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To all whom &t may concern:

Be 1t known that I, RicEaARD N. STORY, a
citizen of the United States, and a resident

of Philadelphia, in the county of Philadel-
phia and State of Penns ylvania, have in-

vented certain new and useful Ilnprovemeﬂts
in Reversible Rotary Engines, of which the
following is a speclﬁcatloﬂ

The ob]ect of my invention 1s to produce a
simple and eﬁectwe reversible rotary fluid-
pressure engine which will be equally bal-
anced in all of its parts and which can be
constructed as a simple or a multiple expan-
sion engine.

My 1mproved rotary engine is constructed
with one or a plurality of circular working
chambers or cylinders and an equal number
of rotary pistons operating in said circular

working chambers, each piston carrying two

Or more plston—bla,des arranged at equal dis-
tances apart and a plurahty of rotary abut-
ments, one for each piston-blade, and means
for rotatm the abutments from the piston-
shaft in proper relation to the piston-blades.

In an engine embodying my improve-

ments and havmo' A plurahty of working |

chambers and p1st0ns the rotary abutments
are made in compound form, each compound
abutment having as many abutment-heads
as the number of working chambers and pis-

tons and the abutment recesses or cavities

for the several pistons being arranged at

angles to each other and at equal distances

ap art to correspond with the angular relation
of the corresponding plston-blades upon the
several pistons. -

In constructing my improved rotary en-
oine | prefer to make the casing 1n sections
dw1ded longitudinally or transversely or
both, for the sake of convenjence in con-
StI‘lthlIlG and assembling the machine. The

sections of the casing have preferably formed

integral with them parts of the end walls and
partltlons which separate the several work-
g chambers or cylinders, the central bear-
ings in the end walls and partltloﬁs being pro-
vided in the form of removable bushmo*s
All of the pistons are mounted upon a com-
mon shaft which passes longitudinally
through the casing and 1s journaled in the
end walls and partltmn—-walls the rotary
piston-heads being suitably keyed upon the
common shaft and. carrying the piston-blades,
are detachably
peripheries of the plstcm—heads

il

secured UpPOn: the

- ter.

tending ports and auxihiary o

reversible rotary engine is the arrangement
of the automatic valves and ports. At one
end -of the casing I-arrange a pressure-fluid
supply-chamber, “from which lead two series
of \ports at unequal distances from the cen-
These ports (there being one of each
series for each piston-blade of the high-pres-
sure piston) lead from the supply-chamber

into the high-pressure working chamber or

cylinder, one series being utilized for running
in one direction, while the other series is
utilized for running in the reverse direction.
A rotatable valve-plate rests against the end
wall of the casing and is provided with oper-
ating means Whereby its position can be
shifted for cutting off the supply of pressure
flmd to both series of ports or for allowing
the supply of pressure fluid through either
series for running in either direction. The
inner face of the high-pressure end wall of

60
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the casing 1s formed with a series of short - -

groovemports communicating with the ports
from the pressure-supply chamber and with
the supply-ports cut into the high-pressure
piston-head, and the high-pressure face ot

30

the first partition-wall 1s formed with two -
concentric circular groove-ports communi-

cating with ports leading to the intermediate
pressure-cylinder and with the ports of the
high-pressure piston, the ports i the high-

pressure piston-head (two for each plston—.

blade) being arranged radially of the piston-
head upon opp(:)Slte sides of the piston-
blades and having lateral offsets to place

them- in communication with the orooVve-

9c

ports of the end wall and first partition-wall. -

These two series of ports in the casing-walls
and piston enable the reversal of the enﬂ'me
The intermediate and low pressure piston—
heads are formed with similar radially-ex-
Tset ports which
communicate with the ports formed in the

partition-walls between the several working

chambers or cylinders, suitable valves bemg
arranged in said partition-walls for reversing
the action of the engine.
the low-pressure WOI‘I{IHG“ chamber or cylin-
der is through either one of two series of
ports leadincr into & common exhaust-cham-
ber and controlled by a reversible valve-
plate having hand-operated means.

95
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The exhaust from

10§

With this improved structure the supply

and cut-off of pressure fluid for each working
chamber or cylinder is controlled by the ro-
tating pistons, the exhaust from the hig 11

A very important feature of my improved | pressure belno' into the mtermecha,te a,n,d
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from the intermediate to the low pressure
cylinder under the automatic control of the
rotating piston. The action is substantially
the same whether the engine is running
ahead or 1s reversed, the only difference being
that when reversed the supply of pressure
fluid to the several working chambers or cyl-
Inders 1s through the ports which act as ex-
hausts m the forward motion of the engine,
and the exhaust i1s, on the other hand,
through the ports which act as supply-ports

1n the forward motion of the engine.

The series of compound rotating abut-
ments are driven by direct gearing with the
main shaft of the engine, the ratio of the
gearing being dependent upon the number of
piston-blades upon each rotary piston-head—
thatis,1n an engine having two piston-blades
to a piston-head the gearing between the main
shaft and rotating abutments will be two to
one, while 1n an engine having three piston-
blades to a piston-head the ratio of the gear-
ing will be three to one, and so on.

Whether operating in a forward direction
or In a reverse direction, the rotating piston-
heads act as automatic valves for opening
and cutting off the fluid-supply ports.

