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UNITED STATES PATENT OFFICE.

. SEBASTIAN ZIANI oz FERRANTI, OF GRINDLEFORD, ENGLAND.

GYROSTAT,

Specification of Letters Patent...

Patented Oct. 6,1914,

Application filed October 14, 1910. Serial No. 587,104.

To all whom it may concern :

Be it known that I, SeBasTiaN ZIANI DE
FerraxTr, a subject of the King of Great
Britain and Ireland, and residing at Grin-
dleford. in the county of Derby, England,
have invented certain new and ugeful Im-
provements in Gyrostats. of which the fol-
lowing is a specification.

The present invention relates to the ayro-
scopic steadying of bodies and is applicable
either te a case in which additinnal stability

-1s imparted to an initially stable body or te

a case in which stability is to be imparted to

an initially unstable bedy or to a case in

which stability is neutral. .
Two different methods of gyroseppic

steadying have been proposed heretofore, the'

direct and the indirect. According to the
former or direct method, the freedom of the
gyroscopes to move in some particular di-
rection with reference to the bedy on which
they are mounted, and which it is their pri-
mary function to stabilize is necessarvily re-
strained to a certain extent so that the stabi-
hizing forces due to the gyroscopes may be
directly transmitted by wayv of the mem?
bers imposing such restraint to the hody in
question’; an example of this methad, which
in crder to obtain the best results in general
involves either a retardation or an accelera-
tion of the precessional movement of the
gyroscopes, is to be found in the well-known
Brennan monorail vehicle. According to
the latter or indirect method on the contrary,
movement of the gyroscopes relatively to the
body which it is their ultimate functicn to
stabilize is utilized to operate auxiliarv
balancing devices either by direct mechani-
cal connections or in some cases through the
instrumentality of a relav. _
The present invention relates mere par-
ticularly” to the application of the direct
method of steadying or stabilizing, though
as will appear hereinafter, in seme cases it
is also applicable to the indirect method.
In order to aveid practical difficulties par-
ticularly in connection with the steering in
systems of the type referved to. as applied
to ships, menorail vehicles, and so forth, it
has been proposed to empley two gvroscopes
for steadying the body in a given plane. . ¢.,
a transverze vertical plane-and if the body is
also to be steadied in a longitudinmal vertical
plane to employ two more gvroscopes. In

other cases, & single gyroscope has been pro-
posed for imparting stability to the body in-

say the transverse direction.and -a second
gyrescope for performing a - similar fune-
tion in-the'longitudinal direction. "1In all.
such cases. however, the particular Qvro-
scope or pair of gyroscopes, which aceorcding
to such proposed systems controls what for
simplicity may be called the rolling metion
of the body, is restrained in such a marnner
that it has no effect in controlling the piteh-
ing motion -and vice versa so that the total
mass embodied in the syvstem is not used to
the best advantage. - ‘

Now the primary object of the present in-
vention is to previde a gyroscopic system in
which a mnch more efficient utilization of
the rotatable mass available is rendered pos-
sible. To this end the present invention con-

sists broadly in a pair of ‘gyvroscopic units .
75

mounted on a bedy so that cach unit acts to
impart, stability thereto in every direction.

690

85
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In general it is necessary to provide means -

for either retarding or accelerating the rate
at which the gyrescopes precess.

The present invention is applicable to the!
steadying not only of ships. submarines,
acroplanes hydroplanes, and manv other ve-
hicles but also of "naval gun platforms,
ships’ saloons, cabins, couches or otherwise.

Where the body to which the invention is
applied or to which any other’ gvicscopic
steadying system is applied carries one or
more moters fer propulsion. or other pur-
poses, I may in some cases use suitable vo--

tavy parts of such motors as the necessury

gyraseopic mass.  In such cases and espe-
cially where my invention is applied to aero-
planes that tvpe of metor in which the eyl
inders revolve around the crank-shaft is
particularly suitable. Tt is' of the utmiost
impertance in such an application, ne mat-
ter what the precise type of motor adapted
that even if one ¢f the motors. fails, the
gyroscopic control should be maintained-in’
order to effect a safe landing. . o
Another’ part of the invention thig con-
sists it providing means whereby if" the
metor fails, the standing parts of the same
will be antomatically released and the whole
moter will rotate bodily 'in virtue either of

its stored energy or a connecticn by which

it i geared to.ancther motor, the nioter Le-
g preferably released also antomatieally
from the propeller. or ‘the- like driven
thereby. e ‘

