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With the greater aerodynamic improvement of
airplanes, even greater demands are made on
automatic steering devices for aircraft because
the damping of the airplane itself is naturally
reduced more and more. PFurthermore, the in-
creased speed of flight requires a better thres-
hold sensitivity of the automatic steering device
in order to obtain the same accuracy of steering
as before.

With the types of aircraft generally in use un-
til recently, having a high fuselage resistance,
it was sufficient for the correction of the flying
attitude, to obtain a steering impulse depending
upon said attitude in connection with a repeat-
back device. This steerlng impulse in future will
be referred to as ‘“‘an attitude value.” By means
of the repeat-back the rudder angle is made
proportional to the amblitude of deviation from
the norma] flying attitude.

The use of a repeat-back device has the dis-
advantage that with a given devlatlon, the same
rudder angle is always produced regardless of
speed, while with high flying speeds small rudder
angles would be desirable, and with low flying
speeds larger rudder angles, In order to bring
the airplane back into its normal position.

This partlcular fact becomes more and more
imrortant because of the much higher speed
range of modern airplanes, While untll recently
the range between landing speed and cruising
speed was about 100 to 200 km,. per hour, corre-
sponding to a dynamlc pressure range of 1:4, the
present range is 100 to 500 km. per hour and
more, corresponding to a dynamic pressure range
of 1:25.

The repeat-back also has the further disad-
vantage that the steerlng impulses caused by dis-
turbing the flying attitude are weakened by same,
so that the steering effect is not sufficient In case
of disturbances caused by bumpy weather, while
otherwise the steering impulses cannot be made
too large in order to prevent hunting of the steer-
ing apparatus during straight flight.

In order to satisfy the Increased demands
caused by modern airplanes with respect to the
damping of disturbances, the automatic steering
device has to be so deslgned that it can dellver
an additional amount of damping of sufflclent
maghitude. In order to qulckly correct disturb-
ances without hunting, it is necessary to counter-
act the rudder motion at the correct time, and
it is well known, according to physical laws, that
the damping momentum caused by counterac-
tion of the rudder must be proportional generally
to the speed or rate of change of amplitude of
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the disturbance. This means that the counter-
acting rudder motlon produced by the instru-
ment must be produced with sufficient lead as to
time. For instance, If the airplane is thrown off
its course by means of a gust of wind, the rudder
should have its largest angle at the same {ime
at which the angular velocity of the airplane due
to the disturbance reaches its maximum value.
In order to fuiflll these demands, the power con-
trol switch of the steering device has recelved, in
addition to the attitude value, impulses produced
by & gyro responsive to the angular velocity of
the airplane. In connection with & repeat-back,
as it was used with previous Installations for the
limitation of the angular motion of the rudder,
it is retarded in its angular velocity and the mag-
nitude of its motion,

The magnitude of the steering Impulses is lim-
ited by the capacity of the steering device. If
this is surpassed, which means that the sensi-
tivity is made too high so that maximum speed
of the rudder motor is obtained even with com-
paratively small disturbances, then with greater
disturbances the automatic steering device func-
tions as a limited steering device, which means
that in overcoming a disturbance which is only
& small percentage of the total disturbance, the
rudder already moves with maximum speed so
that higher values cannot be obtalned.

In order to obtain an automatic steering de-
vice which will cover the whole range of disturb-
ances, It is therefore necessary that there be ap-
proximate proportionality between the value of
the disturbance and the capacity of the rudder
motor system. On the other hand, it is necessary
to sufficlently strongly hold the afrplane to its
intended positlon so that the correction of the
flying attitude is obtained with the necessary
speed. For Instance, In squally weather the air-
plane should be corrected as much as possible
after one gust of wind before the next gust throws
it off its course agaln,

Furthermore, it I5 necessary in order to ob-
tain correct steering effects, that the several rud-
ders be made to respond with as small a time lag
as possible and that rudder amplitudes obtalned
not only disappear as the airplane returns to its
intended position, but that in addition thereto
an opposite rudder motion be produced propor-
tional to the angular velocity of the airplane In
order to prevent overshooting.

