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FLUID PENDULUM ARRANGEMENT FOR
IMPLEMENTING FAST ERECTION OF VERTICAL
GYROSCOPES

BACKGROUND OF THE INVENTION

This invention relates to a fluid pendulum arrange-
ment for use with a vertical gyroscope (gyro) whereby
the gyro wheel remains near vertical when the gyro is
disabled so that fast initial erection, i.e. gyro verticality,
is achieved upon the gyro being enabled.

Rapid arming of unmanned flight vehicles such as, for
example, missiles or drones, requires fast initial erection
for vertical gyros used in the guidance systems for such
vehicles.

Prior to the present invention, mechanical and elec-
tronic apparatus associated with fast erection torquer
circuits has been used for the described purpose. How-
ever, such apparatus is neither reliable nor cost effec-
tive, and is otherwise not particularly desireable for the
purpose intended.

The present invention is.a passive mechanical ar-
rangement that replaces and eliminates the need for the
aforementioned apparatus, and thus provides a reliable
cost effective arrangement for implementing fast initial
erection of vertical gyros used in guidance systems for
unmanned flight vehicles.

SUMMARY OF THE INVENTION

This invention contemplates a fluid pendulum ar-
rangement for implementing fast initial erection of a
vertical gyro, wherein the fluid penduium arrangement
maintains the gyro wheel spin axis near vertical (erect)
during the gyro “power-off”” or disabled mode. A fluid
chamber is arranged with the gyro wheel rotor. Fluid is
contained in a lower section of the fluid chamber dis-
posed below the rotational axes of the gyro inner and
outer gimbals. The mass of the fluid cooperates with the
moment arm of the chamber to result in 2 gyro wheel
pendulosity that is greater than the combined gyro com-
ponent friction torques, with an adequate safety factor
being used. In the “power-on” or enabled mode, i.e.
gyro wheel spin-up, the fluid tends to migrate from the
lower fluid chamber section to an upper fluid chamber
section via connecting conduits due to the gyro wheel
spin centrifugal acceleration. The upper fluid chamber
section is disposed relative to the inner and outer gimbal
axes so that the net dynamic gyro wheel pendulosity is
negligible. This results in minimal drift associated with
gyroscope lateral acceleration. The magnitude of the
centrifugal acceleration is typically substantially greater
than environmental accelerations, rendering the fluid
immune to undesirable dynamic effects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagrammatic front elevational view of an
embodiment of the invention, wherein the disclosed
fluid pendulum arrangement is an add-on feature to the
gyro wheel.

FIG. 2 is a diagrammatic top plan view of the em-
bodiment of the invention shown in FIG. 1.

FIG. 3 is a diagrammatic front elevational view of an
embodiment of the invention wherein the disclosed
fluid pendulum arrangement is integral with the gyro
wheel.
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DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIGS. 1 and 2, a vertical gyro
wheel is designated generally by the numeral 2 and
includes a rotor 4 and a stator 6. Rotor 4 is mounted to
a shaft 8 which is journaled in an inner gimbal 9 via
bearings 10.

Gyro wheel rotor 4 spins about a spin axis S—S.
Gyro inner gimbal 9 has a rotational axis I—I and a
gyro outer gimbal 11 has a rotational axis O—O. Inner
gimbal 9 is journaled to rotate in outer gimbal 11 and
the outer gimbal is journaled to rotate in a gyro case, the
same not being otherwise shown.

Since the actual gyro configuration is not within the
scope of the present invention, only as much of the gyro
as is required for an understanding of the invention has
been herein illustrated and described.

With continued reference to FIGS. 1 and 2, a fluid
chamber designated generally by the numeral 12 has an
upper annular section 14 and a lower annular section 16.
Upper annular section 14 is larger in diameter than
lower annular section 16, and the upper and lower an-
nular sections are coupled via a plurality of conduits
shown for purposes of example as four in number and
designated by the numerals 18, 20, 22 and 24.

Fluid chamber 12 surrounds gyro wheel rotor 4 and is
secured thereto as by cementing or the like so as to spin
or rotate with gyro wheel rotor 4 about spin axis S—S.
Lower fluid chamber section 16 is disposed below outer
gimbal axis O—O and inner gimbal axis I—I and upper
fluid chamber section 14 is disposed above said axes, as
will be discerned from the Figures.

