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The' invention refers, in general, to automatic
steering arrangements by which is also meant,
in general, the so-called “regulator’’ arrange-
ments. This 1s Intended egpecially for applica-
tion to automatic control of aircraft.

With automatic steering arrangements for air-
planes, angular speed and In some cases also
angular acceleration as well as eventual further
control values aslde from the control necessi-
tated by the plane’s flying position, are impressed
on the power switch. To attailn a perfect steer-
ing control action, the varlous control impulses
must be tuned to each other’s magnitude.

To facllitate the correct, reciprocal measure-
ment of the impulses, it has already been sug-
gested to include a spring between the control
transmitter and the power switch for the servo
unit. Through the cholce of springs of varlous
stiffness, the Infiuence of the individual control
transmitter on the power switch can be changed
in a simple manner,

The present invention distinguishes itself from
the aforementioned arrangements In that the
resilient, springy connectlon between the con-
trol transmliter and the power switch is so main-
tained under initial tensiom that the spring
vields only after the passing of the highest con-
trol values and limits same, in case of further
deflection of the measuring system, to a con-
stant value.

In this manner, a limltation of the control
value of a desired magnitude Is possible without
changing the sensitivity of the control trans-
mitter. ©On the other hand, a strict linear de-
pendence between the signal departure and the
control value is gained in that only the middle
part of the line indicating the steering direction
is used since the generally sirongly flattened di-
vergence of parangeters is cut off.

The control values can further be made use of
for navigation by means of distant indication.
Up to the present time this was, in general, not
possible as, for example, with automatic steer-
ing a deviation of a few degrees from the set
course the final value of the steering impulse
should be reached while, for the purpose of indi-
cation, such a sensltivity would be much too
great and the greatest indicator deviation is only
desired with a deflection of from 10 to 30 degrees
from the course to be flown.

Further details of the invention are introduced
in the following description of some methods of
adaptation.

Fig, 1 shows schematically an automatic steer-
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1.3

ing arrangement, omitting all parts not neces-
sary for the comprehension of the inventlon.

Figs. 2 and 3 show two further forms of the
spring or ylelding cohnection under initial ten-
sfon.

Flg. 4 1s a diagram illustrating the principle
involved.

In Fig. 1, iD indicates an eccentric control
disc fastened to axis |l which axis is controlled,
for example, by a magnet needle 12, a directional
gyro or ahy other position maintalning or meas-
uring device adapted for impulse generation.
The compressed air, flowing in direction of arrow
{3, hits the two orifices 14 and 15 unequally ac-
cording to the positlon of the control disc 1@,
wherehy a differential pressure is created in
lines 16, 11, Said lines lead to the two sldes of
housing 18 which encloses the control diaphragm
19, and to the housing of the pneumatically
operated course Indicator 19, the motion of
which Is caused by a pressure sensitive measuring
slu;stem, not shown but in parallel to diaphragm

The movements of diaphragm % are trans-
mitted by pin 20 and lever 2%, moving around
fulerum 24, through linkage 23 and 24 to jet
pipe power switch 2§, movable around axis 26
which Is vertical to the plane of the paper.
Compressed air or fluld under pressure is fed
into the jet pipe in the direction of the arrow
11, whereby a differentlal pressure acting on the
plston 30 of the servo 3i is created by the posi-
tion of the jet pipe in front of the two dividing
openings 28, 29, resulting in the relative dis-
placement of the rudder 32, By means of two
centralizing springs 33, 34 the jet pipe is normally
kept in Its central positlon. Its movement is
limited by stops 35, §6.

The right end of lever 22 is fork-shaped. On
each of the two lever ends 37, 38 is a piece 89, 40
conical in shape on the outside and cylindrical
on the inside. Both parts are movable on bolt 41
which is attached to pin 20. Helical spring 50
presses with a certain tension the two pieces 39
and 40 against lever ends 31, 38 and against the
screws 42, 43, respectively, which rest on the
end of bolt 41. Screws 42, 43 are so set that the
transmission of movement from pin 20 to lever
22 takes place without any lost motion.

