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Lo all whomy it mear concerr:

Be it known that I, EDWARD C. W.ARREN,
residing at Chicago, in the county of Oook
State of Illinois, have invented a certain new
and useful Improvement in Rotary Engines,
of whiceh the following is a specification.”

My invention relates to rotary fluid-motors
in general, but more particularly to those of
the annulas chamber rotary-abutment type.

Objectsof my invention are toprovidea com-
pactand an efficientrotary engine,to prowdea
construction tending to facilitate the assem-
bling of the various parts, to secure a maxi-
mum strength and rigidity with a minimum
of metal, to dispense with packirg and to re-
duce fmehmn to provide a construection in
which all parts subject to wear are readily re-

movable for the purpose of repair, to provide |

a smooth and easy-running engine capable of
high speed, to providea constructmn in which
the parts will not tend to work loose, to pro-
vide a rotary engine which can be readily re-
versed to provide an improved form of re-
versing-valve, to provide an improved form
of valve mechanism whereby the engine can
be reversed and whereby the high-pressure
piston can be rendered neutral and live steam
admitted directly to the intermediate-pres-

sure chamber, to provide an improved con-

struction and arrangement of gearing for con-
necting the piston with the rotary abutments,
to provide an improved and highly efficient
construction of compound rotary engine, and
to provide certain detailsand features of im-

provement tending to render a motor of this

characterserviceable and thoroughly reliable.
To the attainment of the foregoing and

other useful ends I provide an engine-casing
having space between iis inner surface and

the ends of the pistons and provide a thrust-
bearing which prevents end movement on the
part of the shaft. Hach piston is preferably
provided with flanges, which form the end
walls of the annular pressure-chambers. The

peripheries of the flanges {it the casing, and

the rotary abutments are constructed to fit
snugly between the fianges. Inthisway com-

paratively tight pressuare-chambers are pro-
vided, reducing leakage to a minimum, and
so at the same time the pistons are free to re-
volve smoothly and with very little friction.
The compined intermediate and low pressure |

" | pistoun is preferably made in two sections, and

one section is provided with a web, which 1s
formed integral with the shaft. As a matter
of farther improvement the rotary abut-
ments for this intermediate and low pressure

‘piston are made in sections, which are pro-.

vided with interlocking endb The sald pis-
ton is provided with a toothed ring which en-
gages pinions on the abutment- E:llaftb, and
these pinions are preferably formed with hub
portions which interlock with the ends of the
abutments. The high-pressure piston, which
is preferably keyed fo the piston-shaft, is also

pinions on a second pair of abutmernt- shafts,
and these pinions, like the first, also have
portions which interlock with the ends of the
abutments. With this construction and ar-
rangement the various parts can be easily
assembled, and,farthermore, all parts subject
to wear are readily removable for the purpose
of repairorsubstitution. Byforging orother-
wise forming the low-pressure portion of the

piston integral with the shaft strength and

rigidity are secured and danger of the piston
working loose from the shaftisavoided. The
cylmder or casing is prefgrably constructed
in such manner th&t all farts are inclosed,

thereby not only render ng the engine dust-
proof, but aiso mutlling the rattle of the gear-

ing. Theengineis I‘eddlly reversible, and for

‘such purpose I provide an improved ‘form of
reversing

mechanism consisting of three ro-
tary plug-valves which are connected for si-
multaneous ad justment and which are adapt-
ed to control the ports and passages leading to
the three pressure-chambers. Also, asa mat-
ter of further and special 1mprovement 1 pro-

vide one of these rotary plug-valves with asup-
plemental by-pass valve, whereby the high-

pressure piston can be rendered neutral and
tho live steam admitted directly to the inter-
mediate-pressure chamber.

