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WILLIAM KERR AUbTIN OF NEW YORK N.Y. ASSIGNOR BY MESNE ASSIGNMENTS TO AUS-
' TIN ENGINE COMPANY OF NEW YORK N. Y., A CORPORATION OI* NEW YORK

ROTARY ENGIN’E

* No. 858778,

e _Bpeelﬁca.tmn of Letters Petent. |
 Applioation filed December 8,1906, Serial m;”zgl,m.l.

 Patented July 2,1907,

To all wham ht may comm . | |
-~ Beii Imewn that 1, WILLIAM KERR AvUsTIN, 3 citizen

| of bhe Umted Stetes, remdmg at New York, bereugh of
Brooklyn, in the county of nge and State-of New .
York, have invented certainnew and useful Improve-

f‘ments in Reversible Belenced Rotew Engmes ef whlch'
the following is 2 specification. .

‘This invention relates to that class of retery engines

in Yeverse position 10 ene another with respect to the

~leaves the cylinder, so that the Pressure inone cylin-
~der is countér- balanced -by the pressure in another

20 mg epeelﬁcetlen is, first, to produce a rotary engine

B : _'cylmder, &nd the force exerted to rotate the driving
16
 even running and’ subetantlelly noiseléss engine bemg'

| -produced“- by this cenetrucuen and errengement of
. 'E_,jthe cylinders.

shait is applied on epposlte sides.of the shaft; a smooth,

The object of the mventlen deecnbed in the fellew-

"-which shall be balanced abeelutely both . dlemetncally

25
30

35

thereto, whereby the steam pressures are equalized
throughout all the cylinders and the pressure on the

- pistons in the primary cylinder i§ counter balanced by
‘the pressures.on the pistons in the secondary cylmdere' |
and the. dnwng shaft, pistons and hubs “float” be-
tween tho eeunterba,lencmg pressures and the fnctwn
is thereby reduced to & minimum.

.- A’ further object of the invention is to produce a

.' multlple-cylmder balanced retary engine in which the -
‘admission of steam to all the cylinders shall be con-
- trolled by 2 single valve; and this part of the invention.

consists in an engine. of the claee described in which

- together and with- an 1nductlen port in the primary

40

cylinder, so that steam is admitted into all the cylin-

“ders simultaneously and at constant boiler pressure.
A further object of the invention is to produce a

| _multlple cylinder balanced rotary engine in which

- the exhaust steam from all the cylinders is passed from
the engine through a elngle port; and this part of the
- 1Invention consists in an engine of the class descrlbed_

- 1n which the exhaust eldes of the several cylinders are

- primary cylmder
o0

 mary cylinder.

cdnnected together and with an eduction port in: the.
 that the exhaust steam from the

secondary ey]mdere is led back into the primary cyl-
~inder and with the exheust eteem from the latter
leaves the engine by 2, emgle eduetmn port in the pna

A further ob;ect of the mventwn is to preduce 8

N ' 'm swhich are combined o plurality of cylinders arranged |
10
;abutmentﬂ and the pomte where the steam enters and

“and lengltudmelly, a,nd this part of the invention con-. |-
sists 1n a rotary engine composed of a primary- cylinder -
~ end leeondary L}"lllldel‘ﬂ located at the ends of the pri-
mary cylinder and in a reverse peeme’n with reéspect

|

the various steam spaces and steam passages.

| ‘a cross-section of the same taken on line z—z of I‘1g 5.
‘the steam spaces of the eeverel cylmdere are eennected-: |

‘primary cylinder.

multlple cylmder, reversible belenced rotary engine

55

in which the reversing of the engine shall be effected

'by means of a single valve; and this part of the invens -

tion: consists in an engine of the class described in

-which are 'combined a primary cylinder and sec-
ondery eylmders whlch are connected with the pri-
mary cylinder by steam passages that communicate
“with induction and eduction ports in the . primnary

60

cylinder which are epened by a single valve, so that by " __
ad] usting the valve in the va,lve chamber the etcem |

ig admitted to either side of the primary cylmder and

65

is led therefrom to the opposite sides of the secondary

The invention has for its objects, ﬁnelly, to prowde

an efficient packing for the driving shaft and hubs: of .
‘the engine, and means for facilitating the ed]uetment -
of the pistons as they pass around the cylinder; these

- objects being accomplished by means which will be

fully described in connection with the drawings.

cylinders, and by shifting the valve the admission of
‘steam can be changed from one side to the other of the |
eyllndere and the engine thereby reversed. |

70
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To facilitate underetendlng the construction of the .

eylmdere of this ‘engine and the action of the pistons,

reference is made to Letters Patent of the United
.States, No. 348,879, dated September 7th, 1886, granted

to the present applicant, the form of the cyhndere 1n.

‘the present application being precisely the same as the
'eylmdere described and illustrated in said patent.