The invention finally consists in the novel
forms of gyrescopic control, applications and
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details of the same hereinafter described
and particularly pointed out in the claims.
Referring niow to the accompanying dra-

‘ings which form part.of the present specifi- |

caticn: Figure 1 shows a perspecttive .view
of one form of the inyention with the driv-

ing turbine omitted for the sake of clearness,

“Fig. 2 being a corresponding section through
cne of the gyroscopes, showing driving tur-

‘bine -and .nozzle and, Fig. 3 a perspective:
view of a pair:of friction blocks; Fig. 4

shows an elevation of a modification of the

- invention in which the gyroscopes are placed

one above the other,-F1g. 5 being a corre-
sponding plan; Fig, 6 shows a general view
of a biplane driven by motor gyroscopes,

" Fig. 7 being a detail on a larger scale of the

20

30

gyroscepic  engines and their - adjuncts
partly in section, while Figs.- 8, 9 and 10
show respectively sections on the lines A—DB,
C—D, and D-—E of Fig. 7, threugh the
auntomatie clutch, universal joint and elastic
drive; Figs. 10* and -10° show other details
of the elastic drive. Fig. 11 shows a general
view of a monoplane in which the move-
ments ofithe gyroscopes are employed to op-
erate ailércins and an elevator, while finaily
Fig. 12 shiows an elevation partly in section
of a farm of .the invention in which forced
precession is employed; Fig. 13 being a cor-
respondirg plan showing the connections.
The drawings are to a considerable extent

~of a diagrammatic nature, various elements

35

40

of the complete apparatus which are well
known to those skilled in- the
shown only conventionally. - -

- Where desirable the same reference sym-
bols are used in the different figures to de-

note correspending parts. -
" I will now deseribe one form of my inven-

{ion suitable for attachment dirvect to an_

aeroplane for example. According to this
form (see Figs. 1,2 and 8) 1 provide a pair
of gyroscepes, a, mourited on ball-bearings,
b, within suitable casings,

being ‘held in a ball-and-socket joint, e, or
any equivalent mounting which will allow
‘the gyroscopes to swing in any direction.
Each gyroscope, as shown in Fig. 2, may be
driven by. a turbine, g, mounted on . the
gyroscopic spindle and tupplied with work-

" ing fluid by way of the flexible connection, j,

“and nozzle, :
" casing, may conveniently be held. from turn-

p; carried by the casing. ¢, the

" ing by fixing it to one half of the friction
block, 7, hereinafter referred :to.

w

- 65

[

~“In the present
all others, the _
using-a pair of-like gyroscopes and rotating
them at the same: speed.in opposite direc-
tions.” - o Lo o

In order te impose the necessary restraint
on the gyroscopes, I mount each of them

form -of the invention as in

within & pair-of U-shaped frames; . f, -k, the

art being:

“to

¢, and T suspend |
these from a frame, d, their highest points |

best results are’obtained by:

.1,118,997

trames of each pair being arranged at right

angles to each other as shown. Each of
these franes, morecver, is pivoted at 1ts-up-

per end so as to be able to swing about a

horizental axis, the frames, f, turiing about
the- pivots, 4, and the frames; 4, about, the
pivots, & The lower member of each U-
frame is concentric with the center-of the

ball-and-sccket jeint-and is provided with a.

slot, 7, as shown, in which slide blocks, m, =,

- which may conveniently be formed in halves

with rubber interposed. Any other device
may be employed to force the ‘half blocks
apart. Corresponding members of the U-

frames are connected by suitable gearing so.
that they can swing only in opposite direc-

tions.. Thus, as regards the frames, A, links,

‘0, connect them to opposite ends of the

double lever, , pivoted at its middle point,

s, to the main frame, d,athis construction

70

75,

preferably being duplicatéd as shown. As .

regards the frames, f, each of these is con-
nected by a pair of links, ¢, to levers, u,
mounted on a spindle, v, the two spindles
being mounted on opposite sides of the main
frame, ¢, and connected at their inner ends
by segmental spur wheels, 1z, as shown. .~ =

. 4 .

