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Lo all whony it may concern:

Be it known that 1, MiLAN W. ITALL, a citi-
zen of the United Stmeq residing at Br 00]113:"11
in the county of Iums and %tme of New

York, have invented eu*tmn new and useful

Impr ovements 1n Steam-Engines, of which the
following is a speci ncatlon

My 1mentlon relates to steam-engines or

otheranalogous motor-engines, and is also ap-

plicable to pumps, water-meters, and other
machines operating on analogous principles.

My invention relates to that { type of engines
known as “revolving-eylinder engines, 7 or
those constructed with a plurality ot (33*111:1(:1@1‘5
arranged radially around a common axis on
whlch they are mounted to revolve, and hayv-
ing thelr pistons connected by pltmen or
othu wise, to a stationary crank eccentric to

sald axis.
type is that all reciprocating movements are
eliminated, the movements of all the parts
being dweeted I circular paths, so that the
loss of power which in reciprocating engines
is consumed in alternately imparting mo-
mentam to the moving parts and overconmlﬁ
bhis momentum in StOl’JplnG them 18 avouled
Kngines of this type are consequently well
&d&pted for running at a high speed, being
free from the pOundmﬂ and v‘lbl ations due to
the stopping and starting of the reciprocating
parts, and requiring no %temu cushions to re-
ceive the impact of the pistons.

The particular construction of such revoly-
Ing-cylinder engines which most rescmbles
my presentinvention, and upon which the lat-
ter 18 most directly an improvement, may be
described as follows: T'wo or more eyhnder&

usually four, are fixed rigidly together by cast- |
-1ng them in one piece, or Othermse their axes

1)811’_1% arranged on equidistant Ldll_ﬂlou‘[]d
the axisof wbcmtmn, their axes beingall in one
plane perpendicular to said axis of rotation.
These cylinders are mounted on a radial shaft,
and In each eylinder is placed a single-acting
piston of the bucket-plunger type, which pis-
tons are connected by means of pitmen to one
common crank or stud which 1s arranged ec-

~centrically to the axisof rotation, and is fixed

1n place so as to remain stationary. Each of
the eylinders is provided with a valve-chest
arranged parallel with it, and in the sceveral
valve-chests balanced piston-valves are ar-

The advantage of engines of this

ranged to work, all of the valves being con-
nected through eccentric rods and %mes to
one comimon ee(,entrw which is also arranged
stationary and in a "wd relation to said 5’(.‘:1—
tionary erank. Thevalves thus act with ref-
erence to their respective cylinders in the

same manner as the valves of reciprocating

engines. The pistons, being all connected to
the stationary crank, remain at all times
equally distant from th ¢ eccentric axis thereof,

and hence the action of the steam causes the,

cylinders to revolve upon the axis of the shaft
on which they are mounted, a result which is
due to the reaction of the plbtons in pressing
through their pitmen upon the crank. The
movement of the pistons relatively to the cyl-
Imders is recipr ocatory, butrelatively to a sta-
tlonary part the pistons rotate in a circular
path eccentric to the path traversed by the
rotary cylinders. T'hus there is, during the
running of the engine, no ehanﬁe in the d1ree—
tion of motlon of any 01‘ the pm*ts, and hence
no necessity for overcoming momentum in
stopping or inertia in Stmtmﬂ them, so that
an engine of this type should be e.:llnble of
ranning at a much higher speed than arecip-
rocating engine. The revolving eylindersare
mdosed n ml exterior statlonm*y casing into
which the eﬂmubt-steﬂm 1S &dlmtted from the

“¢ylinder.

Revolving-cylinder engines as heretofore

-made have attained but little practical suc-
cess, owing to certain defeets in their con-

struction. It is the object of my invention to

~overcome these defects and produce an engine

of this type which shall be practical and eCo-

nomical in its operation, in order that it
may be available as a hlﬁh-speed engine for

driving dynamos, centrifugal 11'1&{,}111168, &e.,

by direct connection therewith.

My invention introduces some important
structural improvements and provides means
for insuring the perfect balance of the re-
volving parts by correcting any inequality of
bfﬂcmae that may occur in the casting or oth-
erwise. |

In the accompanying drawings, Figure 1 is
an end elevation of a constr uetlon of engine

~embodying my invention, the outer casing an¢
shaft being in vertical section cut in Lhc
plane of the line 11 in Fig. 2.