. The working parts of my improved rotary
engine are carefully machined to exactly fit,

80 as to avoid the necessity of using expen-

sive and unsatisfactory packings, as hereto-
fore has been customary. This exact fit of
the working parts of the engine will prevent

any objectionable waste of pressure fluid and
will at the same time obviate objectionable

friction and consequent wear and tear upon
the parts. - _
My mvention imcludes numerous impor-

tant features of novelty which will be here-
1nafter clearly described in connection Witl_l

the accompanying drawings and afterward
pointed out more particularly in the annexed
claims. -

In said drawings Figure 11s avertical-longi-

tudinal sectional view of my improved rotary

engine, the section-line upon which this view
1s taken being an imaginary one in that it
cuts each of the rotary pistons radially
through a supply-port, a condition which
could not be present actually, since the pis-
ton-blades of the several rotary pistons are
set 1n different radial planes, and a section
through a single vertical plane could not
show all of these supply-ports. Fig. 2 is a
vertical transverse section of the same, show-

ing a composite view of three distinct sec-

60
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struction of the piston-blades.
vertical transverse sectional view taken on

tions of parts of the engine, so as to 1llustrate
a part of each of the three rotary pistons and
the rotary abutments. Figs. 3 and 4 are de-
tall sectional views 1llustrating the con-

Fig. 5 18 a

the Ime 5 5 of Kig. 1 through the fluid-pres-
sure - supply chamber, showing the main
supply-valve plate. Fig. 6 is a similar view

I|

ple-expansion rotary engine.

835,330

taken on the line 6 6 of Fig. 1 through the

common exbaust-chamber, showing the com-
mon exhaust-valve plate. Ifig. 7 is a side
elevation of one of the compound rotary
abutments detached from the engine. Fig.
8 18 a transverse sectional view of the same,
taken on the line 8 8 of IF1g. 7. Ifig. 9 1s an
enlarged detall sectional view showing one
of the series of controlling-valves which are
arranged 1n the partition-walls between the
working chambers or cylinders. Fig. 10 is a

detail transverse sectional view of the same,
taken on line 10 10 of Fig. 9. Fig
inside view of the end wall of the engine-
casing at the high-pressure end looking from
the low-pressure end. Fig. 12 1s an inner
face view of the high-pressure piston-head
looking from the low-pressure end of the en-
omme. Ifig. 13 18 an nner face view of the

partition-wall between the high and inter-

mediate pressure cylinders looking from the

low-pressure end of the engine. Fig. 14 is
an mnner face view of the intermediate-pres-
sure piston-head looking from the low-pres-
sure end of the engine. Iig. 15 1s a face view

of the partition-wall between the interme-

dlate and low pressure cylinders looking
{rom the low-pressure end of the engine.
Fig. 16 1s a face view of the low-pressure pis-
ton-head looking from the low-pressure end
of the engine. Ifig. 17 1s a face view of the
end wall of the engine at the exhaust end.
As stated above, my present improve-
ments can be embodied in a simple or a multi-
1 For the pur-
pose of ilustration I have shown in the
accompanying drawings and will now de-
scribe 1n detall a rotary reversible steam-
engine having high-prossure, intermediate-
pressure., and low-pressure working cylinders.
The engine-casing.in the form of my 1m-
provedrotaryengineillustrated in the accom-
panying drawings is made up of a plurality of

- vertical transverse sections 1, 2, 3, 4, and 5.

1

A

As indicated in dotted lines in Figs. 5 and 6,
the sections of the casing may also be divided
horizontally. The section 1 forms the live-
steam chamber 10 and includes the end wall
11, main shaft-bearing 12, and the three
abutment shaft-bearings 13.
forms the cylindrical wall of the high-pres-

sure working chamber or cylinder 20 and the

bearing-ofisets 21 for the rotating abutments.
The section 3 forms the cylindrical wall of
the intermediate working chamber or cylin-
der 30, the bearing-offsets 31 for the rotating
abutments and the partition-wall 32 dividing
the high-pressurefrom theintermediate-pres-
sure cylinders.
drical wall of the low-pressure working cham-
ber or cylinder 40, the bearing-offsets 41 for
the rotating abutments, and the partition-
wall 42, separating the intermediate-pres-

sure cylinder from the low-pressure cylinder,

and section 5 includes the common exhaust-

The section 2

Section 4 forms the cvlin-
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chamber 50, the
main shaft-bearing 52, and the abutment

shaft-bearings 53.

60 is the main shaft of the engine, carrying
the three rotating piston-heads and extend-
ing longitudinally and centrally through the
encine-casing, having suitable bearings at 1ts
ends in the bearing-bushings 61 and 62, sup-
ported, respectively, in the central bearing-
hubs 12 and 52 of the end plates 11 and 51.
This shaft 60 is also journaled in the bearing-
bushings 33 and 43, mounted
openings in the partition-walls 32 and 42, re-
spectively, said bushings 33 a
preferably threaded into the central open-
ings of said partition-walls.

The steam-supply chamber 10 is closed by
a circular plate 14, fitting over the bearing 12
61 and rigidly secured In place against sec-

‘tion 1 of the casing by tap-bolts or other suit-

able means. (Not shown.) Thislive-steam

chamber 10 has a suitable steam-inlet 15.

(Shown in Fig. 5 and indicated by dotted
linesin Fig. 1.)

The end wall 11, as shown in Figs. 1, 5, and
11, is formed with two series of steam-ports
16 and 17, respectively, extending through
the wall parallel with the main shatt 60 and

communicating at their inner ends with the

short face-erooves 162 and 17* to supply live
steam to the ports of the high-pressure pis-

ton for running in both directions, as will

presently be explained. These two series of
ports 16 and 17 are at unequal distances

from the shaft 60, and their face-groove ex-
tensions 16* and 17* extend upon arcs or Cir-

cles drawn from the center of said shatt 60.
18 is a circular valve - plate rotatably

mounted upon the bearing-hub 12 and con-

fined by a bearing-ring 12%.  This valve-plate

18 is formed with an inner series of three
ports 182 and an outer series of three ports
182 ‘which are adapted to open COMIMUNICa-
with the series of ports 16

tion, respectively,
and 17 above referred to. In Fig. 5 of the
drawings the valve-plate 18 is shown in POSI-
tion for supplying
182 and ports 16.  The valve-plate 18 1s tur-
ther confined against the outer face of the
end wall 11 of the engine-casing by means of
curved cleats or guide-plates 11#; secured to
the end wall 11 and engaging the valve-plate.
A segment of gear-teeth 18°¢ 1s cut upon the
periphery of valve-plate 18 and 1s1n constant
mesh with the worm-gear 192, formed upon a
hand-shaft 19, journaled in bearings 11> and

11¢ and projecting through the wall of casing-

section 1 and provided at itsouterend with a
hand-wheel 19°, by which the valve-plate 18
can be shifted for cutting off the supply of
live steam and for reversing the direction of
rotation of the engine.

