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To all whom it may concern: continuous manner when necessary by the ap-
Be it known that I; FRANK M. LEAVITT a | plication of an electromotor.
citizen of the Unlted States, residing in the According to my invention I provide for.
borough of Brooklyn, county of Kings, city | spinning the gyroscope by the application of
5 and State of New York, have invented cer- | fluid- pressure, preferably compressed air. 53
tain new and useful_Improvements in Gyro- | To this end I combine with the fly-wheel of
scopiec Apparatus for Steering Torpedoes and | the gyroscope a fluid-pressure motor, prefer-
other Uses, of which the following is a speci- | ably a reaction-motor and preferably one
fication. wherein the fly-wheel is. formed with reae--

10° Thisinvention pr0v1des animproved gyro- | tion-surfaces, and a nozzle is provided for di- 60
scopic apparatus chiefly applicable for -the rectmcrtheJet of fluid under preqsure against’
steering of automobile-torpedoes or othersub- | such surfaces. '
marine vessels, but also in part.applicable for My invention provides novel means fordis-
other nses wharever a gyroscopie apparatus | continuing the action of said motor after the

15 is desirable. .Hence in its broader features | fly - wheel has been brought up to proper 65
my invention relates to gyroscopic apparatus speed, also means for locking fast the gim-
in general, and more specifically it relates to | bal-rings or other mounting of the fly- wheel
such apparatus in combination with steering prml‘y t6 §pinniig it and for unlocking
mechanism and to the construction of such | the same upon completing the spinning in

zo apparatus in such manner as to facilitate its | order to leave the gyroscope free, such un- 70

" application to an automobile-torpedo. locking means being preferably operated by
A gyroscope consists of a rotatively-mount-.| the ﬁu1d pressure wh1ch drives the fly-wheel,

ed body, as a fly-wheel, so supported, usually | and I provide also means for admitting fluid.
through the medium of gimbal-rings, that | pressure to said moter during a predetex-

25 movement or deflection of the structure.| mined time sufficient to spin ’ohe gyroscope. 75
whereon it is supported will not be communi- | As applied to the steering of an automobile- -
cated to the axial pivots of the fly-wheel in | torpedo my invention also provides means
such manner as to force the latter while re- | for communicating the movements of the
volving out of its normal plane of rotation. | gyroscope relatively to the plane of direction

30 Henceafly-wheel or revolving body so mount- | of the torpedo from the gyroscope or the uni- 8g
ed is able to preserve its original plane of ro- | versal mounting thereof to the steering-rud-
tation notwithstanding the movements of the | der and also for enabling the direction in
structure upon which Tt is carried. This ca-.| which the torpedo shall be steered to be ad-
pacity for preserving a fixed plame of rota- | justed at will, and also provides a special

35 tion renders the gyroscope highly useful for | construction of gyroscopic apparatus for fa- 8s
many purposes, notably so for controlling the | cilitating its ready application to or removal
steering of an automobile-torpedo or other from the torpedo.
craft which after aiming and launching, is I will proceed todesecribe myinvention with
left to itself to direct its own course through | specialreferencetoits appllc%lon tothesteer-

40 the water. A gyroscope is also useful for | ing of a torpedo. 9o
other purposes, one example of which is to Figure l1isan elevation of my improved gy-
preserve a uniform plane on a ship which is | roscopic apparatus, partly broken away in
pitching or rolling, or both, in order that such | section, and showing in section its mounting
plane may be utilized for certain purposes, | in the hull or shell of the torpedo. Fig. 2 is

45 such as for determining the instant of firing | an elevation of the inner end of the appa- 95
of guns in order to insure their correct eleva- | ratus, showing also its mounting-ring, the
tion. view being partly in section on the line2 2 in

Heretofore gyroscopes have'been spun or | Fig. 3. Fig. 3 is a sectional side view look-
set in-rotation by releasing a spring-actuated | ing in the same direction as Fig. 1 and show-"

50 gearing, or they have been driven in a more | ing also the pneamatic or fluid pressure ap- 100 .
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purtenances of the apparatus. Fig. 4 is a
view looking in the same direction as Fig. 2
in transverse section on theline 4 4 in Fig. 3.
Fig. 5 is a diagram showing in plan a torpedo
and showing the gyroscope in position there-
in. Fig. 6 is a sectional plan of the after part
of atorpedo,illustrating theapplication of my
invention thereto. Fig.7isin partafragmen-
tary elevation in section on the plane of the
line 7 7 in Fig. 4 and is in part an electrieal
diagram, showing certain electrical connec-
tions. Fig. 8 is a mid-section of the pneu-
matie time-valve shownin Fig. 3, showing the
latter in a different position, it being closed
in Fig. 3.and fully open in Fig. 8. Figs. 2, 3,
and 4 show the gyroscope set and at rest pre-
paratory to being spun. Fig. 1 shows it in
motion directly after being spun. Fig. 8
shows the position of the time-valve interme-
diate of the positions just described. Figs.
5 and 7 show the apparatus in operation.
Let A in Figs. 5 and 6 designate the hullor
body of a torpedo, of which a in Fig. 6 is the
shell or outer wall. In thisshell at one side
is formed an opening within which is set a
frame or ring b. A fragment of the shell a
and the ring b are shown in section in Fig. 1
and also in Fig. 3. Within the conical inuer
surface of the ring b is fitted tightly (prefer-
ably bya conicalground joint) aring B, which
constitutes the base upon which the gyro-
scope apparatus is carried. From this base-
ring two parallel arms C C project horizon-
tally, and across their ends is fastened a head
or vertical plate D, these arms and plate thus

constituting, with the ring B, a fixed frame- |

work. Within this framework the gyroscope
is mounted. Its fly-wheel E is mounted to
turn within a ring ¢, which in turn is pivoted
on an axis at right angles to the axis of rota-
tion within a second ring d, and the latter is

‘pivoted upon an axis at right angles to the

pivotal axis just referred to within the fixed
frame already described—that is to say, by
means of pivots ¢ ¢ therein. The ringsc d
are thus the usual gimbal-rings by which the
tly-wheel axis is given a universal mounting
with reference to the fixed frame B C D.