Ifig. 2 1s ¢

vertical axial section cut in the plane of ‘r]:fr
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line 2

2 1in Ifig. 1. Fig. 3 is a vertical trans- |
verse seetlon cuf throunh the axes of the

steam-cylinders, as denoted by the line 33 1n
Ifig. 2. FKig. 4 18 a vertical transverse section
cut through the axes of the valve-chests and
looking in the opposite direction from Fig. 3,
as denoted by the line 4 4 in Fig. 2. Iig. 51s
a fragmentary section of a portion of Ifig. 2,
showing the details of the valve-connections,

steam-packings, and lubrication on a larger

scale. If1g. 6 18 a diagram illustrating the
revolving movement ot the pistons m"ound
the crank center. Fig. 7 1s a vertical section
corresponding to Ifig. 3, and showing a modi-
fied construction wherein the engine has
three cylinders instead of four; and Kig. 8 is
a similar section illustrating an engine hav-
ing two cylinders.

Refermnﬂ
nate the outer CASE 11](310511715? the W’Olklnﬂ
parts of the engine; B, the rotary shaft; O
C, the cylinders, of which four are employed
in this construction; D D, the pistons work-
ing in these cylinders; E E, the pitmen or
connecting-rodsof the respective pistons, and
If the crank, which in this construction is sta-
tionary.

(x is the steam-inlet pipe, and II the ex-
haust-pipe. |

The four cylinders C C are connected
fixedly together, preferably by being all
formed 1n one casting, lettered I. The cyl-
inders are connected to the shaft 3 and ro-
tate therewith. 'T'he crank F is held station-
ary by being fastened in any suitable manner
to the outer case A or to anyother stationary
part. The four pitmen K E all engage the
one crank-stud If and radiate therefrom to the
points at which the} are pivoted to the pis-
tons, -

In Fig. 3 the upper and lower pistons are
shown at the end of their stroke and the right

~and lett hand pistons are shown at mid-stroke.

45
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If the rotation be assumed to be in the direc-
tion of the arrow @, the right-hand piston is
for the moment the only effective one. Steam
1s entering the right-hand ¢ylinder Cthrough
the steam-port e, and 18 exerting a pressure
tending to force the piston to the left and the
cylinder-head to the right. The latter press-
ure being resisted, the reaction in the oppo-
site direction is transmitted through the pit-
man to the erank F, as indicated by the ar-
row, and byreason of the inclination or throw
of this pitinan a lateral pressure is exerted
against the cylinder C, whieh forces it to ro-
tate 1n the direction of the arrow x, thereby
carrying around the entire system of eylin-
ders and pistons. As the center is passed,
the next sucecessive piston (being the upper
one in Kig. 3) commences to act, and during
the ensuing quarter-revolution the two pis-
tons are acting 1n co-operation, the mechani-
cal advantage of the preceding one, however,
diminishing as that of the succeeding one in-
creases. Inshort, the action is the reverse of
that of an engine with four radial equidistant

first to Figs. 1 to 4 let A desig-

409,284

stationary cylinders with thelr pistons all
coupled to a rotary crank revolving around
the common center. The four pistons are
cach single-acting, so thattheir action against
the crank 1s a pushm action and eontm-
ues during only one-half of the revolutlon
This has the advantage of avoiding the ne-
cessity of piston-rods “and stufﬁno-boxes be-
tween the pistonsand the erank. The action
of the four pistons is successive, and the
thrust exerted through the 1*espe(3twe pitmen

_fwmnbt the crank increases and diminishes

in such relation as to result in a very nearly
uniform thrust or back-pressure upon the
crank-stud, and consequently in a similarly
uniform forward 1mpetus a,pphed to the cyl-
inders.

It will be seen that although the pistons re-
ciprocate 1’*elat1vely to the cy lmder% yet thelr
actual movement is a rotary one around the
crank K. As the eylinders revolve, the pis-
tons revolve with them around the crank I¥
as a center, and consequently in very nearly
circular paths, the path of the centers of the
pitmen-joints b b being exactly circular. The
axes of the pitmen- ]omts b b are pr efembly
arranged in the center of gravity of the pis-
tons, in order that the latter may be exactly

{ balanced 1n their movement around the cen-
ter If.