Asstning the main frame, d, in the hori-.

zontal position, it will thus be seen that the
pair of interconnected frames, f, prevents the
gyroscopes from swinging n the same- di-
rections in planes nermal to the axes of the
pivots, 4 i/, of the frames, but by virtue -of

_the slots, {, freely allows oppuosite preces-

sions in line with ¢he pivots, ¢ ¢/, while the

“other pair of intevconnecting frames, 2, pre-
vents both gyroscopes from swinging in the

same direction in the plane in which oppo-
site precessions were aliowed by the first pair
of frames, while similarly allowing oppo-
site precessions in directions at right angles
said plane. Consequently, taking the in-
terccunections between the gyroszopes as a
whole, it will be seen that the latter rigidly
resist or are so to sav locked to, the frame as
regards any disturbing
its direction, which teads to. tilt them shni-
larly in relation to the frame on which they
ave mounted snd yet ave abieto move i op-
posite directions to each ¢ther at right angles
o the disturbing force. The interconmec-
tions therefore act not only to define the
swing of the grroscopes in relation to cue
another, but by virtue of their pivotal rela-

“tion to the body to be stabilized act aiso to ]
_ al forees set
up by the gyroscopes, this (rans g

transmit to the body precessic

1.'?.“!’-il Ot
forees taking place notwithstanding ‘the fact
that each of smid gyrescopes -is universally
mouaited on said body. The gyroscopes have
therefore just that. degree of restraint. re-

“quired to enable tliem to-be used to oppose
tilting couples acting on the aeroplane, no
matter in what, vertical plane said couples |
act. the inter-actions of the cross frames aud -

¢ foree. no matter what

9'0..
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the gyroscopes in the example described be-
ing symmetrical as regards planes at 45°
to the longitudinal and transverse directions
while in other planes, the pairs of intercon-
nected frames move to ditferent and vary-
ing degrees. : ‘

_In the case of a .body such as the aero-
plane in question which possesses normally
a certain degree of stability, it is necessary
or desirable to retard the precession of the
gyroscopes and where 1 speak in this speci-
fication of “free precession”, T means pre-
cession subject to such retardation. In or-
der to obtain the best results, such retarda-

tion should increase with the disturbing |

force. This object I may achieve very
simply in gyroscopic systems as hervein de-

seribed or otherwise by providing suitable |

rubbing surfaces such as these of the blocks,
m, n, above mentioned and the ‘walls of the
slots in which they wove, the friction and
retardation thus varying in accordance with
the pressure between them and therefore
with the disturbing force.

In particular, as shown in ig. 8, T may
form the co-acting rubbing surfaces of the
blceks and slot-wall, the sne with o V-
shaped prejection, @, and the other with a
Y-shaped grocve, z, codperating with the
prejection. I may vary the amount of the
retardation in preportion to the disturbance
by varving the angle of the V or by equiva-
lent means. , :

According to a modification {see Figs. 4
and 3} T may arrange the gyroscopes within
casings, ¢, as before deseribed with their ver-
tical axes in line, instead of side by side, the
one gyrescope having a ball-and-socket, ¢
or equivalent mounting at its upper end and
the other at its lower end. The free ends of
the gyroscope casings pass through slots in
the U-frames, 7. A, pivoted respectively at ¢,
and %, these frames being interconnected by
suitable linkages as before. Thus, the
frames, 7, are connected by rods. 2, to cor-
responding ends of the quadrant levers, 3,
pivoted at 4, these quadranis geaving into

one another as shown. Similarly the frames, |

A, ave gearved tegether by rods, 5, and quad-

ants, 6. By thus interconnecting the gyro-

scopes by members corresponding in fune-
tion to those alveady described. I provide
precisely the same peculiar restraint and so
secure the same centrol. Iu the present case,
it will be scen that the pair of interconnect-
ed frames, f. provents the svroseope swing-
ing in directions or planes normal to the
axis of the pivots, {, of these frames in the
same retational divection (¢ ¢., bath inoa
clockwise or both in a counterclockywise di-
rection in the north-south pilanes) but freely
allows opposite precessicns in a direetion or
plane at right angles (e, ¢.. the east-west

vertieal plane through the pivals 7 7)) white
the other paiv of Intercorinected frames 4.

