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Published May 4, 1943

Serial No. 381,604

ALIEN PROPERTY CUSTODIAN

GYRO GONTROL AFPARATUS

Friedrich Lanek, Liibeck-Travemiinde, Germany;
vesied. In the Alien Property Custodian

Application filed March 3, 1941

This invention. relates. to gyro contrel appa-
ratug, and more particularly to.means for stabiliz-
ing a rotor of a gyroscopic horizon.

In gyroscopic herizons. heretofore prepoesed for
use in vehicles such_as. aircraft, means have been
employed. for malntaining the axis of rotation of
the gyro rotor in. the true vertical comprising, for
example, pendulums which upon a deviation of
said. axls. of rotation from the vertical actusate
torque producing means which-exert turning mo-
ments, upon said rotor causing it to precess back
into the desired position. The pendulums, of
course, are mounted upon a suspemsion for the
rotor in such. a manner that they respond to
movements of the rotor from the-predetermined
nposition. The pendulums in prior devices have
governad, for example, air ¢urrents, the reeoil of
which is adapted for exerting a turnhing mcment
about one or the other of the axes of the rotor
suspension about which precession occurs, such
aXes being known as, “precession axes”. A turn-
ing moment acting aboul one of said axes pro-
duces a precessing moment about the other of
these axes. In prior apparatus of this character
there have a'so been employed pendulums. which
control magnetic fislds produced, for example,
by direct current, which exert moments upon the
gyro rotor suspension for causing precession into
a.desired position. In most of these devices it has
been necessary to have a separafe source of energy
for driving the gyro rotor and. for exerting said
moments, thereby complicating the apparatus
by necessitating at least two different systems for
conducting energy. Also, magnetic fields created
in. the above devices have proved disturbing to
magnetic instruments adjacent thereto, for ex-
ample, on the dash board of an aircraft.

One of the objects of the present invention is
to provide novel means for maintaining a gyro
rotor {n a predetermined position, which means
Have no disturbing effect upon adjacent magnetic
instruments. '

Another object of the invention-is te vrovide a
novel gyro stabilizing apparatus which is ex-
tremely simple.

A further objlect is to provide a novel device for
controlling the position of a gyro rotor, which is
ltght in weight, and compact; therefore especially
adapted for use aboard vehicles such as aircraft.

An additional ohject is to provide novel means ;

for stabilizing an artificial horizon, which means
are extremely sensitive, '
Another object i5 to provide a novel stabilized
navigational apparatus which is impervious to
magnetic flelds external to seid apparatus.
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A still further object is.to provide nove] means
of’ the above. character which emplay a common
source of energy far stabilizing & gyro rotor and
for driving the rotor,

The above and: funther objects and novel fea-
tures will more fully appear from the following
detailed descriptien: when the latter is read in
ecnnection with the acecompanying drawings. Tt
is to-be expressly understood, however, that the
drawings are for purposes of i'lustration cnly and
are not intended as a definition of the limits of
the invention, reference for this latter purpose
being:had toe the appended claims,

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

Fig. 1 is a isometric view with parts breken
away of one :mhodiment of the present inven-
tion;

Fig: 2 is a diagrammatic lllustration of a part
of: a. stabilizing means which is employed in the
present invention:

Fig. 3 1s a dlagrammeatic illustration of means
employed in Fig. 1 for controlling a position of
the gyro retor about one of the axes of a suspen-
sion therefor;

Fig, 4 is. a diagrammadic view of meahs em-
played in Fig. ! for contralling the poesttion of the
gyro about another of the axes of a suspension
therefor;

Mg. 5 is a sectional view with parts breoken
away, of a portion «of the embodiment of Fig. 1.
showing a portion of the stabilizing means;

Fig, 6 is a.wiring. dlagram of means employed
in the present.invention for indicating the posi-
tion of the gyro rotor;

Fig, 7 is.a detailed view perily in sectien and
with narts broken. away of current conducting
means for the gyroscepe; and

Flg. 8 is a. diagrammatic illustration of a face
plate to be employed with the present invention.

