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UNITED STATES

PATENT OFFICE.

‘JAMES WALLACE TYGARD, OF PLAINFIELD, NEW FERSEY,

BALAKCED REVERBING ROTARY BNGINE.

1,272,876,

Application fled January 1k, 1913,

To all whom it may conceri.

Be it known that I, Jawes WarnAcs Tx-
6ARD, a citizen of the United States, resid-
ing at Plainfield, in the county of Union and
State of New Jersey, at the post-office ad-
dress of 920 South avenue, in said ¢ity, have
ing Rotary Engine, of which the following
is a specification.

My invention more particularly relates
the type of rotary engine described
United States Letters Patent No. 619,604,
issned to J. W and P. L. Tygard for rotary
February Tth,
1899, also No. 1,047,340 issued to James Wal-
tace Tygard for rotary puinp or motor on
December 17th, 1912, and No. 1,060,089 is-
aued to James Wallace Tygard for internal
progressive combustion rotary .motor oOn
April 29th, 19135 and to provide a new and
improved oonstruction whereby said type of

‘yotary -engine may be adapted to other
than described in these Tetters

fields of use
Patent. - , ,
The objects of this invention are as fol-
lows: . : .

To reduce the weight of an engine struc-
ture by increasing pumber of power impulses
during each revolution. A

To simplify the engine structure by re-
To provide means. whereby vibration is
entirely eliminated and a gyroscope effect
attained in all the rotating parts of an en-
gine structure. _

To provide means whereby an instanta-
neous reverse may be secured without shock
or jar irrespective of the speed at which en-
oine is running, and at & point-any distance
from the engine structure, as from the bridge
of a vessel.

To produce a variable cut-off valve mech-
anism which in combination with a govern-
ing device shall control the amount o3 steain
or air entering the- expansion spaces of the
engine so as-to maintain a uniform rate of
varying ‘conditions of load
economy of propulsive me-

with the greatest
dinm. - . .

To reduce the condensation Josses in &
steam engine in two ways; by increasing the
speed at which the propelling medium is
passed through the engine, and by reducing
the area of surface to which the heated pro-
pelling medium is exposed.

Speeifeation of TLatters Patent.

io

in the steam chambers

Potented July 16, 1918,

Serial Wo. 1,887,

To render wrecking of engine by water
impossible by providing an nunobstructed
passage from the exhausting side of the pis-
tons to the atmosphere or condenser. )

. To render packing nnnecessary by provid-
ing taper adjustments whereby clearances in

the steam chambers can be reduced to a wrini-

mum without the revolving surfaces coming
into.rubbing contact. |

To eliminate necessity of lubrieation in
of the engine by such
arrangement of vevolving parts that only
the journals require Jubrication.

To produce » shock absorbing device
whereby when the engine and its load is
suddenly reversed by shifting the steam

tyom the forward to the reverse zide of the

pistons its inertia is asbsorbed and cushioned.

on the elastic pressure of
boiler: . .

To produce a most durable type of engine
structure by providing that wear shall
come wpon the journals of the four moving
parts contained in the engine.

To provide an engine structure whereby
steam af its most economical degree of super-
heat may be utilized in the sxpansion spaces
of the engine due to the absence of rubbing
parts.

the stearn :n the

which while capable of running at turbine
speed can be suddenly reversed without
damage. ) ;

Te so arrange the parts of a rotary engine
that the steam in the clearance spaces can
be utilized to the fullest degree.

To vary the point of cutting-off the stean
entering the engine spaces without produc-
ing the so-cailed “yire-drawing”’ effect by

such arrangement of valve as will allow the

rotation of the engine shaft ports across &
stationary port to actuate the cut-off direct
without the intervention of cams or dash
pots and in such manner that movement of
the fized port will vary
the cut-off of steam:occurs:

To cushion the impulse vibration or shock
by interposing -

effect upon the engine parts
o flm oF steam of predetermined and regu-
latable thickness between the movable and
stationary surfaces of the steam chambers.
To balance the steam. inlet valve of a yo-
tary engine in such manner that it shall be
supported and float upon a thin film of steam
or fluid mnder pressure of adjustable thick-

To produce an engine for marine use’

the peint at which
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ness and can be moved with the same case in
either direction.

To provide an instantaneous emergency
stop that may be operated at points distant
from engine, ‘

To utilize the gyroscopic effect combined
with the three point support in a rotary en-
gine in such manner as to effect a floating
balance of the rotating gyroscopes and pre-
serve an equalized confact of the three outer
revolving gyroscopes with the central gyro-
seope. ; o

To provide an-engine of such flexibility
and ease of control that for purposes of
quick maneuvering all the operations of
starting, stopping, and reversing may be
effected from points as distant from the
engine as the bridge of a vessel or the look-
out upon the mast and with no more effort
than 1s required under the present system to

_.signal that the same may be done manually
. by an assistant.