Keyed to the mainshaft 60 within the high-
pressure working chamber or cylinder 20 18

end exhaust-wall 51, the 1 the high-pressure piston head

in the central

d 43 being

live steam through ports

"ports 28 will be

X3

which is accurately machined to snugly fit

or disk 25, 65

between the inner faces of end wall 11 and

partition-wall 32.  This piston head or disk
55 carries three piston-blades 26, extending
radially from its periphery and constructed
and rigidly secured in place, as hereinatter
fully explained. 'The piston-blades 26 (n
the present
equally spaced upon the neriphery of the pis-
ton head or disk—thatis, are one hundred and
twenty degrees apart. ' | -

The piston-head 25, which operates 1N, coN-
tact with the inner faces of end wall 11 and

partition-wall 32, 1s provided with two series

of ports 27 and 28, extending entirely
through the piston-head parallel with the
main shaft 60, each port 27 communicating
with one of the series of radial ports or pas-
sages 27* and each post 23 communicating

with one of the series of radial ports or pas-

sages 282, The two series of ports 27 and 28
are at unequal distances from the center of
rotation, and the series of ports or passages
972 and 28% open into the high-pressure
working chamber 20 upon opposite sides of

the piston-blades 26, so as to act interchange-

ably as supply and exhaust ports. - Theports

27 and groove-ports 16* are equidistant from
the center of Totation and ars in communica-
tion with each other periodically during a
certain part of the rotation of the piston.
The ports 28 and groove-ports 17* are also
equidistant from
communicate with each other periodically
during a certain portion of the revolution of
the piston. It will therefore be clear that
no matter which direction the engine 1s ro-

tating |

in live steam will be supplied during &
oiven portion of the rotation of the piston at
one side of each piston-blade. -

The partition-wall 32, which separates the
high-pressure cylinder 20 from the interme-
diate-pressure cylinder 30, 1
high - pressure face with two concentric
groove-ports 32* and 32°, cut upon circles
drawn at unequal distances from the axis of
shaft 60. These circular groove-ports 32°
and 32° correspond in position with the ports
o7 and 28, Tespectively, of high-pressure pis-

ton-head 25, so that during the revolution

of the piston 25 ports 27 will be in constant

communication with groove - port 32% and

‘n constant communication

the center of rotation and

formed 1n 1ts

6 |

sastance three in number) are

75

80

Q0

95
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-105'
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115

with groove-port 32°, said communicating -

ports being employed interchangeably as ex-
haust-ports
and supply-ports for the intermediate cyl-
inder, depending upon the position of the
valves and the direction of rotation ot the

engine.

The groove-port 32% communicates with a -

series of longitudinal ports 34*, which ex-

for the high-pressure cylinder

120

| tend entirely through the partition-wall 32,
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and the groove-port 32° communicates with |
a series of longitudinal ports 34" also ex-
tending entirely through the partition-wall 32.
Upon the intermediate-pressure side of the
5 partition-wall 32 said wall has cut into jts
face two series of short groove-ports 34°¢ and
349, each one of which communicates, re-
spectively, with one of the longitudinal ports
34% and 34*. The series of groove-ports 34¢
o are the same distance from the axis of the
~ shalt 60 as the groove-port 322 upon the
opposite side of said partition-wall, and the
series of groove-ports 344 are at the same dis-
tance from the axis of shaft 60 as the gToOvVe-
5 port 32° upon the opposite side of the parti-
tion-wall. '

In the operation of the engine one of the
series of longitudinal ports 34* or 34b is open
and the other is closed, depending upon the

20 direction of rotation of the engine. To eclose
either of said two series of ports, I provide 1m
the partition-wall 32 three hand-operated
valves, each valve being so located that it can
shut off one of the ports 34% or one of the

25 ports 34°, 1t of course being understood that
when one port is closed the other is open.
These valve mechanisms, as well as the three
valves in the partition-wall 42 between the
intermediate-pressure and low-pressure cylin-

30 ders, are all of the same construction, and
a detailed description of one of them will be
hereinafter given.

Keyed to the main shaft 60, within the in-
~termediate working chamber or cylinder 30,
35 18 the i.n_termedmte—pressme piston head or
cisk 35, which is accurately machined to
snugly fit between the inner faces of the par-
tition-walls 32 and 42. This piston-head or
disk 35 carries three piston-blades 36, extend-

40 g radially from its periphery and con-
structed and rigidly secured in place in the
same manner as the piston-blade 26, which
will be hereinafter explained in detail. The
piston-blades 36 are equally spaced upon the

45 periphery of the piston head or disk 35.

The piston head or disk 35 is provided
with a series of ports 37, entering 1ts face at
its high-pressure side and coimmunicating
with the series of radial ports 37+, leading to

5o the intermediate-pressure cylinder. These

- ports 37 periodically communicate with the

short groove-ports 344 of the partition 32,

The radial ports 378 comumunicate at their

inner ends with longitudinal branch ports

55 37", which lead to the Tace of the piston-head,

- which contacts with the partition-wall 42
The piston-head 35 also has a series of ports
38 extending longitudinally through the pis-
ton-head at a slight angle to the longitudinal

60 axis and communicating with the radial ports
38%, leading to the intermediate - pressure

viider. These ports 38 communicate pe-
riodically with the aroove-ports 34¢ of the
partition-wall 32.  The radial ports 372 and

55 38 enter the intermediate-pressure chamber 4

upon. opposite sides of the piston-blades and
act mterchangeably as supply and exhaust
ports. |

The partition-wall 42 separates the inter-
mediate-pressure cylinder from the low-pres-
sure cylinder and has formed in its internie-
diate-pressure face the concentric 2Iroove-

ports 42* and 42° at unequal distances from -

the axis of shaft 60 and positioned to com-
municate constantly with the ports 37 and
38 of the piston-head 35. These groove-
ports 42 and 42" communicate, respectively,
with the longitudinal ports 44* and 44° pasgs-
ing through the partition-wall 42 and in turn
comimunicating with the series of short
groove-ports 44° and 449, cut in the low-pres-
sure face of the partition-wall 42. The ports
44" and 44P are controlled by shiftable valve-
plates, hereinafter to be describ ed, in the same
manner as the longitudinal ports extending

through the partition 32, as above referred to.