The form of the invention {llustrated in the
accompanying drawings, by way of example, com-
prises means for stabllizing the position of a gyro
rotor In gimbal rng suspension, the gyro rotor
being emploved to esteblish an artificial hcrizon
for vehlcles such ng aircraft. The elmbal ring
suspensiorn includes an inner and an ocuter
gimbal ring, each having conventicnal trunnions.
A stationary member is employed for supporting
the trunnlons of the cuter ring. Stabilizing
torgues are exerted upon -the rotor suspension by
means of field coil members which create rotat-
ing electric flelds. The latter cooperate elec-
trically with suitable armalure members in re-
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sponse to movements of the rotor from & pre-
determined position. Means are mounted upon
said outer ring for creating a rotating fleld which
iz adapted for electrically coacting with an arma-
ture mounted upon said statlonary member In
response to movement of the rotor about the
axls of the inner gimbal ring trunnions. A pen-
dulum responsive to movement of the rotor about
sald axis governs this fleld creating means, An
armature is mounted upon the outer ring and is
adapted for electrically coacting with a rotating
fleld created by a fleld coil member mounted upon
the inner ring In response to movement of the
rotor about the axis of the outer glmbal ring
trunnions. A pendulum which is responsive to
movement, of the rotor about the last-named axis
governs said fleld coll memher. Bultable means
are provided for indicating the posltion of the
rotor relative to the horizontal and for adjusting
a zero or reference position thereof.

In the embodiment shown, the apparatus for
establishing an artificial horizon is constituted by
a rotor (not shown) in a suitable housing 10
which is employed as an inner gimbal ring hav-
ing trunnions il. The latter rest in a conven-
tional manner upon a gimbal frame 12 having
trunnions (3 which are supported by suftable
bearings upon s stationary member (4, The axes
of trunnions (1 and 13 comprise respectively the
transverse and longitudinel axes of the appa-
ratus.

Operatively connected to one of the outer
trunnions 13 is an Indicator element 15 which
provides a reference horizontal line from which
transverse inclinations can be measured. An
arm |6 is provided adjacent member {5 for indi-
cating fore-and-aft or longitudinal inclinations.
The arm is operatively connected to the rotor
and suspension by means of & lever 1T which 1s
rivotally mounted upon ring (2 at 19 and pro-
vided with a slot 17a, the latter being engaged by
a crank lever 1§ attached to one of the inner
gimbal trunnions (1,

SBultable means are provided for causing the
rotor to precess about the axls of trunnions i1 in
response to deviations of the rotor from a desired
position comprising a fleld coil member 20 or ro-
tating fleld generator having three coils, I, II, and
ITI, preferably mounted upon cores 21, 22, and 23,
respectively. which are of laminated construc-
tion. Coll IIT is preferably disposed adjacent but
in spaced relation to one side of an armature 24,
to be described hereinafter, whereas cofls T and IT
are upon the opposite side of the armature (Fig.
1). Cores 21, 22, 28 are mounted upon a bracket
25 which is rigidly attached to the outer ring 12
in such a manner that the cores and colls there-
on are angularly shiftable with sald ring about
the axis of trunnions 3. The colls are ener-
gized by a three phase current and are electrl-
cally Interconnected, for example, in a Y con-
nection (Flg. 2) having leads 26, 27, 20, respec-
tively, connected to coil II, a central point of the
Y, and to eoll TII. The three phase current is
preferably employed for driving the gyro rotor in
addition to energizing the field generator.

In order that the fleld generator be able to
exert torques in both clockwise and “counter-
clockwise directions in response to deviations of
the gyro rotor from the horizontal in clockwise
or counter-clockwise directions about the trun-
nions I, 8 pendulum 29 of the mercury type Is
provided for controlling a flow of current to coil
I The strength of a fleld produced by colls IT
and III is numerically one-half as great and
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opposite In direction to that of colls T and III.
Consequently, 1f the torque of colls II and ITT is
+T, then that of coils I and I will be —2T,
producing a resultant of —T.

The pendulum 29 (Fig. 2) comprises, for ex-
ample, & glass tube 30 of circular shape, having
two electrodes 31, 32 fused thereln. Within the
tube Is a throttle or restricted portion 38 for con-
trolling the movement of a mercury mass 34,
The pendulum is preferably mounted in such a
manner that mass 34 moves about the axis of
trunnions I a3 a center.