A fluid 26 which may be, for purposes of example, a
silicone oil having a low viscosity over the range of
gyro operating conditions, is disposed in lower fluid
chamber section 16. In this regard, it will be understood
that the lower fluid chamber section may have a port or
the like (not otherwise shown) through which the fluid
is received, and thereafter the port is sealed with the
fluid retained in the lower chamber section. Fluid
chamber 12 has a moment arm designated as M in FIG.
1

The arrangement described maintains spin axis S—S
of gyro wheel rotor 4 near vertical, i.e. erect, during the
“power-off” or disabled mode of gyro operation. This is
accomplished with fluid 26 residing in lower fluid
chamber section 16 which is below inner and outer
gimbal axes I—I and O—O, respectively, as aforenoted.
The mass of fluid 26 cooperates with moment arm M of
fluid chamber 12 so that a pendulosity of wheel rotor 4
is achieved which is greater than the combined gyro
component friction torques, with an adequate safety
factor employed.

Upon the “power-on” mode of gyro operation, i.e.
spin-up of wheel rotor 4, fluid 26 in lower fluid chamber
section 16 tends to migrate into upper fluid chamber
section 14 via conduits 18, 20, 22 and 24 due to the spin
centrifugal acceleration of the gyro wheel rotor. Fluid
chamber section 14 is disposed with relation to axes I—I
and O—O so that the net wheel rotor pendulosity is

-negligible. Thus, drift associated with gyro lateral ac-

celeration is minimized. It is to be noted that the magni-
tude of the wheel rotor spin centrifugal acceleration is
typically in the order of twenty times greater than envi-
ronmental accelerations, thereby rendering fluid 26
insensitive to undesirable dynamic effects.
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The configuration described with reference to FIGS.
1 and 2 relates to an embodiment of the invention
wherein fluid chamber 12 is an external “add-on” com-
ponent to the gyro wheel rotor. The configuration to be
next described relates to an embodiment of the inven-
tion wherein a fluid chamber for the purposes intended
is integral with the gyro wheel rotor.

With reference then to FIG. 3, wherein components
corresponding to those shown and described with refer-
ence to FIGS. 1 and 2 carry corresponding numerical
designations, a gyro rotor wheel is designated by the
numeral 30. Gyro wheel rotor 30 includes a fluid cham-
ber designated generally by the numeral 32. Fluid
chamber 32 has a lower annular section 34 and an upper
annular section 36 larger in diameter than annular sec-
tion 34 coupled via a plurality of conduits shown in
FIG. 3 as two in number and designated by the numer-
als 38 and 40. In this regard, it will be understood that
gyro wheel rotor 30 may be fabricated in two halves,
each carrying one-half of fluid chamber 32. The two
wheel rotor halves are joined as by welding or the like
to form an integral fluid chamber which extends within
and around gyro wheel rotor 30.

As heretofore described with reference to FIGS. 1
and 2, fluid 26 is disposed in lower fluid chamber sec-
tion 34 as aforenoted. The lower fluid chamber section
may have a port or the like (not otherwise shown)
through which the fluid is received, and thereafter the
port is sealed so that the fluid is retained in the lower
chamber section. Chamber 32 has a moment arm desig-
nated as M1 serving the purpose described with refer-
ence to FIGS. 1 and 2.

Spin axis S—S of rotor wheel 30 is maintained near
vertical during the “power-off” or disabled mode of
gyro operation since fluid 26 resides in lower fluid
chamber section 34 below inner and outer gimbal axes
I—I and O—O, respectively.

During the “power-on” mode of gyro operation, i.e.
spin up of gyro wheel rotor 30, fluid 26 in lower fluid
chamber 34 tends to migrate into upper fluid chamber
section 36 via conduits 34 and 40 due to the spin centrif-
ugal acceleration of the wheel rotor as heretofore de-
scribed.

It will now be recognized that, except for the fluid
chamber being integral with the rotor, the embodiments
of the invention shown in FIGS. 1 and 2 and in FIG. 3,
as well as the operation of said embodiments, are the
same.

It will be understood that in both embodiments of the
invention, appropriate structure is provided (not other-
wise shown) to provide a hermetically sealed gyro, the
same being well known in the art.

There has thus been described a fluid pendutum ar-
rangement for implementing fast initial erection of ver-
tical gyros, wherein the fluid pendulum arrangement is
a passive mechanical arrangement that replaces and
eliminates the need for low reliability mechanical com-
ponents and associated electronics which have hereto-
fore been required for fast erection torquer circuits. The
present invention thus relates to a reliable, cost effective
method of implementing fast erection as required for
rapid arming of unmanned flight vehicles and is thus a
distinct improvement over the prior art.