o

L prevents swinging of the gyroscopes in the
same rotational direction in the direction or
piane in which opposite precessions were al-
lowed by the first pair of frames (e. g., the
east-west vertical plane through the pivots 44
¢, 4,) while similarly allowing opposite pre-
cessions 1n those directions or planes (e. g.,
north-south planes normal to the axis of the
pivets, 4, ¢) 1n which swinging in the same
rotational direction was prevented.
| The north-south, east-west, or other planes
bof swing may for the purposes of this spect.
fication be termed * directional planes.”

It will be seen from this deseription that
the mass of the gyroscopes according to the gg

|
| present invention is utilized much more ef-

| ficiently than heretofore, since each gyro-

| scepe exercises effective control ne matter

L in what direction the aeroplane tends to tilt,

I prefer as above indicated that the ro- gs
tating members of the motors should them-
selves act as the gvroscopes, and such an ap-
plication of my invention I have shown in. -
: general view in Fig. 6 and in detail in Figs.

7, 8,9 and 10.  According to this application g9
of my invention the motors, 7, which may
conveniently be of the tyvpe in which the eyl-
inders thenmselves rotate. a well known ex-
amiple of which type-is to be found in the”
i Gnome ™ motor, are mounted -so as to ro- 95
tate about a vertical axis in such a manner
that they are free to swing in any direction,
the drive being transmitted through bevel
wheels. 8, to a common shaft, 9. driving the
propeller, 10.  Turning to the detail view of 100
this applieation of mv invention, it will be
scen that the stationary shaft, 11, of the mo-
tor is prevented from turning under normal
cireumstances by ‘the one-way device or
chuteh shown in detail in Mg, & This 105
eluten consists of gpring-controlied wedges,
12, co-acting on the one hand with the shaft,
11, and on the other hand with the stepwise
inelined walls, 13, of a casing, 14, attached to
the bDlocks, m, sliding in ‘one of the pivoted 110
U-frames. The revolving parts of the motor
are supported by a substantially airv-ticht
funiversal joint.  The motor casing itzelf is
tshaped with an appropriate spherical por-
tion, 150 in which prvot< and fits.a rine. 16, 115
with spherical stirfaces both on it onter and
inner surfaces, this ring in turn fitting and
beinz piveted to as much as'is required of a
sphere. 17, vigidlv attached to a sleeve, I8
=upported in ball bearings as shown, Near 120
thie upper end of the wleeve. 180w disk or
coflar, 19, 15 formed provided with projert-
ine pins, (zee o, 100) 200 which by mems
of Teather or rubber rings. 210 co-aet as
shown in Fig, 10 with corresponding pins, 125
22, projecting downwardly from a ddisk or
collae, 23, (see TFig. 10°) forming part of
“aohellow shaft, 24 whieh at its npper.end -
corrics n o bevel wheell 250 and passes down-
Cwardlyodbrongh the sleeve, 18, as shown. 130
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_ balls, 27 and 28, separated by a live ring, 29..
- The ball races and ring should be so closely

15

_other that in ¢ase of ball failure the relative

g4

"The object of the flexible-drive deseribed is
to equalize as much as possible the varia-
tions in the velocity ratio transmitied
through the universal joint when the motors
sting from their central position. “With
such an arrangement carbureted air can en-
ter by the inlet, 26, and pass down the hol-
low shaft, 24, to.the motor. .

As indicated I prefer to use a special form -

of duplex bearing wherever needed as a_pre-
caution against failure, such a bearing con-
sisting in essence of two concentric serles of

‘assembled, and it may be, checked. into each

“position of the parts, will be maintained.

20,

‘With such a bearing the breakage of any in-

‘dividual ball in such a way as to cause fail- .

‘ure of the series to which it belongs would
not prevent-the' parts concerned ¢ontinuing

“to rotate on the undamaged series of balls.

