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To all whom it may concern.:
Be it known that I, ELITJAH B. BENHAM, &

citizen of the United States, residing at Provi- .

dence, in the county of Providence and State
5 of Rhodelsland, have inventied new and use-
ful Improvements in Steam-KEngines, of which

the following is a specification.
This invention relates to steam-engines,
the object being to provide an improved con-
1o struction thereof; and the invention consists
in the peculiar construction and arrange-
ment of the parts thereof, all as hereinatter
fully deseribed, and more partlcularly' poi nted

| out in the Cl&ll]l&

15 In the drawings forming part of thisspeci-
fication is illustrated a steam - engine con-
structed acecording to my invention, in
‘which—

Figure 1 is a section through the cylinder-

20 hedd cylinders, and their mclosmw case at

uﬂ-ht angles to the axial line of the driving- -

shaft as it appears looking at the front side of
the machine. Certain parts, as below fully de-
scribed, are shown in side view 1n this figure
25 and others as broken off. IFig. 2 is a vertical
section centrally through the eylinder héad,
case, and driving-pulley, certain parts being
shown broken off and others in side view,
- about on line 2 2, Fig. 1. Iig. 3is a sectional
30 view of the central portion of the cylinder-
head and its case online 3 5, Fig. 1, illustrat-
ing certain steam-conduits communicating
‘with the ceylinders. (Not shown in Fig. 2.)
Fig. 4 is a plan view of the inner side of that
part of the cylinder-head in which the cylin-
der-ports-are formed, the driving-shattbeing
shown in section. FKig. 5 is a plan view of a
portion of the central part of the frame of
the machine and an outer end view of the
cylinder containing the pressure and the ex-
haust conduits. Fig. 6 is a rear perspective
view of the machine.
The engine herein described has one main
frame element to which the other parts of
the machine are attached and which 1s prei-
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erably castin a single piece, which comprises |

a broad-based standard K, a hollow hub I,
and a circular plate H, said plate having ex-
tending upwardly therefrom a reversing-le-
ver standard 10, having in its upper end a

slot, through which a screw works for a pur- | below set forth.

l

pose below deseribed. The said circular plate

H, together with a shallow cup-like front
piece 3 and a ring 2, constitutes a cylinder-
head case B, of which said plate 1s the back. 55
The said cup-shaped part 3 and ring 2 are
secured, one at the side of the other :-:—md to
said back H in the positions shown in Figs.

2 and 6, by the screw-bolts 4. (See Figs. 1
and 2.) In theinner wallof said hollow hub 6o
F are formed two annular chambers 5 and 6,
the chamberd being denominated a “pressure-
chamber,” because it receives the fluid (steam
orotherelement)throughthefeed-pipe7,which
actuates the engine. Said annular chamber 63
6 is denominated the “exhaust-chamber,” be-
causeit receivestheexhaust-fluid fromthe cyl-
inders of the engine and the same is dis-
charged therefromthrough the exhaust-pipes.
An oil-cup 9 is placed on the end of a pipe 7o
10, which communicates with said feed-pipe 7,
and thereby the requisite lubrication for the
interior operating parts of the engine is pro-
vided for, the lubricafing element passing

thereinto with the motor-ﬂmd or steam. An 75

oil-cup 12 is attached by a suitable pipe to
the front side of the said case Band supplies
lubricating material to the operative parts of
the machine within said case, as below de-
scribed. The oil from said cap 12 is per- 8o
iitted to flow into said case or cylinder-head
chamber, and, falling to the lower part there-
of, it is then taken up by the pistons while
the cylinder-head revolves and distributed
over the border of the piston-track, and at the 8z
same time the piston-balls become properly
lubricated. -

A conduit-cylinder 13 (see Figs. 2, 8, and 5)
is fixed within the hollow hub F and extends
from the inner rear face or side of said cylin- go

der-case B, pastsaid exhaust-chamber 6,toone

side of said pressure-chamber 5, as clearly
shown in said figures. Said conduit-eylinder
has formed therein a series of six conduits 14,

which extend from one end and communicate 93

with said pressure-chamber, and a series of
six conduits 15, which extend from the same
end and communicate, as shownin Ifig. 3, with
said exhaust-chamber 6, the port ends of said
conduits being open on the surface, against roo
which the rotating cylinder-head bears, as
The outer or port ends of
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ing positions

said condunits 14 and 15, twelve in number,
are arranged, as shown in Fig. 5, in alternat-
s and in & circle eone(,ntrlc with
the axial line of the drivi ing-shaft 28, asillus-
trated in KFig. 5.

