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It has been proposed to use for automatic
steering devices for aircraft, in addition to an
attitude Impulse necessary for stabilization, im-
pulses relatlng to angular velocity and angular
acceleration in order to obtain the high degree
of damping which is necessary, If the alrcraft 1s
to be Eept with great accuracy to its coordinate
system. It Is possible to use a restralned gyro
which will measure angular acceleration by means
of its precession due to changes of angular ve-
locity. This can be accomplished by measuring
the torque exerted by the rotor bearing frame
agalnst its bearings during precession. There Is
the further possibility of Anding the angular ve-
locity from the amplitude of the precession angle
of the gyro rotor bearing frame of the same gyro-
scope.

The object of the invention 1s a relatively
simple gyroscopic device which permits mutual
adjustment of the Impulse values due to angular
veloclty and angular acceleration, and which 1s
particularly adapted for use as Impulse generator
for an automatic steering device for aircraft.
The gyro is suspended in gimbals and the gyro
rotor bearing frame as well as the outer gimbal
ring are spring restralned agalnst the housing.
The restrainment 1s comparatively weak for the
rotor hearing frame, but very strong for the
gimbal ring, the gimbal ring being connected to
a power control device for transmliiting the two
measured values, In adjusting the relative pro-
portions of the two sets of restralning springs in
order to adapt the device to the particular con-
ditions under which it is to be used, it 15 neces-
sary to keep in mind that the rotor bearing
frame must have sufficlent freedom for precession
in order to be able to transmit to the gimbal ring
a sufficlent reaction as acceleration Impulse, while
the motions of the gimbal frame should be kept
as small ag possible,

In order to prevent osclllation of the gyro sys-
tem, we prefer to provide a damping device which
keeps the rotor bearing frame in a deflnite rela-
tion to the housing. As it is characteristic of a
damping device {o form the derivative of the
measured value, it is possible to increase the im-
pulse due to angular acceleration If the damping
device is so arranged that it acts In the same
sense against the gimbal frame as the torque

resulting from the bearing pressure of the rotor

bearing frame. This is the case If the damping
device Is arranged in one of the two angular sec-
tions which extend from the precesslon axis of
the rotor bearing frame in the direction of rota-
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tion of the gyro to the main gimbal axis, a3 may &5

be proved easlly from the theory of the gyroscope.

In order to obtain an impulse due to angular
velocity, the restraining spring for the rotor bear-
ing frame must be so arranged that es the spring
is loaded, & torque around the mafin gimbal axls
is exerted on the glmbal frame. In order to add
the angular velocity impulse to the angular ac-
celeration Impulse in the correct sense, the point
of attachment of the restralning spring must be
located in the same or at least in the dlametrically
opposite angular section as is the damping device.

As it Is necessary, with a view to the correct
functioning of the device, that the movements
made by the gimbal frame should be very small, 1t
is imperative to provide suspension of the gyro
free from back-lash and without any lost motion,
and furthermore, frictlon must be limited to the
minimum. These requirements are fulfilled In
the further development of the invention by using
leaf springs or spring wires as suspension means
for the glmbal frame and for the linkage attached
to the gyro.

It was found that due to the ylelding of the gyro
around the main gimbal axis, there 1s sensitivity
to angular velocitles around an axis in the plane
of measurement vertical to the gyro rotor axis.
It 1s possible to compensate for this often dis-
turbing influence by inclinlng the axis of the
gyro rotor bearing frame against the plane of
measurement. As shown by a vector dlagram
and confirmed by experience, the Influence of the
disturbing angular velocity 1s eliminated if the
point at which the spring attaches to the rotor
bearing frame is located In the plane of measure-

5 ment going through the point of intersection of

the gimbal axes, which, in the case of an auto-
matic course steering device, 1s In the horizontal
plane going through the Intersection of the
gimbal axes. The same ls true also for the polnt
of attachment of the damping device which, for
practical reasons, preferably is arranged dia-
metrically opposite to the point at which the
restraining spring is attached.

It 1s recommended that the mechanical de-
sign of the device be arranged In such a way that
the gyro and the power transmission device which
transmits the measured values are mounted on a
common frame or base plate, and that with ver-
tical arrangement of the gimbal frame the same
be suspended by means of leaf springs from a
separate carrier frame mounted on the base plate.
In order to make vertical dimensions small, it 1s
possible to let the lower part of the last men-
tloned frame project Into the base plate.

Especially characteristic of the embodiment of



2

the invention as shown in the drawings, illustrat-
ing a pneumatically driven device, is the arrange-
ment of air passages inside of the mounting plate
through which air is conducted directly to the
parts using the air without any pipe lines. In
this way a compact arrangement is possible which
is easily manufactured and assembled.