45 18 the low-pressure piston head or disk,
keyed to the main shaft 60 within the low-
pressure chamber or cylinder 40, said piston-
head being accurately machined to snugly fit
between the inner faces of the exhaust end
wall 51 and the partition-wall 42. This pis-
ton head ordisk 45 carries three piston-blades
6, extending radially from its periphery and
constructed and rigidly secured in place in
the same manner as will be hereinafter ex-
plained in connection with the piston-blades
26.  Piston-blades 46 are spaced equally

upon. the periphery of the piston head or

disk.  This low-pressure piston head or disk
45 1s provided with two series of ports 47 and

75

OO0

95

1OO

43, extending longitudinally through it. The

longitudinal ports 47, communicating with
the radial ports 472, lead to the low-pressure
cylinder, and the longitudinal ports 48, com-
municating with the radial ports 48, also
lead to the low-pressure cylinder. The ra-
dial ports 47 and 482 lead into the working

“cylinder upon opposite sides of the piston-

blades.

The exhaust end wall 51 is formed on its
mner face with the exhaust circular groove-
poris 54 and 55, which are at the proper ra-
cdial distances from the axis of shaft 60 to
continually communicate with the outlet

ends of the longitudinal ports 47 and 48 of

the low-pressure piston head or disk 45

These circular exhaust groove-ports 44 and

45 respectively communicate with the two

series of exhaust-ports 56 and 57, which ex-
tend through the ead wall 51 at an angle to
the longitudinal axis of the engine and open
into the common exhaust-chamber 50,

A cireular valve-plate 75 is journaled upon
the bearing - hub 52 of end plate 51 and is
confined in close contact with the outer face
of end plate 51 by means of a collar 7 6, se-
cured to the bearing-hub 52, and a series of
cleats or guide-plates 77, secured to the end
plate 51.  This valve 75 has cut through it

105
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two series of exhaust-ports or openings 752 |

and 75°, which are at the proper radial dis-

tance from the axis of shaft 60 to communi--

cate, respectively, with the exhaust-ports 56
and 57. The Valve-plate 75 18 also provided
with a segment of rack-teeth 75°, which are
in constant mesh with the worm 78 formed.
on a shaft 79, journaled bearmﬂ"s 80 and
extending from the exhaust-chamber through
the cesine-section 5, the outer end of said
shaft beiﬂcr provided with a hand-wheel 81.
By rotwtmﬂ' vhe plate 75 erther series 56 or 57
of the exhwust—por s can be closed.

85 1s the exhaust-outlet from the exhaust-
chamber 50, which may be placed 1in com-
munication with a condenser, a muffler, or
with the open air.

I have found 1t desirable 1n the interest of

economy and efliciency to provide my im- |

proved reversible rotary engine with the
same number of abutments as the number of
piston-blades. In the form of machine illus-
trated 1 the drawings each piston-head 1s
prowded with three plston—blades so that
three rotary abutments are provided for each
piston. The drawings illustrate a com-
pound expansion-engine having three rotary
pistons, and I have found 1t desirable to so
arrange the piston-blades upon the respective
plston-he.,ads that they will have a certain
angular relation with each other in order that
the abutments for the several pistons can be
combined into compound abutments.

As above described, the sectional casing is
provided with three equally—spaced offsets to

recelve the compound abutments, which 1
will now describe.

90 1s one of & series of three abutment—'

shatts, which shafts are journaled at their
opposite endsin the bearings 52 and 53 of the
end casing-sections 1 and 5, suitable Babbitt
or other bearing metal 91 bemﬂ mounted in
the bearings. "Each of these abutment-
shafts 90 carries three abutment-heads 95,
100, and 105, which operate 1n the ofiset por—
tions 21, 31, and 41 of the casing-sections
above referred to. These sbutment-hesds
95, 100, and 105 are accurately machined to
fit, smwly within the offset portions of the
casing-sections and have close working and

live contact with the piston-heads, so as to

55

6o

avold the necessity of Steanl—packlllws
high - pressure, intermediate » pressure, and
:ow—pressure piston-heads are of grachmted
diameters 1 the order named, and the pis-
ton-blades are also graduated to oorrespond_
that 1s, the hlﬂh-pI'BSSUle piston-head which
is of the oreatest diameter 1s provided with
the pISLOH-b]WdeS of smallest area,whereas
the low-pressure piston-head bemcr of the
smallest diameter is provided with the pis-
ton-blades of greatest area. It will also be
observed that the area of the cylinders 1s
oraduated 1n the same respect, the high-pres-
sure cylinder being narrow and the low-pres- |

The

sure cylinder comparatively broader. To
correspond with these proportions.of the sev-
eral cylinders and pistons, the abutment-
heads 95, 100, and 105 are graduated as
shown.

Kach of the abutment-heads is provided
with a lunette-shaped recess or opening, as
indicated at 96, 101, and 106, into which the
blades of the piston—heads project as the
blades pass the abutment-heads, it bein
understood that the surfaces of these lunet-
shaped recesses and the outer edges of the
piston-blades do not come in contact when
the blades pass the abutments, there being
no steam-pressure upon the piston-blade as
1t passes an abutment.