25

30.
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Instead of ball bearings, I may in some cases
use two ordinary bush bearings, thé .one
within the other or a combination of a bush
and ball bearing. o T e

The U-frames and interconnections in this
modification of the invention are similar to
those described above and will not be re-
ferred to again here. - Supposing in such-an
arrangement’ that one -of the motors should
fail, the re-acting torque on the stationary

shaft, 11, would ceasé to act and so free the

clutch, this enabling the cylinders and shaft
of the motor to revolve bodily either in virtue
-of their stored energy or the power supplied
from the undamaged motor. Again I may
~arrance a cluteh between a motor and a pro-
peller so as to be able to stop the latter with-
out losing the gyroscopic-effect, the object

throughout in this part of the invention be-.

ing to provide as far as possible for main-
taining the gvroscopic control under all con-
ditions. including even
parts of the apparatus. , ,

An seroplane such as described above
may be steered on an even keel by the usual
rudders, since the plane of rotation of the
gyroscupes is horizontal while the aeroplane
may be caused to ascend or descend by ad-
jusiment of the whole plane system (includ-
g tail and elevatorsif any) in relation to

the gyroscopic system. Or again, the re-.

‘quired alterations in direction may be ef-
fected by utilizing the precessional couples
due to forces applied to the. controlling
gyroscopes in any ‘suitable manner, or one Or
more special gyroscopes may be used for the
purpose. - Moreover, if T desire to ascend or
descend I may lock
shat it loses its controlling effect in the Ton-
gitndinal vartical plane
Tpws steering up or down
vortal rudder. “Furthermore, I may pro-
vide.an aeroplane with a gyvroscopic systemy

failure of individual

the gvroscopic system so-

and thus freely. al-
by means of a horl-.

1

- 7, a second puliey,
‘axially therewith, other. wires,

_ailerons'in such a

“orie above

1,112,997

according to my invention, which m au...-
tion to imparting stability direetly also acts
indirectly to obtain the same effect by op-
erating suitable elevators, ailerons, wing-
flexing devices or otherwise. One example
of such a modification (as appled 0 an
geroplane having a main supporting mein-
ber, 80), is shown diagrammatically in Fig.

11 in which the downwardly hanging gyro-

scopes, U-frames dnd interconnections are

substantially as described with reference to

Fig. 1. In this example the double lever, ,

70

75

of Fig.1-is replaced by a pulley 31, over .-

~which wires, 32,
the ailerons, 33. Moreover, on the U-irame,
] ; 85, passing
over this. pulley to:operate the elevator, 36.

or the like pass to operate ..

30

34, is rigidly attached co-

Tt will be seen that if the aeroplane tilts .

laterally the gyroscopes will be caused to
précess in a fore-and-aft direction, thereby
turning ‘the pulley, 31, and operating the
way as to restore the
aeroplane- to the horizontal’ position, while
if on the contrary the machine should tend
to pitch, the second pulley, 34, would turn
owing to the precession of the gyroscopes
in lateral directions, and thereby ' opérate
the elevator to-restore equilibrium.. . -

I may likewise apply
the above described forms. thereof) to the.

case of bodies possessing no initial stability, .

my. invention and

85 -
90

95

in.which case some known or suitable means = -

must be provided for accelerating the pre-
cession: - Thus referring to Figs. 12 and 13
which illustrate one form of this part of my
invention in which the gyroscopes are placed

100 "

the other, as.in a . previous ex-.

ample described, the gyroscopes:are as be- -

fore - supported - in~ ball -and socket " joints
to swing in -any “Qirection.. Their adjacent
free ends are connected by links, 37, to a
toothed disk, 88, carried by the cross-head
of a piston, 39, working in a cylinder, 40,

| the links being arranged as shown one above

and cne below the center of the disk. - Suit-
able springs,
‘tween lugs, 42 and 43, on the disk and cross-
head respectively to return the parts s
disturbance to- their central position., The
toothed disk jtself gears with corresponding
teeth attached to a rotary “valve, 44, A

‘precisely similar arrangement to that de-

after.

105"

110

41, are arranged co-acting be- .