Other advantages and features of improve-
ment will heremafter more fully appear.

in the accompanying drawings, FFigure 1 is
a horizontal and central section t‘mouﬂh &
rotary engine embodying the features of im-
provement and principles of my invention.
Fig. 2 is a vertical section on line ¢ « in Fig.
1. Fig. 3 is a vertical section on line Y Y in
Fig. 1. Fig.4isaver tlea,l section on line Z Z
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tion on line &' ' in Fig. 1. Xig. 6 isatrans-
verse vertical section on line Y' Y'in Fig. 1.
Fig. 7 1s a transverse vertical section on line
Z'Z in Fig. 1. Iig. Sis a tranverse vertical
section ou line x* 2? in Fig. 1, or, in other
words, a view showing the supplemental
cylinder-head removed. Hig. 9is a detail view
of the piston-shaft and two pistons, showing
the latter in central longitudinal section.
Fig. 10 1s a detail view of one of the abut-
ments for the intermediate and low pressure
piston, showing the abutment and pinion in

longitudinal section and mounted upon the

abutment-shaft. IFig. 11 is an end view of
one of the abutments, showing the interlock-
ing lngs.
ions, showing the recessed hub which is en-
gaged by the lugs on the abutment. Fig. 13
is a perspective of the shorter section of one
of the rotary abutments which cotperate with
the intermediate and low pressure piston.
IFig. 14 1s a perspective of the two pistons
and piston-shaft. Figs. 15 and 16 are detail
views of the recessed rings which are ar-
ranged at the ends of the abutments and
which form the end walls of the abutment-
chambers. Fig. 17 is a plan of the improved
Fig. 18 1s a vertical
section on line Y? Y? in Ifig. 17. FKFig. 1%9is a
horizontal section on line Z? Z? in Fig. 178
As thus illustrated, the cylinder or engine
casing 18 composed of an mtermedmte or
body Dmtmn A, a couple of oppositely-ar-
ranged heads A’ and A? and a supplemental
heﬂ,d or casting AZ The head A? preferably
has 1ts outer side recessed to receive the high-
pressure piston B. The supplemental head

A® 1s bolted to the head A? and is adapted to

inclose the said piston. A piston-shaft C,
having a tapered portion ¢ and a threaded
portion ¢, is arranged to extend longitudi-

nally through the cylmdel Or ¢asing f—md the
piston B is eld,mped upon the tapeled portion
c by a1 ut ¢, serewed upon the threaded POr-
tion ¢ The sald piston i1s annular in form
and provided with annularperipheral flanges
b, whieh serve as end walls for the annular
hzyh pressure chawmber. FPiston-heads 0/,
preferably four in number, are arranged be-
tween the said flanges and are Iemovably

- secured to the piston by pins b*, which extend

55
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through the heads and ﬂ‘mn"& An annular
toothed ring b® is secured 1:0 the outer end of
said plstou pr efembly by screws or bolts,
and the engine-casing is constructed so as to
provide spaces a at e&eh end of the piston—
that 18 to say, 1n such manner that the only
portions of the piston which contaet with the
casing are the peripheries of the flanges D.
In this way the anoularhigh-pressure chams-
ber 18 rendered comparatively steam-tight,
and at the same time the piston is permitted
to rotate with a minimuam of friction. The

reduced end portion 63 of the shaft extends

through a bushing ¢’ and a stuffing-box «?,
the inner portion of which latter is serewed

Fig. 5 is a transverse vertical sec- |

tary abutments D and D'.
IYig. 12 1s a view of one of the pin-

~engage the toothed ring b?‘

680,509

into the casing and arranged to bear against
the end of the said bﬂShlnﬂ" The opp031te

end of the bushing bems against the nut
¢, and the hub of the p‘iston bears against
a removable plate or ring «® With this

| arrangement and by rotating the threaded

portion of the stufiing-box the hub of the
piston can be maintained in contact with the
sald wearing-plate. The thrust-bearing thus

| provided servesto prevent end movement on

the part of the shaft, and thereby prevents
the ends of the p1ston from contacting with
the casing.