Kach abutment-shait 90 carries at one (or
at both ends) a gear-wheel 110, which 1s 1n
constant mesh with a large gear 115 , keyed to
the main shaft 60, the proportion of oears 110
and 115 being 1n the machine illustrated one
to three, since each piston-head is pro-
vided with three piston-blades and the ma-
chine 1s provided with three compound abut~

ment-heads.

In constructing my improved engine I
propose to provide the main shaft 60 with a
suitable detachable coupling, connecting 1t
with the shaft to be driven, wh ereby the ma-

chine may be taken apart for the purposes ot
inspection and repair. This coupling is not

shown nor described, since it forms no part of

| my present 1nvent1011

Referring now to the illustration in Figs. 3
and 4, I will describe in detail the construc-
tion and means for mounting the piston-
blades upon the piston-heads, the blades of
all of the heads being of the same construc-
tion and mounted in the same manner as
above stated. Xach piston-blade com-

o
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prises a main plate having working faces 125

and 126. and the p&leIlG end 130 and edge
strips 135.  The main plate of the blade is of
approximate wedge shape 1n vertical cross-
section and 1s channeled at its outer end and
1ts edges to form the imnwardly-presented an-

gular locking-ribs 125* and 126* and 127.
The hollow spring packing end 130 of shghtly

oval shape 1n cross-section is formed Wlth the
inwardly-presented angularly-flanged lock-
ing ends 131, which are interlocked with the
angular ﬂanges 125% and 1262 of the main
plate. The edge packing-strips 135 are of
T-shape cross—sectlon and are seated in the
channels in the edges of the main plate, inter-
locked. with ribs 127 and fitting tightly
against the spring-head 130 and 1ts ends 131.
The piston-head 1s formed with a series of
transverse dovetailed grooves in its periph-

ery at the proper points, and the piston-
blades are inserted laterally therein and prop-

erly wedged and rigidly secured in position.
The arts are all accurately machined and are-

capable of adjustment radially of the piston-
head, the parts being wedﬂ'ed and rigidly se-
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cured by insertion of shims in suitable places |

to secure the piston-blades in the proper po-
sitlon so as to accurately fit within the work-
ing cylinders and clear the surfaces of the
lunette recesses of the rotary abutments.
Turning next to the structure of the valves
mounted within the partitions 32 and 42,
three of such valves being arranged 1n each
of said partitions for controllino the openings
through the three sets of ports Or Passages,
the pr -eferred structure of said valves will be
clearly understood by reference to Figs. 9 and
10 of the drawings. A recess, such as 150, 1s
ettt into the face of the partltlon at the pomt
of location of the valve, and anapproximately
semicircular valve—plate 151 18 mounted 1n

said recess upon a pivot 152, said valve-plate

being formed with a single port or opening
153." The threaded valve-rod 154, hav'nﬂ
pin-and-slot connection 155 156 with the
valve-plate 151, passes through a suitable
channel or opemnn' in the partltlon-—wall to a
point outside of the engine-casing, where it is

provided with a hand-wheel 157, by which
thc valve-plate can be shifted. By reason of
the shape of valve-plate 151 it will be ob-
served that when the operating-rod 1s forced
inwardly the port or opening—such, for in-
stance, as 34"—is thrown open, while the
OpeIlll‘}.C" 34* 1s closed. By reversing the po-
sition of the valve-plate 1t will be observed
that the port 34" will be closed, while the
opening 15a of the valve-plate will be brought
into register with the port 34® for opening
the latter. These valves 151 are used only
for reversing the engine.

The 0perat10n of the improved reversible

rotary steam-engine in its compound expan- |

sion form, as shown in the drawings, may be

described as follows: The main supply—-va,lve _

plate 18 being shifted to the position for
opening up the ports 16 through the end wall
11 will supply live steam thrmwh ports 27
and 27* between the plston—blades 26 and
abutment-heads 95, the piston-head 25 auto-
matically cutting off the supply of live steam
when the ports 27 reach the ends of the
groove-ports 16%, so as to allow the steam to
act expansibly for a part of the stroke. This
cutting off of the live steam is immediately
followed by the resupply of live steam when
the ports 27 again come into communication
W1th the sucoeedmﬂ' groove-ports 162, As
the high-pressure plcston rotates the high-
pressure cylinder exhausts through the ports
28* and 28 into the circular exhaust- -gTo0ve
ports 32° of the partition-wall 32, from
which the exhaust passes through ports 34"
imto groove-ports 34¢. The 111telmechate-
pressure cylinder receives the exhaust from
the high-pressure cylinder when the ports 37
come 1nto communication with the groove-
ports 349, supplying the steam throu G‘h ports
374 to the intermediate - pressure oylmder

65 between the piston - blades 36 and rotat- |
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g abutments 100. The intermediate-pres-
sure cylinder exhausts continuously through
ports 38* and 38 1nto the circular exhaust
groove-port 42" of the partition-wall 42,
from which the steam passes through the
ports 44" into the groove-ports 447
low-pressure cylinder receives the steam
from groove-ports 44¢ through the ports 48
and 48“* this low-pressure cyl'
ng contmuously through ports 472 and 47
into the exhaust groove-port 54 of the end

plate 51 and next through exhaust-openings

56 into the common exhaust-chamber 50.
In this operation in the forward rotation of
the engine it will be clear that each of the
three rotary pistons automatically connects
and cuts off the supply ot steam at the proper
points in the revolution. To reverse the en-

gine, the main supply-valve plate 18 is re-
Velsed so as to open up commaunication be-
tween the steam-chest 10 and ports 17, cut-
ting off the ports 16. The valves in partl—
tion 32 are then shifted to close communica-

tion through ports 34® and open up commu-

nication throucrh ports 34*. The valves in
partition 42 are also shifted to close commu-
nication through ports 44® and open up com-
munication through ports 34*. Finally, the
exhaust-controlling valve 75 is shifted to
close commumcatwn through ports 56 and
open up communications throuo*h ports 57.