It will be understood thatthering B isneec-
essary or desirable only in a torpedo or analo-
gous application and may be substituted by
any other suitable base or foot when the ap-
paratus is to-be used in other locations, it
being only necessary to provide some suit-
able fixed frame for sustaining the several
working parts, the construction of which
frame or support may be subject to wide va-
riation, according to circumstances.

Forspinning the fly-wheel E,Tcombine with
it a fluid-pressure motor. The construetion
of this motor may be variously modified, and
it may be adapted for being driven by differ-
ent fluids nnder a variety of pressures and
may be connected in various ways to the fly-
wheel during the spinning thereof and may
be variously disconnected therefrom upon
the completion of the spinning in order to

741,683

leave the fly-wheel free. I prefer the em-
ployment of compressed air or other gaseous
fluid and to construct the motor as a reac-
tion-motor, preferably combining rotary im-
pact-faces with a stationary nozzle for dis-
charging the stream of fluid against such
faces. I.prefer alsotoconstruct the impaect-
faces directly upon the fly-wheel itself, so
that the latter constitutes not only the fly-
wheel of the gyroscope, but also the rotary
member of the motor. To this end I form

the fly-wheel with any suitable formation of”

impact-surfaces, the construction clearly
shown in section in Figs. 3 and 4 being suit-
able, and I provide a nozzle G from which to
direct a thin stream of flnid against these
impact-surfaces, a suitable construction of
nozzle being that clearly shown in section in
Figs. 3 and 4. The impact-surfaces are in
the construction shown formed by construct-
ing the fly-wheel E with a concentric fluid-
passage f, from which radiate openings g g,
extending to the exterior, these openings be-
ing arranged in a plane perpendicular to the
axis of rotation, which plane coincides with
that of the slit or contracted orifice of the
nozzle, so that the nozzle directs a stream of
fluid againstthe walls of the openings, which
walls constitute the impact-surfaces. The
stream of fluid thus directed against these
surfaces on rebounding therefrom flows
through the openings into the inner channel
frthrough which it circulates,and thereby dis-
tributes itself among the numerous openings
through which it finds free escape..

By turning compressed airthrough the noz-
zle G for a brief interval—say one second or
less—the fly-wheel can by this means be spun
up to the requisite veloeity for storing suffi-
cient power to keep the gyroscope running
for a considerable time. In practice in ap-
plying my invention to an automobile-tor-
pedo I turn on an air-pressure of approxi-
mately thirteen hundred pounds per square
ineh for one-half second, whereby the fly-
wheel is spun uptoa speed of approximately
eight thousaund or nine thousand revolutions
per minute, or sufficient to keep it spinning
for over ten minutes.

It is necessary to provide means for con-
trolling the flow of compressed fluid to the
motorin order to cut off the flow of fluid after
a predetermined time—that is to say, after
such time as is sufficient to spin up the fly-
wheel to the requisite speed. This time will
of course vary according to the proportions
adopted in any case and also according to
the fAuid- pressure used and the length of
time during which the gyroscope is toremain
active. Tothisend I provide for econtrolling
the supply of compressed air or other fluid a
device which I will call a “*time-valve.” This
time-valve, which as a whole is lettered II, is
shown in section in Figs. 3 and 8. It con-

sistsof a stop-valve h,adapted to close against
a seat V', and thereby cut off communication
between the compressed-air inlet 7 and the
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outlet 7', which are on opposite sides of said
seat, and of means for operating said valve,
comprmnw a cylinder or chamber j and a
piston 7', working therein and connected to
the valve 2. The normal or starting posi-

-tion of the valve is closed, as shown in Fig.

3. Upon turning on fluid-pressure the lat-
ter entering throuoh 1 acts against the piston
4" to force the latte1 to the left to the posi-
tion shown in Fig. 8§, thereby opening the
valve hand permitting the air to flow through
the seat b’ and out by the outlet 4’ to the noz-
zle G. The body of air originally impris-
oned in the chamber j to the left of the pis-
ton serves as a cushion to check ifs opening
movement. The piston 5’ is not a tight fit
with its eylinder, and consequently the com-
pressed air can leak past it and act against
its left side or face. The piston is of unbal-
anced area by reason of being provided with
a stem 7%, which passes out through the valve-
shell, as shown, 8o that when the valve is

.open, as in Fig. 8, the piston J' receives the

full luid-pressure against allofits right-hand
side except the area of the stem j°, which re-
ceives only the pressure of the external at-
mosphere, while the fluid-pressure as fast as
it ean leak past the piston acts against the
full area of the left side thereof, and conse-

quently acts effectively against an area equal

to that of the cross-section of the stem, so
that the high pressure acting against this
differential area forces the piston toward the
right with a speed proportionate to the ex-
tent of leakage or looseness of fit of the pis-
ton. This movement continues until the
valve h is again seated, ‘whereupon the flow
is shut off, and so long as the flnid-pressure
remainsturned on the valve continues pressed
to its seat thereby. This time-valve thus
opens instantly upon the turning on of fluid-
pressure and closes progressively at a rate
which varies according to the looseness of fit
of the piston. By a smtable proportioning
of thislooseness of fit the valve may be caused
to close in any predetermined time desired.
This means for controlling the duration of
flow is extremely simple and operates with
great precision.