The cylmder-head A” is recessed at either
side of the piston to receive a couple of ro-
These abutments
are mounted upon longitudinally-extending
shafts D* and are provided with peripheral
notches or recesses ¢, which receive the pis-
ton-heads during the rotation of the piston.
The pinions D%, which are also mounted apon
the said abutment-shafts, are arranged to
Laeh abmment-
shaft is provided with a shoulder d’, and the
pinion and abutments are clamped against
these shoulders by nuts d?, the abutments
being provided with lugs d? which engage
recesses d* in the hubs of the pinions. (See
IFigs. 11 and 12.) The pressure on the abut-

‘ments is counterbalanced by providing pres-

sare-spaces a*attheoppositesidesof the abut-
ments, and the outer walls of the abutment-
chambers are preferably formed by notched
or horseshoe-shaped rings ¢’. (See Fig. 15.)
T'he peripheral notches of these rings, which
are arranged between the pinions D and
the abutments, conform to or {it the periph-
ery of the outer flange on the piston. The

A
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end portions of the abutment-shafts are pref- -

erably supported in oil-ring bearings consist-
ing of bushings a® and 0il- -rings a‘, and the
outer ends of the shafts are covered by caps
a’. The engine-casing is provided with pas-
sages 1, 2, 3, and 4, which open into the an-
nular high-pressure chamber at points imime-
diately above and below the abutments and
whichservealternatelyassupplyand exhaust

| ports, according to the direction in which the

engine 1s running. By thus admitting mo-
tive fluid at opposite points the pressure upon
the piston is balanced, and the shaft is there-
fore subject to no lateral thrust. An admis-
sion of motive fluid through passages 2 and 4
will obviously cause the piston to rotate in
the direction indicated by the arrow, (see
Fig. 5,) the exhanst eseaping through ports 1
and 3, and a reversal of t-hlb order of admis

sion and exhaust will of course caunse t-he
piston to rotate in the opposite direction. It
will be readily understood that the piston and

‘abutments necessarily rotate at speeds which

cause the piston-heads to enter or engage the
recesses 1In-the abutments.

The body or intermediate portion A of the
cylinderischambered toreceive the combined
intermediate and low pressure piston H, and

| the cylinder-heads A’ and A*® are bolted to
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this body portion, as shown in Figs. 1 and
Saild piston is preferably composed of two
telescoping sections E' and E? and if will be
observed that this piston, which is ¢ylindrie
ordrum-likein form,isof largerdiameter than
the high-pressure piston. The section E' is
provided with flanges ¢ and ¢ and also with
an internal web ¢* which is formed integral
with the shaft C. Section E?is provided with
flanges e’ and ¢! and also with a webe®. The
said web e° is bolted or otherwise secured to
the web ¢®. When thus fastened together
the two sections provide a cylindrie piston
having end flanges ¢ and e, and the two
flanges ¢ and e combine to form an interme-
diate flange, which divides the interior of the
casing into two annular compartments. One
of said compartments—that i1s to say, the
space between the flanges e and e'—is prefer-
ably smaller than the other and servesas an
intermediate-pressure chamber. 'T'he space
between the flanges e and ¢ serves as a low-
pressure chamber. Steam is exhausted into

the intermediate-pressure chamber from the

high-pressure chamber and {rom the inter-
mediate into the low. This piston is provided
with a toothed ring ¢°, which is preferably
bolted to the end of section E’ and which is
similar to ring 6% Piston-heads ¢’ are ar-

ranged between the flanges e and ¢’, and simi-
lar headse®are arranged between the flanges

e3 ¢*. These piston-heads, like those of the

high-pressure piston, are secured in place by

ping ¢, and it will be-observed at this junec-
ture that the piston-heads ¢° alternate with

those of the high-pressure piston and that

the piston-headse’alternate with the heads é3.
The cylinder-heads A’ and A*are provided
with inwardly - extending bosses «’,

bosses are preferably provided with bushings
a® and oil-rings a!!. 'The cylinder-head A’
is also provided with a stuffing-box ¥, simi-
lar to the one atthe opposite end of the shaft.
With this arrangement and counstruction it
will be seen that the piston-shaft is mounted
for rotation in bearings which are long and
which support the shatb for nearly 1ts entne
length. It will also be observed that each
oil-—ring is arranged in a recess adapted to
contain oil, and in this way constant lubrica-
tion of the bearings is insured. It will be
further observed ’rhat each bushing is pro-
vided with suitable oil-dunets.