When the engine is built upon a suitable
larger scale than is here shown, said conduits
14 fmd 15 may be formed 1n the casting of
said hub F and the construction of said cyl-
inder 13 as aseparate part be avoided. A me-

tallie piston-track D, preferably of steel, 15 rig-
idly secured between said cup-shaped Da,rt 3
and ring 2 of the case B by said screws 4. (See
Kigs. 1 and 2 , the latter figure showing said

track in Slde elevation and the former hgur

showing it in section.) Said track D 18 made, |

preferably, in two sections, which are divided
on the line o, Kig. 1, for convenience 1n as-
sembling with the other parts of the machine.
The periphery of said piston-track D is of eir-

cular form, secured to and supported by said

cylinder-head case B; but its inner border
is of sinuous form or having a series of pro-
jections and depressions, as shown, where-
by is produced thereon a series of inclines,
between which and one side of the extremi-

ties of the cylinders the pistons are forced,

as and for the purpose below described. Said
track is located in the machine directly op-
posite the outer end of the axial line of the
05?li11'delb 25, as shown in FFig. 1 and also in
Fig. 2, and the operative 1)051‘[1011 of said track
circumferentmlly is one which brings the
apexes of the projections on 1ts border OPPO-
site the spaces s (see Fig. 5) between said
pressure and exhaust ports 15 and 14. Thus
not until the axial lines of the eylinder shall
have passed said apexes can any cylindern
take full steam-pressure, whereby the most
effective poweris caused to be exerted against
the pistons when they begin to descend an 1n-
cline.

Two curved slots 22 (indicated in dotted

lines in Fig.1 and partly shown in IFig. 6) are
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formed through the frame - plate I, and
through saild slots are passed two screw-bolts
23, one in each slot, which bolts enter the rear
border of the ring 2 and serve to attach the
cylinder-head case B to said plate and pro-
vide for permitting a certain degree of oscil-

lating movement to said case and the sinuous-

pistou -tragk D, which movement is limited
by the length of said slots 22. The said
serew-holts 33 are clearly indicated in dotted
lines in Kig. 1. The parts of the machine
illustrated in Fig. 6 prevent the heads of said
bolts from being shown in that figure. The
said limited oscillating movement which may
be given to said case B iseffected by a hand-
lever 17, (see Fig. G,) whieh is fixed toor inte-
oral with a partof said case. DBy seizing the
upper part of said lever 17 and swinging it
to the right or the left the apexes of said

- sinuous border of the piston -track D are

05

caused to assume different positions relative
to the pressure and exhaust ports 14 and 15,

-~ as indicated by the dotted line v and the full

i
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line y in Fig. 1, both of which lines indicate
the border of said track, against which the
pistons engage. Said apexes of the border
of the tmck D occupy positions opposite said
spaces s between the pressure and exhaust
ports 14 and 15 when the cylinder-head IS re-
quired to rotate in the direction indicated by
the arrowin Ifig. 1; but toreverse the motion
of the head the track is moved or partially ro-

tated, as shown in Fig. 1, to cause the apexes
of said ring m'o,]eetlons to be brought oppo-
site fmother series s’ of spaces between sald
ports, so that the pistons may act upon the
opposite edge of said projections and cause
the rotary motion of the eylinder-head to be
reversed. The position of said track (shown
by the line 7 in Ifig. 1) is that which it occu-
pies to cause the cylinder-head 24 to rotate
in the direction indicated by the arrows in
said last-named figure, and to hold the case
B andsaidtrack in thatposition thehand-lever
17 1s swung and secured in the position shown
in Ifig. 6 T‘o reverse the rotary motion of the
cylinder-head, said lever 17 is swung tothe op-
posite direction or to the right, looking at the
engine {rom the front, thereby bringing the
sinuous border of said track to the position
shown bysaid dotted line vin Fig. 1. Abind-
ing-serew 50 passes through a slot, as shown,
in the standard 16 and serewsinto said hand-
lever 17, thereby serving to rigidly secure the
cylinder-head case B in either of said two po-
sitions. A suitable hand-wheel, as shown, is
provided for said screw 30 for operating the
latter. "The border of the ring 2, adjoining
the side of plate I, is prefembly oground
thereon to make atlgrht joint. The said cyl-
inder-head 24 consists of a central portion,
one side of which constitutes a port-face as
shown in Fig. 4, from which a series of eylin-
ders 25 radiate, eight cylinders being shown
in the drawings as the preferable number.
Steam passages or ports 26 are formed in
the central portion of said eylinder-head,

