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12 Claims.

This invention relates to apparatus for steer-
. iing vehicles such as aircraft or marine vessels,
- and more particularly to means for correcting

the course of a vehicle to compensate for drift.

Direction finders or radio compasses having
suitable directive antennae are widely used in
aerial and marine navigation in combination with
suitable means for indicating when a craft is on
or off a desired course. When progressing to-
wards a transmitting station, a pilot can manu-
ally maintain the craft upon the course in re-
sponse to the indications received, or the indica-
tions may be employed to control an automatic
pilot, for example, a ‘“gyroscopic pilot.”” The
pilot, however, in the event of a cross wind or
marine current, will be unable to hold the craft
upon the desired straight line course but in-
stead will introduce a succession of corrections
to the craft’s heading which will maintain a per-
pendicular relation between the plane of the
directive antenna and a line extending to the
transmitter, This succession of corrections,
whether introduced manually or automatically,
will cause the craft to move in a curved path
instead of in the straight line from the point of
departure to the destination.

One of the objects of the present invention is
to provide novel and improved means for auto-
matically guiding a vehicle in a straight line
course toward or away from a radio transmitter,

Another object is to provide novel means for
automatically maintaining a vehicle upon a
straight line course, the vehicle being subject to
cross currents of varying speeds.

A still further object is to combine a radio com-
pass with means which are responsive to received
radiant energy and which are effective to intro-
duce an azimuth correction in the setting of a
directive antenna of said radio compass in order
that the heading of a vehicle upon which the

_ combination is mounted may be corrected to
compensate for drift.

Another object is to provide novel apparatus
of the above character which acts gquickly and
positively to correct a craft’s heading to compen-
sate for a cross current when the current first
acts upon the craft.

A further object is to provide novel apparatus
of the above character which will relieve a human
pilot of the burden of constant supervision of
navigational instruments.

The above and other objects and novel fea-
tures will more fully appear from the following
detailed description when the same is read in

connection with the accompanying drawings., It I
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is to be expressly understood, however, that the
drawings are for purposes of illustration only
and are not intended as a definition of the limits
of the invention, reference for this latter purpose
being had to the appended claims.

In the drawings, wherein like reference char-
acters refer to like parts throughout the several
views,

Fig., 1 is a diagrammatic representation of
several types of flight with the common objective
being a radio transmitter, one of which types is
in accordance with the present invention;

Pig. 2 is a similar representation of the same
types of flight, proceeding away from the trans-
mitter; and,

Fig. 3 is a schematic diagram of one embodi-
ment of the invention;

The form of the invention illustrated in the
accompanying drawings, by way of example, is a
device for maintaining a vehicle such as an air-
craft or marine vessel upon a straight line course
to a desired destination and for introducing a
correction to the heading of such a vehicle to
compensate for the effect of cross winds or marine
currents. 'The apparatus comprises control sur-
face governing means for maintaining the craft
upon a predetermined heading. In combination
with the control surface governing means there
is employed, for example, a radio compass hav-
ing a directional antenna which compass is oper-
atively connected to the control surface govern-
ing means and influences the latter to change the
attitude of the craft, whereby a predetermined
angular relation is maintained between the direc-
tional antenna and a transmitting station. In
order that the heading of the craft may be cor-
rected to compensate for drift in such a manner
that a straight line course to the destination will
be followed, means are provided which are re-
sponsive to movement of the craft relative to a
beam of radiant energy produced at the destina-
tion, for example, a radio heacon receiver, which
by suitable means introduces corrections to the
angular relation of the directional antenna rela-
tive to the craft.

In Fig. 1 there are illustrated the lines of flight
of three vehicles such as aircraft, each of which
has a common point of departure 20 and a com-
mon objective 21, the latter being a transmitting
station from which emanates a beam of radiant
energy which is directed toward the point of de-
parture 20 and which may be constituted by a
beam transmitted by a radio range beacon. The
transmitter also produces a signal which does not
constitute a directional beam and which is re-
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ceived, for example, by a conventional radio com-
pass.