According to the present invention, the above
conditions wil] be correctly handled by the com-
bination of a steering relay independent from
the rudder position with a hydraulic device for
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the control of the steering elements, in such a
way that the steering relay is controlled by means
of an aftitude value impulse generator and by
another impulse generator responsive to angular
velocities, for instance, a spring controlled gyro
which measures angular velocity of the airplane
and, if necessary, also angular accelerations,
while the hydraulic device is deslgned so that it
can yield to exterior forces and so that its speed
generally js proportional to the sum of the steer-
ing impulses.

The device of the present invention obtains a
steering effect which practically has no time lag
and is independent of the speed of the airplane.
The rudder is moved back Into lts original posi-
tion under the influence of the opposing forces
caused by the relative air speed as soon as the
steering impulse produced by a disturbance dis-
appears, without the necessity of obtaining a
counteracting steering impulse, which normally
is necessary with all self-locking steering devices.
To this is added an impulse produced by the an-
gular velocity of the alrplane which would cause
a counteracting rudder angle if the airplane re-
tfurns to its orlginal positlon too fast, so that
this effect produces suficlent damping. In order
to further increase the damping effect of the
automatic steering device, the power valve may
also be controlled by an Impulse proportional to
the angular acceleration. This would cause cor-
rect steering Impulses just as scon as the dis-
turbance starts.

It is very essential for correct functioning of
the automatic steering device that frictlon and
back-lash be prevented. In lts simplest form this
can be done by the use of members which are
stiff in the direction of their effect but ylelding
normal thereto; like, for instance, spring wires
or leaf springs, for the mechanical connection of
the power valve with the steering Impulse gen-
erator. The damping of the gyro, which in turn
causes damping of the motion of the airplane,
can be made free of friction by using as & damp-
ing device for the precesslon of the gyro spring
bellows from which pressure fluid escapes through
a small hole. As the precession angles of the
gyro are small, the gyro frame is preferably car-
rled by leaf springs Instead of the usual ball
bearings In order to further reduce friction.

The above described Improvements permit ob- ©

talning a minimum of frietion, thereby consider-
ably Improving the efficiency of the whole steer-
ing device by decreasing the internal phase shift
caused by friction. The simultaneous use of the
above described means produces a non-hunting
steering device which even in very humpy weather
keeps the airplane In its desired position with
great accuracy.

In the drawings, Fig. 1 is a diagrammatic view,
partly in perspective and partly in section, of
the improved control.

Fig. 2 18 a time-magnitude diagram of the sev-
eral steering impulses,

In Fig. 1 an automatic course steering device
for alrplaneg s shown, in which the steering im-
pulses caused by the azimuth gyro 1 and by the
gyro 2, which responds to angular veloclty and
angular acceleration, control an alr-driven jet
plpe relay 3, which in turn controls a hydraulic
rudder motor system. This consists of a gear
pump 4 for pressure oll and the servo motor 1,
connected thereto by pipes 5 and 8§, as well as the
schematically shown valve 8. The two pipes 3
and 6 are attached to the pressure outlets of
the oil pump. The oll is sucked through a pipe
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g from the sump 10 into the suction part of the
pump, if the pump wheels Ii, 12 and 13 are ro-
tated in the direction shown by arrows. The
pump is preferably driven by an eleciric motor
connected to the wheel 12, but not shown,

In order to move the valve 8, a differential
pressure dlaphragm 14 {s employed which Is con-
nected by means of two pipes {6 and 16 with the
jet openings 15 and 16°, which in turn are
closely adjacent and opposite to the jet pipe 3.
The valve 8 makes it possible to alternately close
the lines 17 and 18 which are fed from the lines
& and 8. The oll pump 4, the valve 8 and the
diaphragm |4 preferably are mounted In a com-
mon housing, the lower part 10 of which s de-
slgned as an oll sump. If, also, the servo motor
1 is combined with the above named parts, the
oil clrculation is ¢losed within itself so that oil
loss because of leaking connections is impossible.

