuously oscillated by the device 2 through 
a small predetermined angle at a rate or fre 
quency Substantially higher than the ya W fre 
quency. The frequency of Oscillation may be 
varied by varying the timing of the timing de 
vice , and the amplitude of OScillation may be 
varied by varying the ratio of the gears 5. 
In Fig. 2, there is illustrated another form of 

the invention applied to a steering gear of the 
kind employing a beam of light Orientated with 
respect to the craft and arranged to be directed 
on to photoelectric cells for the control of the 
steering engine. In the System illustrated, OScilla 
tion of the rudder is effected by novel means in 
corporated in the electron tube circuits associated 
with the photocells. In this system, there is pro 
duced a continuous oscillatory action to effect 
rudder action in addition to the action in re 
sponse to the craft's yaw. More specifically, the 



2 
sensitivity of the cells is arranged to be con 
trolled so as to change the equilibrium position 
of the directed light beam with respect to the 
cells. 
Thus the cells L and R are arranged to influence 

the bias on one or other of two triodes W1 and 
Wr so as to cause current to pass through one 
of the triodes. The output voltage across 6 or 
7 is applied to the grid controlled rectifier R1 

or Rr, which operates the steering motor M in 
one direction or the other. In the circuit of each 
tube R1 and Rr is arranged a transformer 8 and 
9 from which a voltage is taken and after rectifi 

cation by diode 20 or 2 is applied through a 
timing circuit 22 or 23 to the photoelectric cell 
associated with the other triode to bias the Said 
cell for a time interval. This is accomplished 
by the inclusion of the resistor of each time delay 
circuit in the circuit of the associated photo cell. 
Assuming, for example, that the craft's devia 

tion is such as to cause the light bean to fall 
to a greater extent upon the right-hand photo 
cell R, the latter thereupon causes a "right' rud 
der application through the associated triode Vr. 
In consequence, a voltage is established across 
the time circuit 22 and the bias applied to the 
left-hand photocell is changed so that its Sensi 
tivity is reduced. The follow-up then establishes 
an equilibrium with some light on the left cell 
and none on the right cell. 
The sensitivity of the left cell then increases 

as a function of time (determined by the time 
characteristic of the time circuit 22) and the left 
cell operates after a short time, Say 4 Seconds. 
The amplifier V1 associated with the left cell 
thereupon operates and in turn causes a reduction 
of the sensitivity or the right cell by a change 
of bias; at the same time, of course, the steering 
motor is energized to cause an application of 
“left' rudder, and the light beam leaves the left 
cell and impinges on the right cell. The Sensi 
tivity of the right cell then increases as a func 
tion of time, and after the same short period (4 
seconds in the example) the right cell amplifier 
operates to commence the cycle Over again. 
The rudder is, therefore, Oscillated through an 

equilibrium position continuously at a frequency 
which may be very much higher than the craft's 
fundamental yaw frequency. 
This frequency of oscillation may be adjusted 

by variation of the time constants of the circuits 
for effecting a temporary reduction of the sensi 
tivity of the respective photo cells. 

Obviously, mechanical equivalents for the elec 
tric circuit components would be substituted in 
the application of this principle to a gyro con 
trolled gear. 
The operation of the System shown in Fig. 2 

may be more clearly understood by reference to 
Figs, 3 to 7. In Fig. 3, there is illustrated dia 
grammatically a complete steering apparatus eim 
bodying the electro-optical System of Fig. 2. 
A reflector is mounted at the axis of a compass 
card and receives light from a light source above 
the compass card and axially aligned therewith. 
The reflector projects a light beam onto a light 
sensitive control unit carried by a support which 
pivots about the axis of the compass card and is 
mounted on the craft so as to be movable rela 
tive to the stationary light beam in accordance 
with deviations of the craft from its course in 
one direction or the other. The light-sensitive 
control unit functions to actuate the control ap 
paratus which, in turn, actuates the motor which 
operates the rudder. The motor also operates 
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2,837,589 
a suitable follow-up mechanism to return the 
light-sensitive unit. to an equilibrium position 
with respect to the light beam. A steering system 
of this general character is fully disclosed in my 
prior Patent #2,102,511, granted December 14, 
1937, and also in my prior Patent #2,185,074, 
granted December 26, 1939, to which reference 
may be had for details which per se form no 
part of the present invention. As shown in Fig. 4, 
the light-sensitive control unit comprises the two 
light-sensitive cells L and R of Fig. 2. 
The illustrations of FigS. 5 to 7 will enable a 