To so balance the gyros;:opes of a rotary

- engine that a floating, practically friction-

less, vibrationless, revolving group of power
transmitting members is produced. )
"To attain in a rotary engine a port and
piston giving practically a turbine nozzle
curve to the expanding jet of steam as it
1ssues from the supply valve into the expan-
sion chamber whereby both the impact or
kinetic force, and the static or expansive
force of the steam may be used at the same

~time uniting the advantages of both turbine

and expansive systems of steam utilization.
Accompanying this specification are seven

* sheets of drawings which form part of this
- -application.
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. section to show the port.
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eferring to said drawings in detail—
Figure 1.— is a central section elevation

of my balanced rotaty engine on line V—¥

of Fig. 2.

Fig. 2— is a
V—Y of Fig. 1.

Fig. 8.—\is a side elevation section of my
balanced xotary engine in combination with
governor, manually operated variable cut-
off, and angular ported steam valve.

Fig. 4—1is a side view of the steam valve
removed, - "

Fig. 5— is a_view
coupling.

ig. 6.— is'a view of the

‘cross section taken on line

of the governor and
piston partly in

Fig. 7— shows the revolving " cylinder

' 'heac'_i removed.

Fig. 8.— is an elevation of one of the,

. Wweights of the governor.

60
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Fig. 9.— is a plan view
secure veriable cut-off,
ig. 10~ is a view of the emergency stop
and reverse to be operated at a distance from
engine. ' .
Fig. 11— is a plan view of a modification
of port design to secure later cut-off. -

of the ports to

1,272,876

Fig. 12— is a plan view showing method
of .operating the reverse of my engine from

‘the bridge of a battleship:

Fig. 13— is a diagrammatic plan view
illustrating the mutual attraction of gyro-

. 8Copes revolving in proximity to each other

and a central revolving m: ss. .

Referring to the drawings illustrating the
means and methods whereby I accomplish
these the above recited objects of my inven-
tion; Figs. 1 and 2 show ‘my- balanced re-
versing rotary engine in which a fixed mem-
ber (A) carries bearings (B) for a central
piston shaft (C) and revolving abutments
or.cylinder heads (D) preferably three in

.number located at 120 degrees apart ar-

70
75

80

ranged in such manner as to divide the an- .

nular groove or channel (E) forming the

steam chamber or piston pathway into sepa-

rate compartments or expansion spaces.
The main shaft C has pistons (F') pref-

85

erably two in number which fit in ‘and work
in said annular groove and with the piston .

disk (G) with which they are connected to
the shaft (C) form the central wall of the
annular steam chamber.

The revolving cylinder heads are suitably
geared by pinions 19 and gear 20 to be
driven by the shaft and are vecessed so that
as they rotate they permit each piston to
pass, but separate said compartments at all
other times. '

90

95

Behind each piston is an o‘pening‘r or port .

(I) and in front of each piston is a similar
port (J) leading through the piston disk
toward the shaft center which is bored to

100

receive. a suitable supply valve (H) with -

three ports (K) adapted to co-act with one
of the two ports leading from each piston
to the central shaft bore. The inner ends
of these ports I and J are offset from each

- other longitudinally of the shaft. The steam

inlet valve (H) does not completely fill the
shaft bore endwise. Side openings (Q) into

this shaft bore communicating with suitable

annular spaces (R) around the main shaft

form a free and uninterrupted passage from

the front of each piston to the atmosphere
through the piston port J which is not in
register with the stationary supply steam
port K in the valve:

Thus the rotation of the engine causes
one set of the shaft ports I leading to the
rear of each piston to travel across the fixed
supply port K and admit steam or other
pressure successively into each of the steam
chambers, or expansion spaces into which

‘the. annular chamber or piston pathway is
the rotary cylinder heads D, dur- -

divided by
ing a portion of the ‘stroke or circular travel
of each piston F. SN

As this steam admission begins o’ occur

110

115

120

in each expansion chamber as soon as the -

Pidtyn has entered the chamber and thie re-
volving cylindgr head has closed the path-

139
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Wgy—bﬁhiﬁd it, its duration is determined by
thé size of the port and cut-off at any part

of ‘the stroke may be attained and positive .

expansion in a closed chamber secured.