In the mean position of the valve 8, the oil can
flow without resistance through the openings 11’
and 18’ into the sump 10. As soon as the valve
8 is moved away from its mean position, one
line is restricted so that either |n line 5 or 8
there exlsts & pressure which now is acting upon
the rotary motor 1, causing turning of the rotary
piston 19. The rudder 21 iIs connected to the
servo motor by means of & clutch 20.

As shown In the drawing, correspending oppos-
ing chambers of the rudder motor 1 are connected
to the pipes 5 and 8. By coupling the rotary
motor in the direction of the rudder axts, re-
acting rudder moments and practically all bear=
ing friction are eliminated. The piston (9 is
fitted into its housing with great accuracy so
that there are no noticeable pressure losses be-
cause of leakage of ol between piston and walis.
For the same reason, very small oil pressures will
cause appreciable motfon of the piston. A fur-
ther advantage of the rotary motor with respect
to the present cylindrical servo motor is found
in Its space economy.

The amplitude of the rudder 24 is Ilimited by
the dynamic pressure of the alr against the rud-
der, whereby an equilibrium of forces between
the rudder pressure and the steering pressure of
the rudder motor i obtained. The rudder an-
gle, therefore, is substantially proportional to the
motlon of the valve 8. The valve 8, which Is
shown schematically in the drawing, preferably
is designed as a control pln fitted into the hol-
low shaft of the gear pump 4, in which this pin
will conirol together with suitable steering chan-
nels, the flow of the c¢il practically without fric-
tlon or reaction.

Also in the Impulse generator all friction has
been eliminated as far as possible in order to
guarantee the action of the automatic steering
device without time lag. The vertical gimbal
axis 22 of the azimuth gyro | carries a semieir-
cular steering disc 23, which in its mean position
partly covers two jet openings 24 and 25, through
which pressure alr escapes. Directly opposite
the jet openings 24 and 25 are two ports 28 and
21 which are connected to the opposite sides of
a differential diaphragm 28. The four ports 24,
28, 28 and 27 are mounted in a common housing
29, which is adjustable by means of a crank and
worm gear drive In order to enable course set-
ting. -

The diaphragm 28 is attached to the gimbal
frame 31 of the gyro 2 by means of a spring wire
40, which is stiff in the direction normal to the
diaphragm but ylelding in a plane parallel there-
to, so that no back-lash exists. The gimbal
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frame 3t is suspended In the housing by means
of leaf springs 82 and 33 and has a slotted pro-
jection 34 into which a pln 36 projects, which
in turn is mounted on the shaft 35 of the jet pipe
3. In this way the motions of the glmbal frame
31 are transmitted to the jet pipe relay 3 with
considerable multiplication. The jet pipe, in
order to further reduce friction also, may be
suspended by springs.

The gimbal frame 31 carries the gyro bearing
frame 31, the motions of which are damped by
means of a diaphragm box 38, to which it is
connected by means of the member 42 and the
spring wire 43. The amount of damping can be
adJusted by means of a needle valve 39. The
diaphragm box 38 also serves the purposc of rc-
stralning the gyro around its horizonial preces-
slon axis. However, this restralnt is much
weaker than the restralnt around the vertical
precesslon axis by means of the leaf springs 32
and 33.

The operalion of the device is as follows: If
the alrplane is deviating from its intended course,
there is produced, in addition to the attitude
value given by the azlmuth gyro |, an angular
precesslon of the restrained gyro 2 caused by the
motion of the airplane. The gyro precesses first
around its horizontal axis and thereby measures
substant{ally the angular velocity. Af{ the same
time 1t precesses around the vertical axis due to
the precession of the gyro around Its horizontal
axls, and this second precession Is substantially
proportional to the angular acceleration of the
aircraff. As cxplained before, the gyro is strong-

ly restrained around the vertical axis because ;;:

the freedom around this axis must be kept very
small in order to enable the measuring of the
angular accelcration. Considerable multiplica-
tion has been provided between the gimbal frame
31 and the let pipe valve 3 in order to obtaln
the necessary impulses desplte the small angular
motions of the gyro around the vertical axis.