The pistons D D, considered rela-
tively to the crank-center I, have an oscil-
latory movement on the centers O b as they
whirl around the crank-center, which oscilla-
tion 1s equal in degree to the angular throw
of the pitmen, but which, oceurring coinci-
dently with the revolution around the crank-
center, results merely in the extreme oufer
and inner portions of the pistons most remote
from the centers b traveling in curves slightly
varying irom the true cirele traversed by the
centers 0.

In order to clearly illustrate the path trav-
ersed by the pistons and its relation to the
rotary paths of the cylinders, I have intro-
duced the diagram, Fig. 6, where the pistons
are shown in elevation in the position which
they occupy when the cylinders have ad-
vanced one-eighth of arevolution beyond the
position shown in Ifig. 3. The cirele 4 de-

‘notes the path traversed by the pitmen-joint

centers 0 0, and the cirele z denotes the paths
traversed by the outer ends of the cylinders.

Inasmuch as the pistonsinrevolvingaround
the erank-center necessarily move in and out
along radii from the axisof the shaft I3 around
which the eylinders revolve, they necessarily
draw closer together as they approach the
shaft-axis and separate as they recede there-
from. This action results in a slight accel-
eration in speed of the pistons duaring one
half of each revolution, and a corresponding
retardation during the remaining half. These
aceelerations and retardations occur gradu-
ally and without shock or vibration, and also
without any loss cr waste of power, because
they are induced through the relative move-

ment of the cylinders and pistons so that the
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acceleration caused by the ceylinders on one
side, and which might tend slightly to retard

- their rotation, is balanced by the retardation

IO

20

caused by the cylinders on the other side,
which tends to accelerate the speed of the
cylinders. Furthermore, it will be observed
that the acceleration of speed of the pistons

1s coincident with the transmission of power-|

through them and their pitmen against the
crank, and their retardation is coincident
with the exhausting of the steam from be-
hind them, circumstances which tend still
turther to neutralize any effect which might
otherwise result from the slight variation in
the movement of the pistons from a uniformly-
speeded rotation. | |

The effect of centrifugal force upon the
pistons tending to throw them away from
the crank center is more than neutralized
during the active half-revolution of each pis-
ton by the pressure of live steam against its
outer side, and during the inactive half-revo-

- lution the outward tendency of the piston is
. 1.

25

35

40

useful in expelling the exhaust-steam from
the eylinder. |

I will now proceed to describe more in de-
tail the constructive features introduced by
my invention. | I -

The valve-gear is characterized by the em-
ployment of a stationary eccentric J, em-
braced by four eccentric-straps ¢ ¢, which are

connected by eccentric-rods ¢ d to the four

steam-valves V 'V, which move radially in
valve-chests IC K, communicating with the
respective cylinders. The cylinder-casting
I is formed with a concentric steam chest or
chamber I, in which the eccentrie J and the
eccentrie straps and rods are inclosed. The
valve-chests X K radiate from this chamber
L. coincidently with the radial arrangement
of the cylinders, as shown in g, 4. By pref-
erence each valve-chest IX is lined with a
bushing %, in which the ports are formed. In
the construction shown this bushing is cy-
lindrical, and forms a close-working fit with
thecylindrical or piston valve V. Each valve
V 1is essentially a single-acting D slide-valve
developed cylindrically around an axis par-
allel with its direction of radial motion, so
that it becomes a double piston-valve with a
contraction or neck between the pistons form-
ing the steam-passage g for connecting the

~eylinder-port with the exhaust-port, and with

55
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a steam-passage formed through the valve
from end to end. Each valve-chest is formed
with a cylinder-port ¢, leading to the outer
end of the respective cylinder C, and with an

exhaust-port f opening outwardly to the ex-

terior of the casting I. When the valve V is
drawn by the eccentric toward the center of
rotation, its outer end uncovers the cylinder-
port ¢, as shown at the left hand in Fig. 4,

and steam passes from the steam-chest L.
through the hollow valve and passes by the

port e into the cylinder. At the same time
the diametrically - opposite valve is thrust
away from the center of rotation, as shown at

the right in Ifig. 4, so that the steam-passage
g between the pistons affords communication
between the eylinder-port e and the exhaust-
port f, whereupon the steam passes from the
cylinder G to the exterior and frecly escapes.
When the valve V is in an intermediate po-
sitlon, as shown at the top and bottom in Fig.
4, and as shown in Fig. 2, its outer piston,
which 1s of the same Iength as the width of