As long as the power transmitted from dia-
phragm (8 to pin 20 and to lever 22 is less than
the spring tension, the diaphragm motion is
exactly and rigidly transmitted to the jet pipe.
However, if the power necessary to displace the
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jet pipe attains higher values, for example if
the centralizing power of springs 33, 34 over-
powers the tenslon of spring 60 or the jet pipe
hits against the stops, the spring will then yleld
and, according to the direction of motion of pin
20, conical plece 39 or 40 is taken along by nut
42 or by nut 43, respectively, and lifted from
its respective seat. Diaphragm 19 can there-
fore continue to move without moving lever 22,
The spring 1s so designed that its change of
length has no materlal effect on its initial ten-
sion. The transmitted turning moment after
the lifting off of one of the conical pieces 39, 40
remalins practically constant.

The arrangement makes it also possible for the
jet pipe to carry out any possible movements
instde its stops 35, 36, regardless of the position
of diaphragm 19. These movements are derived
from the other measuring device (not shown)
such as, for example, a gyro with two degrees
of freedom measuring the turning speed of an
airplane, For example, when starting a turn by
displacing stationary parts 14, 16 of the control
transmitter of an automatic steering arrange-
ment, the springy, resilient connection transmits
only a fraction of the differential pressure of
diaphragm {9 to lever 22 and thus to jet plpe
26. The precessing rate of turn gyro, due to the
turning of the plane, exerts an opposing moment
on the jet pipe and, through the balancihg of
both impulses, the Jet pipe takes a position such
that the rudder recelves the necessary deflection
for the desired rate of turn.

The turning moment transmitted by dia-

phragm 19 to jet pipe 25 is limited by the initial 3

tension of spring 68, However, the higher con-
trol values are indicated by the course indicator
19’ whose sensltivity Is atuned to the impulse
transmitter 10—I8.

Plg. 2 shows a very similar method of resillent
connection held under initial tenslon., Instead
of the bolt 41 plercing the conical pleces 39, 40,
there Is a fork-like part 41° whose ends 42’ and
43’ rest agalnst the parts 39 and 40 in a manner
similar to that of screws 42 and 43 in Fig. 1.

In the arrangement of Fig. 3, the pin 20 car-
ries a fork 41"’ between whose ends rests pin
44 perpendicular to the plane of the paper. On
lever 22/, at 46, two levers 46 and 47 are ar-
ranged to swing, though normally they lie close
to lever 22' under the tension of spring 68. The
levers 22°, 48 and 47 move together until spring
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60 yields, after passing its initial tension, where-
by only one of the two levers 48, 47 on lever 22"
remaing closed while the other one moves away.

It was shown above that the lengthening of
spring 50, due to its ylelding, should not result in
a marked increase of spring tension. For most
cases this demand can be met through the cholce
of a spring which, unsprung, is definitely longer
in Figs. 1 and 2, or shorter in Fig. 3, than under
initial tension in operating position. However, if
the greatest posaible impulse exceeds the control
value Imit by considerable, and if a very accu-
rate maintenance of the transmitted turning mo-
ment s desired, limit stops 46, 48, limiting the
stroke of the diaphragm, may be supplied and so
set that the motion of lever 22° suffices to move
the connected pPower switch to lts two terminal
positions.

In Fig. 4, the line indicating the steering direc-
tion of the impulse transmitter 10 to 16 15 shown
to indicate the effect so galned, The differential
pressure acts on diaphragm 18 due to its depend-
ence on the course deviation. At points P1 and
Py’, respectively, spring 60 beging to yield so that
the force transferred to fork 22’ takes the course
Indicated by the dash lines. The still remaining,
slowly growing control value transferred to the
power switch originates from the increased ten-
sion of spring 50 due to the great diaphragm
stroke. If, now, limit stops 44, 49 are added, the
curve breaks a second time at points Pz and Pz’
and from there on takes a horizontal course, as
shown by the dotted lilne. As shown by the pro-
Jection of points P1 (P1’) and Pz {P2’) on the
abscissa and ordinates, the Increase of the trans-
ferred moments after the flrst break of the line
indicating the steering direction at points P: and
Pi1’ Is very small, but Is greatly exaggerated in
the pictorial representation. In practice points
P: and P2 would be permitted to merge, which
is permissible because the diaphragm stroke
reaching to point Pi, the Jet plpe must have
reached its position against the stop If no reac-
tion has acted on the centralizing springs 33, 34;
otherwise the deflection would be insufficient.

In place of the pneumatic impulse transmitter
system 10—I15, any other desirable measuring
system may be used, and jet pipe 25 may also be
replaced with another power controller or relay.

WALDEMAR MOLLER.
ADAM KRONENBERGER.