Further details of the invention will bz ap-
parent from the following descrintion of the em-
bodiment thereof.

Fig. 1 is g side elevation of the device after a
protective cover shown in dazh lines has been
removed. The gyro is mounted in an inclned
position on the mounting plate, shown partly in
section, and the mounting plate itself is mounted
in an Inclined position on & separate frame.

Fig. 2 Is a view from above without the frame.

Fig. 3 is a view from below,

Fig. 4 1s a perspective view of the instrument.

Fig. 5 is a section along line 5—5§ in Fig. 1, and
shows the arrangement of the leaf springs for
the gimbal frame.

The gyvro rotor Il is air driven and is gimbaled
on a horizontal spin axis in a frame 12, waich in
turn is carried by the gimbal frame 13 in pivots 14.
The gimbal frame is arranged inside of the rotor
bearing frame 12 and has a rubber covered stop
pin 13’ which serves the purpose of limiting an-
gular precession of the frame 2. The gimbal
fratne is mounted in another frame 15 by means
of leaf spring 16.

As shown in Fiz. 5, the leaf spring i5 of the
upper suspenslon is mounted against a machined
surface of the frame 15 by means of a bolt {7 and
a washer 17’. The other end of the spring is
connected by means of bolt 18 and washcr (8’
to a projection 13’ of the gimbal frame (3. The
lower suspension of the gimbal frame is designed
as an exact equivalent. In Fig. 4, at {7, one of
the two mounting screws for the leaf spring may
be sgen.

The frame I5 has two projections {9 by means
of which it is mounted on the machined surface
20 of the base plate 2. As seen from Fig. 1, the
suspension frame I5 projects at 22 through the
frame-like base plate 21, which has ribs 23. This
arrangement allows secure fastening of the sus-
pension frame 15 and a lower height of the gyro
unit. Openings 24 provided in the suspension
frame 15 on both sides afford easy accessibility
to the bearings 25 of the gyro rotor axis, whici
are threaded into the frame 2.

The gyro drive jet 25 is attached directly to a
machined surface 26. The compressed air is fed
to the jet through a passage 27 in the base plate.

The gyro is spring restrained around both gim-
bal aXxes. The comparatively weak restraint of
the bearing frame 12 Is obtained by means of a
leaf spring 28 which is attached to a bracket fas-
tened to the base plate at 29. By shifting of a
clamp 32 attached to the bracket 38 by means of
a screw 31 (Flg. 2), the effective length of the
leaf spring may be adjusted so that the restraint
of the rotor bearing frame 12 may be changed.
The leaf spring 28 is attached to a projection 35
of the frame 12 by means of two spring wires
33 and 33’ and a stiff intermediate member 34.
The distance of the point of attachment from
the axis of the plvot 14 is comparatively small so
that the spring has a siiort lever arm &nd 1s not
greatly deflected.

In & similer way, on the other slde of the framne
i2 there is provided a projection 36 (Fig. 1) which
is arranged below the pivot bearlng 8" and
which, with respect to the rotor spin axis. is lo-
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cated diametiically opposite to the projection 3%,
Conneeled to the projection 36 by 1nerss ol a
similarr snring device 37 is a different'ni - er-
sure diaphracm system wiich s+ries Lhe par-
pose of damping osclllptions of the gyro are.nd
the secondary gimbal axis 1d—14. I the dic-
phrazm housing 38 (Fig. 2), in the m'adle of
which a m=tal diaphrogm (not stiown} is morni-
ed, there is on each side a »ole 39 (Fiz. 4 the
cross section of which is adjustable by means of
needle valves 45. In this way tlwe entrance and
exit of air in the twa chambers of the lLc.osin:,
may be adjusted in order to obtain ihe desired
amount of dainping, The use of a mata! dia-
phragm for the damping of osciliations of (e
gyro rotor frame has the advantags of being f1ee
frof {riction as comlnpared with the piston dam»H-
ing devices employed.

The diaphragm housing 38 is carried by s small
bracket 41, which also carries the relay con-
trolled by the precesslon amplitudes of the gyro.
A pneumatic jet pipe 42 has been provided, which
in known manner Is arranged opposite (o two
ports 43 and 44 which are contained In the dls-
tributor 43. In the mean position of the jet
pipe, there is equal pressure in the two channcls
43" and 44’ which are connected Lo the two nip-
ples 46 and 47. As the jJet pipe is displaced from
its mean position, a differential pressure is cre-
ated in the lines which operates a rudder motor,
if necessary, through a second relay. The nip-
ples, as shown in Fig. 4, are threaded and are
shown with protective caps in all other figures.