3

75

the cylinder-port e, stands directly over and -

closes thatport. By thisconstruction of tubu-
lar double piston-valves the live steam is
caused to press equally against both ends of
cach valve, whereby the valves are balanced
and all undue friction is avoided. The action
of centrifugal force establishes a continual

tensile strain upon the eccentricrods d d,

which enables these rods to be constructed
of very light material without liability of
their buckling, as would be the case where
they are subject to thrusting-strains. -
1t will be understood that with the valve-
gear shown, or with any other type of valve-
gear that may be devised, the setting of the
eccentrie relatively to the ecrank-stud in order
to give a lead to the valves, and the extent
of lap which the valves have relatively to
their ports, will be governed by the same rules
as with reciprocating engines.

The crank I' and eccentric J are, in the
construction shown, both mounted upon and
fixed rigidly to a shaft M, which is arranged
fixedly with its axis coinciding with that of
the shaft B. The crank I’ is formed on a
crank-disk N, which is fastened by bolts 2 T
or otherwise to the end of the stationary
shatt M. The four eylinders C C are cast to-
gether, with an intervening chamber P at the
center, in which the disk N, crank T, and
pitmen I E are arranged. This chamber P
extends to the left in Fig. 2 sufficiently be-
yond the cylinders C C to admit the thick-
ness of the disk N between, as shown, and
this recessed portion of the cylinder-casting
is formed out of contact with the disk, in or-
der that it may freely rotate. The disk N is
constructed with a hub which projects through
the wall of the casting I to the steam-cham-
ber 1. The concentric opening in the cast-
ing I, through which this hub passes, is made
a bearing-fit therewith at 7, in order that the

cylinder-casting in its rotation shall turn on
On the opposite

this hub as on a journal.
side of the steam-chamber I, the casting I
1s formed or provided with another bearing at
7, which turns on a portion of the shaft M as
on a journal.
structed with a disk B’ on its end, which digk
is bolted to the eylinder-castingI and forms
a cover for closing the chamber > between the
cylinders. Thus the eylinder-casting I is ro-

tatively mounted on the bearings 7 and 4, and
by means of the bearings in which the shaft
B turns. | |

The engine is constructed with an outer in-
closing-case A, within which the moving parts
are placed, and which is made steam-tight, by

The shaft B is formed or con-

S0

55

e

05

I1CO

105

ITO0

115

130




IO

20

30

40

50

6o

preference. 'This case is cast with a base A,
and is formed on one side with a removable
cover Q and on the other side with a remov-
able cover or plate R. The shaft M 1s fast-
ened to or formed integrally with the cover
Q, and the bearing R’ for the shaft I3 is fast-
ened to'or formed integrally with the cover
R. The opening or seat against which the
cover QQ fits is large enough to admit the pas-
sage of the cylinders, whereby they may be
inserted within the case A. 'T'he seat or
opening in the case A, which is closed by the
cover R, 18 large enouﬂh to admit the inser-
tion of the disk B’ on the shaft 1B, so that to
get access to the chamber P 1t 1s only neces-
sary to remove the cover R and disk B’.

The steam-pipe G 1s screwed into the cen-
ter of the cover (Q and communicates with the
stecam-chest L through the medium of a hol-
low or bore m in the shaft M and lateral open-
ings n n therein, as shown in Fig. 2. The
space within the casing A exterior to the cyl-
inder-casting constitutes an exhaust-space,
into which the exhaust-steam is admitted
from the ports f f, and from which it escapes
by the exhaust-pipe 1I,which may be applied
at any convenient point.

The steam-chest I. 1s packed, 1in order to
prevent escape of steam through the bearings
? and 7 by means of diaphragm packings as
best shown 1n Iig. 5. These packings con-
sist each of a ring p, a diaphragm ¢, and a
ring r. The smaller ring p is brazed or other-
wise fastened with a steam-tight joint to the
inner margin of the annular diaphragm g,
and the outer margin of the diaphragm is
fastened against the inner wall of the steam-
chamber L through the medium of the ring
r, which 1s placed against i1t, and screws or
bolts which are passed through this ring and
screw into the wall of the chamber. Thus
the packing turns with the cylinder-casting.
The inner ring p bears against the stationary
surface or face s just inside of the bearing-
joint 72 or 7, so that this joint comes between
the two rings, and leakage of steam through
this joint 18 prevented by the ring p being
pressed against the face s by the steam-
pressure within the steam-chamber L acting
acainst the diaphragm ¢g. The tightness of
the packing is thus proportional to the press-
ure of the steam, and any wear between the
ring p and the face s is taken up by the
yleldmn' of the diaphragm.

