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This invention relates to repeating devices actu-
-ated by angular deviation of directional instru-
ments such as gyroscopes, compasses and the like
and has for an object to provide a repeating de-
vice which is actuated by the angular deviation
of the directional instrument without introduc-
ing any appreciable retarding force or friction to
the turning moment of the instrument.

Another. object is to provide a device of the
above type adapted for use with small gyroscopes
or compasses which are capable of producing only
a small torque.

Another object is to provide a system of the
above type adapted to provide an electrical re-
peating system which operates without phase dis-~
placement and which does not react upon the
directional instrument.

These objects, and others which will be appar-
ent as the nature of the invention is more fully

disclosed, are accomplished in accordance with :

the present invention by utilizing a resistor, the
resistance of which varies according to tempera-
ture, hereinafter called a temperature responsive
resistor, and varying the temperature of the

resistor in accordance with the angular position :

of the directional instrument,.

In one embodiment, a pair of nozzles are pro-
vided to direct an air current onto a heated re-
sistor. A baffle plate is attached to a shaft of

the directional instrument to turn therewith so :

that it variably controls the discharge of air from
the nozzles onto the heated resistors, thereby
controlling the relative temperatures of the re-
sistors. The resistors may be connected in a

balanced circuit in such a way that any inequali- @

ties in the resistance thereof, due to variations in
temperature, produce a current which is used to
control ‘the selected apparatus, such, for example,
as a repeater compass or a servo-motor course-
control mechanism.

The above and further objects and novel fea-
- tures of the invention will more fuily appear from
the following detailed description when the same
is taken in connection with the actompanying
drawing. It is to be expressly understood, how-

ever, that the drawing is for the purpose of illus--

tration only and is not intended as a definition
of the limits of the invention, reference for this
latter purpose being had primarily to the ap-
pended claims. .

In the drawing, .

Fig. 1 is a side elevation, partly in section, illus-
trating the present invention as applied to a
course gyroscope;

Fig. 2 is a top plan view thereof;
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Fig. 3 is a detail view of the nozzle;

Fig. 4 is a section taken on the line 4—4& of
Fig. 3; and, '

Figs. b and 6 are diagrammatic views showing
representative electrical econnections for _the
temperature responsive resistors.

In the following description and in the claims,
specific terms are used for convenience in re-
ferring to the various details of the invention.
These terms are, however, to be given as broad
an interpretation as the state of the art will
permit. .

Referring to the figures more in detail, the
invention is shown as applied to a directional
gyroscope | which may be driven in any suitable
manner (not shown) and is mounted for rotation
about a horizontal axis 2, the gyroscope | being
cardanically suspended by means of gimbal rings
3 and 4. The ring 4 is mounted on a shaft §
which is journaled in bearings 6 and 7. The
bearing 7 carries a disc 8 which is rotatably dis-
posed thereon-and is provided with peripheral
teeth 8a adapted to be engaged by suitable follow-
up mechanism, (not shown). The disc 8 carries
a pair of nozzles 9 and {0 which, as shown more
in detail in Figs. 3 and 4, are provided with
elongated slots 19 adapted to direct a current
of air against temperature responsive resistors

-1t and 12, respectively. A shield 13 is mounted

on the shaft b and is adapted to rotate between
the nozzles 9 and 10 and their respective resistors
{1 and 12. The shield 13 is removably attached
to the shaft § by means of screws 14 and is sub-
stantially semi-circular in form. The shield may
be provided with angularly disposed control edges
i5 and 16 which, in the embodiment shown, are
in the form of isosceles triangles. These control
edges are so arranged that, in the normal posi-
tion of the gyroscope, they equally intercept the
currents of air from the nozzles 9 and 10, respec-
tively.

The current of air is derived ‘rom any suit-
able source. In the embodiment shown, it is
derived from a generator constructed on the
acoustic nozzle principle, comprising an electro-
magnet {1 acting on a flexible diaphragm 18
which extends between the walls of a nozzle hous-
ing. The air current passes out through the
elongated slot opening 19 in the riozzle whic. has
sharp outer edges and rounded inner edges so
as to direct the air in a thin film or curtain
against the temperature responsive resistor ie.
The slot nozzle is particularly advantageous in
that the jet is sharply defined and is uniformly
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" directed against the resistor; whereas a round
nozzle would tend to develop a whirling air
stream.

The temperature responsive resistors may be
connected in various ways. In Fig. 5, windings
28 and 21 represent the windings of a retary mag-
net of the repeater type which is adapted to
assume an gngular position dependent upon the
current passed through said windings. The wind-
ings 20 and 21 are connected in series with the
temperature responsive resistors {1 and {2, re-
spectively, to form a bridge, the neutral points of
which are connected to a suitable source of direct
current.

In this system, when the resistors ! and {2
are of equal value, equal currents will flow
through windings 20 and 2. Any relative change
in the resistors 1{ and (2, however, causes &
corresponding . relative change in the currents
passing through the windings 20 and 2(.

In Fig. 6, resistors {§ and {2 are connected in
the form of a Wheatstone bridge, the neutral
points of which are connected to a winding 22 of
a rotary magnet of the repeater type. A source
of direct current is connected to the opposite
corners of the bridge.