With this reversed condition of the valves

the passage ol steam through the engine from
steam -chest 10 through ports 18b 17, 172,

28, and 282 to the hlﬂ'h—pressure cyhnder and
| from there exhausting through ports 27 27,

groove-port 32% ports 34% groove-ports 34’3
ports 38 and 384 into the intermediate C) 1111--
der, and from thence exhausting throucrh
ports 37% and 37° to groove-port 49& ports
44* and groove-ports 44"3 and then throucrh
ports 47 and 47* mto the low-pressure cylm—
der, the steam exhausting from the low-pres-
sure cylinder through ports 48* 48 and
croove-port 55 and ports 57 111130 the exhaust-
chamber 50.

1t will be clear that the reversible rotary
steam-engine can be constructed within the
scope of my invention of the simple or of the
compound type.

two- or more piston-blades or of the com-

pound type with a plurality of two or more

rotating pistons, each piston having two or
more p1st03:1-—bla,deq

1t will be clear that the engine can be op-
erated, as shown in the drawings, in horizon-
tal posﬂamn or it can be operated in vertical
position, in this latter case it being of course
necessary to arrange proper thrust-bearings
tor the rotating shafts.

While 1 have illustrated and specifically
described my 1mproved reversible rotary en-
gine 1n 1ts preferred form as a steam-engine,
I would have 1t understood that I do not in-

The
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the simple type with a rotatuw piston having
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tend to limit my invention to engines driven |

by steam-power, but would have 1t clearly
understood that my engine may be designed
for any suitable motive fluid without depart-
ing from the scope of my mvention.

Having thus. described my invention, the
following is what I claim as new therein and
desire to secure by Letters Patent: :

1. In a reversible rotary engine, the com-
bination of a casing forming & working cham-
ber and having two supply-ports througn one
end wall, and two exhaust-ports through the
other end wall, valves controlling the supply

and exhaust ports, a rotary piston-head op-

erating in the working chamber or cylinder
and provided with a radial piston-blade and
with two interchangeably-acting supply and
exhaust ports through it,said piston-head act-
ing as an automatic valve for cutting off the
supply of working fluid to erther piston-port.

2. In a rotary engine, the combination of &
casing forming & working chamber and hav-

ing supply and exhatvst ports in its end walls, ;

and short groove-ports in the inner face of one
wall in communication with the supply-port,
a rotary piston-head operating in the working
chamber or cylinder and provided with a ra-
dial piston-blade and with supply and ex-
havst ports which lead from the ends of the
piston-head to the working chamber, said ro-
tary piston acting as an automatic valve for
opening and cutting off the supply of work-
ine fluid.

3. In & reversible rotary engine, the com-
bination of a casing forming a working cham-
ber, and having supply and exhaust ports in

1ts end walls, and short groove-port exten-

sions in the inner face of one end wall 1n com-
munication witih the supply-ports, a rotsry
piston-head operatingin the working chamber
and provided with a plurality of radial piston-
blades and with two series of interchangeable

supply and exhaust ports, which lead from-

the ends of the piston-head to the working
chamber, one series of ports entering the
working chamber in front of the piston-
blades, and the other series of ports entering
the working chamber bebind the
blades, and reversing-valves controlling the
supply and exhavst ports.

4. In a reversible rotary engine, the com-
bination of a casing forming a working cham-
ber, and having two supply-ports throvgh
one end wall and two exhatst-ports throrgh
the other end wall, a rotary piston-head op-
erating in the working chamber or cylinder
and provided with a series of radial piston-
blades and with two series of interchangeably-
acting supply and exhauvst ports, one series of
ports entering the working chamber 1n front
of the piston-blades and the other series en-
tering the working chamber behind the pis-

" ton-blades, and reversing-valves controlling

05

the supply and exhaust ports of the casing.
5. In a reversible rotary engine, the com-

piston-

of said piston-ports entering

74

bination of a casing having two valved sup-

ply-ports, and two valved exhaust-ports, a ro-

tary piston-head operating in said casing and
having a radial piston-blade and two ports,
one of which piston-ports communicates with

one of the supply-ports and one of the ex-

haust-ports and leads into the working cham-
ber in front of the piston-blade,and the other
piston-port communicates with the other
supply-port and the other exhaust-port anc
leads Into the working chamber behind the
piston-blade, and a suitable codperating
abutment. | . B -

6. In a reversible rotary engine, the com-
bination of & casing having two series of sup-
ply-ports, and two series of exhaust-ports,
with a valve adapted to close either series of
the supply-ports, a second valve adapted to
close either series of exhaust-ports, a rotary

piston-head operating in said casing and hav-

ing a plurality of radial piston-blades and two
series of ports, one series of piston-ports
communicating with one series of supply-

ports and one series of exhatst-ports and

leading into the working chamber 1n front of
the piston-blades, and the other series of pis-
ton-ports communicating with the other se-

_ries of supply-ports and the other series of

exhaust-ports and leading into the working

chamber behind the piston-blades, and suit-

able cooperating abutments.
7. In a reversible rotary engine, the com-
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bination of a casing having two series of

valved supply-ports in one end wall, and
two valvea exhaust-ports in the opposite ena
wall, the supply-ports having short groove

extensions in the 1nner face of the cylincer-

wall, a rotary piston-head operating i the

casing and provided with a plurality of pis-

ton-blades, two series of ports passing

through the piston-head and communicating

respectively with the two series of supply
and exhaust ports in the casing-walls, one se-
ries of said piston-ports entering the working
chamber in front of the piston-blades, anu

LOO0
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the other series of piston-ports entering the

working chamber behind the pistor-blades,

and suitable codperating abutments, sub-
stantially as set forth.