In the accompanying drawings -—*Flgure 1 represente

| 'e lengltu’dmal sectional elevation of my improved bal- - -
“anced revetsible rotary engine.
| of the same taken on line w—w of Fig. 1. Fig. 3 i1s a

-Fig. 2 is a cross-section

cross-section taken on line z—x of Fig. 1. Fig. 4is a
cross-section taken on line y—y of Fig. 1. Fig. 5isa
dlegremmetlc representation of the cylinders ehewmg
Fig. 6 is

Fig. 7 represents a part of one of the exterior eyllnd er-
heads in section and ehewmg the paekmg for the same
around ‘the shaft,

shaft.
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Fig. 8 is a sectional side elevation of '
the hub, pistons and shaft showing the pistons and the

| Mmeans of cenneetlng them together Lhreugh the hub and

05

‘The engme Whl(‘:h mll now be described ; in connec-"

tion with the drawings comprises three cylinders, viz:— |

a central or primary cylinder —-A~- and secondary cyl-
inders ~-B—B-— which are placed at each end of the
- Theinterior construction of these
cylinders is substantially the same, but in descriliing
thém certain parts will be designated by different refer-’
ence characters in order that the movements of the.
steam when passing into and threugh the cylmders may
be more easily understocd. |
The exterior ceemgs ---1---1-—--—1-- of the eylmdere are

100 '
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18 fitted with a screw-threaded flange —8

2

of a general cylindrical form and their ends are flanged
and the flanges provided with bolt holes. On the top or
upper side of the casing there is a cylindrical casting

-2— that forms the casing of a valve chamber —3-- ,
this casting heing preferably an Integral part of the cyl-
inder, the center being bored out longitudinally to
form the valve chamber. Ong end of the valve cham-

- ber is closed by a head —5—, which 1s perforated at the

center for a valve rod —6—, and has a stuffing box —7

for the valve rod packing. The other end of the casing
to receive
the end of the eduction pipe. The upper side of the
casing has a socket —9— which is screw-threaded to re-
ceive the end of the steam pipe. The cylinder has also
projecting from opposite sides about in line with the
axis of the hub which carries the pistons, hereafter de-

- scribed, arms —10—10— which are rabbeted on their

under sides to adapt them to fést upon and be fastened

to a bed plate or other foundation and support the en-

gine and prevent lateral movement. -'
Primary cylinder.—The cylinder —A— ig elliptical in

form, the ratio of its longer diameter to its shorter being |

preferably 87 to 8 5/32”/, but these proportions may be
varied, more or less if found desirable or expedient.
The central part —11— of the top of the cylinder casing
1s hollowed out on its underside to form an abutment
—12—the shape of which is that of the segment of a cyl-

‘inder of less radius than the sepments of the cylinders

that form the primary steam cylinder. The conters
from which the inner pefiphery of the steam cylinder
are struck are indicated by ~~s—s— and it will be seen
that they are on a line coincident.-with the horizontal
axis of the cylinder and equally distant from 2 line

drawn through the shorter gr vertical axis thereof. The
from which the segment of the abutment

center ——g’
18 struek is above the centers —s—s— an d on a line that
coincides with the vertical axis between them. In the

top of the casing and at the ends of the abutment there
~are ports ~13—14-~ which are extended into the walls

ol the valve chamber on either side to a point in line
with the axis of the chamber. These ports are for the

- passage ol 'the steam into and out of the central or pri-

45

|
|

steam spaces -—17-—18

mary cylinder, one being an induction and the other

an exhaust port; but, as the engine is reversible the two
ports are exactly alike and are usaed int crchangeably for
induction and eduction. . The side walls of the cvimder
are double, (:u:;m:-.:istilfg ol an outer wall -—15— and an in-
side wall —16-—, these double walls in (he primary cyl-
incer extending from the abutment to point= helow the
huriznnm_]. ax1s of the eylinder. Between these double
walls on the respective sides of 1he cyvimder there are
con theright and left-hand side
of the cylinder.  The space —17-- communicates with
the cylinder through openings 19 -20—21— in the
instde wall —16— and the space —18— on the Opposite

- side commmunicates with the eylinder through openings

60

65 the cylinder which also extends from end to end thereof |

leads to openings

—22—¥3—24 -~ The openings -—19-—24-—— qre locatod
ab opposite ends of the ahutment and under the ports

" The steam spaece —17—at i« Jower end is
continued nto a passage —25-— on e nght-hand side
of the cylmder that extends from end to end thereof and

21—20—, and the space —18— Is continued into
suptlar lateral passage =-28— on the left-hand side of

858,778

and communicates with openings —29—29— in the
heads —27—27—. |

Secondary cylinders:—The secondary cylinders are
also of a generally cylindrical form and have flanges on
their ends provided with bolt holes.  The heads -——27—
27— of the primary cylinder also form heads of the ad-

Jjolning ends of the secondary cylinders, the rim of the

cylinder heads and the flanges of the cylinder casings

‘being bolted together. The secondary cylinders are

closed at their outer ends by heads —30—30— holted to
the flanges thereon. The heads —27—27—30—30

have holes at their centers for the driving shaft, —S—,
and the heads |
wardly projecting collars —31— around the shaft holes
by means of which the bearings —32-— for the shaft in
the heads are-lengthened sufficiently to give a firm
support. The collars are screw-threaded exteriorly
and fitted with caps —33—33— for auxiliary packing
around the shaft at the ends of the bearings. The
secondary cylinders have the same horizontal and
vertical dimensions as the primary cylinder, but they
arc only half as long and, like the primary cylinder,
they are provided with abutments—12
formed in the inside walls —16— of the casing. DBe-
tween the inside and outside walls —15—1G-— of each
of the secondary cylinders and on the right and left-
hand sides respectively there are steam spaces —34—
35—~ similar to the steam spaces —17-—18— in the
primary cylinder. Fig. 3 shows the steam space