It is obviously necessary that the flexible
mounting of the ly-wheel should be held rigid
during the operation of spinning the fly-wheel
uptospeed. Tothisendsomesuitable means

must be provided for locking fast the gimbal-.

rings ¢ d.  Such locking device must be un-
locked after spinning up the fly-wheel in or:
der to leave the gyroscope free.” In orderito
comply with these conditions, I have devised
a locking and unlocking means, which I will
now describe. In thering d Iform a slot.d’,
Figs. 3 and 4, through which the nozzle G pro-
jects in order that its tip may come'close
against the reaction-surfaces-of the fly-wheel.
Hence the nozzle when in this position; as
shown in Figs. 3 and 4, by standing in thig
slot prevents turning of thering d. .. Theno.i~
zle and slot may be made a close fit; 5o that

the nozzle serves as the lock for the ring,
though I prefer to make them a loose fit; but
in either case in order to free the ring the noz-
zle is eaused to move backward out of the
notch d’ to the position shown in Fig. 1. . This
movement I effect automatically by means of
the fluid-pressure to such effect that instantly
upon the cutting off of the stream of com-
pressed air by the time-valve H the nozzle G
is caused to execute its retreating movement.
To this end the nozzle G is mounted upon a
tubular piston-rod %k, which carries a piston
or plunger /, which moves in a cylinder I.

The compressed air enters the outer end of-

thiscylinder through a duct mand flows there-
from through the bore or duct n within the
piston-rod to the nozzle G. The piston [ in
the position shown in Fig. 3 divides the cyl-
inder I, thus forming a chamber I’ beyond
the piston, into which the compressed air
flows through a small hole in the piston,
which is controlled by a check-valve p.
Hence the instant after the compressed air is
turned on the chamberl’ becomes filled with
compressed airat a high pressureand remains
so until the time- valve H cuts off the flow of
air, whereupon the air remaining in the ducts
and in cylinder I quickly escapes through the
nozzle @&, leaving a charge of air at high pres-
sure stored in the chamber I'.
not return into the eylinder I past the check-
valve p,which closes in this direction. Hence
the expansion of the confined airin I’ forces
the piston to the left and moves with it bodily
the rod & and nozzle G to the position shown
in Fig. 1. A cupped packingaround the rod
forms a stuffing-box for preventing escape of
airoutwardly. In thenormal position an an-
nular collar or flange &' abuts against the in-
ner end or head of the eylinder, as shown, and
forms astop. The retreatingmovement ofthe
nozzle G thus aceomplishes two results: First,
it frees the ring d, and, second, it removes
the nozzle itself beyond the fly-wheel E, and
thereby disconnects the fluid-pressure motor
as soon as it has completed its work of spin-
ning up the fly-wheel. ‘

For locking the rings ¢ and d to. hold them’
immovable while spinning upilie’ ﬁy -wheel T

providealocking-leveryJ,one arm, J’, of which

has: a: recess which receives a pin g on the

ring-c, preferably near or in the axis of rota-

7t10n of thé fly-wheel, while the other arm, J?,
 extends beneath the nozzle G, as best shown
in Figs. 3 and4. A spring s is suitably ar-

ramoed to press against the lever J, tending
to dlsplace it and release the pin ¢, but thls
is'prevented by the arm J? being held back
beneath the nozzle G. When, however‘ the

nozzle G is displaced to the position shown in

Fig: 1, the arm J?® is thereby released and
swings out under the impulse of the spring,
the lever J moving to the position shown in
dotted lines in Fig. 2 and releasing the pin g,
so that the ring ¢ becomes unlocked simulta-
neously with the freeing of-the ringd.” The
movement of the-arm J? just described car-
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ries it beyond the end of the nozzle G, as
shown in Fig. 1, and hence insures against
any possible rebound or return movement of
the nozzle (&, since any such movement would

5 bring a prolongation or toe ¢’ thereon against

the arm J? before the nozzle could move into
the path of the ring d. The arms J' J? are
both fixed upon an oscillatory spindle J?, suit-
ably pivoted upon arms or brackets project-

1o ing from the frame C. Other specific means

for locking the rings may be substituted to
be worked, preferably, by the fluid-pressure
to such effect that upon the cessation of the
jetor blast from the nozzle the rings shall be

15 instantly unlocked.