one end of which communicates with the in-

ner end of each cylinder, and the opposite
ends of satd ports are open to the rear side or
on the port-face of the cylinder-head in cir-
cular arrangement avound the axis thereof,
as clearly ShOWIl in Figs. 1 and 4, the lower
ends of the cylinders bemﬂ 1nd10ated n dot-
ted lines in this 1ast-—1mmed higure. The said
cylinder-head is rigidly fixed to one end of
the driving-shaft 28, preferably by screwing
the end of said shaftintothehead and serew-
ing a lock-nut 29 onto the ounter end of said
shaft; but the latter may be secured to said
head in any other suitable manner. Said
driving-shaft28 extends through said conduit-
cylinder 13 ana the hollow hub ¥ and pro-
Jects sufficiently beyond the end of the latter
to permit of securing rigidly thereon a driv-
ing-pulley 21 or a b&lauee—wheel 31, or botk.
as may be desired.
tion of parts, it 1s preferable that for conven-
ience in packing the shaft 28 near the outer
end of said hub I to prevent leakaﬂe the

To avoid the multlphca- -
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- shaft 28 may be substituted t{herefor.
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hub of the balanee wheel or of the pulley, as
shown in Fig. 2, should be fitted to enter the
outer end of said hub a certain distance and
serve as an abutment to retain the packing
18 therein. Said hub of the pulley, beingrig-
1dly fixed to the driving-shaft and having a
bearing against the end of hub F, as shown,
tends to retain the port-face of the cylmdel-

head 24 In proper operative relation against

the adjoining inner end of the conduit-cylin-
der.. In the absence of said hub a collar on

A
washer 19 is placed on said shaft between

- said packing and the pressure-chamber 5,
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~as shown.
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and a spiral spring 20, placed between the.
end of cylinder 15 and said washer, serves

to retain said washer in place. The steam-
pressure in the chamberd acts directlyagainst
said washer to force it and said packing
against the end of the hub of pulley 21, and
hence the ¢ylinder-head is drawn against that
part of the engine 1n which are the said ports

14and 15 with aforce Snbsta,ntlally equivalent |

to that which the steam escaping from the
pressure-ports 14against the eylinder-head ex-
erts. Consequently the pressure is balanced
and does not act to separate the port parts of
the machine and cause leakage. The open

ends of sald ports 26, at the rear side of the |

cylinder-head 24, are arranged in a circle coin-

ciding with the circular arrangement of the

open ends of the condunits 14 and 15 in the con-

duit-cylinder13,asclearlyshownin Figs.4and.

5,andsaid port-bearingportion of thecylinder-
head,hasarotarymotion whilebearingagainst

the said inner end of the conduit-cylinder.

T'he outer ends of sald cylinders 25 are slotted,
as shown in Fig. 1, to permit the edge of the
piston-track to project thereinto as the cyl-
inder-head rotates, thereby forming piston-
gulding parts on each cylinder extending be-
yond the steam-chambers thereof.

The pistons of the cylinders 25 001151513
preferably, of two hardened steel spheres 27
placed in sald cylinders one above the _other,
The sald spheres 27, which may
be properly termed “ball-pistons,” are made
by the well-known process of rolling spherical
objects in a cold state, and thereby are pro-
duced spheres of uniform diameter and of
uncommon smoothness of surface. Said pis-
ton-balls and the bore of the eylinders are

perfectly adapted to each other as to dimen-

sions, so that sald balls have the usual recip-
rocating movement in the cylinders without
undue friction and with no appreciable leak-
age of steam between them and the cylinder-

walls, and during the operation of the engine

and while steam-pressure may be cut off from
some of the cylinders said piston-balls main-
tain the positions shown in Kigs. 1 and 2 by
centrifugal force, and have a movement in the
cy]mdels toward the center of the cylinder-
head by contact with the sinuous border of the
track D, but only to the extent of the inward-
]y—prOJectmD*portmn of said track. The em-
ployment of said ball-pistons is advantageous

from several points of view,in that the engage-

ment of the surface thereof with the wa,lls of

the cylinder tends to produce a rotation of
the spheres rather than a frictional abrasion,
and the outer sphere of each cylinder has a
rolling contact with the border of said track
D, thus obviating the necessity, asin a cylin-

drical piston, of having a friction-roller in

the end of the latter, as shown in Fig. 7.
Fuarthermore, the said piston-balls are advan-
tageous from an economical point of view
since they are pmduced cheaply in large
quantities, and in the manufacture of engines
of this construction no machinery need be
provided for making said balls. As shown
in Fig. 2, where the said sinuous track D is
Shown'in section, 1t is seen that the edge
thereof is grooved on a circle corresponding
with that of the piston-balls. .

