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To all whom it may concer:

Be it known that I, WILLIAM E. LEONARD,
a citizen of the United States, residing at
Lincoln, in the county of Lancaster and State

of Nebraska, have invented certain new and

useful Improvements in Rotary Concentric-
Piston Steam-Engines, of which the follow-
ing is a full, clear, and exact specification.

My invention relates to that class of en-
oines in which a secries of arms or pistons
fixed to a central shaft revolve within a con-
centric cylinder or casing, subjeet to the
pressure of the steam which acts between
them, and gates or diaphragms which are
movable into and out of the eylinder in the
proper manner to permit the passage of the
pistons thereby. |

In the accompanying drawings, Figure 118
a perspective view of my complete engine.
Fig. 2is a vertical axial section through the
same. Fig. 3 is a side elevation of the same.
Fig. 4 is a perspective view of the cylinder or
casing, with one side or head removed o ex-
pose the internal gates and pistons. to view.
Fig. 5 is a perspective view of one of the pis-
tons. TFig. 6.is a perspective view of one of
the gates or diaphragms. Fig.7 isa horizon-
tal section through the cylinder and steam-
ports through the line x @ of Fig.3. Ifig.81s
a horizontal section of the steam-chest with
the valves removed to expose the ports. Kig.
9 is a similar view of the valves in position.

In the drawings, X* is a base-frame pro-
vided with uprights X3 which rigidly support
a short eylinder or ring, C, the axis of which s
horizontal. The cylinderisclosed by twoside
plates or heads, R, bolted rigidly thereto, as
shown in Figs. 1,2, and 7, and strengthened
by ribs R’ these heads being dished or cle-
pressed centrally, so that at the middle they
are but slightly separated. A shatt, W, 1s
passed horizontally through the center of the
cylinder and its heads, and sustained by boxes
or bearings M on the latter and by a bearing
on a standard, X, which rises rigidly from the
base-frame. Within the cylinder the shaft
has fixed upon it a hub, P, fitting closely be-
tween and against the cylinder-heads and

provided with three equidistantradial pistons |

or arms, Q, each of which spans the space be-

tween the eylinder-heads and fits at the outer
end closely to the inner surface of the cylin-
der. These pistonsare provided with grooves
v, containing packing material, and with per-
forations p, communicating with sald grooves,
through which the steam acts on the pack-
ing, as in other engines. Thearrangement 1s
such that the pistons may revolve freely
around the axis of the shaft to effect its rota-

“tion.

In order to divide the interior of the cylin-
der into separate steam-chambers and so con-
ine the steam that it may act on one side only
of the piston, I provide at diametrically-op-
posite points two gates, diaphragms, or abut-
ments, A A’, each consisting of a metal plate,
so pivoted and arranged that it may swing
into and out of the eylinder in the direction
of its axis so as to span for the time being

the space between the cylinder-heads and con-.

fine the steam on one side of the respective
pistons, and thereafter to withdraw entirely
from the cylinder that the pistons may suc-
cessively pass in the course of their rotation.
These gates swing outward through slots 1n
the inner eylinder-heads into receiving-cham-
bers N, formed on or bolted to the outside of
the head, as shown, the parts being suitably
fitted to prevent the leakage of steam.

Fach gate has its inner end forked to strad-
dle the shaft, as shown at A, and pivoted to
lugs U on the cylinder-head. ‘I'he gates are
opened and closed at different times by pit-
men T, joined one to cach gate, and each con-
nected in turn to a lever, d, pivoted on the
frame and provided with a roller or stud, e,
entering a sinuous groove, D,in a hub, 2, fixed
on

the main shatt.

diately behind each of the pistons.
In order to admit the steam into or out of

the spaces or chambers within the cylinder.

between the rear faces of the pistons and the
oates, I provide a peculiar valve mechanism,
so constructed that the motion of the engine
may be reversed at will by admitiing the

steam on the right or left of the gates—that

is to say, before or behind them, as demanded.
The construction is as follows: A steam-

55

60

70

75

30

This cam-groove 18 SO
shaped that each gate isopened or withdrawn:.
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', and an 111‘(01‘111(}(11.«1&1 exhaust-port, m.

the
and similar series of pmts, s s"and m/

connection w1fh the

moved
to a like position over the other set.

chest, ¢, constantly filled with live steam, is

mountad atl the top of the cylinder and pm— |

vided in the bottom with two live-steam ports,

live-steam ports » " are continued until they
open into the eylinder just forward of the re-
spective gates o1 diaphragms A A’, while the
exhaust-port leads to the air or to a dis-
charge-pipe. These three ports are used
when the engine runs in one direction and

operate 1n (*011110011011 with a reciprocating

J, which m*h to direct the steam
through the ports 7 »" alternately into the
cylinder. and from the cylinder through
sald ports alternately to the exhaust- me
in a manner which will be understood by
every mechanic familiar with m(lman slide-

alve engines.  T'o drive the engine in
reverse direction, [ pProv ide a a{icond
, the
first two leading from the chest into 1]1e cvl-

D-valve,

inder behind 1]1(1- '19%1}9(*11\‘"(1 gates or dia-

The port m’ delivers the exhaust-
I'move this second series of ports in

phragms,
steant.

controls the first series; and in order 111.&1;1]115
may be done the valve is made ‘"Lﬂ]ﬂ%hl]ﬂ(‘
laterally, or, in other words, at right angles
to its 1 ath of reciprocation, 8o that it may’ b@
from a position over one set of ports
To ef-
fect this lateral adjustment of the slide-valve
which causes the reversal of the engine, and

at the same time close that series of ports

which is for the time being out of use, T pro-
vide the large reversing valw h movably
wm (‘(l m 1]10 qtmm f*he%t ;md 01 ()m*ed or a]nt

|.,..