—30— on the left-hand side of the cvlinder, and
Iig. 4 the steam space —34— on 'the right-hand
stde.  The steam space —35— communicates with

the cylinder’ through openings —36—37—38—, and
the steam space —34— through openings —39—40

41—. The steam spaces —35—35— of the secondary
cylinders extend from the left-hand side of the eyl-
inder under the abutments —12— (see IF1g. 3, 5) to
the opposite side thereof and to points . below the hori-

zontal axes of the eylinders and midway hetween the

same and the vertical axes where they bend at right
angles and are extended to the openings —26-—2¢—
in the cylinder heads —27--27— thus forming con-
tinuations of the passage —25— in the primary cylinder
and supplying a passage for the steam from the primary
cyhinder to the secondary eylinders.  The steam spaces
—a4-— extend under the abutments —12-—— around
to a like position to the left of the abutments where
they make a right-angled bend and are extended Jat-
erally parallel to the axis of the eylinder to the open-

- 1ngs —20—29— in the heads —27—, and thus form con-

tnuations of the passage —28—, in the walls of the
primary cylinder on the Ieft-hand, and supply a pas-
sage for the steam from the secondary eylinders back
into the primary cylinders on the exhaust side. By
inspeeting the figure it will be seen that there are con-
linuous internal steam passages from the right-hand
side of the primary cylinder through the interior heads
and thence to the left-hand side of the secondary eyl-
inders, and similar passages from the left-hand side

.ot the primary cylinder through the interior heads and
- thenee to the right-hand sides of the secondary cylin-
26--206-— 1n ‘the ovlinder heads |

ders. Each of these separate systems of 1nternal pas-
sages are adapted to be used to convey the steam from
the printaty cylinder into the secondary cylinders and
also to lead the exhaust steam from the secondary cyl-

30—30— are also provided with out-

, but these are
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indere into the primary 'cylinder their use forindue-
tion or exhaust purpoeee being governed by the direc-
tlon the engine is running.

- The primary and secondary oylmders are oonetruc tLd-
interiorly precisely alike, that 1e to say both cylinders.
‘have double walls with steam spaces between them
which communicate with the cylinder thr ough openings
~in the inner walls and connect with other steam paen'

sagas that form contmuetlone of steam passages in
the walls of the primary oylmder -Both of the sec-

- ‘ondary oyhndere are arranged in a reverse poeltlon

~ with respect to the primary cylinder; that is to say,
~ their abutments are dlemetrloally opposite the abut-

- ‘ment of the primary cylinder.
15

Furthermore the

steam spaces —35— of the secondary cylinders are in.

line 'mth the steam space —17— in the primary cyl-

~ inder, but they are in communication through open-

. steam spaces
28

26—26— 1n the heads =27 27 with the steam

111“'8

but in communication with the steam passage —28~
through the openings ——-—29——-29—-— in the heads.

34 35— are reversed. with reepect to

the heads of the eeoondary cylinders, that is, in the

left-hand cylinder the space —34— is adjacent to the

outer head and in the right-hand cylinder it is next to-
‘the inner head, but this arrangement is optional, and

- they may be in like positions if desired.

30

35 a

The pistons:—These. are connected with' a.

the abutment arch and fits egemet the surface thereof

'eoeumtely, thereby formmg a steamstight joint and

- dividing the cylinder into two equal parts.

40
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| ireely to a

60

arcs of the cylinder.

The peuphely of the hub is provided W’rth radlal ]
slots —48—49—50—51 the depth of whleh 1e a lltt]e

greater than half the radius of the hub.
The pistons

part —52—, The shape of the oecﬂlatmg fe(.e-plate
is that of the frustum of a wedge, In cross-section, but

its face, that bears against the walls of the eylinder, |

18 ‘curved convexly to about the same radius as the

fered off or cut away at more or less of an angle to a
line drewn through its axis, so~that it can oeolllete
limited extent. The face-plate is con-
nected with the reeteuguler part by means of a rolhng

joint formed by a cylindrical rib or tongue —54— on
the innér part of the piston which is inserted in a cor-
responding groove —55— in the face-plate, so that it
cannot beeome disconnected while oscillating, but can

be femoved by slipping it off endwise when a head of
the cylinder is taken off. By making the face-plate
convex and of the same curvature as the arcs of the cyl-

‘inder, its entire surface bears evenly against the walls
of the oylmder when rotating. As the hub rotates the

60 angular poultions of the platone to the walls of the cyl-

a c¢ylin-
- drical hub —42— mounted on the shaft —S—, thereby
- occupying a position above the horizontal diameter of
- the cylinder and concentric to the arc of the abutment.
' The diameter of the hub and its position are such that
a segment of its perlphery enters, fills and rotates in.

The under—srde is also cham-’

| mder change constantly owing to the eccentrlmty of the

) passage —25— and the steam space —16— of the pri-

mary oylmder and the steam space —34— is in line:
‘with the steam space —16— of the primary cylmder

The

| shatft.

P—P/—P?—P>— are eoupled together -
11 pairs dmmetrloelly of the hub. They dre com-
posed of two parts, viz:—a rectangular part —52—,
which is inserted in the radial slot and an oscﬂlatmg_
face plate —--o3—,_ which is hinged to the rectangular

—4,

path of the pistons to the cylinder, If the contact

faces were rigid more or less friction would be produced

which would cause rapid and uneven wear, and, after
the engine had been running for & short time, the sur-

face of the faces would be worn down transversely to -

such an extent that thev would no longer form a close

enough contact with the walls of the cylinder to stop
the steam; but by curving the beermg faces so'that their

entire eurface bears against the walls of the cylinder

and adapting them to oscillate and thus maintain a
. uniform position with relation thereto jn every. part of
the cylinder, they afford a perfect obstruction to the

steam and remain at all times parallel to the walls,
whereby freedom of movement and even wear are m-

-sured.