Arranged at opposite sides of the combined
intermediate and low pressure piston and in
the same plane as the abutments D D' are a
couple of similarabutments, which codperate
with said piston and which are mounted
upon & couple of rotary abutment-shafts I.
In this case, however, each abutmentis made
in twosections, the short section G extending
and fitting between the flanges ¢* and e* and
the long section G being arranged between
These abutment sections
are provided with interlocking end portions
similar fto

2. { shown in Figs. 11 and 12.

which
serve as bearings for the shaft C. These

3

Pinions H are also
mounted upon the said abutment-shafts F
and arranged to engage the toothed ring on
the piston. These pinions have recessed
hubs which interlock with lugs on the ends of
the abutments, the same as in Figs. 11 and
12, and each abutment-shaft is promded with
a shoulder f, against which the pinion and
abutment-sections are clamped by the nut 1.

Each abutment - section is provided with a
couple of notchesorrecessessimilar tothose of
the abutment D. (See Fig.1.) These notches
or recesses are adapted t0 receive the piston-
heads ¢’ and €, and as the former alternate

with the latter the recesses in abutment-sec-

tion G alternate, therefore, with those of sec-
tion G'. 1t will be understood that this por-
tion of the engine operatesin a manner simi-

lar to the high-pressure portion—that is to

say, the pinions H and the toothed ring é°
are so proportioned that the piston and abut-
ments rotate at such relative speeds that the
piston-heads meet or enter the abutment-
recesses. The abutment-sections are sepa-
rated by webs a'?, formed integral with the
casing. Rings a', similar to the one shown
in Fig. 15, are arranged between the pinions
and abutments, and rings a (see Fig. 16)
are arranged between the abutments and the
cylinder-head A’'. 'These rings are arranged
to bear upon the flanges ¢ and ¢*, while the
intermediate flange of this piston makes con-
tact with the webs a!’. The abutment-shafts
I are, like the shafts D-, supported in oil-

75
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100

ring bea,rlncrs consisting of bushings a!® and -

oil-rings al”. The outer ends of S.‘:le shafts
are covered by caps @'8. This combined in-
termediate and low pressure piston 1s, like
the high-pressure piston, provided at its ends
with spaces ¢!, which permit the piston to

rotate freely and with only its periphery in

contact with the casing. The pressure on the
abutments is counterbalanced by providing
pressure-spaces a®, which, like the recesses
or spaces back of the abutments D and D',
are filled with motive fluid carried by the re-
cesses in the abutments.
is provided with passages 5, 6, 7, and 8, which
open into the intermediate-pressure chamber
at points immediately above and below the
rotary abutments, and which serve as supply
or exhaust ports, aceording to the direction
which the engine 1s running. Ports or pas-
sages 9, 10, 11, and 12 are provided for the
low pressme ehamber and these, like the
preceding passages, Serve as Supply and ex-
naust ports.

My improved reversing mechanism by

which the order of admission and exhaust
through the ports and passages can be re-
versed at will, so as to reverse the motion of
the pistons, comprises a valve-casing 1 and
three rotary plug-valves J, K, and L. (See
Figs, 17, 18, and 19.) The said valves are
each provided with two ¢oppositely-arranged
recesses, as best shown in Fig. 19. Thestems

the interlocking arrangement { of the valves are extended upward through

The engine-casing.
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stuffing-boxes 4, and each stem is provided ] ea,pe through the final exhaust-passage 29.

with a double arm, the ends of the arms be-
ing connected by rods </, as illustrated in Fig.
17. A bhand-lever M or the like is secured to
the stem of the valve L, and it is obvious
that & movement of the said lever will effect

a simultaneous adjustment or rotation of the |

three rotary valves. It will be observed that
the valves are preferably tapered or plug-
shaped in form and that they rotate upon
the ends of the screws [°.  Each valveis pref-
erably provided with a duet N, which per-
mits steam to pass to the space N’ above the
valves, and the downward pressure thus ex-
erted upon the valves keeps them seated.
In addition to this, however, springs N? are

arranged between the upper surfaces of the |

valves and the valve-casing, as shown in Fig.
18. The casing I is provided with an end
passage 13, which leads to the valve J, and
leading laterally from this valve are the two
passages 14 and 15. A short passage 16
serves to connect valve J with valve I, and

the passages 17 and 18 extend laterally from

the said valve K. 'The passage 19 connects
valve K with valve L. A couple of passages
20 and 21 lead laterally from valve I.. The