The line of flight followed by a craft 22 repre-
sents a course resulting from the control of an
automatic pilot, the craft being subject to a cross
wind from the left., The vehicle maintains a
constant heading but drifts away from the ob-
jective, Repeated adjustments of heading are
necessary to overcome the effect of this cross
wind. A second line of flight is followed by a 10
craft 28 which is equipped in addition to an auto-
matic pilot, such as a gyroscopic pilot, with a
radio compass which includes a fixed directional
antenna 24, for example, a loop antenna. The
radio compass influences the automatic pilot to 1
change the craft’s heading to maintain a pre-
determined angular relation between the trans-
mitter 21 and antenna 24, If a cross wind exists,
the heading must be constantly changed in order
to bring the craft to the desired objective, Al- 99
though the heading is changed automatically by
the above mechanism, it is changed only after a
deviation from the true course has occurred.
The path of the flight is curved and the degree
of curvature is dependent upon the velocity of the o5
cross wind.

The straight line flight followed by a craft 25
represents the course of a craft provided with
the novel apparatus herein disclosed. TUnder
this present system of control, the course is not 30
the resultant of a series of corrections for course
errors, but is a straight line, due to an instan-
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- taneous and automatic correction to the craft's

heading to compensate for the cross wind. The
control system described in connection with craft 35
23 corrects the heading only after an error has
occurred, whereas the apparatus embodying the
present invention initially changes the heading
by a sufficient amount so that no error in course
will subsequently occur, provided the cross wind 40
velocity remains constant, A change in the wind
velocity will be followed by a suitable change in
heading to maintain the craft upon the straight
line course.

The flight paths of the respective aireraft pro- 45
vided with the same control systems as above set
forth are shown in Fig, 2 where the objective is
away from the transmitter 21. Craft 22, pro-
vided with an automatic pilot, follows the same
flight path as shown in Fig. 1. Since this craft g
has no radio apparatus associated with its au-
tomatic pilot, the line of flight will be the same
whether the craft is approaching or leaving the
transmitter. The line of flight of craft 23 of Fig.

2 is altered relative to that shown in Fig. 1 by g5
the coaction of the radic compass upon the au-
tomatic pilot. The radio compass functions only

to influence the automatic pilot to change the
attitude of the craft to maintain antenna 24 in

a bredetermined angular relation, for example, 60
a normal relation to transmitter 2. The radio
compass performs this function in Fig, 2, but the
effect of the cross wind is to blow the craft off
course unftil it is proceeding directly with the
wind. The line of flight followed by craft 25, 65
which is provided with the present novel appa~
ratus, is the same as that shown in Fig. 1.

In the form shown in Fig. 3, the novel steer-
ing apparatus for craft 25 comprises a conven-
tional radio beacon receiver 26 which is adapted 70
for receiving, for example, two signals of differ-
ing frequencies. These frequencies may be, for
example, 65 and 86.7 cycles. Both signals
emanate from the transmitter 2f, the field of
each being in the form of a figure eight, The 75

overlapping portions of the two fields compi
the radio beam which is included between {]
broken lines of Figs. 1 and 2 and which is to:
followed. The two signals are received wi
equal intensity when the craft is within
beam and with unequal intensity when oufs}
of the beam in such a manner that it is possi
to determine on which side of the beam the
ceiver is located. ‘

Suitable means for operatively connecting ¢
beacon receiver to a directional antenna and tg
an instrument for visually indicating whether
the craft is to the left or right or on the cour
are provided, comprising, in the form illustrated,
a double pair of coil magnets 27 and 28 which are
connected with series to the receiver by. means
of a lead 29. A reed 30 which is tuned to vibrate
at the first-named frequency is mounted at 3!
with the free extremity thereof extending he-
tween magnets 271, A second reed 32 tuned to
vibrate at the second frequency is mounted af
33 and extends between magnets 28, Reed 30,
for a purpose to later appear, also extends be-
tween a third pair of magnets 34, which is con-
nected by leads 35, 36 to a full wave rectifier 31,
Reed 32 extends between a fourth pair of mags
nets 38, which is connected by leads 39, 40 to a
second full wave rectifier 41, Each of the recti-
fiers is connected, by a pair of leads 42, 43 and
44, 45, respectively, to the input contacts 48, 41
of a conventional double-pole, double-throw re-