With the above description of the invention in mind,
reference is made to the claims appended hereto for a
definition of the scope of the invention.

What is claimed is:
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1. For use with a gyro of the type including an inner
gimbal, an outer gimbal and a gyro wheel having a rotor
Jjournaled in the inner gimbal for rotating about a spin
axis, a fluid pendulum arrangement for maintaining the
gyro wheel near vertical when the gyro is in a disabled
mode, said fluid pendulum arrangement comprising:

a fluid chamber having a moment arm arranged with
the gyro wheel rotor and having an upper section
and a lower section, said lower section disposed
below the inner and outer gimbal rotational axes;

a plurality of conduits communicating with the upper
and lower gyro wheel rotor sections;

the mass of the fluid and the moment arm of the fluid
chamber cooperating to provide a gyro wheel pen-
dulosity that is greater than the combined gyro
component friction torques to maintain said wheel
near vertical when the gyro is in the disabled mode;
and

the fluid tending to migrate from the lower fluid
chamber section to the upper fluid chamber section
via the plurality of conduits due to the gyro wheel
spin centrifugal accelerations, and the upper fluid
chamber section arranged relative to the inner and
outer gimbal rotational axes so that the net dy-
namic gyro wheel pendulosity is negligible when
the gyro is in an enabled mode.

2. A fluid pendulum arrangement as described by

claim 1, wherein:

the fluid chamber is external the gyro wheel rotor
and is secured thereto so as to rotate therewith
about the spin axis.

3. A fluid pendulum .arrangement as described by

claim 1, wherein:

the fluid chamber is internal the gyro wheel rotor and
is integral therewith.

4. A fluid pendulum arrangement as described by

claim 2, wherein:

the upper fluid chamber section is annular in shape
and extends around the gyro wheel rotor;

the lower fluid chamber section is annular in shape
and smaller in diameter than the upper fluid cham-
ber section, and extends around the gyro wheel
rotor; and

the plurality of conduits extend around the upper and
lower fluid chamber sections.

5. A fluid pendulum arrangement as described by

claim 3, wherein:

the upper fluid chamber section is annular in shape
and extends within and around the gyro wheel
rotor; '

the lower fluid chamber section is annular in shape
and smaller in diameter than the upper fluid cham-
ber section, and extends within and around the
gyro wheel rotor; and

the plurality of conduits extend around the upper and
lower fluid chamber sections and within the gyro
wheel rotor.

6. For use with a gyro of the type including an inner
gimbal, an outer gimbal and a gyro wheel having a rotor
journaled in the inner gimbal for rotating about a spin
axis, a fluid pendulum arrangement for maintaining the
gyro wheel near vertical when the gyro is in a disabled
mode, said fluid pendulum arrangement comprising:

a chamber external the gyro wheel rotor and secured

thereto so as to rotate therewith about the spin axis;

a fluid disposed in the chamber below the inner and
outer gimbal rotational axes;
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the mass of the fluid and the moment of the chamber
cooperating to provide a gyro wheel pendulosity
that is greater than the combined gyro component
friction torques to maintain said wheel near vertical
when the gyro is in the disabled mode; and

the fluid tending to migrate upwardly within the
chamber due to the gyro wheel spin centrifugal
accelerations to a section of the chamber arranged
relative to the inner and outer gimbal rotational
axes whereby the net dynamic gyro wheel pendu-
losity is negligible when the gyro is in an epabled
mode.

7. A fluid pendulum arrangement as described by

claim 6, wherein the chamber includes:

an upper section and a lower section, said lower sec-
tion disposed below the inner and outer gimbal
rotational axes, with the fluid disposed in the lower
section;
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6

a plurality of conduits communicating with the upper
and lower sections, and through which conduits
the fluid tends to migrate upwardly within the
chamber to the upper section, said upper section
arranged relative to the inner and outer gimbal
rotational axes whereby the net dynamic gyro
wheel pendulosity is negligible when the gyro is in
an enabled mode.

8. A fluid pendulum arrangement as described by

claim 7, wherein:

the upper fluid chamber section is annular in shape
and extends around the gyro wheel rotor;

the lower fluid chamber section is annular in shape
and smaller in diameter than the upper fluid cham-
ber section, and extends around the gyro wheel
rotor; and

the plurality of conduits extend around the upper and

lower fluid chamber sections.
* * * * *