In order to enable the pfle]xmﬂs to be ap-
plied within the chamber L, the latter 1s con-
structed with an annular cover or plate T,
which, when removed, atffords an opening large
enough to insert the packings, and also en-
ables the eccentric to be entered. 'T'he inner
packing (shown at the right) in Fig. 2 is first

inserted and fastened in place, and the outer
packing is applied to the cover T, which is
put in place on the shaft M, after which the
shaft is thrust into the steam-chamber until
the cover T comes into place, whereupon the
latter is fastened to the cylinder-casting by |

409,284

serews inserted through a hand-hole, closed
by a cap Q’. The crank-disk N 1is inserted
into the chamber P from the opposite side,
and afterward bolted to the end of the shaft
M. "The chamber P is subsequently closed
by serewing on the disk I3/, after which the
cylinders are thrust into the casing A from
the left, the shaft B being passed into the
bearing R’ and the cover Q being screwed
to the case. A belt-pulley B may subse-
quently be fastened on the projecting end of
the shaft, if desired.

It is not necessary that the cylinder-cast-
ing I be made all in one piece. For conven-
ience of construction it may be preterable
to make it of several pieces, which will be
fitted together and united subsequently 1n
such manner as to be substantially integral.

The construction by which the four pitmen
E E embrace the one-crank-stud If 18 a novel
one. Each pitman is formed with an eye for
engaging the crank, these eyes being differ-
ently formed in the four pitmen. T he mid-
dleone has a single eve. . (Shown at?’ in Fig.
5.) 'This eye is “embraced between two eyes
2 %, formed on the forked end of another of
the pltmen Outside of these come eyes 3 3,
formed on the forked end of a third pitman.
The fourth pitman has its forked ends formed
with eves ¢t #*, still farther apart, and which
embrace the eyes of all the other pitmen be-
tween them. Thus the thrust of each of the
pitmen is so divided or balanced as to be sub-
stantially in the center of the crank-pin.
The pitmen-eyes donot engage the crank-pin
directly, but engage a bushing wu, which {its
over the crank-pin and which 1s united to one
of the pitmen by a flange on 1ts outer end,
through which screws are passed' into one of
the eves %, as shown in Fig. 2, so that this
bushing is caused to turn on the crank-stud
coineidently with the pitman having the
widest branched end. The eyes of the other
pitmen turn upon this sleeve with an oseil-
latory motion equal in extent to the angular
deflection of the pitmen. This construction
malkes a better connection than if each of the
pitmen separately grasped the crank-stud,
since the wear due to thelr oscillatory move-
ment comes upon the bushing u instead of
upon the crank-pin, and since their thrust is
distributed through the bushing over the en-
tire surface of the crank-pin. Furthermore,
the centrifugal tendency of the pistons is
equalized in its effect upon the crank, since
their outward pull is directed against the
bushing, against which those on opposite
sides pull in opposite directions, and conse-

‘quently only the resultant pressures due to

the action of the steam upon the pistons are
transmitted to the crank-stud.

A similar construction 18 applied to the ec-
centric-straps ¢ ¢. One of these straps is
formed integrally with a bushing «/, of a
width equal to that of the working-face of the
eccentrice, and theother three ececentric-straps
play upon the exterior of this bushing, oscil-
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lating thereagainst according to the angular
T'his construction
hasthesame advantageas that just deseribed
with reference to the crank-stud connection.

Figs. 2 and 5 show means for lubricating
the engine. v in Fig.21s an ordinary oil-cup
for lubricating the Dbearing of the shaft B.
For lubricating the internal bearings which
are subject to steam-pressure, I provide a lu-
bricator U, of ordinary construction, wherein
by the condensation of steam admitted from

a sight-feed and conducted through suit-
able ducts to the respective bearings. The