47 or a second pair of contacts 55, 66 which are
connected to the former pair of contacts hy
crossed leads 67, 58. 'The visual indicator 54 is
provided with a pivotally mounted pointer 59 for |
indicating the position of the craft relative 1o
said beam. .
In order to correct the heading of the craft to -
compensate for a course deviation, in a manner
to be set forth later, means are provided for mov
ing in azimuth a directional antenna 60, of a |
radio compass 61, the means comprising, for ex- |
ample, a galvanometer 62 or other means adapted
for controlling a beacon relay or an air turbine
63 in response to the movements of the pointer
59. Galvanometer 62 is connected to indicator -
54 by leads 64, 65. A fin 66, which is operatively
connected to a moving element 67 of the gal-
vanometer, controls the direction of flow of air
from a conduit 68 to an air turbine wheel 64,
which in turn governs g follow-up contact ar-
rangement 10 by means of a spur gear 11 which
is mounted upon a shaft 72 upon which the tur-
bine wheel 69 is also mounted. Gear 11" meshes
with a second spur gear 73 which has.one ex-
tremity of a contact arm 74 secured by means of
8 suitable screw 15 to a face thereof. Arm 14 is
yieldingly held in a centralized bosition between
two contacts 16, 11 by means of opposed springs
18. Contacts 16, 11 are connected to opposed
fields of a servo-motor 19 by leads 80, 81, respec-
tively. Contact arm 14 is also connected in g
conventional manner to the motor by a lead 82
which is in series with a battery 83, Motor 19, by
means of a worm 84 and wheel 85, is operatively
connected to a shaft 86 upon which is mounted
the loop or directional antenna G0 which com-




rises the energy collecting means for the con-
entional radio compass 61.
In order that the radio compass 61 may con-
rol a suitable arrangement, such as an auto-
atic gyro-pilot which when acting alone is
apable of maintaining the craft upon a con-
tant heading, suitable means are provided for
peratively connecting said compass to the auto-
atic gyro-pilot comprising, in the form shown,
n air turbine 87 which is identical to the tur-
ne 63 and which is controlled by a galvanom-
er 88 having a fin 89 which controls the direc-
on of flow of air from a conduit 90, similar to
nduit 68 above mentioned. A radio compass
sual indicator 91, having a pointer 9la, is em-
oyed in conjunction with galvanometer 88 for
Indicating the angular position of the loop an-
tenna 60 relative to the transmitter 21, i, e. for
indicating whether the plane of loop 60 is to be
moved in azimuth to the right or left in order to
place the loop’s plane in a position perpendicular
to a line passing through the transmitter.
The radio compass is connected by means of
leads 92, 93 through a reversing switch 94 to the
galvanometer 88, the indicator 91 being in par-
allel therewith through leads 85, 96. Turbine 87
governs a follow-up contact arrangement 91 by
means- similar to that of contact 70 above de-
scribed, i. e. by means of a gear 98 which is se-
cured to a common shaft with a turbine wheel
99 and which meshes with a gear (00 having a
contact arm 101 secured thereto. Arm {01 is
- normally held in a central position between a
.pair of contacts 102, 103 by the opposed springs
104, Contacts 102, 103 are respectively connected
- to opposed field windings of a servo-motor {05
‘having a shaft 106 by means of leads 107, {08,
~In order that the one battery 83 may supply en-
ergy not only to motor 19 but also to the second
“motor {05, the contact arm 101 is connected to
..one side of the battery, the other side being con-
nected by a lead 109 to the second servo-motor.
The servo-motor {05 governs a suitable gyro-
pilot 110, in the form shown, by controlling the
position of an air pick-off element (11 relative
to a directional gyro 112 which is mounted in
suitable gimbal rings (not shown). A worm {13
upon the motor shaft 106 meshes with a gear
112 upon a shaft (14 upon which is mounted a
worm 115 which in turn meshes with a gear
sector 16 secured to the pick-off element 11,
The directional gyro is rotatably mounted
within a suction box (1T which is fixedly
mounted upon the vehicle and into which air is
drawn through a screened port (18 therein, by
means of a suction pump 119, the air being di-
rected against the rotor or gyro 112 by suitable
means (not shown), thereby causing rotation in
the manner of an air turbine. The air pick-off
element comprises two conduit sections 120
which pass through and are rigidly attached to
the angularly shiftable common mounting 1{
and arranged so that the mouth of each section
is partially closed, for example, half closed, by
portions 121, respectively, secured to the gyro
mounting, when the craft is upon the desired
heading, When the mouth of each section is
equally obstructed, as shown in Fig. 3, the pres-
sure in each is equal. An air relay 122, having
a diaphragm or flexible membrane 123 forming
two chambers 124 and 125 within a container
126, is in communication with the pick-off sec-
tions 120 by means of conduits 127, 128 which
enter the container on opposite sides of dia-
bhragm 123 in chambers {24 and 125, respec-
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tively. Air intake ports 129, 130 are provided in
chambers 124, 125, respectively, Diaphragm 123
is operatively connected by means of a shaft 131
to a fluid servo-motor control valve 132 compris-
ing four pistons upon a single shaft 133 which
moves within a cylinder 134 having a pressure
agent inlet 135 and exhaust ports 136, 137, 138
and 139. The ports 37, 138 are connected by
conduits 140, 141 to a fluid servo-motor (42 hav-
ing a piston 143 upon a rod {44, A manually
controllable by-pass valve 145 is provided which,
when open, renders the apparatus inoperative by
placing chambers 146 and 147 on opposite sides
of the piston (43 in communication with one
another through a by-pass conduit 148. 'The
valve 145 is opened when the human pilot con-
trols the craft. Rod (144 governs the position of
a control surface (49 by means of cables (50, 151.