Before the gyroscopic apparatus is oper-
ated—that is to say, before compressed air is
turned on—it is necessary to set the appara-
tus. When used in a torpedo, the base-ring

20 B and the parts carried thereby are removed

from the frame 0, whereby access is had to
all the parts. The rings ¢ and d are first
brought into position, whereupon the spring-
pressed lever J is moved to engage it with the

25 pin q. This brings the arm J* down out of

the path of the nozzle G, whereupon this noz-
zle is pushed into the slot d’'in the outer ring
until it reaches its proper position close
against the fly-wheel, as shown in Fig. 3, with

30 the flange &’ against the head of the cylinder

I, as there shown. The apparatus may then
be replaced in position in the ring . It may
be advantageous to introduee a spring for
pressing the nozzle and piston to the right in

35 order to hold the parts firmly in this position

before operation, such spring being indicated
in dotted lines at r in Fig. 3.

I have indicated in Fig. 3 in somewhat dia-
grammatic manner in dotted lines the pneu-

¢o matie apparatus employed in an automobile

torpedo in order to illustrate the connection
therewith of my gyroscopic apparatus. X is
the usual flask or pressure-cylinder contain-
ing compressed air at high pressure, from

45 which leads a pipe?, which extends to a pres-

sure-reducing valve K' and from which ex-
tends a pipe ¢, which leads to the motor or
—engineM for duvmo' thé screws for propelling

the topedo, wmch\motor M may of course be

5o the usual reeiprocating-multicylinder-engine

or may be any other suitable- ‘motor, that in-
- dicated in-the dlaglam being a compressed-
air turbine. In the pipe¢isa valvet?, which
is the starting-valve, being opened anfpmat-

‘55 ically during bhe operation of launching.the

torpedo in the manner well understood. DBe-
tween this valve and the reducer K’ a branch

pipe conducts the air under full pressure to.

theinletz of thevalveHl. Trom the reduced-

60 pressure pipe? a branch pipe# leads for con-

veying air under lower pressure to the steer-
ing apparatus, which will be deseribed. The
air for spinning the gyroseope is taken from
the high-pressure pipe ¢ in order that the air

65 at maximum pressure may be utilized for

spinning up the gyroscope instantly in order
that the gyroscope may be rendered active

. 741,685

before the torpedo leaves the launching-tube,
and consequently while its direction, and
hencethatof therotativeaxis of the fly-wheel,
is definitely fixed by the aimingof the launch-
ing-tube. -

I will now proceed to deseribe how I apply
my gyroscopic apparatus for controlling the
steering of a torpedo or otheranalogouscraft.

Refenmcr to Fig. 6, which shows the tor-
pedoin plan Lis the steeunfr -radder thereof,
which is moved between the positions shown
in full lines and in dotted lines by means of
aninternal arm I/, fixed on the rudder-shaft
within the hull and connected by a rod u to
the gyroscopically-controlled steering mech-
anism. Inthe particularconstruction shown
in Fig. 6 this rod w receives at one end the
pressure of a spring s’ strong enough to throw
the rudder to the position shown in full lines,
and for throwing the rudder to the dotted-
line position a pneumatic engine N, compris-
ing a e¢ylinder and piston, is provided, the pis-
ton acting through an elbow-lever »' against
the rod w to compress the spring. Other ar-
rangements may of course be substituted;
but the means thus shown serves the purpose
well. Preferably I mount the pneumatic en-
gine N on the cross-head or plate D by con-
structing the engine-cylinder as an integral
partof thiscross-head casting. The piston-rod
or plunger P projects out through a stuffing-
box, as shown, so that when the apparatus

.is in place it comes against one arm of the

elbow-lever ' in the manner shown in Fig.
6. The pneumatic engine is controlled by a
balanced valve P', (clearly shown in Fig. 3,)
by which eompressed air entering through a
pipe {8 is admitted to either side of the piston,
while the exhaust from the opposite side of
the piston is permitted to escape to the at-
mosphere. As this is an ordinary type of
preumatic engine, it requires no special de-
seription. The valve P’ is.operated from the
gyroscope in any suitable manner. It might
of course be directly conneeted to the outer
ring d of the gyroscope, so that the oscilla-
tions of this ring corresponding to changes of
direction of the torpedo-hull would act di-
rectly against the valve to shift it; but al-
though the valve is balanced, and hence oper-
ates with the minimum of resistance, yet such
direct connection would impose an amount of
resistance to the free oscillation of the ring
as would to some extent impair the effective-
ness or exactness of operation of the appara-
tus, and hence I prefer to provide for such
connection between the gyroscope-ring and
the valve as shall oppose the minimum of re-
tardation to the movements of the gyroscope.

-To this end I provide for operating the valve

electromagnetically, under control of a cir-

guit-closer whichis operated by the gyroscope-

ring and which circuit-closer can be so deli-
cately adjusted as to impose only the most
minute resistance upon the movements of the
riag. Accordingly I arrange two electromag-
pets Q and Q' to act in opposition to each

70

75

8o

85

go

100

105

110

115

120

125

130




741,683

other upon armatures carried by a lever Q?,
which is connected to the valve P'. Prefer-
ably I mouut the magnets Q Q' fixedly upon
the cross-head D in manner shown and fix
their armatures upon opposite arms of the
lever; but other arrangements may be sub-
stituted to equal advantage. The cirenit-
closer shown consists of a lloht spring-arm
v, carried by the ring d, as shown in Fig. 3,
the free end of this spring terminating in a
platinum point, which as the ring oscillates
is. moved over arc-shaped contact-segments
V V', which are best shown in Fig. 7. These

. sewments are insulated and are connected by

i

20

c1rcu1t wires or conductors v’ 12, respectively,

as shown in Fig. 7, to the w1nd1ngs of the re-
spective magnets, the opposite terminals of
which windings are connected in a eircnit 27,

which includes an electric battery V? (or a
dynamo) and terminates in a connection with
the spring v, which connection may be made
through the frame, pivots, and ring d. The

. operation of this conneection will be apparent

25

30

40

45

50

on examining Figs. 5 and 7. In Fig. 5 the
dotted lines show the position of the torpedo-
boat in following its true eourse, the plane of
rotation of the fly-wheel of the gyroscope be-
ing in thisinstance perpendicularto a vertical
plane coinciding with the longitudinal axis of
the torpedo. Any deflection of the torpedo
from its true course—as, for example, a deflec-
tion to the position | shown in fulllines in Fig.