lubricator U is connected to the steam-pipe

4
i

G by a coiled pipe w, which affords an ex-
tensive radiating-surface in order to cool
and condense the steam, the water of con-
densation from which enters the bottom of
the oil-chamber, as is usual in lubricating
devices of this character, and forces the oil
out from the upper part of said chamber
through the sight-feed. Iemploy three sight-
feeds, the one of which at the left opens di-
rectly into the steam-pipe G, in order to sup-
ply oil to the valves and pistons, the mid-
die one of which connects with a pipe or duct
, which lubricates the crank-stud and the
bearing 7, and the right-hand one of which
connects with a pipe or duct /, which lubri-
cates the eccentric- and the bearing 2. As
shown in Fig. 5, the duct a consists of a small
pipe connecting at one end with the sight-
feed,and at the other end to the solid portion
of the shaft M,and a bore or channel extend-
ing thence through the shaft M and through

the crank-disk N into the crank-stud -F, in
which it branches laterally and terminates

at the bearing-surface of this stud, another
branch leading 1o the bearing j. The sleeve
u has perforations through it to conduet the

o1l to the bearing-surfaces of the pitmen-eyes.
The duet I consists of a small pipe, connect- :

ing at one end with the right-hand sight-feed

and at the other end to the solid portion of

the shaft M, and a bore or channel extending
thence into the shaft and laterally to and into
the eccentric J, and terminating at the bear-
ing-face thereof. The sleeve v’ has oil-per-
forations through it to conduet the oil to the
bearing-surfaces of the eccentric-straps. The
duct-pipe [ has a branch leading to the bear-
ing 2. Thus the oil is supplied to all the
bearing-surfaces, and its supply is under con-
trol through the medium of the usual adjust-
ing-screws of the sight-feeds. |
The cylinder-casting I is made, preferably,
with tie portions or braces I’, extending from
the outer end of each cylinder to the outer
ends of the adjacent cylinders, in order to
stiffen and strengthen the structure. This
casting should Dbe perfectly balanced, in or-
der that the rotation of the engine may be

- unaccompanied by vibration and free from

centrifugal strain upon the bearings. Inas-
much as it is difficult to maintain a perfect

balanceof weightin the construction and fin-

the steam-pipe G the oil is forced up through

ishing of a casting, I provide means by which
the parts may be balanced in the subsequent

putting together of the engine. For this pur-
pose 1 provide four or other suitable number

of radial screws J’, on which are placed
counter-weights W W, which may be adjusted
inwardly or outwardly upon the screws and
fastened in place thereon by set-nuts, as

shown. Dy the proper adjustment of these

welghts a perfect balance of the engine may
be secured. -- |
I have not illustrated any reversing-gear

for my engine, as engines of this character

will not ordinarily need to be reversible, and
as any ordinary or known constructions of
reversing-gear may be readily applied to it
by simple mechanical adaptation and with-
out necessarily involving the exercise of in-
vention, or the engine may be reversed by
reversing the direction of the flow of steam
through it—that is to say, by causing the
steam to enter at the pipe H and to escape
at the pipe G—the means for accomplishing
which are so obvious as to require no descrip-
tion. o | S
My improved engine may have more or less
than four eylinders and pistons. In Tig. 7
I have shown an engine constructed with
three cylinders radiating equidistantly from
the center of rotation, and in Fig. 8 I have
shown an engine having only two cylinders
arrangecd on diametrically-opposite sides of
the center of rotation. This latter construe-
tion, however, I do not recommend, as the
balance of the pistons will not be as perfect
asin a three or four cylinder engine, and for
the further reason that if the pistons are
single-acting two dead-points are formed.
My improved engine may be modified in
various ways without departing from its es-
sential features—as, for example, by the sub-
stitution of other well-known types of valve-

operating mechanisms or valve-gears for the
particular valve-gear which I have shown.

Any known type of automatic variable cut-
off, or other type of governor, may also be
applied to it.

I claim as my invention the hereinbefore-
described improvements in steam or other
engines and other analogous machines, de-
fined, respectively, as follows, substantially
as hereinbefore specified, namely :

1. An engine constructed with a plurality
of cylinders arranged radially around acom-
mon axis, with an equal number of valve-
chests having ports communicating with said
cylinders, and with a concentriec revolving
steam-chest between said valve-chests, in
combination with an axial rotative shaft on
which sald cylindevs and wvalve-chests are
mounted, a crank arranged eccentrically to
said axis, pistons in said cylinders, pitmen
engagingsaid crank and connecting with said
pistons, valves in said valve-chests, a valve-

gear for moving said valves, and a steain-

inlet communicating with said concentric
steam-chest.
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2. An engine constructed with a plurality

of e¢ylinders arranged radially around a com-
mon axis,
radially-arranged valve-chests having ports
communicating with said cylinders, and a
concentricrevolving steam-chest between and
communicating with said wvalve-chests, 1n
combination with an axial rotative shaft on
which said cylinders and valve-chests are
mounted, pistons in said cylinders, pitmen
engagingsaid crank and connecting with said
pistons, balanced tubular piston-valves 1in

said valve-chest, whereby the steam passes

from said steam-chest through said valves to

‘the cylinder-ports, and a valve-gear in said

steam-chests for moving said valves.