clear understanding of the operation of the sys 
tem. Let us assume first that the craft is on its 
course and that the Sole rudder actuation is that 
due to the continuous oscillatory action to move 
the rudder back and forth through a small pre 
determined angle at a relatively high frequency 
compared to the natural yawing frequency of the 
craft. Assume further that the relative positions 
of the light beam and the light-sensitive cells 
are as shown in Fig. 5 immediately following actu 
ation of cell r and its associated control circuit 
which Wiji have temporarily decreased the sen 
Sitivity of the control circuit associated with cell 
I as described above. The light beam impinges 
to a substantial extent on cell I, but the cell cir 
cuit does not respond at once due to its decreased Sensitivity. 
When the circuit of cell L regains its normal 

sensitivity after a short interval, as described 
above, it is actuated by the impinging light and 
actuates the motor SO as to throw the rudder 
and also operate the follow-up mechanism. At 
the same time, the sensitivity of the circuit as 
Sociated with cell R is temporarily reduced. The 
follow-up action changes the relative positions 
of the light beam and cells to those shown in 
Fig. 6. However, the circuit of cell R is not actu 
ated at once due to its decreased sensitivity. 
After the circuit of cell R. regains its normal 

sensitivity, it is actuated by the impinging light, 
thereby operating the motor in a direction op 
posite that above mentioned. The follow-up ac 
tion changes the relative positions of the light 
beam and cells to those of Fig. 5. After a short 
time interval, the circuit of cell I is actuated as 
described above and the cycle is repeated. 
Thus, the System oscillates continuously, the 

electro-optical unit oscillating between the equi 
librium conditions of FigS. 5 and 6, and, as a 
result, the rudder is actuated through a small angle. 
When the craft deviates from its course in re 

sponse to its natural yaWing tendency, the light 
beam and cells. Will assume relative positions 
Such as shown in Fig. 7, which depicts a devia 
tion to the right. The amount of light impinging 
on ceil R is relatively great and the circuit as 
sociated with that cell is actuated to operate the 
rudde1 motor in a direction to bling the craft 
back on its course. At the same time, the follow 
up acts to restore an equilibrium position. In this 
instance, the throw of the rudder is relatively 
great to effect the desired steering action. 
From the foregoing description, it Will be seen 

that the rudder actuation comprises the compo 
site actions above described. In response to the 
natural yaw of the craft, the rudder is actuated 
through a relatively great angle at a relatively 
low frequency. At the same time, the rudder is 
continuously actuated through a Small predeter 
mined angle about its instant positions by virtue 
of the continuous Oscillatory action of the System 
as described above. 
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It should be noted that in a system in accord 

ance with the invention, accurate control may 
be obtained by the use of very Small rudder am 
plitudes. A small amount of oscillating rudder 
is more effective than a large amount of rudder 
given in any previous manner. For example, if 
the oscillation armplitude is 1, the total rudder 
used for steering is only 2, while if the oscilla 
tion is not present the total rudder required is 5°. 
Thus the effectiveness of the rudder for auto 
matic steering is increased by this method. 

I am aware that it is old to provide a propelling 
apparatus for a vessel in which a propeller blade 
is oscillated by forked arms to propel the vessel, 
and steering is effected by swinging the arms 
through an angle greater than their normal angle 
of oscillation for propulsion. Propulsion of a 
vessel in this manner requires a large angle of 
oscillation of the propeller blade, e. g. 40 to 90 
degrees. Moreover the steering of the vessel is 
not effected by swinging the usual rudder about 
its pivot, but by moving the propelling blade 
bodily. 
The present invention has an entirely differ 

ent purpose and distinguishes from the above 
mentioned apparatus in the following respects. 
The craft being steered has the usual rudder sep 
arate and distinct from the propelling means 
which may take any suitable form, e. g. the usual 
Screw propeller, and exerts a propelling force 
in a fixed direction relative to the craft's body. 
The continuous oscillation of the rudder is through 
a Small angle insufficient to have any propelling 
effect on the vessel and the purpose of such oscil 
lation is to improve the steering as describe 
above. 
While the invention has been illustrated with 

reference to certain specific embodiments, it will 
be apparent that various modifications of the 
Same are possible. 