5—does not alter the plane of rotation of the'

gyroscope, but simply moves with reference
thereto the cireuit - closing segments V V',
As soon as the tip of the spring v passes thus
onto one of the segments an electric current
passes through the corresponding branch cir-
cuit v’ or v* and energizes the corresponding
magnet Q or Q', Fig. 7, which, acting through
the lever Q? Fig. 8, throws over the valve to
the opposite position, and eonsequently ad-
mits compressed air from the pipe #® to the
opposite side of the piston of the pneumatic
engine N, thereby causing movement of the
planger P thereof in such direction as to
throw the rudder L, Fig. 6, to the contrary
position—that is, to such position as will
cause the hull of the torpedo to be steered
back into its normal course, being the rudder
position shown in full lines at L in Fig. 5. It
results from this that the torpedo is steered

back until it reaches its normal course, at

55

60

63

which instant the tip of the spring v, Fig. 7,
passes across the insulating-gap between the
two sectors, and as the rudder position re-
mains fixed, so that the torpedo-hull conse-
quently steers beyond its normal course, the
spring passes onto the other segment—as
shown, for example, in Fig. 7—thereby cut-
ting off the current from the magnet preyi-
ously energized and directing it into the other
magnet, which again throws over the valve P’
and again reverses the pneumatic engine,
thus throwing the rudder to the opposite po-
sition .and steering "the torpedo in the con-
trary direction back toward its normal course.

5

It results from this arrangement thatthe tor-

-pedo follows a sinuous path, steering alter-

nately to right and left of its true course and
repeatedly crossingsuch true course. In prac-
tice, however, the rudder is thrown from one
side to the other nupon a very slight deflection
of the torpedo from its true course, so that
its sinnous movements constitute but a slight
departure from a straight line constltutlnd
the true theoretical course of the eraft.. The
gyroscope should of course be proportioned
to continue spinning at suitable speed for a
period sufficiently longer than the total du-
ration of run of the tor pedo.

In case the launching-tube is aimed in the
direction in whieh it is “desired that the tor-
pedo shall travel the segments V V' should
be so arranged relatively to the initial plane
of the gyroscope that the point of the spring

‘v shall at the instant of launching rest upon

the insulating-space between the segments.
It is, however, sometimes desirable to launch
the torpedo in a different direction from its
destined course—as, for example, in launch-
ing it from a torpedo - boat in rapid mo-

‘tion it may be desirable to launch the tor-

pedo from the bow or stern and cause the
torpedo to assume subsequently the desired
course, which may, for example, be athwart
ships or ninety degrees from the direction
in which it is launched. To enable this re-
sult to be accomplished, I mount the seg-
ments V V' on an angularly-adjustable base
or disk and provide meaus for enabling this
disk to be ad,]usted toany desired angle. The
disk referred to is lettered R, bemw best
shown in Figs. 3and 7. Itis pivotally mount-
ed on the arm C concentrie with the pivot e by
means of an annular pivotal platea. For
turning the disk R from the exterior I form
it with a toothed segment 7', engaged by a
pinion 7%, formed on a rotatlvely mounted
gpindle R',_.which is fitted tightly and pref-
erably by a conical ground joint in a socket
formed in the ring V, as shown in Figs. 3and
7. The spindle R’ has a square socket, in
which a key may be inserted for turning it.
The spindle and disk turn with such friction
that they will remain securely in any position
to which they are turned. The ratio of the
pinion and sector being known, it is only nec-
essary to turn the spindle R'through as many

-degrees as divided by this ratio will equal the

number of degrees that it is desired to dis-
place the disk R, being the same number of
degrees through which the torpedo is destined
to swing after launchmg and before reachmw
its destmed eourse.

Inasmuch as my gyroscopic apparatus in-
cludes two pnenmatic engines—namely, the
fluid-pressure motor and its appurtenances
for spinning up the fly-wheel and the pneu-
matic steering-engine N—it is desirable to
provide some convenient means for effecting
the necessary connections between these
parts, which are removable with ring B and
the pipes conveying pneum;mc p1 essure with-
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in the shell of the torpedo. Obviously it
would be very difficult to provide for making
such connections by means of couplings or
screw-joints such as are usually employed.
Accordingly I provide for making the neces-
sary pneumatic. connections through the
eground joint uniting the base-ring B to the
frame or ring b, in which it fits. To this end
I form the base-ring D at suitable positions
with a connection for receiving the outlet-
pipe ¢’ from the time-valve, terminating in an
inner groove or channel y, Fig. 8, and with a
connection for receiving the low - pressure
branch pipe #, terminating in an internal
grooveorchannely’,andIformthering B with
external grooves or channels « and &', which
when the ring is in position coincide with the
said channelsyandy’, respectively. From the
groove or channel « a duet or passage m is
formed through the ring B and arm C, lead-
ing to the cylinder I. TFrom the channel ©
a duet or passage ® is formed through the
material of the ring and upper arm C, follow-
ing the course indicated in dotted lines at &
in Fig.7 and communicating with the pipe %,
by which the compressed air under reduced
pressure is led to the inlet-port of the valve
I’ of the pneumatic engine N, The conical
surfaces of the ring B and frame b are ground
to & tight fit, and when the ring isin position
it is held by any suitable means—as, for ex-
ample, by two or more fastening-screws, of
which one is shown at z in Fig. 1. By re-
moving these screws the ring I3 may be re-
moved, thereby disconnecting the gyroscope
and all its appurtenances from the hull of the
torpedo. The outer side of the ring B is
closed by a shell a', which when in place
forms a eontinuation of the main shell ¢ of
the torpedo. . ‘