~end passage 22 extends through the end of

the casing from said valve L. The passage
13 i8 a supply-opening and is connected by
suitable piping with a boiler or other source
of fluid-pressure. Passage 14 is connected
with ports 1 and 3 by pipes 23, as indicated
in the drawings, while passage 15 is connect-
ed with ports 2

- The passage 17 is connected with ports S and 6

40

45

50
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by pipes 25 and passage 1S with ports5and 7 by
pipes 26. Passage 20 is pipe-connected with
ports 10 and 12 and passage 21 with ports 9
and 11, the piping for these two passages not
being shown. The passage 22 can be con-
nected with the exhaust-pipe in any suitable
manner. With this arrangement and with
the valves adjusted to the position shown
in Figs. 17, 18, and 19 the order of admis-
sion and exhaust will be as follows: Steam or
other motive fluid entering the passage 13

will pass through the valve J into passage 15

and from the latter into the high-pressure
chamber by way of ports 2 and 4.- The ex-
haust from said high-pressure chamber will
then pass out by way of ports 1and 3. From
these ports the exhaust will escape into pas-
sage 14 of the valve. From said passage 14
the exhaust will then pass through the valve
J and into passage 16, through valve K into
passage 13, and thence into the intermediate-
pressure chamber by way of ports 5 and 7.
KExhaust from the intermediate - pressure
chamber will then pass out by way of ports
8 and 6, through passage 17, valve K, pas-
sage 19, and valve L into passage 21, and
from the latter passage into the low-pressure
chamber by way of ports 9 and 11. The ex-
haust from said low-pressure chamber will
then pass out by way of ports 10 and 12 and,

and 4 by similar pipes 24.

—

tated.

The passage of the steam through the high,
intermediate, and low pressure chambers in
this manner will cause the piston to revolve
in the direction indicated by the arrow. It
is obvious, however, that by placing the
valves in an opposite position to that shown

in IFig, 19 the order of admission and exhaust

will be directly opposite to that just deseribed
and that the pistons will then revolve in an
opposite direction. | _

As a matter of further and special improve-
ment and for the purpose of enabling the op-
erator {o render the high-pressure piston
neutral and admit live steam direectly to the
intermediate-pressure chamber I provide a
supplemental or by-pass valve O. This sup-
plemental or by-pass valve is located in the
center of valve J, and its stem o extends up-
ward through thehollowstem 7 ofthe valve J.
The end of said stem o is provided with a
hand-lever ¢', by which the valve can be ro-
In this way I provide the plug-valve
J with an independently-adjustable rotary

~valve, which when adjusted to an opposite

position to that shown in Fig. 19 will permit,
live steam to pass through the center of valve
J and into passage 16, from which latter the
steam will of course then be free to pass di-
rectly into the intermediate-pressure cham-
ber.

What I claim as my invention is—

1. In a rotary engine, the combination of a
suitably-ported cylinder, one or more abut-
ments, a rotary shaft and a hollow eylindrie
piston which is made in two sections, one of
which is provided internally with a web whieh

| is forged integral with the said shaft, and the

other of said sections being formed with an

end web which is bolted to the said web on

the other section. | |
2. In arotary engine, the combination of a
ported cylinder, suitable abutments, a rotary

shaft, and a hollow eylindric piston composed

of a couple of telescoping sections and pro-
vided internally with a web which is formed
integral with the said shaft. |

3. 1n a rotary engine, the combination of a
ported casing, one or more abutments, a ro-
tary shaft, and a hollow e¢ylindrie piston com-
posed of a couple of telescoping sections, each
section being provided internally with a web,
and one of said webs being formed integral
with the said shaft.

4. The combination of a cylinder, suitable

‘rotary abutments, a rotary shaft, a piston

composed of two telescoping sections and pro-
vided internally with a web which is formed
integral with the said shaft, pinions on the
abutment-shafts, and an annular ring which
18 secured to one end of the said piston and
which is provided with teeth adapted to en-
gage the said pinions. -

5. The combination ofea cylinder and one
or more abutments, -a rotary shaft, a high-
pressure piston keyed to said shaft and a

passing through passage 20 and valve L, es- | second piston which is provided peripherally
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with flanges which divide the interior of the |
cylinder into intermediate and low pressure
chambers, the said second piston being made

in two sections, one of which is provided in-
ternally with a web formed integral with the
said shaft.