I claim: 
1. In an automatic steering system for a dirigi 

ble craft having a rudder separate and distinct 
from the craft's propelling means, the combina 
tion of automatic steering means for producing 
rudder actuations at a relatively low frequency, 
thus causing Oscillatory movement of the craft 
at Said frequency, and additional means for con 
tinuously oscillating the rudder through a pre 
determined Small constant angle about its in 
stant positions at a relatively high frequency, 
whereby a high degree of directional stability is 
imparted to the system and the total course width 
is materially reduced. 

2. In an automatic steering system for a dirigi 
ble craft having a rudder separate and distinct 
from the craft's propelling means and operable 
about a single fixed pivot, the combination of 
automatic steering means for producing rudder 
actuations about said pivot at a relatively low 
frequency, thus causing oscillatory movement of . 
the craft at said frequency, and additional means 
for continuously oscillating the rudder about said 
pivot through a predetermined small constant 
angle about its instant positions at a relatively 
high frequency, whereby a high degree of direc 
tional stability is imparted to the system and the 
total course width is materially reduced. 

3. In a steering apparatus for a dirigible craft 
having a rudder separate and distinct from the 
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3 
craft's propelling means, the combination of an 
automatic steering System for producing an oscil 
latory mechanical motion of relatively low fre 
quency, means for producing a continuous oscil 
latory mechanical motion of predetermined small 
constant amplitude and relatively high frequency, 
and means for applying both of Said motions 
to the rudder, whereby the steering action is 
highly stabilized and the total course width is 
materially reduced. 

4. In a steering apparatus for a dirigible craft 
having a rudder, the combination of an automatic 
steering system for producing an oscillatory me 
chanical motion of relatively low frequency, 
means for producing a continuous oscillatory me 
chanical motion of predetermined small constant 
amplitude and relatively high frequency, a dif 
ferential gear having two of its elements con 
nected respectively to said steering system and 
said means, and means connecting a third ele 
ment of said gear to the rudder, whereby both of 
said motions are applied to the rudder so as to 
Stabilize the steering action and to reduce the 
total course width. 

5. In an automatic steering system for a dirigi 
ble craft having a rudder, electro-optical means 
including a pair of light-sensitive devices, a pair 
of electronic control circuits operable respectively 
by said devices, means operable by said control 
circuits to actuate said rudder, follow-up means 
for establishing an equilibrium condition of the 
system after each rudder actuation, said steering 
System causing Oscillatory movement of the craft 
at a relatively low frequency, and means for ef 
fecting continued oscillatory action of the System 
SO as to cause continuous Oscillation of the rudder 
through a small constant angle at a relatively 
high frequency compared to said first-mentioned 
frequency. 

6. In an automatic steering system for a dirigi 
ble craft having a rudder, electro-optical means 
including a pair of light-sensitive devices, a pair 
of electronic control circuits operable respectively 
by said devices, means operable by Said control 
circuits to actuate said rudder, follow-up means 
for establishing an equilibrium condition of the 
system after each rudder actuation, said steering 
system causing oscillatory movement of the craft 
at a relatively low frequency, and means aSSOci 
ated with said control circuits for continuously 
varying the sensitivity thereof so as to effect 
continued oscillatory action of the system and 
thus cause continuous oscillation of the rudder 
through a small constant angle at a relatively 
high frequency compared to said first-mentioned 
frequency. 

7. In combination, a dirigible Craft equipped 
with an automatic steering system which tends 
to direct the craft along a substantially sinusoidal 
path or curve of low frequency, whereby the craft 
tends to adopt a state of continual large ampli 
tude oscillation, and means for continuously OS 
ciliating the craft's rudder through a predeter 
mined small constant angle at a predetermined 
frequency substantially higher than said first 
mentioned frequency, thereby to lessen the am 
plitude of oscillation of the craft and to impart 
greater stability thereto. 
- BRITTON CHANCE. 