In the adaptation of wy invention to a tor-
pedo its preferred form, as shown, is advan-
tageous in that the gyroscope and its motor
and also the steering-engine and all inter-
mediate and accessory parts are compactly
but accessibly mounted upon the one support
in such manner that the whole can be con-
veniently taken out of the torpedo-hull, and
hence can be readily inspected or adjusted.
Also the removal of these parts leaves the
ring or frame b as a large hand-hole through
which access can be had to the parts through
which the steering movements are communi-
cated to the rudder.

My invention in its broader aspects pro-
vides a very simple mechanism for effecting
automatically the spinning up and unlocking
of a gyroscope, utilizing therefor a source of
energy many times greater than can be prac-
tically attained by either a spring-motor or
an electromotor. My invention thus attains
a simplification of the accessories of the gy-
roscope and at the same time adds greatly to
the effectiveness of the gyroscopic apparatus.

It must not be inferred from the particular-
ity of detail with which I have described the

= 741,683

preferred form of my apparatus that my in-
vention is by any means limited to the de-
tails thus set forth, since, in fact, my inven-
tion in its broader aspects is susceptible of a
wide degree of modification and may be
availed of by means of a great variety of me-
chanical details and accessory or interme-
diary devices. TIFor example, the fluid-pres-
sure motor may be any other known type of
reaction-motor. Also circuit-closer V V' v
may be substituted by any other suitable con-
struction of circuit-closer. . Also instead of
using two magnets Q Q' to act against each
other a single magnet may be provided act-
ingagainst anysuitable opposing or retractile
force. Also it is within my invention to dis-
pense entirely with electromagnetic means
for connecting the gyroscope to the valve of
the pneumatic steering-engine, since other
means for controlling this engine from the
gyroscope may be substituted if sufficiently
delicate in operation to avoid interposing any
serious resistance to the movements of the
gyroscope. It is also apparent that in lieu
of a pneumatic engine any other means con-
trollable by the delicate action of the gyro-
scope and capable of transmitting the req-
uisite power to the steering-rudder or other
thing to be operated may be substituted.
My invention may be otherwise modified in
many ways or may be availed of in part only,
according to the particular cirecumstances
under which it is applied in any special case
and depending upon the particular service it
is there destined to perforn.

I claim as my invention the following-de-
fined novel features, substantially as herein-
before specified, namely: _

1. A gyroscope having a fluid-pressure re-
action-motor for spinning i, combined with
means for controlling the admission of fluid-
pressure tosaid motorduringa predetermined
time sufficient to spin the gyroscope, said
means being adapted to thereupon cut off the
flow of fluid thereto.

2. A gyroscope having a fluid-pressure mo-
tor for spinningit, combined witha source of
pressure, and a valve adapted to admit fluid-
pressure tosaid motorduringa predetermined
time sufficient to spin the gyroscope, and
thereupon to cut off the flow of fluid thereto.

3. A gyroscope having a fluid-pressure mo-
tor for spinning it, combined with means for
admitting fluid-pressure to said motor during
a predetermined time sufficient to spin the
gyroscope, consisting of a valve and its actu-
ating-piston, the latter presentingits full area
for closing the valveand a diminished area for
opening it, and means for admitting a re-
stricted flow or leakage to the back of said
piston for closing the valve.

4. A gyroscope comprising a {fly - wheel
mounted in gimbal-rings, having a fluid-pres-
sure motor for spinning it, combined with
means for controlling the admission of fluid-
pressure to said motor, and means actuated
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by the fluid-pressure for diseconnecting said
motor upon the cessation of the flow of fluid
to said motor.

5. A gyroscope having in combination re-
action-surfaces, a no7zle for directing fluid
under pressure against said surfaces for spin-
ning the gyroscope, and means for-automat-
ically withdrawing said nozzle after spinning

‘to leave the gyroscope free.

6. A gyroscope comprising a fly - wheel
mounted in gimbal - rings, said fly - wheel
formed with reaction-surfaces, combined with
a nozzle for directing fluid against said sur-
faces forspinning the wheel, one of said rings
formed with a slot through which the nozzle
enters, whereby when the nozzle is in place
it locks said ring, and means for withdraw-
ing said nozzle from said slot after spinning
to unlock said ring.