The pletone are connected together through the hub'

and shaft dmmetneallylby means of two or more con-

necting bars —56— which are passed through tapered ..
bushings —57— inserted in perforatlons in the hub and
- the shaft.

tween the ends of the bars and the bottom of the sock-

ets spiral springs —59— are inserted to eupply an elas- |
90

‘tend from the botiom of a slot on one side to the } bottom .
“of its opp051te slot, and by tapermg them they can be
wedged securely in the perforations in thé” hub and
‘The opposite pistons belng thus coupled to- .
_gether they adjust themselves as they revolve so. ‘that
‘the piston on the steam side is. forced out againgt the
it moves down the
‘same by the retirement of the opposite piston into its
“slot which is brought about positively by the wall of_
‘the cylinder on the opposite side, which forces the pis-
ton on that side into its slot.

tic bearing for the pistons. The bushings —H7— ‘ex-

receding walls of the cylinder as

movement of the pistons thus produced by couplmg

- them together, forces the one which the steam 1s driv-
ing ‘against the walls of the cylinder as ‘they 'recede |
irom the hub and thus mamtam a eteem tight connec-

tion therewith.
The shaft packing: —-The eheft is pecked in the fol-

lowing manner; In each of the heads —30-—30— on the
60— which is con-

110

inside there is an annular groove
centric to the shaft, but extends into the shaft only at
its inner end. This groove forms the box for the pack-
ing which is arranged in the following manner:—At the

‘bottom of the groove there are gprings —61— which
may be spiral as shown, or of other form; against these

springs a wrought-iron ring —62— i 18 lald and, next to

‘the wrought-lron ring, a ring —63— of soft-or fibrous-
.packing is inserted, and on top of this, a cast-iron ring.
- —64— 1s placed. The latter ring is right angular in
‘cross-section, a flange —65—, projecting inward and

forming a broad face that extends down to the shaft.
The ring is inserted in the groove which it fits closely,
against the soft packing ring —63—.
between the groove and thé shaft, holes —66-

The ends of these bere are meerted in sock-
ets —b8— in the inner gides of opposite pistons..

70
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Be- .

95.
100 .

" The direct and positive

105

115
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In the partition
are

‘drilled parallel to the shaft to receive the. pins —67——- o
{ which are screwed into the flange of the steel ring .
These pins hold the steel ring and prevent it

125

from being rotated by frictional contact with the sides -

of the hub. The face of.the packing ring —64— is
pressed against the end of the hub Ly the springs inthe
1 groove and eteem tight joints thus formed around the

180



4

858,778

shaft between the hubs and the heads of the cylinder, | from under them just before they begin to move into

and the soft packing -—63~—, which is expanded against
the side of the annular groove by the pressure, packs

~ the groove and prevents the escape of the steam through

removed when the cylinder head is taken off by in-

10

. nected by a hollow cylindrical stem —69—

19

20

28

30

35 -

‘headsof the valvea space—75

the same.
with the flange as described it can be easily got at and

serting a tool under the flange and driving it out of thq
groove,

The admission of steam to the cylinder is controlled

by means of a valve inclosed in the. valve chamber

3—. This valve consists of heads —G8 68 Con-

of a, snmllel
diameter than the chest. Thesé heads are packed by
means of expansible steel packing rings —70— inserted
in grooves —71— in the periphery of the heads. At
one end of the valve there are projections —72--hetween
which the ends of the CrOSS-arms —73—73— on the end
of the valve rod - 6—, are inserted and fastened by
means of screw studs —74— driven down into them
through the projections —72—72—.

surrounding the valve,
forms a passage to the induction port for the steam that
enters the valve chamber from. the steam pipe. The
exhaust steam passes out of the chamber at its open end.
When the engine is running to the right the Valve 18
moved back to the 11ght~hand end of the valve chamber
and the steam passes through the space —75— to the
port —13— and enters the cylinder thtough said port;

‘but when running to the left the valve is moved to the

opposite end of the chamber, as indicated by the dotted

lines in'which positions the heads are to the left of the

ports —13—14—, and the steam enters the cylinder
through ‘the port —14-—, exhausts through the port

13—, and enters the open end of the hollow valve
stem between the arms —73—73—, passes through the

- same and escapes into the exhaust pipe at the open end

- of the valve chamber.

40
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-~ and

Hence the ports —13—14— are
reapectwely the Induction and exhaust ports when the
engine is running in one direction and, when the direc-
tion.is changed, port —13— becomes the exhaust port
14— the induction port.. By this construction
therefore the engine is reversible by means of a single
valve. To stop the engine the valve 1s moved to a
central position so as to cover both ports —13—14

The heads of the cylinders are provided with seg-
mental grooves or channels —76—77— on opposite sides
of the driving shaft and these grooves are connected re-
spectively with radial grooves —78—79— which ex-
tend out beyond the periphery of the hub above the

horizontal axis of the cylinder and midway between it
-and the vertical axis. |
grooves except at their extreme ends which open into

The ends of the hub cover these

the steam.spaces on opposite sides of the cyvlinder. The
segmental grooves extend beyond the circle described

by the bottoms of the piston-slots when the .hub ro-

60

60

tates so that they open into the said slots when the lat-
ter are moving over them. The space between the
ends of these grooves is sumewhat groater than the
width of the piston slots so-that when a piston is being
driven by the pressure of the steam behind it its slot
passes the end of the segmental groove —76— on the
steam side before it reaches the grooves on the exhaust
side, so that the live steam let into the slots under the

pistons when they are moving out, will be exhausted

Between the.