115

scribed 'is provided ina directiqn at right

angles as seen in Fig. 13, the parts includ-
ing a second valve, 45, and a second cyl-
inder, 46. A peculiarity of this- form of
the invention .consists in ‘eross-coupling the
valves respectively each to the
the other set of ‘mechanism. The valves,
as shown in the diagrammatic view are
provided with" passages, 47 and 48, which
enable the pipes, 49 and 50, to

to be_connected as required to a source:of”
uid pressure, 51, and an éxhaust, 52

120

cylinder of .

125

the cylinders -

-X30-
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The action of the device described is as
follows: Supposing in" Fig. 12 that the
axes of the gyroscopes are “vertical and lie
in the same fore-and-aft plane of the body
to which they arc applied as the axis of
the cylinder, then if the body were to pitch

“the frée ends of the gyroscopes as explained

above in a previous example would move
slightly in opposite directions, thereby ro-
tating the tootbed disk, 38, and thus the
rotary valve, 44, thereby admitting pressure
fluid to the cyhnder 46, and f01c1n0f the
gyroscopes to precess in a plane at rwht

-angles te that of the plane of the ﬁvure.

The suspension of the gyroscopes with their
axes normally vertical provides so to say
a datum or base line from which the appa-
ratus may work. In this case, as before,
I am enabled to impart stability to the body
to which my invention is applied in all
vertical planes by the use of only two gyro-
scopes.

In this, as in all other- modifications of
my invention, however, each gyroscope acts
to impart stability in all directions.

T wish it to be understood that although

in order to. make clear the nature of my

invention I have described certain specific
examples thereof in considerable detail,
nevertheless it will be evident that the novel
principles involved can be embodied in a
great variety of different forms.

Having now described my invention what
T claim as new and desire to secure by Let-
ters Pa

- L In combinqtion. a body, and means for
automatically opposing tilting couples act-

ing thereon irrespective of the direction of
the axes of said couples, said means includ-
ing a pair of gyroscopic units each univer-
sally .mounted thereon to swing relatively
to said body through substantial angles in
any direction, and means for restrammcr
sald units from simultanecusly so swinging
in the same rotational direction relatlvelv
to s‘ud vody.

2. In combmwtlon. a bodyv, and means for
automfmca]lv opposing tilting couples act-
ing thereon irrespective of the direction of
the axes of said couples, said means includ-
ing a pair of gyroscopic units each univer-
sally mounted ‘thereon to swing relatively
to said body through substantial angles in
anv direction, and means for constrammv
«aid units so to sving in opposite rotational
directions relatively to said body.

3. In combination, a body, and gyroscopic
means for directly applying thereto preces-
sional counleq to oppose tilting couples act-
ing-on-said body n'respectlve “of the direc
tion of. the axes of said. couples, said means

inehiding: a pair of gyroscopic units each
_universally mounted: thereon in stabilized
"“equilibrium, and-; means. for constrammor g

sald nnits to swing in opposite rotatlonml
directions rclatlvely to said body.
* 4. In combination, a body, and oyroscoplc
means for dncctlv applying thereto pre-
cessional couples to oppose tilting couples
acting on said bedy irrespective of the direc-
tion of the axes of said txltmo couples, said
means including a pair of pendulous 0»10-‘
scopic  units, “each universally © mounted
thereon, and means for constraining said
units to swing in opposite rotational direc-
twm 1e1at1ve1y to said body.

. In Comblmtmn, a body having a pair
of gyroscopic units universally mounted

thereon; and means for preventlnd said units-

swinging sunult(meouslv in the same rota-
tional direction in any the same directional
plane while permitting swinging in opposite
rotational directions in s'ud same du‘ectlonf\l
plane.

6. In combination, a bodv hqvmo' a pair
of gyroscopic units universally mounted
thereon; mechanical interconnections for
preventing inclining of the individual units
relativelv to said body in the same rota-
tional direction in a certain = directional
plane while allowing precession in opposite

rotational du‘ectmns in a' directional plane -

at right angles and other mechanical inter-
connectlons for preventing inclining in thé
same rotational direction in the dn‘ectlonal
plane at right angles while allowing pre-
cession in 0pp051te rotational chrectlons, n
the first-mentioned directional plane. ‘

7. In combination, a body and gyroscopic:

means for directly applvmcr thereto preces-

sional couples to oppose tilting couples act-

ing thereon irrespective of. the direction of

the axes of said couples, said means includ--

1n<r a motor having gyroscopic rotary pfxrts
universally mounted on said body to swing
through Subshntml angles in any d1rect10n ;
i second gyroscopic mass sumlarlv mounted
on said body and means for constraining
said units to swing in opposite rotational
directions I'el’ltl‘\’elV to said body.