The operations of admission, cut-off, ex-
pansion and exhaust occurring continuously,
successively, and in regular progressive se-
quence between the traveling pistons and
the revolving abutments or cylinder heads
are oxactly similar to those occurring in a
reciprocating slide valve .engine, except in
their number. Ag both pistons are operated
upon simultaneously power is being deliv-
‘eved at all times; thereby obtaining several
objects of my invention. ' S

The exhaust or waste steam of each expan-
sion is continucusly forced: from the front
of each advaneing piston through the port
J in the piston disk {o the annular space (B)
surrounding the steam valve and out through
the shaft openings (@) into the atmosphere
This unobstructed passage
or opening prevents damage to engine by wa-
ter entering ehgine spaces Or remaining ¢on-
densed in pipes: .

The steam supply ports I in the piston
disk will trads functions and become:’ ex-
haust ports should the stationary valve float-

ing in the shaft bore be moved in a suitable.
-endwise direction by suitable mesns, ons of

which is shown by the reversing lever and
quadrant (L, M), and the forpmer exhaust
ports in the piston disk become steam sup-

ply or recelving ports; reversing the en-

gine’s rotation, , ;
Inertia of the moving parts of the engine

" and.its load is effectually absorbed, upon re-
- versal by the elastic-cushion of the boiler

pressure, suddenly transferred to the oppo-
site side of the advancing pistons, prevent-
ing all shock or jar regardless of speed at
which engine is running or reverse is of-
fected. : . .

A modification of my invention in-which
an instantaneous reverse, or stop, may be

. attained for tse in emergencies, in addition

50

to the regular reverse gear, in which the
steam or other suitable pressure may be
utilized is shown in Fig. 10, in which steam
or other pressure is introduced from a suit-
able annular chamber {1) encireling the
shaft (C) through a suitable side port (2)
in said shaft into the central. shaft bore

.closed by the plug {3) in which the steam

supply vilve (H). is Jocated. o
" A suitable gate or other valve (4) mpon

" being opened manually, or by any suitable

60

electrical or mechanical means, allows the
steam. or other suitable pressure to enter the
shaft bore and move the steam supply valve
H to the position opposite to that shown in
Fig. 1, reyersing the engine, or by suitable
adjnstment, suddenly stopping the same.

Tt will be readily seen that this auxiliary

5 emergency reverse, and stop, can be operated

S

at points distant from the engine room; as
from the lock-out upon a vessel, or the in-

‘terior of a railroad traln, or by wireless
. electrical methods from a signal tower, ete.

" To provide for arranging the parts so that
the steam in the narrower spaces can be
utilized to the fullest degree and secure a
variable cut-off of the steam entering the
engine, & port construction similar to that

" deseribed 1n my United States Letters Pat-

ent ‘on double-action piston and valve, No.
1,123,089, patented Dec. 29, 1914, Serial No.
140,908, and further illustrated in detail in
a diagram plan view in Fig, 9, may be used
in which a traveling receiving port (I') is
formed in the piston disk (&) with its open-
ing line or edge (6) substantially parallel
to the shaft axis and ifs closing line or edge

30

{7) substantially at an angle to.the saxd -

axis adapted to move across a stationary or
supply port (E?) of shorter length, located
in a suitable valve (H) fixed gs regards the
revolution or travel of the receiving. port
(1) across it and movable by suitable means
in a direction parallel to the shaft axis with
opening and closing édges (6 and 74) sub-
stantially parallel and angular to the shaft
axis and arranged in such manner that the
two tnes of the opening edges will meet on
2 line parallel to the shaft axis and close on
a line angular to said shaft axis and that
endwiss movement of the stationary supply

valve {H) will vary the point at which the

angular port edges (75'and 7) wili meet or
close as they travel pdst during the shafl’s

90

100

votation in the direction indicated by the

arrows {8). . - :

. A diagram plan view of this type of port
opening is shown in’ Fig 9, in which the
moving receiving port (1) with its opening
edge (6) and its angular or-closing edge (7)
sweeping past the supply port (¥*) in the
direction of the arrow (8) is indicated in
the position of latesi and earliest cut-off.
This may be obtained within the Hmits
shown without “wire-drawing” the steam by
moving the valve (H) containing the sup-

110

ply ports, preferably three in number, in a .

direction purallel to the axis of the shaft in
any suitable manner, either by the governing
device shown or manually by means of the

lever (L)) in which suitable notches in the

115

quadrant may be arranged to hold the valve

in any desived position of cut-off.