The let plpe 42 is suspended from a projaction
41’ by a bracket 41 by means of g leai spring 48,
free from friction. The member 49 attached to
the jet pipe Is connected to the lever 50 by means
of a multiplication leverage not shown in detail
but consisting of a suitable arrangement of leaf
springs. The lever 50 is actuated by m2ans of a

“ spring wire 51 from the gimbal frame §3,

Because of the large multiplication beilween
the gimbal frame and the jet pipe, the suspen-
sion spring 48 of the jet pipe together wit.: the
other leaf springs in the linkage provide consid-
erable restraint for the gimbal frame 13, which
very often is considerably stronger than the re-
straint produced by the suspension spring 5. Ti
therefoire may be assumed in first approximation
that the gimbal frame, as compared witil thie
restraint of the frame 12 by means oi spring 28.
is rigidly connected with the base plate 21 and
extremely small turns are sufficient to move the
jet pipe 42 in front of one or the other of the
ports 43 and 44.

Asg may be seen in Flgs. 2 and 4, tiie gitbal
frame has on its lower righthand side a rein-
forced member 52 which carries a fork 53. The
end 54 of the fork (Figs. 2-1) forms a mount-
ing point for the wire §i, establishing the con-
nection with the damping device 38 while the
other end of the fork 55 1s connected to 2 crank
56, 56", which is carried by two leaf springs 57
and which may be oscillated around an axis 58.
The leaf springs 571 are connected at one eud to
the crank 5% and at the other end to tie columns
60 of a metnber §9 which is mounied ca the base
plate 21.

The other end 88" of the crank ls connected
by means of a shaft 61 (Fig. 4) with a fork 62.
This fork is moved by w differentinl pressure dia-
phagm located in a dlaphragm housing 63 mount-
ed from below in the frame-ltke mounting plate
20, The vertlecal movements of the dlaphragm
wre trantlated into teteral movements by nresms
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of the crank 68, The dlaphragm housing 63 has
two nipples 83 and 8% (¥Fig. 3) which fit into
corresponding openings of the mounting plate 21.
The two chambers of the housing 83 thereby are
directly connected to passages 64 and 66 cast Into
the mounting plate, which In turn are connected
to external nipples 88 and 67.

The dlaphragm enclosed in the housing 63 Is
controlled by means of an azimuth gyro, which
in known manner produtes a differential pres-
sure as the aircrafit deviates from its course.
Course deviations therefore result in a pressure
against the diaphragm which, by means of the
linkage, 62, 81, 58", 68, is transmitted to the free
end §5 of the crank, which in turn is rigidly
econnected to the glmbal frame 13.

Before the operation of the device is described,
the following additional remarks must be made:

The jet pipe brecket 41 and the distributor 45
are directly mounted cn the base plate and there-
by connected to passages provided therein In a
manner simllar to that deseribed for the gyro
drive fet 25 and the diaphragm housing 83. The
passages B8, shown in Fig. 2 by dash lines and
leading to the Jet pipe 82, are connected by
means of a hole 88’ with the same passage 27 in
Fig, 3 which also serves the drive jet 25. The
supply of compressed air for the passage 27 Is
obtained from a connecting nipple Tl. In order
to be able to adjust separately the pressure for
the drive jet and for the Jet pipe, two needle
valves 89 and 70 have been provided, one in the
passage 88 and the other one adjacent to the
drive jet 25. The operator therefore is in a posi-

tlon to change the gyroscopic effect of the gyro ;

by changing its speed and alsc to change the
maximum differential pressure in the passages 43°
and #4°’, The steering effect of an automatic
steering device for alrcraft becomes more rigld
&5 the gyroscoplc effect s increased and the steer-
ing characteristic of the serve motor becomes
stiffer as the pressure in the passages 43’ and 44’
is increased.

The distributor 45, which carries the ports 43
and 44, is fitted to the machined surface 12
(Figs. 1 and 4) and has on its under side two
openings 13 and 74 (Figs. 2 and 3) which are
connected to the passages 43" and 44’ in the base
plate. In order to line up the jet pipe 42 accu-
rately with the ports 43 and 44, the jet pipe itself
may be shifted by changing the length of the
connecting member §i. Because of the extreme-
ly high multiplication between the gimbal frame
and the Jet pipe, the adjustment is, however,
obtalned more easlly by shifting the distributor
46. TFor this purpese it is possible to shift the
same by means of screw 78 against the pressure
of a leaf spring 15, after loosening the two hold-
ing serews 1T which, during the adjustment, guide
the distributor perpendicularly to the jet pipe,
for which purpose slots extending in the direction
of movement (not shown) are provided in the
distributor instead of holes.