7. A gyroscope comprising a fly - wheel
mounted in gimbal-rings, having a fluid-pres-
sure motor for spinning it, combmed with
means for controlling the admission of flunid-
pressure to said motor, means for locking
fast said rings during spinning, and means
for unlockmO‘ said rings upon the cessation

of the flow of fluid to the motor.
8. A gyroscope comprising a fly - wheel

mounted in gimbal-rings, havinga fluid-pres-
sure motor for spinning.it, combined with
means forlocking fast said rings during spin-
ning, comprising a spring-pressed lever en-
gaging the rings and tending to disengage
itself therefrom, and means for normally
holding said locking-lever in the locking po-
sition, adapted to be displaced to free said
lever upon the cessation of the fluid- pressure
feeding said motor.

9. A gyroscope comprising. a. fly - wheel
mounted in gimbal-rings, combined with a
fluid-pressure motorforspinning it, meansac-
tuated by the fluid-pressure for withdrawing

~the nozzle of said motor upon the cessation of
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the flow of fluid thereto, and a locking device
for holding said rings during spinning, tend-
ing to unlock and restrained therefrom by en-
gagement with said nozzle,and freed to unlock
the rings by the withdrawal of said nozzle.
10. A gyroscope comprising a- fly - wheel
mounted in gimbal - rings, said fly - wheel
formed with reaction-surfaces, combined with

‘a nozzle for directing fluid under pressure

against said surfaces for spinning it, and a
cylinder and piston, said cylinder communi-
cating with the samesource of fluid-pressure
as said nozzle, and the piston movable there-
in connected to said nozzle, whereby its move-
ment under impulse of the fluid- pressure
withdraws said nozzle from the fly-wheel.
11. A gyroscope comprising a fly- wheel
mounted in gimbal-rings, said fly- wheel
formed with reaction-surfaces,combined with
a nozzle for directing fluid under pressure
against gaid surfaces for spinning if, and a
cylinder and piston, said cylinder communi-
cating with the same source of fluid-pressure
ag said nozzle, and the piston movable therein

"

7

connected to said nozzle for communicating
movement thereto, having a duet for permit-
ting compressed air to pass said piston and
accumulate a pressure upon the opposite side
thereof, whereby upon the cessation of the
flow of fluid under pressure to said nozzle, the
accumulated pressure beyond said piston acts
to displace said piston and thereby withdraw
the nozzle.

12. A gyroscope comprising a fly - wheel

75

mounted in gimbal - rings, said fly - wheel -

formed with reaction-surfaces combined with
a nozzle for directing fluaid under pressure
against said surfaces for spinning it, and a
cylmder and piston, said cylinder communi-
cating with the same source of flnid-pressure
as said nozzle, and the piston movable therein
connected to said nozzle for communicating
movement thereto, having a duet for permit-
ting compressed air to pass said plston and
accumulate a pressure npon the opposite side
thereof, and a valve in said duct for check-
ing the return flow of fluid therethrough,
wherebv upon the cessation of the flow of
fluid under pressure to said nozzle the accu-
mulated pressure beyond said piston acts to
displace said piston and thereby withdraw the
nozzle.

13. A gyroscope cowprising a fly- wheel
mounted in gimbal - rings, said fly- wheel
formed with r eactlon smfaees combined with
a nozzle G movable toward and from said fly-
wheel, a cylinder I, a piston [ movable there-
in,a tubular piston-rod k connecting said pis-
ton to said nozzle, a passage admlttmcr fluid-
pressure to said eylmdex and a duct permlt-
ting fluid-pressure to flow past said pisfon to
aceumulate in the opposite end of said cylin-
der, to the effect set forth.

14. A gyroscope comprlsmw a fly-wheel
mounted in gimbal-rings, a spring
lockmd lever J forlocking fast said rings dur-

ing spinning, a fluid-pressure motor for spin-

ning the ﬂy—wheel a cylinder and piston con-
nected to the same source of fluid-pressure,
and a movable part for holding said lever in
its locking position, connected to.said piston
to be withdrawn to release said lever upon
the cessation of the flow of fluid under pres-
sure to said motor, whereby the gimbal-rings
are unlocked automatically after spinning.

15. A gyroscope comprising a fly-wheel
mounted in gimbal-rings, a spring- pressed
locking-lever J for locking fast said ringsdur-

ing spinning, the nozzle G of a flunid-pressure
motor for splnmnd said fly-wheel, a eylinder
and piston counected to the same source of
fluid-pressure to move the piston upon the
cessation thereof, and said piston connected
to said nozzle for communicating a retreating
movement to the latter, and said nozzle ar-
ranged in its operative position to hold said
locking-leverinitslocking position, and when
retracted tofreesaid lever and thereby cause
the unlocking of the rings after spinning.

16. Agyroscopecombined with a fluid-pres-
sure motor for spinning if, an electrie circuit
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controlled by said gyroscope, and a circuit-
closer comprising a stationary eonducting-
segment, and a contfact-arm carried by the
gyroscope and movableover and beyond said
segment.

17. A gyroscope combined with an electric
cireuit controlled thereby, a ecircuit-closer
comprising a normally stationary segment,
and a eontact-arm carried by the gyroscope
and movable over said segment, and an ad-
justable part carrying said segment movable
around the pivotal axis of the gyroscope,
whereby the adjustment of said part to dif-
ferent angles determines the point in the os-
cillation of the gyroscope at which the circuit
shall be closed or broken.

18. A gyroscope combined with an electric
cireuit controlled thereby, a circuit-closer
comprising a normally stationary segment,
and a contact-arm carried by the gyroscope
and movable over said segment, an adjust-
able plate or disk carrying said segment,
formed with a segmental gear and a pinion
meshing therewith, whereby to adjust said
plate or disk to varying angles.