"By constructmtr the packing mng — 64— |

1inder on that side.

‘exhaust side and the steam passes from under the pis

-

the slots. Referring to Fig. 2 which shows the primary

cylinder, and supposing the engine (o be running to

the right, the steam entering the steam space by the
port —13—and the cylinder through the opening —19

:also enters the groove —78— and segmental grooves

a piston slot passes the upper end of

the segmental groove, which occurs when the piston

begins to move out of the slot, the steam enters the slot
and exerts a pressure against the bottom of the piston
that tends to force the face of the oscillating plate
against the wall of the cylinder on the steam side and,
at the same time; reduces the pressure of the opposite
piston against the wall of the eylinder on the exh: st
side. This pressure on the piston continues while it is
moving down to the bottom of the eylinder until it
reaches 1ts extreme outward position when the rear
side of the piston slot passes the lower (nd of the seg-
mental slot on the steam side and thus cuts off (he
steam from entering the slot, and the forward side of the

slot passes the lower end of the segmental groove —77—-
~on the exhaustsideand thusopensup a passage from the

piston slot to the exhaust steam space of the eylinder
into which the steam flowsand thence passes out to the
exhaust and relieves the pressure under the piston at
the time 1t begins to be retired into the slot by the ap-
proaching walls of the cylinder on the exhaust side

As before stated the pistons are adjusted positively that, -
is, when opposite connected pistons are approaching

respectively the shorter and longer radii of the eylin-
der, the piston approaching the shorter radii is forced
in its slot or retired towards the axisof the hubsand the
opposite piston is forced out against the walls of the cyl-
IT this positive motion were alone
relied on, there might be more or less resistance from
friction, steam pressure and other causes, pariticulurly
when the pistons on the exhaust side pass from the eyl-
inder to the abutment where the change of position is
mostabrupt. Toprevent thisand reduce the resistance
to @ minimum, steam is admitted under the pistons on
the steam side through the grooves —76—78— when
they'begin to move-out aiter passing the abutment
and this steam hears against.the pistons en the sieam
side and forces them out of their slots and against, the
walls of the cylinder, thus aiding their movement and
relieving the pressure of the pistons against the walls
of the cylinder on the exhaust side to a consideralle
extent. The pressure of the steam against tlie under-
side of the pistohs continues until thev have reached
and passed the point where they are moved ont to their

iull extent and presented their whole effective surface

to the pressure of the steam and until they have cons-
menced to retire into theirslots.  When they do so 1he
piston slots reach the segmental groove —77-— an the

ton through said groove and the radial groove —79——
and escapes through the exhaust passage of the eylinder.

While palllcular reference has been made-to the pri-
mary cylinder in the foregoing description of the

‘grooves for admitting the steam under the pistons and

exhausting it therefrom, it is to be understood that

these grooves are also .in the heads of the secondary

cylinders and that the steam ig admitted under the
‘pistons and exhausted therefrom in the same manner
precmely as In the primary cylirder, but the position

SO

()

95

101

1.0

1T

[

- 120

130




~ eylinders from the position they occupy in thé pr.ima,ry,_-
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of the pistons at the time the steam is admitted*und’er
them and exhausted from them, is reversed in these

cylihder,

the engine is running to the right the valve is moved

to-the right-hand end of the valve chamb'er, so that its

right-hand head will uncover the port -——13— which

becomes the induction port and its left-hand heads
‘uncovers the port —14— which becomes the exhaust

“port.” Steam entering the valve chamber passes through

29

“port.—I13—: From the space -
15

of the chamber and enters the space —17— through the
17-— it passes through

the opénings —19—20—<21— into

moving the pistons because the pressure on both sides

of the piston —P’ is‘abciu,t equal, but the steam en-
tering the port —21-

s opposed practically by the en-

“the space between the stem of the valve and the walls

the cylinder when
- the pistons are in the position shown by Fig. 2. The
‘steam between the' pistons

~tire area of the piston —P? —, The pressure causes
the piston —P2 —to move and rotate the hub and shaft. . |

When piston —P— reaches the opening —19—, —P’—

~ passes- the opening —21—; so that the steam entering
through the opening —20

- - and when the latter passes opening —21— the piston

30

—-P— reaches opening —20— and the rotation of the

acts upon piston —P/—

bub is produced by the pressure of the steam behind

the piston —P"—, " At this stage piston —P? —is mov-
Ing up the exhaust side of the cylinder and when it

passes opening —22— in the wall of this side the steam

| ' ‘behind 1t passes into the exhaust space —18—, and
- thence to the exhaust port —14—, Substantially the

steam that enters through opening —21— behind the

and it passes from the steam space —17— to the steam

- whole work in the primary cylinder is done by the
99 ‘

- piston which has passed said opening. ' The live steam
continues to flow through the induction port —13— |