The lubrication of the outer piston- balls,
the ends of the eylinders in which they roll,
and the edge of the track on which they bear

and_roll.'_zis effected from the oil-cup 12, as

above described. By employing two piston-
balls the outer one is free to act at the end
of the cylinder to bear against the sinuous
track, while the inner one closes the portion
of the end of the cylinder below said outer
ball.

KFrom the foregoing description_of all of the
parts of the herein-described engine it will
be noted that no valve is required to govern
the pressure and exhaust currents in their

movements into and out of the cylinders, but

the movementof said currentsis controlleden-
tirely by the rotary movement of the eylinder-
head having the said ports 26, which during
the rotation of said head communicate . or
register alternately with the pressure and ex-
haust-conduits 14 and 15 in said conduit-
cylinder 13, and said condunits communicate
with the pressure and exhaust chambers 5
and 6, respectively. Fig. 1 has indicated

thereon 1n dotted-line circles mnear shaft 28
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the positions of the said pressure and ex-

haust ports 14 and 15 at the rear of the cylm-
der-head.

The Opera,tlon of the within- deseubed im-

provements 18 as follows: Reéferring to Fig.1 -

and to two of thecylinders 25 therem (1nd1-
cated by « « opposite their. exuremltms,) it
will be noted that with said evlinders in the
positions there shown the outer piston-balls
thereof are shown as against the border of

the sinuous track D to one side of the high-

est points or apexes of two of the inclines of
sald track.

with said two cylinders, are so arranged rela-
tive to the pressure-conduits 14 in the con-

duit-cylinder 15 that when any two of -the

The ports 26, which communicate

115
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cylinders of the head 24, which are in the

same axial line, having theu pistons occupy-

ing the positions 1elat1ve to the inelines of
the track D that said cylinders indicated by

2 & occupy, the cylinder-ports 26 thereof are.

130

fully open opposite the adjoining ends of the

pressure-conduits 14, and thereby the press-
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ure acts to drive the piston-balls against the
inclines of said track and cause the cylinder-
head to rotate in the direction of the arrows
in Tig. 1, whereby the ends of the cylinders
are foreibly moved in a direction from saild
inelines. When said last-named two ¢ylin-
ders « 2 shall have been brought opposite the
points w of said track, the ports of said eyl-
inders x 2 will have passed onto the space on
the end of the conduit-cylinder 13 Dbetween
the pressure and the adjoining exhaust-port,
and thereby pressure will be entirely shut oit
from theselast-named cylinders, suchshutting
off of the pressure operating gradually as the
piston-balls descend the inclines of the track
to the point w. The above-described move-
ment of the ends of the cylinders indicated
by @« brings the ends of those indicated by
z 2 to positions half-way up the next incline.
Thus it is seen that in all the cylinders of the
head 24 pressure is given to the pistons when
they shall have passed the apex of theintlines
of the track, and said pressure follows the
pistons as they move toward the lowest point
1w of the latter, where the pressure isentirely
cut off, the cyiinder-ports now beginning to
pass over the exhaust-ports and continue to
do so while the pistons move upward on the
following incline. The exhaust is entirely
shut off when the pistons reach the apexes

of the track-inclines, and upon passing said

apexes they begin to take steam again—that
is to say, using the cylinders indicated by x @
at their extremities as an illustration during
the movement of the outer piston-balls 27 of

said two cylinders from the positions inwhich

they are shown in Fig.1 relativeto the apexes
of the border of the track D Iy reason of the
said peculiar arrangement of the pressure
and exhaust conduits terminating in ports
at the outer end of the conduit-cylinder 15,
in connection with the ports 26 of the cylin-
der-head, which communicate with said eyl-
inders. Steam-pressurefollowsthe pistonsin
said eylinders indicated by x 2 until they ar-
rive at the depressed portion w of said track
intermediately between the apexes thereof,
where the pressure is cut off by the move-
ment of the ports 26 from before the press-
ure-conduits 14. Krom said depressed point
1w up to the succeedingapexes of the track the
pistons receive very little pressure; but upon
passing said apexes, as above described, full
pressure is exerted upon them, as described.
The latter describes the operation of each
pair of the eylinders, which are in axial
alienment.

1t will be observed that certain of the pis-
tons—as, for instance, those of the two cylin-
ders indicated by n n at their extremities in
IFig. 1—when brought to suchnearness to the
apexes of the inclines of the track as are the

. outer piston-balls of said last-named ecylin-

ders, at which moment pressure commences,

to enter back of the pistons, the pistons of
other cylinders—as, for instance, those indi-

459,735

of the track D under the highest pressure.
This is so arranged in order that any back-
pressure occasioned by the movement of the
pistons inwardly while moving up the inclines
of the track from the exhaust-point may be
overcome to a high degree and the regular
and forcible movement of the cylinder-head
be not sensibly retarded thereby.