19. In an automobile torpedo or analogous
craft, the combination of a source of com-
pressed fluid thereon, a steering-rudder, a
gyroscope, a fluid-pressure motor forspinning
the latter, a valve for admitting fluid-pres-
sure from said source to said motor for a pre-
determined time sufficient to spin the gyro-
scope, a fluid-pressure engine connected to
and operating said rudder, fed with pressure
from said source, and connections between
the gyroscope and the valve of said engine,
whereby the latter is controlled by the gyro-
seope.

20. In an automobile torpedo or analogous
craft, the combination with the hull thereof
having an opening and an annular frame en-
cireling said opening, of a removable ring
fitting said frame, a gyroscope carried there-
by, a fluid- pressure motor carried thereby
for spinning said gyroscope, a reservoir of
fluid under pressure carried in said hull, and
a valved passage connecting from said reser-
voir to said motor.

21. In an automobile torpedo or analogous
craft, the combination with the hull thereof
having an opening and an annular frame en-
circling said opening, of a removable ring
fitting said frame, a gyroscope carried there-
by, a fluid-pressure motor carried thereby
for spinning said gyroscope, a reservoir of
fluid under pressure carried in said hull, and
a valved passage leading from said reservoir
through the joint between said annularframe
and ring to said motor, whereby the con-
nection of the source of fluid-pressure to the
motor is made in the act of fitting in said
ring.

22. In an automobile torpedo or analogous
craft, the combination with the hull thereof
having an opening and an annular frame en-
circling said opening, of a removable ring
fitting said frame, a gyroscope carried there-

by, a flunid-pressure motor carried thereby
for spinning said gyroscope, a fluid-pres-
sure engine also carried by said ring, and a
connection bhetween the gyroscope and the
valve of said engine for controlling the lat-
ter, a reservoir of fluid-pressure carried in
said hull, and a valved passage leading from
said reservoirand haviug branchesconnected
respectively with said motor and said en-
gine, said passage leading through the joint
between said annular frame and ring, where-
by the fitting of said ring in place effects the
connection of said motor and engine to the
source of their supply.

23. In an automobile torpedo or analogous
craft, the combination with the hull thereof
having an opening and an annular frame en-
circling said opening, and having a conical
inner face, of a removable ring having a con-
ical outer face fitting into said frame with a
ground joint, a gyroscope, and a fluid-pres-
sare motor for spinning it, carried by said
ring, a reservoir of fluid under pressure in
said hull, and a passage leading from said
reservoir to and through said annular frame
to the joint-face thereof,and said ring formed
with a passage leading from its joint-face in
coincidence with and forming a continuation
of said first-named passage, and leading to
said motor. .

24. In an automobile torpedo or analogous
eraft, the combination with the hull thereof
having an opening and an annular frame en-
circling said opening, of a removable ring fit-
ting said frame, a gyroscope carried thereby,
a fluid-pressure motor carried thereby for
spinning said gyroseope, a pnenmatic engine
to be controlled by said gyroscope, also car-
ried by said ring, an electromagnetic deviceo
operating the valve of said engine, and a cir-
cuit-closer controlling said electromagnetic
device and operated by said gyroscope, both
carried by said ring, whereby the removal of
the ring removes together the gyroscope, its
motor, the engine controlled thereby, and the
intervening connection, without disturbance
thereof.

25. In an automobile torpedo or analogous
craft, the combination with the hull thereof
having an opening and an annular frame en-
circling said opening, of a removable ring fit-
ting said frame, a gyroscope carried thereby,
a circuit-closer carried thereby and compris-
ing a normally stationary conducting-seg-
ment, and a contact-arm carried by the gyro-
scope, an adjustable plate or disk carrying
said segment, movable to varying angles
around the axis on which the gyroscope turns,
and a spindle engaging said disk for turning
it and passing through said ring to be oper-
ated from the exterior, whereby the circuit-
closer may be set to varying angles from the
exterior of the hull.

26. In an automobile torpedo or analogous
craft, the combination with the hull thereof,
its steering-rudder, a gyroscope for control-
ling said rudder, an electric circuit constitut-
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ing part of the connection through which the

gyroscope controls the rndder, a circuit-closer

controlling said circuit and operated by the
gyroscope, and an adjustable plate carrying
said eircuit-closer and movable to varying an-

glesaround the axis upon which the gyroscope.

turns,whereby the preliminary adjustment of
said plate toany angle determines the direc-
tion of the course in which the torpedo shall
be steered.

27. In an automobile torpedo or analogous

. eraft, the combination with the hull A there-

5

of, its steering-rudder L, its operating-rod u
within the hull, a spring acting against said
rod, and an elbow-lever u' connected to said

o

rod, of a gyroscopic apparatus comprising a
base-ring B fitting into an opening in said
hull, a gyroscope carried thereby, and a fluid-
pressure steering-engine N also carried there-

byand terminatingina plunger P which when 2o

the gyroscopic apparatus is in ‘place acts

against one arm of said elbow-lever in oppo-

sition to said spring. _ ’
In witness whereof I have hereunto signed

my name in the presence of two subscribing 25

witnesses.
FRANK M. LEAVITT.
Witnesses:
ARTHUR C. FRASER,
FRED WHITE.