1t is manifest that these ports may be any

desired proportion of size to each other and
that either the receiving or supply port may
be the larger in area.
feature constitutes in part divisional matter
from my Patent No. 1,123,039. .
A modification of the Tecelving port is
shown in the diagram plan view in Fig, 11
in which the traveling port (1) hasits clos-
ing angular edge {6°) so Formed that it will
admit steam duving full stroke while valve

This angular port

120,

125
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containing steam supply port (K?) is at one
position of its longitudinal movement and
cut-off steam at various points of the stroke
as it is moved to other positions of its lon-
gitudinal travel. This form is useful to
give great starting torque as when a vessel
or train is getting under -way. after which
the point at which the cut-off occurs may
be regulated to give the best results.
In variable cut-off engines using this type
of angular ported valve the exhaust steam
does not pass out through both ends of the
shaft; but may be discharged as shown in
Fig. 3 into the annular space formed by a
hoop, No. 28 surrounding the engine casing

and from it discharge to the atmosphere or-

condenser ; or if preferred exhaust ports.may
be cut through suitable points in the casing
wall through which the advancing side of
the pistons will continuously force it to the
atmosphere or condenser. It is not deemed

_necessary to illustrate this manner of ar-

" ranging the exhaust ports.

25

In engines requiring close regulation un-
der varying conditions of load and boiler

. pressure as in the generation of electricity,

the manufacture of textile fabrics, ete., 1t

.. is preferable to connect this angular ported

30

35
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supply valve with a suitable governor which
by centrifugal action shall maintain -the
valve in a state of unstable equilibrium;
moving it to a position to vary the point of
cut-off to maintain uniform speed of shaf
rotation under varying conditions of load and
in my improved balanced rotary engine the
six impulses of steam received during each
shaft revolution allows three times as close

regulation to be attained as in the recipro--

cating engine. : .
While any ordinary type of centrilugal
governor may be used, the preferred form is
shown in Fig. 8, in which a casing (8) is
keyed to the power end of the shaft (C)
forming also the female part of a coupling
by which the engine is flexibly connected to
its work. Three suitable openings (T) are
formed in this casing placed at such suitable
angles to the shaft center as to form guides
for suitable weights (U) adapted: to move
outward under the- action of centrifugal
force and impinge against a suitable three
pronged washer (V) attached to the sta-
tionary steam valve (H) by means of a rod
(W) and a ball bearing (B*) located in the
plug (9) in the valve end in such manner
as to reduce the amount of steam supplied

~ to the engine and control its speed.

A suitable spring (10) on the outer end

of the valve (H) with anadjusting nut (11)

60

placed between the bearing and the adjust-
ing nut (11) opposes the centrifugal force
of the weights and returns the valve to such

position as will cause the valve to remain

open, 4

1,272,876

The nut, (11) may be adjusted while en-
gine is running to give the speed desired.

I do not claim this governor im detail

herein as it is the subject for a divisional
application, and I reserve the right to pre-
sent it in that manner. )

" The casing - (S) is formed with suitable
recesses (12), preferably three in number,

“adapted to receive suitable concave ended

spiral springs (13) between which the arms
of ‘a three pronged spider (14) attached to
the work driven by the engine, are placed;

‘the springs forming elastic pads between the

spider and the casing (S) providing an
elastic coupling hetween the engine and its
work., These conjical ended springs (13) are

65

70

75

placed parallel to the shaft axis in the re- -

cesses and the pressure of the engine is upon
their sides instead of their ends forming a
flexible and durable shock absorber.

A modification whereby a manually op-
erated variable cut-off may be secured while
engine is running under control of the gov-
ernor is shown in Fig. 6, by the handle L,
by means of which a greater or less com-
pression of the governor valve spring 10* is
temporarily secured. The cylindrical gov-
ernor weight “U” may be replaced by the
globular form in the manually operated va-

riable cut-off type of engine as shown in-

TFig. 6 if desired.

The taper form of the moving surfaces
within the steam spaces is an important
means of regulating the clearances or thick-
ness of the film .of steam which obviates
the necessity of fléxible packing in an en-
gine, and prevents the moving surfaces from
coming into actual rubbing contact within
the steam chambers of the engine. . The
clearances of the revolving cylinder heads
and piston disk G are adjustable by means
of the regulating screw (15) placed in the
ends of the cylinder head journals (16) ; suit-
able ball-bearings (B) are placed in hous-
ings in the engine easing supporting the pis-
ton shaft of the engine and upon the ends
of the Tévolving cylinder heads as shown at
B? in Fig. 8. The pistons are conical upon
their outer diameter and are a close running
fit within the conical chamber in which they
travel. Water grooves (17) -(Fig. 14) are
formed to minimize leakage of steam past

90
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them. .Similar grooves (18) are formed . -

upon the central steam valve (H), and also
upon the shaft bearing “Z” in Fig. 3, and a
corresponding labyrinth groove ring “Z” is
found by which a frictionless packing tend-
ing to accomplish the'seventeenth and eight-
eenth objects of my invention is provided.