- Ppassage —25— and divides, part of it going td‘thé_righ_t, |

- 40

45

- behind the

50

~ 8pace —18— and through

and part to.the left, passing through the openings

- —26—26— in the he#ds - 27—27— and then enters

‘the steam spaces —35—85—
- ‘Whence it passes into these cylinders through the open-
and- drives the pistons in these |

of the secondary cylinder,

ings -—36-—37—38 _
cylinders. When the pistons in the secondary cylin-

ders reach the exhaust side of the cylinders the steam

pistons ‘passes” into the exhaust spaces

—34—34—, as'indicated by the arrows, Fig. 5, thence

- Hlows through: the openings' —29—29— in the heads
——27—27— and enters the exhaust

the primary cylinder from which it passes into the

" to the exhaust port —Il4—, By reference to: Fig. 5

- 95

80

the movement of the live steam
inder into the secondary cylinders

- As the live steam enters and fills- the s’i':_e:-._;,mjn space

spaces —35—85-.-

passage —28— of

f,ltc{m the primary cyl-

and its return from
‘the secondary -cylinders to the. primary cylinder, are.
~ clearly indicated by thearrows =~ = S

|

| exhaust openings,

-and-furthermore, as the pressure on the hub

| - | | posing pressure:on.the hubs and
The operation of 'this engine is as follows:—When

passed the upper openings.—38—38—

Sures is absolute. It will be seen by
-that the openings —19~20-—21— and —¢ —24—
of the primary cylinderare much larger than the open-

| flows into the steam

Pressﬁre exerted by the Btéé.m' on the pistons, hﬁb and |

', ~ anced by the pressure on the pistpm’, hu_b and driving

~driving shaft in the. primary cylinder is perfectly bal-

.becomes the induction port, and the
‘passes out through the port —]3— around the right-. -

through the openings

_*sﬁa,ft on the left-hand _side of the_a_econda,ry

1n'the primary cylinder’is counterbalanced by .the op-
that, pass th,rﬂugh'-.]the' )
| shaft by excess
of préssure on one end of the shaft, R
 As heretofore stated the
on the pistons after.
ing —21:

In the primary cylinder and after they have

cylinders, and as the opening —21- |
opposite the openings —38 38—, it follows that the
greatest pressure on the pistons, hubs' and 'driving
shafts is exerted in the

hence, it will be clearly seen that the balancing of pres-

-33—34—35— and -

o -36—37—38— of the see-.
ondary cylinders,

cylinders,
and shaft

the parts of the shaft
| . secondary cylinders it follows
‘that there is no possible flexure of the

in the secondary
is diametrically .

| space. between the pi.é.to::l_.a T
. - —P/—P?—as these are shown by Figs. 2, 3, 4, and,
P—P’— has no effect in |

5
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70

greater pfessﬁ_‘re 18 -'exeﬂiad |
they have passed the lower open- -

"5

80
reference to Fig. 5
85

- This is necessary because of the -
greater area of the pistons and hub in the central cyl-

inder, and, for the further reason, that when the open-

Ings on one side of the primary .
and the exhaust from both secondary

cylinders and also from the primary cylinder has to

pass through the exhaust openings in the primary cyl-

cylinder are used as the |

_-90} '

inder, it is necessary that thege should be larger to give -

-a perfectly free exhaust to avoid back pressures on the
pistons when they move through

the central cylinder. = | - R
- When the engine is to be run to the left

the exhaust side of -

the valve is

95

moved over to the left-hand end of the valve chamber -

50 that its heads will uncover

the ports —13—14—.

The steam entering the Valve-chambér Passes from the ]
14—, which now -
exhaust steam,

steam space —75-— through the port

100

hand head of the cylinder and thence through the hel.

low stem of the valve to the eduction
site end of the valve chamber.
thus adjusted the live steam enters the leit-hand side
of the central cylinder and fills

Pipe at the oppo-

through the opening =-29—29— in the ‘cylinder heads

—27-—27— to' the steam spaces —34—34—and thence -
to the left-hand sides of the sec- -

‘105
‘When the valve is

_ the SPaCé-—-—f'lS;—-’-—,and_ e
passage —28— and passes thence”

110

ondary cylinders; while the  exhaust steam passes ..

through the openings —96—37—38—into the steam .
_ | spaces —35—35— and thence through the openings
the openings —22—23-—24. | _9p_op__ into the cylinder heads to the steam passage
cylinders and from there into the
steam space —16— and out through the exhaust port
—13—. From theabove it will be seen that by merely 120
It is not intended to restrict the secondary cylinders =~
stear: to the dimensions given in'the specification, a8 in some -
- 17— of the primary cylinder on the right-hand side, |’ instances it may be desirable or expedient
‘and also enters and fills the steam . 35-~ | L. F
on the left-hand side of the secondary cylinders, the | thermore the invention is not limited to the exact mode *<
| of the sécondary cyl--

—25—in the primary

shiiting the valve the engine is reversed.

these dimensions mors or less from that stated. . Fur-

of connecting the steam spaces
inders with the steam Spaces of the primary cylinder, s

115

125

1 other means of making these connections may be em-
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ployed if desired or when circumstances may make it | on both sides of cach, the steam space en one side of the