In order that the rudder {49 may be returned
to a neutral position when the proper heading
has been reached, a suitable follow-up arrange-
ment is provided comprising in the form shown
a cable 152 which, at one extremity thereof, is
connected to rod 144, the opposite extremity
being connected to a pulley (53 upon the
shaft 106.

In operation, when the craft is “on course,”
the pointers of the indicators 54 and 91 are cen-
trally disposed, the plane of the directional loop
antenna 60 is perpendicular to a line extending
to the transmitter 21 and the craft is “riding
the beam,” i. e. is centrally following the over-
lapping fields of the signals having the two dif-
fering frequencies. When following the beam,
the two reeds 30 and 32 respond to the signals
by vibrating with equal intensities. Equal volt-
ages are set up in the two pairs of magnets 34
and 38 and the pointer 59 indicates “on course.”
However, if a cross' wind ocecurs, or if for any
reason the craft is forced from the straight line
course, the beacon receiver will move out of the
radio beam, the plane of antenna 60 will lose
the above-mentioned perpendicular relation, and
the heading of the craft will change in the direc-
tion of the cross wind. At this point, three ac-
tions occur simultaneously. First, the air pick-
off sections {20' move relative to gyro i 12, which
produces a difference in the size of the opening
at the mouths of these sections. A pressure dif-
ferential occurs between the chambers 124, 125,
The diaphragm 123 is displaced, thus moving
control valve 132 in a proper direction to actuate
motor 142 to restore the ecraft to its original
heading. Second, the loss of the perpendicular
relation of the plane of loop antenna 60 to the
line extending to the transmitter will cause the
pointer 91a to indicate the proper direction in
which the heading of the craft should be changed
to restore this relation. Galvanometer 88 will
automatically angularly shift the fin 89, causing
the turbine 87 to rotate. Arm 101 will be dis~
placed, against the pressure of the springs {04,
from its central position, thus energizing the
servo-motor 105 which in turn will change the
position of the air pick-off element I1{ in such
a direction that the rudder 149 will be further
moved, whereby an added correction to the
craft’s heading will be applied to restore said
perpendicular relation. Third, the movement of
the beacon receiver away from the radio beam
will cause one of the two signals to be received
with a greater intensity than the other. Conse-
quently, one of the reeds 30 or 32 will vibrate
with greater intensity than the other. This dif-
ference in intensity will cause pointer 59 to move
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correspondingly to the right or left and there-
fore fin §6 will be tilted by galvanometer 62 from
its normally centralized position relative to the
air jet from pipe 68, The turbine wheel §9 will
rotate, the-arm T4 will be displaced against the
pressure of springs 18, and will close contact with
one of the contacts 16 or 711, thus energizing
motor 19. The loop antenna 60 will be shifted
in azimuth in the same direction in which the
first change of heading occurred, i. e. in such a
direction that the azimuth correction to the loop
will prolong the period of energization of motor
105 by means of the radio compass and the asso-
ciated follow-up contact arrangement 97. Motor
105 therefore will further shift the air pick-off
element | 1{ and thus will cause the craft’s head-
ing to be shifted an added amount in order to
restore the perpendicular relation between the
plane of the loop and a line to the transmitter.
This added change in heading will constitute a
full compensation for the cross current and the
craft will be headed into the wind a sufficient
amount to fully counteract the drift which other-
wise would occur. The antenna is angularly
shifted until the craft is again upon the beam,
thus an angular correction is applied thereto in
response to the force of the cross current. When
the craft regains the beam, the beacon or beam
receiver ceases to act upon the antenna 60 and
the contact arm 74 is centralized. The auto-
matic pilot and the remainder of the apparatus
is therefore restored to a neutral condition when
said beam is regained and when said perpen-
dicular relation is restored.