120

It is found that the film of steam inter-

posed between the moving surfaces forms a

shock absorbing medium preventing vibra-

tion under varying- pressure of the steam
impulses. JY;thus reduce the friction and

‘125
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wear to a minimum and confine it entirely to
the journals of the revelving parts, which

‘are preferably lubricated by force-feed sys-

tems. - i

This ype of engine may be arranged to
be operated in a vertical position as when
direct connected to an electrical generator,
or a rock drill, ete. - '

"1 attain the -gyroscopic effect of my in-
vention above described by arranging three
cylinder heads or gyroscopes around the

central shaft of such proportionate diameter

0 each other that the central revolving or
shaft mass is approximately twice that of
the revolving cylinder head mass and they
are spaced at the equidistant points of an
equilateral triangle intersecting their cen-

ters of gyration;dn other words this con-

struction is used to offset, the attraction of
gravitation tending to draw all weights to-
ward the center of the earth, thereby pro-

- ducing in my type of engine a practically

25
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‘guide (23) of the variable cut-off engine.

perfect balance of the rotating elements and
an almost entire absence of frictional loss
due to their weight in their bearings.

T have shown a pointer (21) upon the steam
valve () which pointer moves along the
edge of the slot (22) in the sleeve vahie

t
is evident that a suitably marked scale placed
along the pathway of this pointer will in-
dicate exactly the point at which cut-off in
the engine space is occuring. '

A’ similar indicator may be placed upon

- the reversing or mariné type of engine to

indicate the point at which the valve is set
to give forward, reverse, or neutral action

"in the engine structure.

~ While I have described the action of the
engine and its valve and reversing features
as applied to the use of steam, its advantages
are equally apparent when arranged to uti-
lize compressed air as for rock drills, pneu-
matic tools, engines for propulsion of torpe-
does, military aeroplanes, etc., and partico-
larly for propulsion of submarines in which
the air, compressed by suitable types of my

complete expansion divided action oil or

conl-dust engines before submergence is uti-
lized in the balanced reversing rotary engie
for propelling the submarine after its sub-

mergence, the expanded air issuing from the,

exhaust of the rotary engine directly into
the interior of the submarine to furnish air
for tha breathing of its crew.

This latter type will be made the subject’

of anocther patent application.

- Having thus described my invention what

1 desire

ent is:
1. In

tion 6f

o ciaim and secure by Letters Fab-

o fixed member; a rotary member

anounted in the fixed member and carrying
% plurality of pistons adapted to travel in

% rotary steam engine the combina-
-revolving cylinder heads

=

a chamber within the fixed member; revolv-
ing abutments actuated by the rotary mem-
ber; having cut-away portions adapted to
allow the passage of the pistons across their
axis and to close the piston pathway after
such passage; a central.supply valve mount-
ed in & bore in the rotary member and mov-
able back and forth in said bore; ports in the
valve adapted to co-act with ports in the
rotary member leading to one side of the
pistons; ports in the rotary member leading
from the opposite side of the pistons to the
shaft bore; ports leading from the shaft
bore to exhaust passages in the fixed mem-
ber; means Whereby movement of the supply
valve in the bore will cause the valve ports
to register alternately with either set of
piston ports or to such position as to regis-
ter with neither set of piston ports allowing
a single movement of the valve to stop, start
and reverse the engine; means whereby the
products of exhaust are continuously exz-
pelled from the engine, and means whereby
the rotation of the rotary member will cause
the admission of pressure into the spaces be-
tween the moving pistons and the abutment
closed piston pathway at such times as to
produce a continuous rotative.effort of the
rotary member. K

9. Tn a rotary engine the combination of
a fixed member; a rotary member mounted
in the fixed member and carrying a plu-
rality of pistons adapted to travel in a
chamber within a fixed member; revolving
abutments actuated by the rotary member
having cutaway portions adapted to allow
the passage of the pistons across their axis
and to close the piston pathway after such
passage; a central supply valve mounted in
the bore of the rotary member and adapted
to move back and forth in said bore; ports
in the valve adapted to co-act with the ports
in the rotary member leading to one side of
the pistons, the ports formed in stch man-
ner that their co-acting edges will open on
a line parallel with the axis of the rotary
member and close on a line angular to the
axis of the said rotating member so as to
cause their opening edges to co-act with
each other at the same point in each reyvo-
Tution of the rotary member and their clos-
ing edges to co-act or meet at such time in
the revolution of the rotary member as may

bo determined by the position of the valve
in the shaft bore and the relation of the-

unequally sized ports to each other; means
whereby the valve may be caused to change
its position in the shatt bore to govern the
amount of steam passing through the said
ports; and ports in the fixed member adapted
to form o passage in combination with the
for. the exhaust
products.
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3. In & votary engine the combination of -
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a central valve; a-power shaft inclosing the
valve; pistons carried by the power shaft;
revolving cylinder heads with cutaway por-
tions adapted to pass the pistons through

them; gears adapted to connect the power

shaft and the rotary eylinder heads and
cause their cutaway portions to allow the
pistons to travel through the cylinder héads;
a frame or body adapted to receive the
bearings and form the chamber in which the
pistons travel; pistons carried by the shatt
and traveling in the chamber'; a piston disk