1ECessary.
1 claint—

1. In Dalanced rotary engines, the combination of «

Cprimary eylinder provided 'with pistons induction and ex-

hauvst ports, o ‘valyve for controiling the admission and es-
cape of the %t{,dm therefrom, secondary cvlindars con-
nected with the ends of the primary cylinder and steam
puassages that comnect the live steam sides and the ex-
haust steam sides of the. secondary c¢yvlinders, with the
live steam side and the exhaust steam side of the '1;1‘1-

mary cylinder, substantially as specified.
2. In balanced rotary engines, the L*ombm‘ltmn of a

primary cylinder provided with 'plbt{)l’lb induection and ex-
haust ports. a valve for controlling
cape of the steam therefrom, secondary cylinders connect-
ed with the ends of the primary cylinder arranged in a ro-
versed relation to the primary cylinder, steam passages
that connect the STcall space on one 51{1{. of the primary
cvlinder with the steam space on the opposite sides of
the secondary evlinders, and an exhaust steam space on

one side of the primary cylinder that connects with the

exhaust steam  spaces on the opposite sides of the sec-
ondary cylinders, substantially as speciiied.

)
inder provided with pistons, induction and exbaust ports,
a valve for controlling the admission of the steam into
the cylinder, a sccondary cylinder at each end of the pri-
mary cylinder and steam passages
mary- c¢ylinder into the secondary '(fvlindms, fo convey the
[ive steam at boiler pressure into the %ocond‘lry ¢ylinders,
substantially as specified. |

4. In rotary engines, the combination of a p1'1ma:{3* cyl-
inder provided with pistons, induction and exhaust. ports,
and a valve for controllineg the admission of (he steam
into said c¢ylinder, secondary ceylinders provided with pis-
tons at cach end of the primavy cylinder the longitudinal
area of which is one half that of the primary cylinder,
and steam passages leu]mw from the primary cylinder
into the secondary c¢vlinders to convey the live steam at
boiler pressure into the steam spaces of the Seuondary cyl-
inders, substantially as specified,

5. in- balanced rotar v engines, the combination of a pri-
cviinder provided with pistons induction and ex-
hausi ports, a valve for controlling the admission of the
ioam into the cyvhinder, a secondary cylinder provided
with pistons at each end of the primary cylinder and
stoam passages leading from the primary cvlinder into the
secondary cylindérs, to convey the live steam at boiler
pressuve into the secondary eylinders, substantially as
specified. | -

6. In rotary engines, the combination of a primary cyi-
inder provided with pistons, steam spaces on opposite
sides of ‘the eylinder, openings through the walls of the

~cylinder from the said steam spaces into -the cylinder, in-
duetion and exhaust ports that communicate with the ve-

sputwe stean spaces, a valve that controls the admission
of steam into said cylinder. secondary cylinders provided
with pistons and steam spaces on opposite gides thercof
leading from the steam spaces in the
primary cylinder to'the gteam spaces in the secondary cyl-
inders-and which connect the steam spaces.on one side of

- the primary cylinder with the steam spaces on the oppo-
Bite side of the qemnddrv cylinders, substantially as speci-

fied.

i r-r

7. In rotary engines, the conthination of a primary cyi-
inder provided with pistons anJd steam spices on opposite

sides thereof, openings in the walls of tlLo eylinder De-

tween the steam spaces and the cyvlinder, « thaust ports
leading into the steam spaces on opposite sides of the eyl
inder, a single valve for controiling the admission of

stcam to the cylinder which is adapted to be shifted and.

thus ppen cither one of the ports for the admission of
steam to either side of the cylinder, secondary cylinders

at-cach end of the primary cylinder provided with steamn

spaces on opposite sides and openings in the cevlinder
walls bhefween the sfeain spaces and the eylindev,

passages that connect the steam spaces of the primary

~eyhinder with the steam spaces of the secondary cylinders

passages with the steam spaces on fhe

the admission and ¢s-

-secondary cylinders simuitancously,

3. In rotary engines, the combination of a prunfu'v cyi- | the wall of the cylinder for the

leading from the pri- .

on the opposite sides of the secondary

steam

primary’ cyliuder hein;_': connected v means of the steam
opposile sides of
the secondary cylinders, substantinlly ags specilied,

S, In rotary engines, the combinaiion of a primuary eyl
inder provided with rotatable pisfous and an abutmeut
thﬁt divides the cyvlinder longitudinaily into lwo cgusl
parts, steam spaces in-the walls of the eylinder on opjn-
sides thoreof, openings in the walls hetween the oyviimder
and the steam spaces, ports that open from the valve
chamber into the steam spaces on opposite sides of the
cylinder, a sccondary ceylinder at cach end of the primary
eyvlinder, abutments in the secondary exlinders ihat G-
vide 1hem into two 1}{11'15 longitidinally and which are dia-
moetricatly 01]}1()‘-«11& the abutient of the primary evlin-
der, steam spaces on oppostte sides of the secondary eyl-

Cinders. a steam passage on one side of the primary eyl

der that leads into the steqm spaces on opposite sides of

the secondary cxvlinders, amd a sinele valve for controlling

the admission of live steam to the primary cylinder and

the secondary ceylinders, so that 10 outers the primary and
substantially as spect
fied. '