8. In a reversible rotary engine, the con-

bination of a casing having two series of
‘valved supply-ports in one end wall, and

]IS

two valved exhaust-ports in the opposite -

end wall, the supply-perts having short

oroove extensions in the inner face of the one
end wall, and the exhaust-ports being 1n com-
munication with circular exhaust groove
ports in the inner face of the other end wall, a
rotary piston-head operating in the casing and
provided with a plurality of piston-blades,
two series of ports passing through the pis-
ton-head and communicating respectively
with the two series of supply and with the
exhaust ports in the casing-walls, one series
ing the working
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chamber in front of the piston-blades, and |
the other series of piston-ports entering the

working chamber behind the piston-blades,
and suitable cooperating abutments, said
piston-head acting as an automatic cut-off
for the supply-ports. ,

9. In a reversible rotary engine, the coms-
bimation of a casing having two series of sup-
ply-ports in one cixd wall, and two exhaust-
ports i the opposite end wall, the supply-
ports having short groove extensions in the
inner face of the cylinder-wall, and the ex-
haust-ports being in communication with
circular exhaust groove-ports in the inner
tace of the wall of the cylinder, valves con-
trolling the supply and exhaust ports, a ro-
tary piston-head operating in the casing and
proviaded with a plurality of piston-blades,
and two series of ports passing through the
piston-head and communicating respectively
with the supply and exhaust ports in the
casing-walls, one series of said piston-ports
entermng the working chamber 1w front of
the piston-blades, and the other .series of
piston-ports entering the working chamber
behind the piston-blades, and suitable codp-
erating abutments. | _

10. In a reversible rotary engine, the com-
bination of a casing having a fluid-supply
chamber at one end and an exhaust-chamber
at the opposite end, two series of fluid-sup-
ply ports leacing from the supply-chamber
into the casing, and two series of exhaust-
ports leaaing from the casing to the exhaust-
chamber, a partition-wall aividing the casing

into a plurality of working chambers, said

partition-wall being proviced with two series
of ports passing through it, a plurality of
rotary piston-headsmounted upon a common

shaft within said plurality of working cham-

bers, each piston-head being proviaed with
raaial piston-blades and with two series of
ports leading into the working chamber in

blades and communicating respectively with
the series of supply-ports and exhaust-ports,
a plurality of abutments operating in the
casing and codperating with the piston-blades,
means for operating the abutments, and a
plurality of valves controlling the two series

- of ports through the end walls and partition,

55
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whereby the engine may be operated in either

direction.

11. In a reversible rotary engine, the com-
bination of a casing forming a working cham-
ber and having working-fluid-supply ports at
one end, and exhaust-ports at the other end,
a partition-wall dividing the casing into two
working chambers, said partition-wall being
provided with suitable ports through it, two
rotary piston-heads mounted upon a com-
mon shaft within said working chambers,
each piston-head being provided with a plu-
rality of equally-spaced radial piston-blades

front ana rear respectively of the piston-

835,330

chamber and communicating with the ports
1in one end of the casing and the ports in the
partition-wall, each piston-head having the
same number of piston-blades, and the blades
or the two heads being arranged in different
radial planes, abutments operating in the
working chambers, and valves controlling
the supply and exhaust ports of the casing.
- 12, In a rotary engine, the combination of
a casing formed with a plurality of working
chambers and having supply and exhaust
ports m 1ts partition and end walls, a plural-
1ty of rotary piston-heads mounted upon a
common shait and operating in the working
chambers, each piston-head being provided
with an equal number of equally-spaced ra-
cdial piston-blades and with supply and ex-
haust ports through it, the blades of the sev-
eral piston-heads being arranged in different
rachal planes, and compound abutments op-
erating 1n the casing, each compound abut-
ment comprising a plurality of recessed abut-
ment-heads mounted upon a common shaft
and arranged with their recesses in different
racdial planes to co6perate with the arrange-
ment of piston-blades. |

13. In a rotary engine, the combination of
a casing formed with a plurality of working
chambers and having supply and exhaust
ports 1 1ts partition and end walls, a plural-

ity of rotary piston-heads operating in the

working chambers and provided each with a
plurality of radial piston-blades and with
supply and exhaust ports through it, and a
plurality of compound abutments operating
1n the casing and codperating with piston-
blades, each compound abutment comprising
a plurality of abutment-heads arranged lon-
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ortudinally upon a common shaft, and each

abutment-head being formed with a recess to
acdmit the passage of the piston-blades.

14. In a rotary engine, the combination of
a casing formed with a plurality of working
chambers and having supply and exhaust
ports 1 1ts partition and end walls, a plural-
1ty of rotary piston-heads of eraduated diam-
eters mounted upon a common shaft and op-

erating in the working chambers, cach pis-

105
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ton-head being provided with a plurality of

radial piston-blades and with supply and ex-
haust ports through it, and a plurality of
compound abutments operating in the casing
i codperation with the piston-blades, each
compound abutment comprising a plurality
of abutment-heads mounted upon a common

shaft, and each abutment-head being formed
with a recess to admit the passing of the pis-

ton-blades.

15. In a rotary engine, the combination of
a casing formed with a plurality of working
chambers of graduated areas and having
supply and exhaust ports in its partition and

end walls, a plurality of rotary piston-heads

operating in the working chambers and pro-

and with ports leading into its working | vided each with a plurality of radial piston-
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ports 1n 1ts part:
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blades and with supply and exhaust .'plorts'

through 1t, the ‘blades of the several piston-

heads being of graduated size to correspond
with the graduated areas of the working
chambers, and suitable abutments codperat-
ing with the piston-blades.

16. In a rotary engine, the combination of

a casing Tformed with a plurality of working
chambers and having supply and exhaust
| ition and end walls, a plural-
1ty of rotary piston-heads of graduated sizes
operating 1n the working chambers and pro-
vided each with a plurality of radial piston-
blades and with supply and exhaust ports
through 1it, a plurality of compound abut-
ments operating in the casing and cooperat-

ing with the piston-blades, each compound

abutment comprising a -plurality of abut- |

ment-heads mounted upon a common shaft
and graduated in size to correspond with the
cgraduated piston-heads, and each abutment-
head being formed with a recess to admit the
passing ot the piston-blades.