In this system, no current passes through the
winding 22 when the resistors 1f and 12 are
equal. When the relative values of these resistors
are changed, however, a current will pass through
the winding 22 which is propbrtional to such
change.

The resistors {1 and I2 are preferably heated
by the passage of current from the direct current
source, as shown in Figs. 5 and 6, to a tempera-
ture such that the heat produced by the current
is .equal to that radiated. The radiation is de-
pendent upon the surface of the conductor, the
temperature of the surrounding air and the move-
ment of the air.
caused by the jet of air from the nozzles 3 and
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Hence, the movement of air 40

10 is utilized to increase or diminish the heat -

radiation.

As applied. to a system in whmh the gyroscope
is mounted in an aircraft, and used for maintain-
ing a predetermined course, the baffie {3 nor-
mally remains symmetrically disposed with re-
spect to the nozzles 8 and 0. In this position,
the triangular edges §5 and 16 are equally inter-
posed in the jets of air emanating from the noz-
zles 9 and 10, the radiation from the two re-
sistors {1 and 12 is equal and the resistors re-
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main at the same temperature and have the .

same ohmic resistance. Hence, equal currents
will flow through the windings 20 and 21. Ii,
however,. the craft deviates from its predeter-
mined course, the baffle §3 is defiected with ref-
erence to the nozzles 9 and {0 to cut off one.of
the air streams to a greater extent than the
other. One of the resistors is thus cooled to a
greater extent than the other and causing an un-
balance in the windings 20 and 2¢ which is uti-
lized to actuate the rotary magnet or other re-
peater. In the embodiment of Fig. 6, the current
in the winding 22 is proportional to the differ-
ential effect of the resistors fi and (2. This is
used to operate the rotary magnet or other re-
peater. This rotary magnet or repeater may, in
turn, be used to actuate any control device such
~as a servo-motor to cause the aircraft to- auto-
matically resume its predetermined course. An
arbitrary adjustment or change of course may
be effected through a driving means, not shown,
which may be connected to operate the disc 8.
As explained above, the present system oper-
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ates without introducing additional fricti-nal
forees to the gyroscope and without reacting upor.
*he gyroscope. Consequently, a sma.ll gyroscope
may be employed. )

The range of the control mechenism may be
readily varied by changing the strength of the.
air jet which, in turn, can be altered by varying
the strength of the alternating current applied
to the magnets {7. Purthermore, bafle {3 may
be readily removed and substituted by a bafile
having different characteristics, such as a control
edge having a different shape.

The repeating mechanism above described may
be disposed in any convenient position with re-
spect to the gyroscope. If desired, a similar re-
peating mechanism may be disposed on each side
of the gyroscope, one of which may act on the
steering mechanism and the other on an indicat-
ing instrument. The device may also be used for
repeating the movement of a plurality of thé
gyroscope axes, as in the case of a gyroscopic
horizon and the like.

Although certain embodiments of the invention
have been shown for purposes of illustration, it
is to be -understood that the invention is not
to be limited thereto, but is only o be limited in
accordance with the following claims when in-
terpreted in view of the prior art.

What is claimed is: ]

1. In an aircraft instrument comprising a di-
rectional gyroscope having a gyro rotor mounted
for. spinning about & horizontal axis, means
mounting said rotor for precession abou_t a sec-
ond axis perpendicular to said spin axis and for
angular movement about a third axis mutually
perpendicular 10 said first and second axes, said
mounting means including a vertical trunnion, a
bearing for said trunnion whereby said trunnion
and mounting means move angularly with said
rotor about said third axis in said bearing, a
temperature responsive resistor having current
flow therein, a source of fluid pressure whose
temperature differs from the temperature of said
resistor, a disc member mounting said fluid source
and said resistor supported on said bearing, and
means carried by said frunnion interposed be-
tween said source and said resistor for normally
shielding said resistor from said fluid pressure

_flow and adapted for angular movement during

angular movement of said mounting - means
about said third axis whereby said filuid pressure
flow impinges upon said resistor varying the
temperature and resistance of said resistor-
whereby current flow therethrough is varied in
accordance with the angular movement of said
mounting means about said third axis.

2, In an aircraft instrument comprising a di-
rectional gyroscope having a gyro rotor mounted
for -spinning about a horizontal axis, means
mounting said rotor for precession abouf a see-
ond axis perpendicular to said spin axis and for
angular movement about a third axis mutually
perpendicular to said first and second axes, said
mounting means including a vertical trunnion,
a bearing for said trunnion whereby said trun-
nion and mounting means move angularly with
said rotor about said third axis in said bearing,
a temperature responsive resistor having current
flow therein, a source of fluid pressure whose tem-
perature differs from the temperature of said re-
sistor, a disc member mounting said fluid pres-

“sure source and said resistor rotatably support-

ed on said bearing, and means carried by said
trunnion interposed between said source and sgid
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resistor for normally shielding said resistor from
said fluid pressure flow and adapted for angular
movement during angular movement of said
mounting means about said third axis whereby
said fluid pressure flow impinges upon said re-
sistor varying the temperature and resistance

Bl
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of said resistor whereby current flow therethrough
is varied In accordance with the angular move-
ment of said mounting means sbout said third
axis, said rotatably supported disc member con-
stituting a portion of a follow-up mechanism.

) FRIEDRICH LAUCK.