9. In rotary engines, the combination ol a primary eyl
inder. having steam spaces in opposite walls, openings in
ddmission ol stenin on one
side of the eylinder and its exhaust on the opposile side,
an abutment at the top of the cylinder, a valve chattboer,
porls at each end ot the abniment icading {irom {he valve
chamber to the spaces on opposite sitdes of the evlinder,
secondary eylinders at the ends of the primary ceyviinder,
heads Dbetween the primary evlinder and. 1he secondavy

cylinders, heads at the oufter ends of the sccondary
cylinders, a4 driving shatt passed through the heads and

supported in Dbearings therein,-hubs in the primary and
secondary cylinders mounted on the sadd shaft, sald hubs
provided with radial slots, self-adjustling pistons in the
slots of the hubs those on opposife sides connceeted to-
cether through the habs and d:.'iﬁn;:; shatt so as o move
together in either direction, stenmm sphaees on opposite
sides of the primary cylinder, steam spaces in the walls
of the secoundary cylinders swhich are oppositely pliced
with respeet to the steam spaces in the primary eylinder,

openings in the heads between the primary eyxlinder and
seeondary cylinders, steam passages leading from the

steam gpaces in the primary cylinder to the openings in

the heads between the eviinder and communicating with
the steam spaces of the secondary coviinders, o valve for

ccontrolling the admission of steam to the primary ¢ylin-

!

dey. subStantially as specified,

10. A reversible badanced rotary enginge, comprising n
primary cviinder and secondary evlinders which are con-
nected with the ends of the primary cylinder, abutuments
in said cylinders, a shaft passing through the cexlinders,
hub mounted on the same in the respeetive evilinders pro-
vided with s«:ﬂf*:ul,]'uéf:ing pistons the roespective cevlinders

Dbeing of the same diameter and shape, but the secondary

cvlinders heing in a reversed position with respeet to 1he
primur}-‘ cylinder, o valve chamber conneefed with the
primary ¢ylinder, steam spaees in the opposite wulls of the
primary cylinder and secondary cylinders, openings lend-
ing therefrom into the evlinder, steam ports leading from
the valve chamber into the steam spaces of the primary
cvlinder, sicam passages leading from the steam spuaces
on ench side of the primary eylinder fo the steam spuaces
cvliinders and o
single valve for controlling the admission of stoam into
the primary cylinder through the same and Lthe connect-
ing steam puassages into the steam spaces ol the secondary
cylinders, substantially as specitied,
11. In .reversible balanced rotary
nation of & primary cylinder, two
having the same diameter and shape as {he primary evl-
inder, but cach of them being hut half the length of the
primary cvlinder, a Iriving shaft passed through the siaid
eyiinders, hubs mounted on said shatt in the respeetive
cylinders cach of which is provided with self-adjusting
pistons, abutments in the respective eylinders, those ‘in
the secondary cylinders being diametrieally opposite the
abutment of the primary cylinder, steam spaces in the

ehgines, {he combi-
wecondary  cevlinders
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- Justed to open either of the ports to6 admit steam to the.
- Bteam space on either side of the primary cylinder, steam.

10

15

~ cylinders, the abutment in the primary cylinder being di-
Ametrically opposite. the abutments of the secondary. cyl-.

20

25

openings in the walls of the ‘eylinders leading from the
‘steam spaces into the cylinder, & valve chamber on the
- primary cylinder over the abutment, ports leading from

cylinder into the steam spaces of the -secondary cylinders;

8s8,778. = | 7

opposite walls of the .primary and secondary cylinders, |

the valve chamber into the steam spaces in the walls of
the primary cylinde?, a valve which is adapted to be ad- -

passages leading from the steam spaces of the primary

vhereby when the valve is adjusted to admit steam
through one of the- ports to one-side of the primary. eyl-
inder, it is led through the steain passages to the steam
sSpaces on ‘the. opposite sides of the ‘secondary cylinders,
substantially as specified. - | B

12.'In 'revefaible balanlced. toi:ary | eﬁgines, .the' combi-
nation of elliptical primary and s’ecﬁuﬁafy:_i cylinders pro-
vided with abutments in line with the vertical axes of the

Inders, steam spaces in the walls on opposite sides of the
said cylinders, openings in the wall leading from the
steam § aces into the cylinders, the steam spaces in the

secondary cylinders extending from points above the hori-
zontal axes of the cylinders around’ and under the abut-

ments to the opposite sides thereof, steam passages lead- |

Ing from the spaces in the wall of the primary cylinder

to the opposite spaces in thé walls of the secondary |

cylinders, a valve 1chamber on the primary cylinder over
the abutment, and steam -ports leading from the valve

chamber into the steam spaces in the walls of the. pri- -

-mary cylinder, substantially as specified.

30

13. In reversible balanced rotary engines, a éy_lluder, L

shaft passed through the said cylinder, a hub mounted on

the said shaft provided with radial slofs; self-adjusting

pistons in the said slots, opposite ‘pistons being connected
together diametrically of the hub and shaft, whereby

when the hub. rotates the pistons on the steam side are

moved out and those on the exhaust side are moved in the

- slots and grooves or channels in the heads of the cylinder
. consisting of segmental grooves concentric to the hub and

‘having radial grooves extending out Leyond the periphery
| of the hub, the segmental grooves communicating with the

slots in' which the pistons move, whereby when steam is
admitted to the -cylinder it passes through the radial

grooves on one side into the segmental groove on the.
same side and thence into the slot under the piston, and

when said piston reaches the segmental slot on the oppo-_
site side. the steam therein is exhausted from under the
piston, substantially as specified. .
In testimony that I claim the invention above set forth,
1 have affixed my signature in presence of two witnesges.
) | WILLIAM KERR AUSTIN.
‘Witnesses : |
HANS AMRHEIN,
. - -FREDK., CORMACK.
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