There is thus provided a novel automatic steer- §

ing apparatus which instantaneously and posi-
tively corrects the heading of a vehicle, such as
an aircraft, to compensate for the effect of a
cross wind. The device is effective to introduce
a single heading correction which will be suffi-
cient to maintain the craft upon a desired
straight line course so long as the velocity of the
cross wind remains constant. The device, how-
ever, will quickly alter the heading to compen-
sate for any changes in cross wind velocity. The
present apparatus further relieves the pilot of
the physical burden of maintaining the craft
on the course. In the case of aircraft, this relief
will permit the attention of the pilot to be de-
voted to navigation, observation or radio com-
munication. The apparatus is particularly use-
ful under conditions where blind flying is neces-
sary as it prevents the fatigue which is com-
monly associated with long periods of manual
control by instruments. Furthermore, the navi-
gation of aircraft by celestial sights is a very im-
portant consideration on long over-water flights.
With the present novel apparatus controlling the
craft, sighls can be obtained with an accuracy
which is otherwise impossible.

Although only one embodiment of the present
invention has been illustrated and described in
detail, it is to be expressly understood that the
invention is not limited thereto. For example,
in the form shown, an automatic gyro-pilot of
the Sperry type is employed which, when unin-
fluenced by the associated apparatus, will main-~
tain the craft upon a constant heading; however,
any suitable automatic means which perform the
same function, such as a tele-magnetic compass,
may be employed. Various changes may also be
made in the design and arrangement of the parts
without departing from the spirit and scope of
the invention, as the same will now be under-
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stood by those skilled in the art. For a defini- 75

tion of the limits of the invention, reference will
be had primarily to the appended claims.

What is claimed is:

1. Apparatus adapted for use on a navigahle
vehicle comprising an energy collecting means
having a normal angular relation to a source of
radiated energy and to the longitudinal axis of
the vehicle, means for automatically keeping the
vehicle upon a predetermined heading, means for
producing an impulse in response to the energy
collected by said collecting means, means for ad-
justing said heading in response to said impulse
whereby said normal angular relation is main-
tained, and means operable independently of the
energy collected by said collecting means and
responsive to deviations of the vehicle from a pre-
determined course for angularly displacing said
collecting means from its normal relationship to
the longitudinal axis of the vehicle,

2. The combination on a navigable vehicle of
energy collecting means, means for receiving the
energy collected by said collecting means, the
energy so recelved being a funection of the an-
gular relation of said collecting means to an en-
ergy transmitter, means for retaining the ve-
hicle upon a predetermined heading, means for
adjusting the last-named means in response to
sald energy so received to maintain a predeter-
mined angular relation between said collecting
means and said transmitter, means for receiving
a radio beam, and means operable when said ve-
hicle moves out of said beam for angularly dis-
placing said collecting means.