_integral with the shaft and in which the
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pistons are fastened; ports in the valve lo-
cated in the shaft bore and adapted to cause
the valve to float in the shaft; a passage or
bore leading from the steam supply to the
ports in the valve; an enlarged central por-
tion of the valve in which the stcam ports
are located adapted to fill the shaft bore at
the enlarged portion and leave an annular
space at either side of the enlarged por-
tion; a lever adapted to move the valve
along the shaft bore and cause the valve

ports to change their relative positions with .

the piston ports; ports in the piston disk
leading from the shaft bore to the sides of
the piston faces; ports in the shatt bore lead-
ing into the annular exhaust passage in the
frame member; annular spaces in the frame
adapted to inclose or surround ports in

the shaft; exhaust passages in the frame

connected with the annular spaces in the
frame; bearings carried by the frame and
adapted to receive the power shaft; a guad-

rant attached to the frame and adapted to

carry the valve lever and hold it in position
all for the purpose set forth and deseribed.

4. A rotary engine comprising a frame:
bearings in the frame; a stean chamber in
the frame, with its circumference tapering
and its side walls at right angles to the shaft
axis; a combined piston disk and power
shaft, the disk formed with a taper circum-
ference; taper pistons carried by the disk

and adapted to travel in a taper steam cham--

ber; a bore or passage along and through
the shaft; a valve located in the bore; ro-
tary tapered cylinder heads located in taper
bearings in the frame and adapted to contact
with the tapered surface of the piston disk;
a gear mounted upon the shaft and engag-
ing pinions; tapered cylinder heads mount-
ed in bearings in the frame; cut-out por-
tions in the tapered surfaces of the cylinder
heads; the cylinder heads adapted to receive
the pinions meshing in the shaft gear and to
rotate the cylinder heads in such manner as
to allow the cut-out portions to pass the pis-
tons
across the axis of the head’s rotation ; means
by which the taper cylinder heads can be ad-
justed to vary the clearance or Tolling con-

“tact of the heads upon the disk; a steam pas-

sage in the valve; a central enlargement near

shaft.

carried by the disk, through them or
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its middle; ports in the enlarged portion of
the valye; ports leading from the shaft bore
to the circumference ,o% the piston disk and
adapted to co-act with the valve ports and
with the annular spaces in the shaft bore;
ports from the shaft bore to the annular pas-
sages in the frame and means. whereby the
annular passages are united in a common

‘discharge and with the shaft adapted to re-

ceive the bearings carried by the frame.
5. A balanced rotary engine comprising a

70

75

fixed member and a rotary member; ports in

_the fixed member and ports in the rotary

member; three revoluble conical abutments,
with means for their longitudinal ‘adjust-
ment, driven by the rotary member, mount-
ed on ball bearings and having a cutaway
portion; taper pistons carried by the rotary
member and traveling without friction in a
central chamber within the fixed member;
a ported supply valve, mounted and floating

.within a central bore, located in the rotary

member; and means to vary the position of
its ports and to produce the floating mount-
ing without friction or appreciable leakage;
ball bearings housed within the fixed mem-
ber and carrying the rotary member, to al-
low a nearly frictionless movement of the
conical abutments and the-traveling pistons
within the fixed member; a taper disk car-
rying the taper pistons and forming the cen-
tral part of the rotary member; the conical
abutments adapted fo revolve with " their
taper surfaces. in close but not.rolling con-

“tact with the taper piston carrying disk;

and means whereby this proximity of re-
volving surfaces are made adjnstable; pre-
venting leakage without contact of the sur-
faces for the purpose set, forth.

6. A reversing votary engine.comprising
four gyroscopes; the central gyroscope
mounted in bearings located within a fixed
member; the remaining planetary gyro-
scopes grouped at the points of an equilat-
oral triangle surrounding the central gyro=
scope, and driven by 1t; their bearings
housed within the fixed member; a fiosting”
valve located within the centzal bore of the
main gyroscope; ports in the valve and in
the central gyroscope and in the fixed mem- .
ber whereby their co-action will -allow the
supply of actuating medium to enter the
spaces formed by the planetary gyroscopes,

_the central gyroscope and its projections,

and the fixed member, and by its imprison-
ment within the said' spaces enlarge the
same; thereby revolving the group of gyro-
scopes, and after expansion escape from the
fixed member ; and means whereby the move-
ment of the floating valve will cause a ve-
versal of the movement of the actuating me-
dium in the said space in such manner as to
reverse the rotation of the gvroscopes- for
the purpose set forth. v