The armature 24 which is fixedly mounted
upon stationary member {4 1s employed for elec-
trically coacting with the fleld of member 20 to
produce the above mentloned torque or turning
moment about the axis of trunnions 13, therehy
causing precession about the axls of trunnions
II. In the form shown, armature 24 is semi-
circular in shape, is preferably of copper or
aluminum, and is In the plane of angular motion
of the rotating fleld generator 20, or in a plane
parallel thereto.

Analogous torque producing means are pro-
vided for causing the rotor to precess about the
axis of trunnions 13 in response to deviation or
movement of the rotor from its predetermined
position about the latter axis, comprising a fleld
coll member or rotating fleld generator 35 (Flgs.
1 and 4) mounted by means of a suitable bridge
or bracket element 36 upon the housing 186,
Member 35 Is constituted by cores 21°, 22, 29,
and coils I’, II’, and IIT’ analogous to those ahove
deseribed in construction and interconnection.
This rotating fleld generator electrically cooper-
ates with an armature member 37 which is rigidly
mounited upon the outer gimbal ring 12, Member
31 is preferably semi-circular in shape, as is
armature 24, and is in the plane of angular mo-
Hon of fleld coll member 35 or in a plane parallel
thereto. The member 36 is therefore adapted for
angular motion about the axls of trunnions I,
whereas member 37 cannot move about the axis.
The coils I, II’, III* are disposed relative to
armature 37T in a manner analogous to that of
colls I, IT and ITII relative to armature 24.

A mercury pendulum 36 which 1s mounted upon
housing 18 &t a point 90° removed from pendulum
29 Is employed for contirolling the action of fleld
coil member 3% in a manner similar to that of
the latter pendulum,

Suitable means are provided for “picking up”
or communicating to an indicator the position of
the gyro rotor relative to the eraft comprising,
for example, a potentiometer coil 88 which . is
mounted upon a bracket element 40 and adapted
for “picking up” transverse Inclinations of the
craft or incllnations about the longitudinal axis
of said craft. An arm 41 of the potentlometer is
mounted upon a trunnion 13 and adapted for
contacting coll 89 In a conventional! manner,
Bracket element 40 Is normally stationary but is
angularly shiftable by means of a worm and
worm wheel section 42, 43, respectively, the latter
being mounted upon element 40. A manually op-
erable crank 44 is operatively connected to the
worm 42 by shaft 45, gears 46, 47, and a shaft
48. A suitable electrical device (not shown) for
indicating the relative positions of arm #1 and
coll 3% is operatively connected to the poten-
tiometer. By means of the above worm and
wheel means, the reference or “zero” position of
the potentiometer can be varied or adjusted.

The angles of longitudinal IneHnation of the
craft relative to the rotor are “picked up” by
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means of a potentiometer device having a coil 49
upon a bracket 50, the latter being mounted upon
ring 12, An arm §i which is movable with one
of the trunnions {1 is adapted for contacting the
eoll £9.

In order that a predetermined inclination of
the craft about the transverse axis thereof be
maintainable by placing the craft in such an
attitude that an indicator which is responsive to
such an inclination registers at its zero or refer-
ence position, means are provided for adjusting
such a reference position comprising an adjust-
able bridge hook-up 52 (Fig. 6) of which poten-
tiometer coil 49 comprises two arms or branches
thereof. The other two branches are constituted
hy a potentiometer coil 53 having a movable arm
&4 in engagement therewith. Opposite extremi-
ties of coils 49 and 83 are interconnected by leads
55, 56 across which a source of electric energy
%7 is connected in series with a variable resistance
58 which is adapted for controlling the poten-
tial of the bridge. A means for indicating the
balance of the bridge is constituted by indicator
58 which is operatlvely connected to both of the
arms 51 and 54 by means of a suitable slip ring
and brush upon the respective shaft of each arm.
The indicator 58 is therefore responsive to the
longitudinal inclination of the craft.

The contact arm 54 is movable with a suitable
dial 60 upon which is callbrated a scale for Indi-
cating desired angles of climb or descent. A
pointer 61 is provided which, for example, by
a geared interconnection is able to govern the
angular position of dial 60, said pointer cooper-
ating with the calibrations upon the dial.