8. In combination, a body and gyroscopic
means for applying thereto.stabilizing pre-
cessional couples, said means including ro-
tary parts of a motor having cyhnder and
crank shaft members both rotatably mount-
ed on said body; together with one-way
means for helding one of said motor mem-
bet's stationary duunO‘ normal . working of
said motor and releasmo ‘said member dur
ing certain other workmg condltlono,

9. Tn ¢ombination, a body; a pair of gyro-
SCOplC units each having a separate unlver-‘

sal mounting thereon to allow said units to
swing, relatlvelv to said be.dy through sub-
stantial angles in any direction ; swing-.
defining interconnections operatwelv 2550~
clated w1th said gyroscopic units and having
members . in force- tmmmlttmo rehtlon to
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supporting said motor:

said hody, together with means for trans-

mitting precessional forces from said gyro- |

scopic units to said body directly to stabilize
the same, said means including the force-
{rapsmitting members of said swing-defin-
ing connections. - _ »

10. Tn combination, a body; a pair of gy-
roscopic unité each having a separate uni-
versal mounting thereon to allow said units
to . swing relatively to said body through
substantial angles in anv direction; swing-
defining interconnections .operatively asso-

“eciated with said gvroscopic units, together:

with means for transmitting stabilizing pre-
cessional couples from each of said gyro-
scopic units to said body, said means includ-
ing in respect of each of said wunits said
swing-defining connections. :
11. In combination, .a body and gyro-
scopic means for applying thereto stabiliz-

ing precessional couples, said means includ--

ing a motor having a rotor member and .a
universal power - transmitting mounting
propelling means
for said body; means for operatively con-
necting said rotor member with said propel-
ling means, said connecting means including
said power-transmitting mounting, together
with means for supplying working fluid to
said motor by way of said power-transmit-
ting mounting.

12. In - combination,
scopic means for applying thereto stabiliz-
ing precessional couples, sald means includ-
ing a motor having a rotor member and a
nmiversal power-transmitting mounting

supporting -said " motor; propelling means.
for said body; means for operativelv con-.
_necting said rotor member with said -pro-

pelling means, said connecting means in-
cluding said power-transmitting mounting
and including also a flexible coupling, to-
gether with means for supplying working
fluid to said motor by way of said power-
{ransmitting mounting. . :

13. In combination, .a body and gyro-
scopic means for applying thereto stabiliz-
ing precessional couples, said means includ-
ing 'a motor - having c¢ylinder members
rctatably mounted on said body; a erank

shaft member also rotatably mounted on-

said hody and one-way.means for holding
said crank shaft member stationary during
normal working of said motor, and releasing
said . crankshaft ~ member during  certain
other working conditions. . =~ - -
" 14. In combination, & body having a pair
of gyroscopic units universally “mounted
thereon and means for censtraining said
units to swing in opposite rotational diree-
tions, said means including a plurality of

U-frames to each unit, said U-frames being

each pivotally mounted on said hody - and
interconnections  between
frames cooperating with different units.

tarding said prec

a body and gyro-:

corresponding -

1,112,997

15. In  combination, a ‘body; gyroscopic
means momnted theveon to allow precession
of the axis of said gyroscopic means in a
certain plane; together with means for re-

tarding said precession, said precession-re-

tarding means including a rember recely-
ing in a direction at right angles to said
certain platie, thrust due to said precession
and including also a member. transmitting

thrust from said gyroscopic means to said ;

thrust-receiving means, one of said members
Laving associated therewith a groove and
the other of said members a projection co-
acting with gaid groove.