7. Tn a rotary marine engine comprising
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a fixed member inclosing & rotary member;
the fived member housing supporting bear-
ings for the rotary member; three revolying
taper cylinder heads, with their bearings
carried by the fixed member adjustable lon-
gitudinally; a gear carried by the rotary
membeir. and pinion: carried by the rotary
cylinder heads whereby the rotary member
revolves the cylinder heads; an inclosed
chamber in the fixed member; traveling pis-
tons carried by a ported disk on the rotating
member; and adapted to rotate within the
inclosed chamber in close contact with the
revolving cylinder heads; cut-out portions
in the revolving cylinder heads through
which the pistons pass; a central bore
through the rotary member; a ported supply
valve located and floating within the bore;
means to move the supply valve within the
bore; a slotted supporting guide or sleeve
for the valve carried by the fixed member
through which one end of the valve enters
the bore; a pointer mounted near the outer
end of the supply valve and visible through

the slot in the supporting guide and a scale

marlked upon the slot to indicate, in-connec-
fion with. the pointer, the position of the
valve’s travel within the bore; ports leading

from both sides of the pistons through the
disk to the bore in which the valve is loeated:

and adapted to co-act with the valve ports

and outlet ports near the ends of the central.

rotary member adapted to discharge into
passages through the fixed member; means
whereby the movement of the valve may be
attained at points remote from the engine
in such manner as %o secure instantanecus
starting, stopping or reversing of the same.

8. In a rotary steam or compressed air en-,
gine the combination of a fixed member con-

taining central chambers, and three longi-
tudinal tapered chambers intersecting both

central chambers at equidistant points; bear-

ings at the ends of the tapered chambers; a
central shaft journaled in the fixed member;
a bore through the shaft; a conical or tapoer
piston disk. earried by the shatfi; pistons
carried by the disk; the top of the pistons

- taper and adapted to travel closely along the

50

surface of one of the central chambers in
the fixed member; awater grooves cut along

- the top and ends of the pistens and eurved

ot
(=]
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or coneave surfaces formed on the front and

rear of the pistons; curved nozzles or ports.

Jeading from the curved piston faces through
the disk to the shaft bore; a gear mounted
upon the central shaft in the ceniral
ber adjoining the piston disk; threo b
abutments or cylinder heads earrying
ions adapted to mesh with the central gear;
cut-out portions or recesses in the taper abut-
ments adapted to permit the pistons’ pas-

i cham

\J('Y‘;

sage across their axis; the abutments adapt-.

ed to revolve within the tapered-chambers
upon the journals or bearings in the fixed

-mission port oub of registration with the

'

member; adjusting screws by which the
clearance . of the taper abutments within
their tapered chambers is regulated ; a multi-
ported supply valve adapted to float within
the shaft bore and to be manually or me-
chanically moved back and forth within the
shaft bore ; discharge ports leading from the

-shaft bore to passages through the fixed
anember; a side port leading to the shaft

bore beyond its inner end ; an annular cham-
ber encircling the shaft end and this port
and a valve to control the entrance of ac-
tuating medium; a plug in the shaft end

adapted to form a closed chamber between.

the valve end and the shaft end into which

-an actuating medium can be introduced to

suddenly move the valve in the shaft bore
and fixed member; and cords or chains by
which the manually operated lever  handie
can be operated from a distance without sig-
nal to engine room operator all in the man-
ner-and for the purpose described.

9. In a rotary cngine, the combination
with two members, one rotatable relatively
to the other, said members being provided
with admission and exhaust ports, of a-sup-
ply valve having ports therethrough adapt-
ed to vegister with the admission ports of
the rotating member periodically as that
member rotates, and means for introducing
a fAuid under pressure into contact with the
end of said valve and moving it in cne di-
rection for the purpose of bringing its ad-
ad-
mission port of the rotary member to stop

_the engine.

10, In a rotary engine, the combination
with two members, one rotatable with. re-
spect to the other, said members being pro-
vided with admission and exhaust ports, of
a supply valve having parts adapted to reg-
ister with the admission ports of the rotat-

ing member, and having an end fitting a

bore in the rotary member, said rotary mem-

ber being provided with a port beyond the :

valve, and means for introducing a fluid
under pressare through said ports inte con-
tact with the end of the valve for moving
the valve to vary the registration of its port
with said sdmission port. ‘

11. Tn a votary engine the combination
with n stationary member wnd a rotary men-

ber, snid members being provided with ports

for the admission snd exhaust of gas or va-
por, of a snpply valve mounted at t
of said members and capable of reciprooating
axially thervein, said valve huving poris
therein adanted to vegister with the poris of
the rotating maember periodically as that
member ¥obates, means for veciprocating said