3. In apparatus of the class described, energy
collecting means adapted to be mounted upon a
vehicle, means for receiving the energy collected
by the collecting means, the energy so received
being a function of the angular relation of said
collecting means to an energy transmitter, means
for retaining the vehicle upon a predetermined
heading, means for adjusting the last-named
means in response to said energy so received
whereby a predetermined angular relation be-
tween said transmitter and said collecting means
is maintained, and means operable independently
of energy collected by said collecting means and
responsive to a change in the bearing of said ve-
hicle relative to said transmitter for changing the
angular relation of said collecting means to said
transmitter,

4. In combination on a vehicle, a directional
collector of radiant energy, means for receiving
8 beam of directionally propagated radiant en-
ergy, means for controlling the angular position
of said collector solely in response to energy
received by said first-named means from a radio
range beacon transmitter, and steering means for
the vehicle controlled in accordance with energy
received by said collector.

5. In combination on g vehicle, a rotatably
mounted directional antenna, means for rotating
sald antenna, means including a receiver of ra-
diant energy for controlling the fArst-named
means solely in accordance with energy received
by said receiver from a transmitter of direc-
tionally propagated radiant energy, and steering
means for the vehicle controlled in accordance
with energy received by said antenna.

6. Apparatus adapted for use on a navigable
vehicle comprising a directional receiver of ra-
diant energy, means operatively connected to said
receiver for controlling the heading of said ve-
hicle in response to energy received by said re-
ceiver from a transmitter of radiant energy,
beam receiving means for a beam of radiant en-
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ergy, and means for adjusting said directional
receiver in response to off-course signals from
said beam receiving means.

7. Control apparatus for a mobile craft com-
prising means including a directional antenna
for determining the bearing of said craft with
respect to a transmitter of radiant energy, means
responsive to energy collected by said antenna
for steering said craft, means for detecting a de-
parture of said craft from the line of a direc-
tively propagated beam of radiant energy, and
means controlled by said last-named means for
moving said antenna angularly relative to said
craft.

8. Control apparatus for a mobile craft com-
prising means including a directional collector of
radiant energy transmitted from a transmitter
of radiant energy, means independent of said
first-named means for detecting a departure of
sald craft from a directively propagated radio
beam, and means controlled by said second-
named means for angularly adjusting said col-
lector relative to said craft.

9. Control apparatus for a mobile craft com-
prising directional means for collecting radiant
energy, means for detecting a departure of the
craft from the equi-signal zone of a plurality of
directionally propagated fields of radiant energy,
and means controlled by said detecting means for
adjusting the position of said directional means
relative to said craft.
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10. Control apparatus [or a mobile craft com-
prising directional means for collecting radiant
energy, means for detecting a departure of the
craft from the equi-signal zone of a plurality of
directionally propagated fields of radiant energy,
means controlled by said detecting means for
adjusting the position of said directional means
relative to said craft, and means operable in ac-
cordance with the energy collected by said di-
rectional means for varying the heading of the
craft,

11. In apparatus of the class described for use
oh a mobile craft, a directional antenna for col-
lecting radiant energy, and means for receiving
directionally propagated radiant energy and op-
erative when the craft deviates from a course de-
termined by said directively propagated energy to
vary the angular position of said antenna rela-
tive to the craft,

12, In apparatus of the class described for use
on a mobile craft, a directional antenna for col-
lecting radiant energy, means for receiving direc-
tionally propagated radiant energy and operative
when the craft deviates from a course determined
by said directively propagated energy to vary the
angular position of said antenna relative to the
craft, and means operable in accordance with
the energy collected by said antenna for varying
the heading of the eraft.

CARL J. CRANE.
RAYMOND K, STOUT,