6. A rotary engine comprising a cylindrie
or drum-like piston which is. provided pe-
ripherally with annular flanges, rotary abut-
ments arranged to extend between said
flanges, pinions on the abutment-shafts, an

~annular ring which i8 secured to one end of

20

25
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sald piston and provided with teeth adapted
to engage said pinions, and a eylinder or cas-
ing which incloses the piston and abutments
and also the said gearing

In a rotary engine, and in combination

w1th oppositely-arranged rotary abutments,a
hollow cylindric piston which is provided pe-
ripherally with annular flanges and which is

composed of acouple of sections, one of which
18 provided internally with a web formed in-
tegral with the shaft, a cylinder having heads
provided with Dbosses which extend into the
piston and form bearings for the shaft,pinions
on the abutment-shafts, and an annular ring
secured tooneend of said piston and provided
with teeth which engage the said pinions, the
said ring and pinions being inclosed by the
said eylmder

8. In a rotary engine, the combination of
oppositely- arlanﬂ‘ed rotary abutments, a ro-
tary shaft, a eylindric piston provided inter-
nally with a web formed integral with the
shaft, pinions on the abutment-shafts, an an-
nular ring secured to one end of said piston
and provided with teeth which engage said
pinions, and a cylinder or casing having in-
wardly-extending bosses which form bear-
ings for the shaft and which are provided
with bushings and oil- 11nﬂ's, Subsmntmlly as
described.

9. A compound rotary engine comprising a

high-pressure chamber and inclosed piston,

a second piston having flanges which divide
the interior of the cylinder or casing into in-
termediate and low pressure chambels sult-
able abutments cooperating with said plstons
the said cylinder or casing having space be-
tween its Inner surface and the ends of the
pistons, a rotary shaft upon which said pis-
tons are mounted, and a thrust-bearing which
prevents end movement on the part of said
shaftt. |

10. The combination of oppositely-arranged
rotary abutments, a rotary shaft, a piston
keyed upon said shait, a second piston hav-
ing an internal web which is formed integral

with saild shaft, a casing having space be-

tween its inner surface and the ends of said
pistons, and a thrust-bearing for the hub of

said keyed piston, substantially as and for

the purpose set forth.

- 11, The combination of a rotary shaft, a
high-pressure piston mounted thereon, a sec-
ond piston which is also mounted upon sald

shaft and which is flanged to divide the in- |

S

terior of the casing into intermediate and
low pressure chambers, suitable abutments

coOperating with said pistons, and means for

supplying motive fluid.

12. The combination of a cylinder, one or
more abutments, a rotary shaft, a hw'h-ples-
sure piston ]{eyed' to said shaft, and a com-
bined intermediate and low pressure piston
having a web formed integral with said Shaft
Subsmntlally as set forth

13. The combination of a combined inter-
mediate and low pressure piston composed.of
a couple of telescoping sections which are
bolted together and one of which is formed
integral with the rotar y shaft, a high-pressure
pist’on keyed to satd shaft, oppositely - ar-
ranged rotary abutments, and a cylinder or
casing provided with suitable ports and pas-
sages. .

14. The combination of a shaft having a
tapered portion, a piston Jocked upon said
tapered portion by a nut screwed upon said
shaft, a thrust-bearing for the hub of said
piston, a second piston having a web formed
integral with said shaft, suitable abutments
cobperating with said pistons and a suitable
cylinder or casing having ports and passages
foradmitting and exha,usting the motive fluid.

15. A rotary engine comprising a flanged
piston, rotary abutments codperating with
sald piston, each abutment being composed
of a plurality of sections having mtellockmﬂ'

‘end portions, and a cylinder or casing hfwm o

sultable ports or passages.
16. A rotary engine comprlbmﬂ' a Ppiston

which 1s flanged and which is composed of
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two sections, rota,ry abutments arranged to .

codperate with said piston, a casing addpted
to inclose said piston and abutments each

t abutment being made in two sections whlch
have 1nte1lock1nﬂ' end portions, and the sald

casing belng prowded 1nternally with webs
whmh extend between the said sections, sub-
stantially as described.