Due to its powerful restraint, the gimbal frame
3t practically can bc considered as rigldly con-
nected to the alrplane. As the aircraft is thrown
off its course, the gimbal frame 31 {ries to main-
taln its position in space due t{o the inertia of
the gyro 2, so that it defiects the leaf springs 32
and 33, thereby causing an angular motion of
the jet pipe 3. The jet pipe moves toward the
rear In front of the port 1% as the airplane
moves clockwise. Therefore, the left-hand part
of the diaphragm of the differential box 14 re-
ceives pressure so that the valve B restricts the
opening (T’. Pressure appears now In pipe 3
which is transmitted to the corresponding sides
of the rotary piston (8. The piston therefore
turns clockwlse and causes a rudder motion
counteracting thc angular motion of the air-
plane.

Besides the impulse proportional to the angu-
lar acceleration, another impulse proportional to
the angular velocity is produced simultaneously,

‘which is transmitted to the jet pipe 3 by the
precession of the gyro 2 around lts horizontal
axis. With the disturbance of the airplane as-
sumed to be in clockwise direction, the gyro pre-
cesses in such a way that it increases the volume
of the damping box 3B provided the gyro rotates
in the direction of the arrow 2’. The damping
of this precession 1s obtained by restraining the
alr which tries to fill the box 38 by means of
the needle valve 39, which genersally Is adjusted
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to obtaln an aperiodic damping of the inherent
perlod of the gyro system. The spring tension
caused by deflection of the diaphragm of box 38
balances the precession moment of the gyro.
The reacting couple acting upon gyro 2 around
the vertical gimbal axis causes a motion of pin
34 towards the front so that the jet pipe again
moves In front of port 195’.

Furthermore, the housing 29 containing the
ports 24, 25, 26 and 21 has moved, due to the
motlon of the airplane, with respect to the sta-
bilized steering disc 23. This opens port 26 more
than port 25. Port 26 is connected by means of
the pipe 26’ with the rear chamber of the box
28, while the front part of the chamber Is con-
nected to port 21 through line 21’. The greater
supply of pressure air to port 26 therefore causes
& motion of the diaphragm towards the front,
whereby the gimbal frame 3i is turned on lis
vertical axils a small amount counter-clockwise.
The jet pipe 3, therefore, is moved further to-
wards the port 15,

The above described actions all are simulia-
neous. However, the maximum amplitudes of
the diffcrent stecring impulses are out of phase
with each other, as shown In Fig. 2. a lsthe angle
of the course deviation; b is the angular veloclty
of the airplane and e¢ is its angular acceleralion;
d is the rudder angle.

The angular acceleration ¢ may be considered
during the steering action as an impulse causing
phase advance which counteracts the unavold-
able delays in the whole steering system, while
the angular velocity b acts to damp the angular
velocity of the airplane. The course devlation, a,
mainly serves for the gradual correction for the
course of the airplane and this impulse, there-
fore Is made smaller than b and ¢ for the normal
frequency of gusts of wind, so that the charac-
teristic of the steering effect approximately has
the shape shown in the dot-dash line in Fig. 2.
The dash line, showing the approximate shape
of the characteristic of the rudder angle, has a
phase advance with respect to the deviation angle
8, which in case of insufficient damping of the
airplane will quickly eliminate any tendency to
hunt.

In a manner similar to that shown for the
course Ssteerlng device, the same arrangement
may be used for the control of transverse steer-
Ing and elevation steering. In place of azimuth
gyro |, a horizon gyro will be used to give atti-
tude values, in additlon to impulses for the ele-
vatlon and impulses depending upon the speed
and banking in curves. As the Inherent damp-
ing of airplanes around the longitudinal and
transverse axes is considerably greater than
around the vertical axis, it will be sufficient In
most cases to provide for the automatic steering
of the transverse and elevation rudders a gyro
measuring only angular velocities with one degrec
of freedom in place of a gyro responsive to angu-
lar accelerations also.

As a source of energy for the gyros in the pres-
ent case compressed air seems to be preferable,
because the steering impulses are also obtained
and transmitted pneumatically. The valve § may
also be controlled electrically without changing
the principle of the invention. It is essential
for proper functioning of the whole device to
secure as little friction and back-lash as possible
for all parts of the lnstrument.

ADAM KRONENBERGER.