. of regisfration with the ports of said

prising =
ducing pressure at the end of said valve ic

o center |
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o to bring the ports of the valve into and,

member, said operating means com- -
governor, and means for intro- -

A8%
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move it in one direction for the purpose of

stopping the engine, said means being ca-
 pable of being controlled from a distance.
12. In a rotary engine-the combination
with a stationary member and a rotary
member, said members being provided with
ports for the admission and exhaust of gas
or vapor, of a supply valve mounted at the
center of said members and capable of re-
ciprocating axially therein, said valve hav-
ing ports therein adapted to register with
the ports of the rotating member periodi-
cally as that member rotates, means for re-
ciprocating said valve to bring the ports of
the valve into and out 6F registration with
the ports of said rotary member, said valve
having an end fitting a bore in the rotary
member, said rotary member being provided
with a port beyond the valve, and means for
introducing steam or.pressure through said
port into contact with the end of the valve
for forcing the valve longitudinally.
13. In a rotary engine, the combination
a supply valve therefor in-
closed therein; said cylinder and valve be-
ing adapted to rotate relatively to perform
“the functions of admission and exhaust, and
each having an admission port, said ports
adapted to register with each other at a
point during the rotation, the opening edges
of the two ports being parallel with the axis
of rotation, and the closing edges being par-
_allel with each other and at an angle to the
axis of rotation, said cylinder and valve be-
ing relatively adjustable along the axis of

_ rotation to vary the point at which the an-

40

gular closing edges will meet to cut off the
admission, of means for longitudinally mov-
'ing said adjustable element a greater dis-
tance to stop or reverse the erigine.’
14. In a rotary engine, the combination of

' two relatively rotatable members baving

45
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. adjusting

55

contiguous conical surfaces, one having a
plurality .of conical recesses each having
bearings at its ends only, a plurality of
_conical rotary abufments rotatable in said
recesses and supported at their ends solely
by said bearings, just out of actual contact
with the recesses to adunlit a film of gas or
vapor between their surfaces, and means for
said abutments longitudinally for
 regulating the clearance. :
" "95. In a rotary engine the combination of
‘two concentric meémbers, one stationary and
the other rotary, said members having coni-

cal contiguous surfaces, the stationary mem-.

ber being provided.with a plurality of ro-
tayy abutments of conical form fitting in

conical recesses therein, bearings in said re-

80" cesses for supporting said abutments therein

to hold their surfaces out of contact with
the recesses and admit a film of gas or vapor
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between said surfaces to reduce wear, means
for adjusting said abutments longitudinally

‘to take up wear and control the intimacy of

contact, and means for holding them in their
adjusted positions. -

16. In a reversible rotary engine, the com-
bination of an outer and an inner member,

‘one stationary and the other rotatable and

one having a pair of pistons, an axially re-
ciprocable valve member located in the cen-
ter of the inner of said members having ad-
inission and exhaust ports, said inner mem-
ber having two pairs of ports, one pair
serving as admission and exhaust ports
when said valve is in one position and the
other pair when it is in another position, the
admission port of one pair leading to one side
of a piston and the admission port of the
other pair to the other side of the same pis-
ton, whereby reversal is secured and the in-

ertia of the moving parts is effectually ab-

_sorbed by the elastic cushion thus provided

on the other side of the piston.

17. In a rotary steam engine, the combi-

nation of a stationary annular outside mem-
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ber, an inner rotary piston member, a ceid

tral valve, said inner member having a space
surrounding the valve, and having openings
leading into said space to conduct the ex-
haust thereto in all positions thereof, where-
by damage to the engine by water entering
the engine spaces or remaining condensed
in the device is prevented, and whereby back
pressure from the exhaust side of the piston
is eliminated. '

18. In an engine, the combination of an
annular outside member, an inner piston
member, one of said mémbers being rotary,

space surrounding the valve, and having
leading into the said space an cxhaust port
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a central valve, said inner member having a

whereby damage to the engine by water en-

‘tering the engine spaces or remaining con-

densed in the device is prevented.
19. In an engine, the combination of an
annular outside member and an inner pis-

105

ton member, one of which is rotary, a cen- -

tral valve, there being a space surrounding
the valve, and the piston member having
openings leading into said space to conduct
the exhaust thereto in all positions thereof,
whereby back pressure from the exhaust side
of the piston is eliminated, the piston mem-
ber having constantly open openings for
conducting the exhaust from said space.
- In testimony whereof I have hereuntoset
my hand, in the presence of two'subscribing
witnesses. ’ ,
' JAMES WALLACE TYGARD.
Witnesses: :

L. W. RaNDOLPH,

Lrovarp M. Ranporph.
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