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The invention relates to improvements In de-
vices for controlling precessional forces in gyro-
scopes. The Invention refers particularly to a
device for controlling precessional forcesin which
the precessional force is counterbalanced by an
auxiliary force controlled by that brecessional
force, sald force being for instance s pneumatic
force.

Arrangements hitherto known have only been
adapted to compensate for unidirectional preces-
sional forces, In order to make such arrange-
ments responsive t¢ forces opposed In direction,
a spring force was appled to the gimbal ring of
the gyroscope causing a deflection of the gimbal
ring, the deflecting tendency being counteracted
by some force controlled by the deflection of the
gimbel ring so that even in the absence of any
precessional force an auxillary force of a pre-
determined amount was necessary for balancing
the tension of the spring. The use of such
springs, however, has the following disadvan-
tages: The measurement Is dependent on the
temperature as the spring tenslon varies under
the influence of the temperature, of the aging of
the spring and of the auxillary force in as much
as—if the precessional force remains constant—
fluctuations In the latter affect the amount of
the deflection of the gimbal ring necessary to
produce the balancing force so that the spring
characteristic influences the measuring result.
Purther aims, objects and advantages of the pres-
ent invention are revealed in the following de-
scription of the Invention with reference to the
accompanying drawings, of which

Fig. 1 represents a side elevation, partly in
cross sectlon, of a turning Indicator gyroscope,
and

Fig. 2 a modification of same Nkewise partly
in cross section.

Fig. 1 shows the gimbal ring 1, which is turn-
ably mounted in the support 28 about the axis
3. A gyroscope 2 Is turnably mounted on the
gimbal ring | about an axis T perpendicular to
the axis 3 of the gimbal ring. Said gimbal ring
represents & two-armed lever, one arm 4 of which
carries a rubber plece b to which are secured
two leaf spring contacts 6 and 1, A polarized
relay 1s provided having two permanent magnets
NS and N'S’ connected by a soft iron core 8 and
having a soft iron armature 9 which 1s turnably
mounted with its one end on the middle portion
of the soft iron core 0 thereby polarizing the free
end of the armature 8, said armature carrying
at its free end two contacts 10, 11. Two colls
12, 13 mounted on the two legs of the core 9 are
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serles connected to the alternating network RS in
such a mannher that, if the polarized relay is
exclted by alternating current from the network
RS, the armature 8 osclllates between the con-
tacts B, T without touching same.

The two contacts 6, T are connected via resis-
tors 14, 16, respectively, to the ends of a poten-
tiometer resistance 18 fed by a direct current
source B and having a center tap 18, a d.c. re-
sponsive Indlcating Instrument 19 of the moving
coll type and a movable coreless coil 20 being
connected in serles between sald center tap I8
and said armature 8 The coll 20 is secured to
the other arm 2} of the gimbal ring | and rec-
tilinearly movable in the magnetic fleld of the
permanent magnet 22 thus forming a counter-
balancing system. The gimbal ring is supported
$0 g5 Dot to be subject to any force in the absence
of the precessional force and the auxilary
force—the Iatier being in this embodiment the
electric power source B, so that the movement of
the gimbal ring remains unaffacted by any re-
setting force.

Be it assumed that the gimbal ring [ 1s turned
about the axis a—b lying in two vertical planes,
one passing through the axis 3, the other passing
through the axis t7, the gimbal ring 15 deflected
about its axis 3 as indicated by the arrows ¢ or
d. Thus the contact 6 of the lever 4 touches peri-
odically the contact 10 of the armature 9, or con-
tact T and the lever perlodically touches contact
{1 of sald armature, the frequency of the contact
closing corresponding to the alternating current
frequency of the network RS8. Thereby the fol-
lowing circuit is perlodically closed: Center tap
18, movable coil 23 of the indicating instrument
18, coil 20 of the counterbalancing system, arma-
ture 8, contact [0 or 11, respectively, contact 6
or 1, respectively, resistor 14 or 15, respectively
and the positive or negative terminal, respec-
tively, of the d.c. source B. In consequence
thereof a force acts on coil 20 counteracting the
precesslonal force, thereby returning the gim-
bal ring until the contacts 10 or Il of the oscil-
lating armature 9 no longer touch the contacts 8
or 1. Under the influence of the precessional
force the aforementioned eircult is periodically
re-established. The mean value of the current
in the coil 20 and In the movable coll 23 of the
indicating instrument |12 depends on the duration
of the confact between the armature 8 and the
contacia 0 or 1, respectively, and said duration
in turn depends on the contact pressure which
Increases In proportion to the gimbal ring de-
flection, Hence the mean value of this current
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is an exact equivalent of the amount of the pre-
cessional force and therefore of the rate of the
tuming about the axis ¢—b, In this way the
precessional movement 1s counterbalanced by the
electrodynamic counterforce of the system 20, 22.
In order to avoid hunting of the device, dampen-
ing means are provided comprising a fluid-filled
vessel 24 and a piston 25 movable thereln and
fastened to the free end of the gimbal arm 21.