ahdo wﬂvo Tlm ano mhe 15 m(} 11)1@ {11

right anﬁloa to the lmo of travel of thie slide-

ﬂlw-, :fmd has at opposite sides of the latter
wide imperforate faces which act alternate 1y
to'cover the idle ports. The reversing-valve
is provided with a stem, b, projecting to the
exterior of the chest mul mm(*hed to a hand-
lever, Y, or equivalent operating devices, by
which the reversing-valve may be conven-
iently shifted. The slide-valve is actuated
by a 1001]“}1‘0&11111*-’1 stem, I, ])1()J00t0<1 through
the chest and provided at it s inner end, as in
IFig. 9, with a wrist or arm, I’, Iying at vight
imnlm thereto and pmsnw lnmelv thmnﬁh
an car on the slide-valve, so as to inaiiiain

its connectionwhileper lmﬁ ing theslide-valve
to bhe adjusted Llimﬂllv fm reversing pir-

POSES,

The steam-ports » and's are in the présent |

instance continued through or formed in part
by pipes !, which are curved outivard to es-

cape the Ml;ﬂt but they may be formed in

any mm 3k nmnnﬂr

The ports may be éarried thvough fhe (*hmn-
berg N, as shown, to the eyvlinder, or they may
lie wholhf ouimle of steam-chamber I's, a8 pre-
ferred, the only requirement being that they
shall (?muhlr*t the steam from the 919.&111 chest

r11}1 O

been \*1]*1011::11,’ constructed Wlth
abutments am

same slide-valve, J, which _1‘1Uht lines across the interior of the eyhndm*

tons,
*'pmfa 1eﬂdmn to tlie cylmd{:l'ml()ppmﬂealde%

397,299

into the cy linder on 0ppos110 sides of the
gates or diaphragms.

’J‘]le th{n vﬂ] vu .‘%tf‘]]l I 18 atmohed t(} a %,mt

]I 10 an aﬂjlmfﬂ}]e ﬁlld(‘ ( on .EL l("-v(}r I*

pivoted to a rigid arm, \‘ and c*ﬂmm(iod :li
its lower end to a lev m* d’ which is in turn
pivoted to the frame and provided with a
stud or voller, f, seated in a cam-groove, I, in
the before-mentioned hub 2z on the main shaft.
T'his combination of parts gives the required
reciprocation to the slide- V.ﬂ Ve, causing it to
dnui the steam into and out ol: the one se-
ries of ports or the other, according to the di-
rection in which the engine is runnine.

The slide & is connected by links T. to an
elbow-lever, Z, on a fixed arm, so that ])Tnmv-
ing the ltlst—lmmed lever the slide may be
moved on the lever If to or from its fulérum,
and thus the throw of the main valve and 1ta
point of cut off vary, as desired.

I am aware that rotary piston- E*Il“lll{:h have
rL1 es I()I 1
anged to slide in ¢ 1,11(1(}% in
cates at the inner end, o

snppmt from the plvmq 1

'BV pivoting the ¢
that they receive

am elmbled to reduce the wear and friction,
and to operate them by connections loe%ted

near the axis and having short movement, so
that the opemimn—(ﬂamfn and pendent 1}&11*-,
may be small and compact.

Having thus described my invention, \ﬂmt 1
claim is—
1. In a rotary -piston engine, the cylinder,

the central rotary shaft 411(1 its pistons, and
the pn*me(l gates movable axially across the
cylinder, in combination with the gréoved

cam on the central shaft and the s.;mv operat-
mﬂ pitman connected with said cam.
In a rotary-piston engine, the ¢ylinder,

“l(‘ central shaft and its three pistons, the
two gates pivoted near the éenter of the vyluh

der and arra, nnml 10 wmﬁ across its interior

in the {luoetwn of 1ty axis, the steani-chest
with ports leading to the (‘31111{]01‘ the slide-
valve, cams on 1110 main shaft, and connec-
tions Jmm one cam to the .'L"!,HLC,S and from t]w

othier cam to the valve, whereby the gatesare
opened in advance of and. closed behind the
pistons and the steam admitted to and de-

-hvm'ml fromthecylinderattherequiredt Jmea

3. In combination with the eylinder,
cates, and steam-chast

Pis-
provided WI’rll

of the mﬂea the shide-valve *"L(l]u.smbh, at

right an UIG% 10 its working- pdﬂl that it niay
’be brouﬂht over either series of ports aft will,
and a second valve, substantially as &lmwu

for closing those ports which are for the 71;11119
behirg out of use, whereby the motion of the
engine may be 1@\*01‘%6(1 at will.

I In a rotary engine, and in combination

with the two indépendent, series of ports to

per mit reversal of the engine, the main slid-
ing valve K, adapted to close the two series
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of ports ﬂlteﬂmtel}, and the slide - valve | and the gates, in combination with the steam-
mounted in the valve K and adjustable lat- | chest and its 00111160’5111&-1)01*13% the slide-valve,
erally therewith, whereby 1t may be caused to | the rod II, connected thereto, the slide G, to
operate with elther series of ports at will. which the rod is connected, the lever If, the 15

¢ 5. In a rotary engine, the cylinder having | cam on the main shaft to actuate the 1ever
the concave heads, in combination with the and thelever Z, to move the slide.

central shaft and its pistons, the gates piv- v N r .
oted to swing through and across the cylin- | “_ ILLIAM E. _LEO}A RD.
der in the dn*eehon of its axis, and the ex- Witnesses:

10 ternal gate-receiving chambers, N, J. W. RULIFSON,

6. The cylinder, the shatt and its pistons, | W W, RULIF%ON
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