When, for example, a desired angle of climb
is indicated by pointer 61, the craft can be man-
ually steered and “nosed” upwardly, thereby
moving arm 51 relative to coil 49 until bridge
equilibrium is established and Indicator 58 Is at
zero in which attitude the craft can be maln-
talned.

If the suspension Is to be adapted for angular
movement, for example, about the axis of trun-
nions £3 to the extent of 360° suifable slip rings
can be employed for conducting current to the
gyro, the fleld generators, and to the potentiom-
eter. However, If It 15 not necessary that the
suspension be movable within such wide limits,
the current can be fed to the apparatus, for
example, to the rotor by means of a contact arm
62 which engages a pointed extenslon 63 of hous-
ing trunnion {1 which moves in an insulated
bearing,

In operation, when the axis of rotation of the
rotor moves from 1ts predetermined vertical po-
sitlon, for example, about the axis of trunnlons
(1, pendulum 2% will be shifted In position In
such & manner that the fleld created by fleld
member 20 in cooperation with armature 24 will
produce, for example, a torque —T as above men-
tioned. ‘This torque acts about the axis of trun-
nlons 13 and causes a precession of the gyro rotor
about the axis of trunnions Il in a direction op-
posite to that of the first mentloned movement,
that 1s, the torque created by the fleld member
.and armature causes a precession of the rotor
which tends to restore the axls of rotation there~
of to the vertical _

When a movement of the rotor occurs, from
1ts desired position, about the axis of trunnlons
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13, an analogous operation of pendulum 38 and
field coil member 35 In ccactlon with armature
371 occurs. Consequently, a torque is exerted
upen the rotor suspension whieh acts about the
aXis of trunnions Il but which produces a pre-
cession about the axis of trunnions 13 which
tends to restore the axis of rotation to the ver-
tical.

An indicator for artificial horizon readings
having thereon directions for steering the craft
in such a manner that a predetermined position
is maintainable (Fig. 8) is preferably employed
with the present invention, The indicator com-
prises a member 64 which is responsive to trans-
verse and longitudinal inclinations and which is
movable relative to a vertical and horizontal ref-
erence line, each of which is suitably cellbrated
upon a face 65. On the left of the vertical line
is the indication that the craft 1s listing and that
the control member of the craft, for example,
the “stick” Is to be moved to the right. An anal-
ogous indication is on the right of said line with
a direction to move the “stick” to the left, Above
and below the horizontal reference line are, re-
spectively, directions to “push’ and to “pull” the
“stick.”

Adjacent face 65 there 1s preferably mounted
the control knob 44 which is movable adjacent a
scale calibrated for right or left inclination. The
scale mentioned above in connectlon with dial 60
1s preferably adjscent face 65 also, there being
a guitable control knob 68 operatively connected
to pointer §1.

There is thus provided novel means for main-
taining a rotor of a gyroscopic device in a pre-
determined position. The means are exiremely
sensitive and are able to exert sufficlently large
torques upon the rotor to cause same to precess
into & desired position even when the rotor moves
8 minute angular amount from its desired posi-
tion. The novel device, furthermore, is adapted
for producing restoring precession moments
without subjecting the rotor suspension to dis-
turbing friction. The apparatus, moreover, s
very rapld In its reaction to deviations of the
rotor from a desired position because the mer-
cury mass in each pendulum oscillates or swings
continuously as a result of accelerations occur-
ring in flight,

Although only cne embodiment of the present
invention has been Illustrated and described In
detall, it is to be expressly understood that the
invention is not limited thereto. For example,
the field coll member of each torque producing
means can be Interchanged in position with its
respective armature. The novel apparatus in-
stead of stabllizing a gyro horizon can be em-
ployed In any device where it Is necessary to
create predetermined torques when a deviation
from the vertical occurs. It would also be pos-
sible, for example, to maintaln the axis of rota-
tion of an azimuth gyro at a predetermined angle
relative to the vertical. Varlous changes in the
design and arrangement of the parts can be
made without departing from the spirit and scope
of the invention as the same will now be under-
stood by those skilled in the art. For a definition
of the limits of the invention, reference will be
had primarily to the appended claims,

FRIEDRICH LAUCK,