In the operation of the piston-balls, as
above described, in connection with the eyl-
inders and the portions of the inclines of the
traclkk D against which the outer piston-balls
have a bearing force while acting under
pressure, said balls, when so bearing against
the track, convert each cylinder in which
they so act, so to speak, into a crank-arm;the
force of the pistons thus being exerted near
to the extremities of the cylinders or said
arm, whereby the power is applied with the
most advantageous effect for the rotation of
the driving-shaft 28, to which the cylinder-
head is attached.

What I claim as my invention is—

1. Inasteam-engine, a frame, substantially
as described, a cylinder - head containing
several cylinders radiating from a common
center and having steam-passages, one for
each cylinder, leading from their bases and
terminating in ports on the side of said head,

a driving-shaft fixed to said head and extend-

ing through a hub on said frame, a pressure
and an exhaust chamber in said hub, steam-
passages leading from said chambers and ter-
minating in ports opposite and communicat-
ing with said eylinder-ports, inlet and outlet
openings communicating with said chambers,
a piston-track having a border of sinuous
form supported opposite the ends of said ecyl-
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inders, which track may be turned in its sap-

port to shange the positions of the projections
on its sinuous border relative to the ports of
said steam-passages, and pistons for said cyl-
inders having an engagement against said
sinuous track, combined and operating sub-
stantially as set forth.

9. In a steam-engine, a frame, substantially
as deseribed, having a cylindrical chamber

therein to receive a rotating cylinder-head

and having a hub extending from one side of
sald frame, having therein a pressure and an
exhaust chamber, and steam-passages leading
from said last-named chambers to the inner
side of said frame and terminating in press-
ure and exhaust ports thereon, a cylinder-
head having a port-face on one side thereof
and having several ¢ylinders radiating from
a common center, each of which has a steam-
passage extending from its base and termi-
nating in an open port on said port-face, the
several cylinder-ports having alternating
communication with sald pressure and ex-

haust ports, a driving-shaft fixed to and sup-

porting said head to rotate in said cylinder-
chamber and extending through said hub, a
piston-track having a border of sinuous form
supported in said cylinder-head chamber,and

cated by @ 2—are working against the incline { pistons for said cylinders having an engage-
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ment against said track-border, combined and | of steam-passages extending from saiq last-
| named chamber and terminating in said ¢yl-

operating substantially as set forth.

3. In a steam-engine, a frame, substantially
as described, having a cylindrical ehamber
therein to receive a rotating cylinder-head,a
piston-track of sinuous form supported in
sald chamber, a cylinder-head having a port-
face on one side thereof and having several
cylinders radiating from a common center,

~each of which has a steam-passage extending

from 1ts base and terminating in an open
port on said port-face, and a piston for each
of said cylinders, consisting of several spheres
which have a united reciprocating movement
1n said cylinders due-to steam-pressure and
to the presence of said sinuous track, the
outer of said spheres having a rolling engage-
ment with said track and the inneronethere-
of constituting a rolling abutment for said
outer sphere, combined and operating sub-
stantially as set forth.

4. In a steam-engine, a frame, substantially
as described, having a cylindrical chamber
therein to receive a rotating cylinder-head
and having a hub extending from one side of
sald frame outwardly, having therein a press-
ure and an exhaust chamber, afeed and an ex-
haust pipe connected tosaid hub,and a series

inder-head chamber in a circle around the
axis of said hub, combined with & cylinder-
head having on one side a port-face and con-
taining several cylinders radiating from a
common center, steam-passages extending
from the bases of said eylinders and termi-

' nating in ports on said port-face in circular

arrangement around the axis of said head, a
shaft extending through said hub, to theinner
end of which is fixed said cylinder-head, and
pistons for said eylinders, substantially as
set forth, |

5. The combination, with the rotating eyl-
inder-head of a steam-engine having steam-
port passages entering the bases of the cyl-
inders thereof, of a sinuous piston - track

supported opposite the open ends of said cyl-

inders, and one or more spheres in each of
¢aid eylinders constituting pistons therefor,

- against which steam-pressure acts to force

them against the border of said track, sub-
stantially as set forth.
| - ELIJAH B. BENHAM.
Witnesses: o
H. A. CHAPIN,
G. M. CHAMBERLAIN.
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