If no a.c. is available for exciting the polarized
relay, such current may be dispensed with. If
precessionsl forces are present, the system begins
to swing automadtically thereby establishing the
necessary contact. In such case the frequency of
oscillation increases according to the amount of
the precession moment to be balanced.

In order to avoid mechanical reaetion on the
gimbal ring in consequence of the closing of the
contacts, the armature 9 or the contacts 6, T are
resiliently mounted. In the case of equal con-
tact pressures, the contacts supported by rubber
contact cerriers allow manifoldly greater cur-
rents to pass than metallic contact springs while
in addition the current flows mere evenly. To
avoid shocks, stops 26 and 27 having rubber
pads are provided for limiting the movement of
the armature of the polarized relay. In this way
sinuseidal armature oscillations are obtained in-
stead of rectangular oscillations resulting in an
even current flow in the coil 20 and the indicat-
ing Instrument 19,

According to Fig. 2 two toothed segments 30,
31 are arranged symmetrically relative to the
gimbal axis 3 and rigitdly coupled with the gimbal
ring | of the gyroscopie turning indicator. One
of said segments, 31, drives a gear wheel 33
mounted on an axle 50 around which a coil 32 is
rotatably mounted In the magnetic fleld of an
electromagnet 34 fed from the a. ¢. network RS,

coli 32 being wound about an axis 53 perpendicu-

lar to the axis §0. The other toothed segment 30
meshes with a gear wheel 35 secured to the axle
51 of a Ferraris motor 36 possessing a drum §2
driving the gear wheel 35 and has exciting colls
37, 38 the axes of which are perpendicular to
each other, coll 37 being fed by the alternating
network RS while the other coil, 38, is fed by the
alternating electromotive force induced In coil 32.
A capacity 60 is provided for producing the nec~

10

15

20

25

20

35

40

45

essary phase angle of the exciting currents in g

both exciting coiis 37, 36. Also in this case the
gyroscope is mounted so as not to be acted upon
by reactionary forces, i. e. In the absence of pre-
cessional and auxiliary forces the gimbal ring

may be turned about its axis 3 without hindrance &5

by any resetting force.
In the normal position the winding axls 53 of
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the coil 32 is perpendicular to the axis of the
maghetic Induction field 34 so that no voltage is
induced in the coil and the Ferraris motor 36 is
at a standstill. If however a precessional mo-
ment acts on the gimbal ring, the coil 32 will be
rotated so that an alternating -electromotive
force is induced in said coil, the phase thereof
being reversed when the direction of the preces-
slonal force is reversed. .As the winding 38 of the
Ferraris motor is fed by this electromotive force,
the Ferraris motor starts to run and turng back
the toothed segment 30 and the gimbal ring I.
In this way an equilibrium is established between
the precessional moment and the moment of the
Ferraris motor. ‘Therefore the value of the volt-
age induced in the balanced condition is exactly
proportional to the value of the precessional force
and hence to the angular velocity. This voitage
is measured in a direction responsive measuring
ingtrument, for instance a second Ferraris motor
39 having a drum armature 42 and exclting coils
40, 41, coll 40 and coil 37 being fed in serles from
the network RS, coil 41 and coil 38, on the other
hand, being fed in series by the voltage delivered
by coll 32. The drum armature 42 carries a gear
wheel 43 meshing with the toothed segment 44
rotatably mounted about an axle 45. T'wo springs
46, 47 exert a certain reactionary force on the
segment 44 and hence on the drum 42. The di-
rection responsive deflections of the second Fer-
rarls motor are a direct equivalent of the amount
and the dlirection of the precessional force to bhe
measured. The toothed segment 44 may carry
a jet pipe 48, this being part of a jet pipe relay
known per se supplying amplifleq fluld pressure
Impulses for actuation of a pressure means servo-
motor 8§ for the adjustment of a controlled mem-
ber, for instance an aircraft rudder 56, in re-
sponse to the angular velocity influencing the
gyroscope.

The invention is not restricted to cases in which
the deflection of the gimbal ring represents the
controlling impulse, but it may for example also
be employed in an arrangement disclosed in the
Patent No. 2,007,515 in which the precessional
frame carrying the processlonal gyrpscope is ro-
tatable about an axis at right angles to the axis
of the gyroscope rotor and to the precessionsl
axis of sald gyroscope, whilst the means provided
to control a fluid pressure according to the pres-
sure produced In the bearings of the precessional
frame—when sald gyroscope precesses—may be
formed in accordance with the invention, so that
also in this case spring forces counteracting the
impulse may be dispensed with for determining
the turning acceleration.
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