17. A rotary engine comprising & flanged

105

IIO

piston made in sectmns a shaft upon which .,

said piston is mounted, 1013315? abutments co-
operating with said p1st01:1 each abutment
being composed of sections which are mount-
ed upon a shaft and which are provided with
interlocking end portions, a gear carried by
the piston- _shaft and atranﬂed to engage pin-
ions on the &butment-shafts the said pinions

having hub portions which interlock with the
end portions of said abutments, and a casing

adapted to inclose the piston and abutments
and also the said gearing, and having webs
which extend between the said abutment-
sections, substantially as described.

- 18. A rotary engine comprising a piston
provided with end flanges and also with an
intermediate flange, a casing or cylinder hav-
ing webs Whl(,h are located opposn}e the sald
intermediate fl ange, rotary abutments coop-

erating withsaid piston, each abutment being
made in sections which are separated by saﬁid
webs and which have interlocking end por-
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tions, pinions having hubs which interlock
with the ends of the abutments and which
are gear-connected with the piston-shaft, the

mud piston being made In sections, and re-
movable rings bemn‘ arranged opposite the

end flangesof the pIStOH %ub%mmm]l} as and
for the purpose set forth.
19. The combination of a rotary plbt@ﬂ

made in sections, and a rotary abutmentcom-
posed of sections having interlocking end.

portions, substantially as described.

20. In a rotary engine, and in combination
with a suitable piston and eylinder, a rotary
abutment-shaft having a shouider, a pinion
mounted upon said ‘%hd,ft: an ftbutment COom-

posed of interlocking Secmons which are ar-

ranged upon said shafb the said pinion also
interlocking with the said abutment, and a
nut for tightening the pinion and abutment
against the said shoulder on the shaft.

21. The ecombination of a combined inter-
mediate and low pressure piston, a cylinder
inclosing said piston and having heads, a
high-pressure piston arranged in a recess
formed in one of said eylinder-heads, a sup-
plemental head for inclosing said high-pres-
sure piston, both pistons being mounted upon
a single shaft and suitable abutments being
provided and arranged to codperate with said
plstons

22. Thecombination, in a eompound rotary
engine, of ashaft, a p15t011 mounted thereon,
a cylinder 111@10%111# sald piston and provided
with heads, a seeond piston mounted upon
saild shaft and arranged in a recess formed in
one of sald cylinder-heads, a supplemental
head for inclosing saild second piston, and
oppositely-arranged rotary abutments.

23. The combination, inacompound rotary
engine, of a combined intermediate and low
pressure piston having a web which is formed
integral with the Sh&ft a cylinder inclosing
sald piston and pmwded with heads, a hwh-

pressure piston keyed to said shat‘b and ar-

ranged within a recess formed in one of said
cylmder heads, a supplemental head for in-
closing said hw'h -pressure piston, and suit-
able abubment% arranged to coodperate with
saic pistons.

24. Aeompound multiple-expansionrotary
engine comprising a plurality of pistouns
which are mounted upon a single shaft, suit-
ableabutments codperating with said plstons
a casing or c¢ylinder havmn' space between
its inner surface and the ends of the said pis-
tons, and a thrust-bearing for the hub of one
piston substaubially as and for the purpose
described.

25. In a rotary engine, the combination of
a piston made in two sections and provided
with a web which is formed integral with the
piston-shaft, a second piston which is keved
to said shaft, rotary abutments which are

gear-connected with said piston-shaft, a cas-
ing adapted to inclose the piston and abut-
ments and also the said gearing and hzwmn*

|
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space between its inner surface and the ends
of the pistons and also between its inner sur-
face and theabutments, and a thrust-bearing
which prevents end movement on the pm*t-of
said shaftt, subsmntiallv as described.

26.-In a rotaryengine, and in combination
with a cylinder and suitable abutments, a
piston baving annular flanges formed upon
its periphery, piston-heads arranged between
the flanges, pins extended thmufrh the flanges
and piston-he&ds, an annular. toothed ring
which 1s bolted to one énd of the piston, and
spur-gearing for connecting said toothed ring
with the said abutmems, substantmlly as
and for the puarpose set forth, .