16. In combination, a body: gyroscopic
mesns mounted thereon to allow precession

-of the axis of said gyroscopic means in a

certain plune; together with means for re-
sssion, said precession-re-
tarding means including a member receiving
in a direction at right angleg to said certain
plane, 1f
ielading - also 2° member transmitting
thrust from - said -gyroscopic ineans to
said thrust-receiving means, one of said
members having associated therewith a
V-shaped groove and the other of said mem-
bers a_V-shaped projection co-acting with
said groove. ' ‘

" 17. In combination, a body; a pair ofs
gyroscopic units each having a separate uni-

versal mounting thereon to allow sard units
to swing relatively. to said body through
substantial angles in any dirvection; swing-
defining interconnections operatively. assocl-
ated with said gyrogcopic units and having
members pivotally mounted on said body,
together with means for transmitting stabi-
lizing precessional couples from said gyro-
scopic tnits to said body, said means includ-
ing said pivotally-mounted members..
18. In combination, a body having a pair
of gyroscopic units -universally mounted
thereon to swing through substantial angles
in all directions; positive connecting means
hetween said units for eonstraining them to
swing in opposite rotational directions rela-
tively to said body ; together with means for

controlling the movement of said body and
means for transmitting swinging movement 3

of said gyrogeopic units to said controlling
means. ,
19. In combination, a body having a pair
of gyroscepic units movably mounted there-
on; inter-connections for constraining said
units to swing in opposite rotational direc-
tions relatively to said body; together with
means for controlling the movement of said
body and means fory iransmitting movement
of said umnits to said controlling means, said
transmitting means including said swing-
constraining interconnections. o
90. In combination a body; propelling
means therefor ; motor means having rotary .

parts and driving said propelling means; a

thrust due to said “precession and:
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pair of gyroscapic units. at least one of
which is constituted 3‘" rotary parts of said

niotor mesns, each of said gyroscopic units : «

having & separate univ
said bo«l\'- swing-defining i terconnections
opu'ntrw‘\' associnted with said gvroscopic
units and hmut-g; members in foree-trans-
mitting relation to said body. together with
means for transmitting stubilizing preces-
sional forces from said gvroscopic units to
said body. said means including the force-
transmitting members of said swing-defin-
ing’ connections.

21. In combination a body: a pair of gV—
roscopic units universally mounted thereon:
means for defining swinging movement of
said gvroscopic units in relation to each
other, said means ineluding a plurality of
U-frames for each wnit, each Tof said U-frames
being pivotaliy: mounted on said body
and means for restraining corresponding
U-frames cobperating with different units
from simultaneously swinging in the same
rotational direction relatively to said body.

22, In combination a body; a pair of gy-
roscopic units universally mounted thereon;
means for defining swino‘inO' movement of
saicl gvroscopic units in relation to each
other, said means including a plurality of
U-frames for each unit, each of said
U-frames being pivotally monnted on said
body, and means for constraining corve-
spondmo U-frames codperating with difter-
ent umits to swing in opposite rotaticual Ji-
rections relatively to said body.

23. In combination-a body: a pair of gv-
roscopic units nniversally mounted thercon:

O1'RR

mounting on

means Tor defining swinging movement of
said gvroscopic units in relation tc each

ther, said means inchiidiug a plurality of
U frames  for ecach unit, each " said
U-frames being pivotally mounted on said
body, and means for preventing correspond-
ing U-frames codperating with different
units swinging simultancously in the same
ot-'timml direction in any the same divec-
tional plane while permitting swinging in
opposite rotational directions in the same
divectional plane.

24. In combination, a body; a pair of gy-

roscopic units uniy ersally mounted thercon.

in stabilized equilibrium: and means for
constraining said units to s swing in opposite
retational divections relatively to said body.

25. In combination a body; a pair of gv-
Foscopic units universally mounted thereon
and pendunt thercefrom; and means for con-
straining saild units to swing in opposite
rotational directions rel latively to said body.

2G. Tn combination, a body: gyroscopic
means mounted thercon to allow precession
of the axis of said gvroscopic means in o
certain plane: togciher with means for re-
tarding satd precessiony said prec esstoN-e-
tording weans including a member receiv-
ing in o direction at right angles to eaid cor-
tain plene. thrust due to said precession.

In testimony whereof, T afiix my signature
in presence of two witnesses.

SEBASTIAYN ZIANI vE FERRANTL
Witnes-es:
Avvnwr ITarn,

Wiiniaar Duxcax Davinsox.
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