17. In a rotary engine, the combination of
a casing forming a working chamber and
having working-fluid-supply ports at one end
and exhaust-ports at the other end, a parti-
tion-wall dividing the casing into a plurality
of working chambers, sald partition-wall be-
ing provided with suitable ports through it,
rotary piston-heads mounted upon a com-
mon shaft within said working chambers,
each piston-head being provided with a plu-
rality of radial piston-blades and with ports
leading into the working chambers and com-
municating with the ports in the end walls

‘and partition-walls of the casing, a plurality

of compound abutments operating in the
casing and codperating- with the piston-
blades, each compound abutment comprising
a plurality of abutment-heads each of which
1s formed with a recess to admit the passage
of the piston-blades, means for operating the
compound abutments, and valves controlling
the supply and exhaust ports.

18. In a reversible rotary engine, the com-
bination of a casing having a supply-chamber
at one end and an exhaust-chamber at the
oppostte end, two series of supply-ports lead-
ing from the chamber into the casing, and
two series of exhaust-ports leading from the
casing to the exhaust-chamber, short groove-

ports in the inner face of the end wall at the

supply end of the casing in communication
with the two series of supply-ports, two cir-
cular exhaust-port grooves in the exhaust
end wall of the casing in communication re-
spectively with the two series of exhaust-
ports, partition-walls dividing the casing into
a plurality of working chambers, each parti-

tion-wall being provided with two circular

exhaust groove-ports in one face, two series
of ports passing through the partition-wall
and communicating respectively with the cir-

cular groove-ports, and two series of short |

r

groove-ports 1n the opposite face of the parti-
tion-wall and communicating respectively
with the two series of through-ports, a plural-
1ty of rotary piston-heads mounted upon a
common shaft within said plurality of work-
ing chambers, each piston-head being pro-
vided with radial piston-blades and with two
]Saeries of ports leading into the working cham-

er 1
ton-blades and communicating respectively
with the series of supply-port grooves and cir-
cular exhaust groove-ports, a plurality of
abutments operating in the casing and co6p-
erating with the piston-blades, means for op-
erating the abutments, and a plurality of
valves controlling the two series of ports

through the end. walls and partition-walls,

whereby the engine may be operated in either
cdirection. _ '
19. In areversible rotary engine, the com-
bination of a casimng having walls forming a
working chamber and two series of ports
leading through each of said walls, reversing-
valves controlling the said two series of ports
in each wall, a plurality of rotary abutments,
and a rotary piston-head operating in said
working chamﬁer, a plurality of radial blades
upon sald piston-head, two series of radial
ports formed 1n the piston-blades, one series
communlcating with the working chamber in
front of the piston-blades, and the other series
communicating with the working chamber
behind the piston-blades, and offset ports

leading from each radial piston-port to the

ports of the end walls, substantially as set
forth.

20. In a rotary engine, the combination of
a casing rormed with a plurality of working
chambers and having supply and exhaust
ports in 1ts partition and end walls, a plural-
1ty of rotary piston-heads operating in the

O
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working chambers and provided each with a -

plurality of radial piston-blades and with sup-
ply and exhaust ports through it, and suit-
able abutments codperating with the piston-
blades. '. .

21. In a rotary engine, the combination of
a casing formed with a plurality of working
chambers and having supply and exhaust
ports I 1ts partition and end walls, a plu-
rality of rotary piston-heads operating in the
working chambers upon a common axis and
provided each with a plurality of radial pis-

110

r1s .

ton-blades and with supply and exhaust

ports through 1t, suitable abutments codper-
ating with the piston-blades, and a valve con-
trolling the casing supply-ports.

22. In a rotary engine, the combination of
a casing formed with a plurality of working
chambers and having supply and exhaust
ports In 1ts partition and end walls, a plu-

‘rality of rotary piston-heads operating in the

working chambers upon a common shaft and
provided each with a plurality of rigidly-
mounted radial piston-blades and with sup-

120

125

130



o

L5

20

25

1O

ply and exhaust ports through it, suitable ]

abutments movably mounted 1n the casing
and codperating with the piston-blades, and
means controlling the casing supply-ports.
23. In a rotary engine, the combination of
a casing having end walls and partition-walls
forming a plurality of working chambers, said
end walls and partition-walls having ports
through them, a plurality of rotary piston-
heads mounted upon a common shaft and op-
erating in the working chambers, each piston-

head being provided with a plurality of ra- |

dial piston-blades and with two series of sup-
ply and exhaust ports passing through it,
and suitable abutments mountedin the casing
and codperating with the piston-blades.

24. In a reversible rotary engine, the com-
bination of a casing having end walls and
partition-walls forming a plurality of working
chambers, sald end walls and partition-walls
having two series of ports through them, a
plurality of rotary piston-heads mounted
upon a common shaft and operating in the
working chambers, each of said piston-heads
bemg provided with a series of radial piston-
blades and with two series of interchange-
ably-acting supply and exhaust ports extend-
ing through 1t, a plurality of abutments co6p-
erating with said piston-blades, and reversing

835,330

means controlling the supply and exhaust of
working fluid through the ports of the casing.

25. In a rotary engine, the combination of
a casing forming a working chamber, an abut-
ment, and a rotary piston-head operating in

sald chamber and provided with a radial pis-

ton-blade, said blade being formed of the in-
terlocked face-plate and spring bearing-head,
the bearing-head being of hollow-spring for-
mation capable of yielding engagement with
the cylinder-wall. '

26. In a rotary engine, the combination of
a casing forming a working chamber, a rotary
abutment, and a rotary piston-head operat-
ing 1n sald chamber and provided with ra-
dial piston-blades, each piston-blade being
formed of a face-plate dovetailed into the pis-
ton-head and having the inwardly-presented
locking-flanges, a hollow spring bearing-head
formed with inwardly-presented arms having
flanges which interlock with the flanges of the
face-plate,interlocked T-shaped side bearing-
strips, and means for rigidly wedging said
parts In operative position upon the piston-

blades. |
RICHARD N. STORY.

Witnesses:

JOHN EDMONDS,
BeN WEIL.
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