3. In an engine, the combination of an in-
closing-case, a stationary shaft, and a crank
formed on said shaft, with a rotary shaft in
line with the axis of said stationary shatt, a

plurality of radially-arranged cylinders fixed

to said rotative shaft and having a bearing
upon said stationary shaft and formed with
valve-chests having ports communicating
with the cylinders, and a steam-chest con-
centrically embracing said stationary shaft,
a steam-inlet passage through said stationary
shaft opening info said steam-chest, valves

1n said valve-chests, and a valve-gear in said

steam-chest for moving said valves.
4, In an engine, the combination of an in-
closing-case, a stationary shaft,a crank formed

- on saild shaft, and a steam-inlet passage
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through said shaft, with a rotary shaft in line
with the axis of said stationary shaft, a plural-
ity of radially-arranged cylinders fixed to said
rotative shaft and formed with a steam-chest
concentrically embracingand bearing on said
stationary shaft, and into which saild steam-
inlet passage opens, pistons in said cylinders,
pitmen engaging said stationary crank and
connecting with said pistons, and packings
applied at the bearing-joints between smd
steam-chest and stationary shaft to prevent
escape of steam from said (,hest through said
joints.

5. Inarevolving-cylinder steam-engine, the
combination of a relatively rotary shaft and
steam-chamber, the one having rotative bear-
ings upon the other and the one part formed
with a face substantially perpendicular tothe
axis of rotation, with a packing for said bear-
ings, consisting of a ring arranged concen-
trlmlly .;.Lgamst sald perpendmulmr face, and

and with an equal number of

tions between said erank and

409,284

an annular diaphragm fastened to said ring at
one margin, 1:)11*1(“1@11’1D the bearing-joint to be
packed, and faatened at its opposite margin.

to the other part, whereby the steam-pressure
- and diaphragm acts to press -

against sald ring
sald ring m;funst sald 1301‘]_:)@11(11@111&1’* face.

6. In an engine, the combination of an In-
closing - case constructed with a removable
cover, and with a stationary shaft fixed to said

cover, and a crank forined on said shaft, a ro-

tary shaft in line with sald stationary C:Ilaft

a plurality of radially-arranged cylinders fixed

to said rotary shaft, plthIlS in said cylinders,
and pitmen engaging said stationary cmnk
and connecting “With stud pistons.

7. In an engine, the combination of a sta-
tionary shatt and a crank formed thereon, a
rotary shaft in line with the axis of said sta-
tionary shatt, a plurality of radially-arranged

cylinders fixed to said rotative shaft and

formed with a steam-chest concentrically em-

bracing and bearing on said stationary shaft,
pl‘ot(}l’lb in said eghnders pitmen engaging
said stationary crank and eonneetmn Wlth
said pistons, a stationary eccentric ‘{ed 011

| said stationary shaft, valves for admitting

steam from said stemn chest to said eylinders,
and eccentric straps and rods eonnectmg to

said valves.

3. An engine constructed with a plurality
of radially- m"mnﬂed cylinders mounted to ro-
tate around an axis, in combination with pis-
tons in said cylinders, a crank arranged ec-
centrically to said axis, mechanical connec-
sald pistons,

and one or more adjustable counter-weights

applied to said cylinders, whereby the latter

may be adjusted to a correct balance around
the axis of rotation.

9. An engine constructed with a plurality
of radially-arranged cylinders mounted to ro-
tate around an axis, in combination with ra-
dial screws attached to said cylinders and ad-

justable counter-weights mounted on said

serews and adjustable toward and from the
axis of rotation.

In witness whereof I have hereunto signed
my name in the presence of two subseribing
witnesses.

B[IIJJ&N YV. - IIATJIJ-

Witnesses:
ARTHUR C. FRASER,
GEORGE k. FRASER.
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