A tover 18, shown in dash lines in Fig. I, cov-
ers the gyro for protection. Also the base plate
is covered from below by means of a thin cover
(not shown). Nuts 85—87 are used for simul-
taneous fastening of the top and bottom covers.
In such a completely enclosed condition, the de-
vice is mounted on the frame 79 which previously
has been attached to the floor of the airplane.
Universal mounting is obtained by a three-point
suspension. ‘The mounting employs rubber links
83 and 84 which yield in case of hard shocks, but
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which have comparatively little spring action 75
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because the gyro must follow all motions of the
airplane in order to obtaln good steering actlon.

The operation of the gyro as an automatic
steering device for eourse steering for aircraft is
as follows:

As the alrplane turns around its vertical axls,
the rotor frame [2 of the gyro precesses In a man-
ner similar to that of an ordinary turn indicator
gyro around the second gimbal axis 14—14, while
flexing the restraining spring 28. This results
in a torque around the main gimbal axis as the
spring exerts pull or push on the vertical gimbal
ring 13 by means of the frame 12. Simuliahe-
ously a torque 15 exerted on the gimbal frame re-
sulting from the precession motion of the frame
12 in the same sense, whereby the jet pipe 42
is displaced in a corresponding sehse.

Because of the course deviation, a differential
pressure has also been created in the passages
43" and 44’ due to the action of the azimuth
gyro, which by means of the diaphragm enclosed
in the housing 83 exerts a force against the pro-
jection 55 of the gimbal frame (3. Furthermore,
the reaction of the damping device 38 acts upon
the rotor bearing frame 12 and thereby upon the
main gimbal frame. All these steering impulses
are s¢ arranged in their direction that they add
up. I the airplane moves In the direction of
the arrow 88, then the gyro, which rotates in the
cirection of the arrow 89, precesses in the known
way as the airplane turns to the left, or clock-
wise as seen in the direction of flight. The torque
resulting from the restraining spring 28 there-
fore also acts clockwise as the gyro is viewed
from above. As the connecting link 37 in Fig, 2
moves upward with the precession motion of the
gyro just deseribed, 1t is obvious that this torgue
also acts in the same sense against the gimbal
frame 13. But the motion of the glmbal frame
due to the precession motion of the rotor bearing
frame follows in the same sense, which may be
seen very easily If the whole gyro system Is
imagined as a mass with an Inertia artificlally
increased many times., If is then evident that
the gitnbal frame must move relatively to the
right as the airplane turns to the left, thereby
trying to maintain its position in space. The im-
pulse obtained from the course diaphragm 83 is
so added to the above described action that a
pull is exerted on the forked end 55. This means
that there must be excess pressure in the lower
diaphragm chamber which Is connected to the
nipple 671.

The clockwise motion of the gimbal frame 13
causes jet plpe 42, by means of the mechanical
multiplication, to move a mueh greater amount
to the left. This causes excess pressure in pas-
sage 43’ which by means of nipple 46 is con-
nected to an intermediate relay or directly to the
rudder motor, which now turns the rudder of the
airplane towards the right in order to thereby
eliminate the deviation from course.

As already described, the inclination of the
gyro against the horizontal is used in order to
eliminate the influence of angular velocities
around the longitudinal axis of the airplane,
For this purpose the connecting point 35 of the
restraining spring and 36 of the damping device
are so placed that the connecting line is located
in the horizontal plane and goes through the
gyro rotor axis. All rolling motions then are
without disturbing influence, which may be ex-
plained most simply by the fact that the effec~
tive lever arm of the restraining spring or the
damping respectively, has been made zero he-
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cause the points 85 and 86 have zero distance
from & horlzontal plane through the gyro axils.

As may be shown by vector analysis, the angu-
Jar velocity of the roll, in case of still further
inclination of the frame, would act in & support-
ing sense, that is, in case of a rolilng motion in
counter-clockwise direction resulting from the
attempt of a normal airplane to go into a counter-
clockwise curve, the effect of the roll would pro-
duce a jJet pipe displacement to the left in the
same sense as produced by a reaction of the gyro
to the turning around the vertical axis of the air-
piane.

This gyro device may be used for the stabiliza-
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tion of an airplane around the longitudinal axis
or the transverse axis in the shme manner as
described for the vertlcal axlis. In most cases
the natural damping of the airplane around the
two axes just mentioned is so great that the auto-
matic steering device only needs to be equipped
with 2 normal turn indiecator gyro, while for
course steering, because of the very small natural
damping around the vertical axis, it s absolutely
necessary to use angular acceleration values
caused by the motion of the gimbal frame.
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