27. In a compound rotary engine, the com-
bination of an annular high-pressure piston
having annular peri pheml flanges, a toothed
ring secured to one end of said plston, rotary
ahutments arranged to cooperate with said
piston, pinions having hub portions which
interlock with the said abutments, the said
pinions beingarranged toengagesaid toothed

ring on the piston, a shoulder on the abut-

ment-shaft, a nut for clamping the pinion
and abutment against said shoulder, and a
casing or c¢ylinder having space between its
inner surface and the ends of the piston and
also between its inner surface and the rotary
abutments, substantially as and for the pur-
pose descrlbed |

28. In a reversible compound multiple-ex-
pansion fluid - motor, the combination of :
piston-shaft, a high-pressure piston mounted
upon said shaft,a combined intermediate and
low pressure piston which is also mounted

upon sald shaft and which is provided with -

flanges which divide the interior of the cas-
ing into annular compartments, oppositely-
arranged rotary abutments which codperate
with said piston and which are gear-connected
with said piston-shaft, the said casing being
provided with suitable ports or passages and
a reversing-valve bemg provided for revers-
ing the order of admission and exhaust, sub-
sta,ntlally as described.

29. In a reversible compound multlple eX-
pansion rotary engine, a throttling and re-
versing device consisting of a v&lve casing
a plurahty of rotary valves adapted to con-
trol the passages in said casing and having
pressure - spaces abt their la,-rger ends to keep
them seated, means for connecting the valves
for simultaneous adjustment, and means for
connecting the passages in the valve-casing
with the ports and passages in the engine-
casing.

30. Inacompoundreversiblerotaryengine,
and 1n combination with an engine-casing
and suitable pistons, a throttling and revers-
ing device consisting of a valve-casing, a plu-
rality of rotary plug-valves for controlling
the passages in the valve-casing, each valve
having two oppositely - arranged recesses,
pressure-spaces for keeping the valves seat-
ed, means for connecting the valves for si-
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the ports and passages in the engine-casing.
31. Inacompoundreversible romry engine,
and in combination with an engine-casing

and suitable pistons, a valve-casing, a plu-

rality of rotary valves adapted to eontrol the

passages in said valve-casing, one of said
valvesbeing provided with anindependently-

adjustable valve by svhich the high-pressure
piston can be rendered neutral and live steam

permitted to enter the intermediate-pressure
chamber, means for connecting the said ro-

tary valves forsimultaneous adj ustment, and

means for connecting the passages in the
valve-casing with. the ports and passawes in
the engine-casing. ‘ |
32. Inaeompound reversmle rotary nrrme,
and in combination with an engine-casing
and suitable pistons, a valve-easing, a plu-
rality of rotary plug-vaives connected for si-
multaneous adjustment and adapted for con-
trolling the passagesin said valve-casing, one

of said valves being provided with a supple-
mental rotary valve by which the high-pres-

sure piston can be rendered neutral and live
steam admitted directly to the intermediate-
pressure chamber, and means for connecting

multaneous adjustment, and means for con- | the passages in the valve-casing with the

necting the passages in the valve-casing with

ports and passages in the ergine-casing.

33. Inacompound reversible rotary engine,

and -in combination with an engine-casing
and suitable pistons, a valve-casing having

an opening or passage at each end and a plu-

rality of passages at each side, rotary plug-
valves. for controlling said passages in the

valve-casing, each valve being provided with

|'7 :
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35

a couple of recesses, means for connecting

said valves for simultaneous adjustment, a
supplemental rotary valve arranged within
one of said rotaryplug-valvesand adJ ustable
independently for the purpose of rendering
the high-pressure piston neutral and_admlta
tingrlive steam directly to the intermediate-
pressure chamber, means for connecting one

of said openings in the valve-casing with a

source of fluid-pressure, means for connect-

ing the other end openingof the valve-casing

with an exhaust- -passage, and means for con-
necting the lateral or side passages of sald
valve-casing with the ports and passages 1n

_the engine-casing.

EDWARD C. WARRFN
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