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UNITED STATES

PATENT OFFICE.

GEORGE ARNOLD, OF CLEVELAND, OHIO, ASSIGNOR OF ONE-HALF TO
FREDERICK ARNOLD, OF SAME PLACE.

EXPANSION-ENGINE.

- SPECIFICATION forming part of Letters Patent No. 665,592, dated January 8, 1901.
Application filed December 28, 1899, Serial No. 741,866, (No model.>

To all whom it Mmay concerw: | .
Be it known thatl, GEORGE ARNOLD, a resi-
dent of Cleveland, county of Cuyahoga, and

State of Ohio, have invented certain new and

useful Improvements in Expansion-Engines;
and I do hereby declare the following to be a
full, clear, and exact description of the in-
vention, such as will enable others skilled in
the art to which it pertains to make and use
the same. | |

My invention relates to improvements 1n
expansion-engines operated by any expansive
fluid ander pressure.

The primary object of this invention is to
construet an engine more especially designed
for light work and comprising a primary eyl-
inder, a secondary cylinder, and an uninter-
rupted passage-way from the exhaust-outlet
of the primary cylinder to the fluid-pressure-
receiving inlet of the secondary cylinder.

With this object in view and to the end of
providing a construction that is simple, sym-
metrical, and convenient the invention con-
sists in certain features of construction and
combinations of parts hereinafter described,
and pointed out in the claims. |

In the accompanying drawings, Figures I,
II, and III are elevations, mostly in central
section, of an engine embodying my inven-
tion.

Referring to the drawings, a, b, and ¢ des-
ignate different cylinders, respectively, and
the three cylinders are arranged at equal in-

tervals circumferentially of and radially to

the engine-shaft e. Kach cylinder 18 pro-
vided with a trunk-piston 7, that is arranged
to operate within the cylinder. The three
cylinders are integral with the crank-case d,
that contains the crank-bearing portion of the
engine-shaft and within which the crank e’ of
the said shaft operates.

In the engine illustrated the outer end of
each cylinder is the fluid-pressure-receiving
end of the cylinder and is provided with a

pressure-receiving port g, at which the finid
under pressure employed in the operation of
the piston within the said eylinder enters the
cylinder.

The eylinder ¢ is the primary cylinder of
the engine, and is consequently provided at
its fluid-pressure-receiving end with a valve- |

casing A, that is provided with a fluid-pres-
sure inlet 7/, that contains a rotary valve £?
operatively connected with the engine-shatt
in any approved manner and adapted to con-
trol the supply of fluid-pressure to the port g
of the said cylinder. The pistons of the cyl-
inders are connected by means of pitmen %
with the wrist of the crank of the engine-
shaft. Each pitman, at its crank-connecting
end, partially embraces the wrist of the crank;
and a ring or collar m, that embraces lugs or
flanges ', formed upon the crank-connecting
ends of the pitmen in the usual manner, posi-
tively holds the pitinen in connection with
the erank. However, by the arrangement of
the several cylinders in the manner herein-
before described the pitmen, partially em-
bracing the wrist of the shaft’s erank, would
in any event be held to the wrist during the
operation of the engine. .

Each eylinder is provided with a hollow ex-
haust-belt [, that surrounds the ¢ylinder cen-
trally or about midway between the ends of
the cylinder, and the wall between the said
chamber and the chamber of the eylinder 18
slotted laterally, as at [', so as toconnect the
belt’s chamber with the chamber of the eyl-
inder. |

The chamber of the exhaust-belt of the pri-
mary cylinder is connected by a passage-way
o with the pressure-receiving port of the sec-
ondary cylinder b, and the exhaust-belt of

the eylinder b is connected by a passage-way

r with the pressure-receiving port of the re-
maining cylinder ¢, and the exhaust-belt of
the latterisin open relation with the exhaust-
pipe . The secondary cylinder b is there-
fore an intermediate cylinder in the engine
illustrated. | |

The arrangement of parts is such that the

piston of each cylinder preparatory to its

propulsion by fluid-pressure admitted to the
said cylinder shall be at the starting-point
and have its trunk covering the exhaust port
or ports of the cylinder. The arrangement
of parts is such, furthermore, as shown in
Fig. 1, that when the piston of the primary
cylinder ¢ is at the beginning of its starting-
point the piston of.the cylinder b shall have
just closed the exhaust-outlev of the said eyl-
inder b, the piston of the remaining cylinder
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shall be ready to uncover the exhaust-outlet
of the cyvlinder ¢, and the valve of the valve-
casing of the primary eylinder shall be open.

The operation of the engine is as follows:

When the piston of the primary cylinder «
1s at its starting-point, fluid under pressure

is admitted to the said cylinder, so as to pro-

pel the piston of the said c¢ylinder. When
the piston of the primary cylinder has moved

far enough to be ready to uncover the.ex-.

haust-outlet of the said eylinder, as shown
in Fig. II, the valve will be closed, the pis-

ton of the intermediate eylinder b will have

returned to its starting position, and the

piston of the eylinder ¢ will have uncovered
and again covered the exhaust-outlet of the

said cylinder ¢. During the time that the

piston of the primary eylinder uncovers the

exhanst-outlet of the said cylinder-and .again

returns and covers the said outlet the pis-.
ton of the eylinder ¢ has returned toits start-
ing position, as shown in Fig. III, and the
valve is still closed, and the piston of the

intermediate cylinder b is ready to uncover
the exhaust-outlet of the said ecylinder 0.

"Hence it will be observed that at all times
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- obtains at all times during the operation-of |
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during the rotation of the engine-shaft at

least one of the pistons 1s under pressure..

The fluid under pressure admitted to the
cylinders b and ¢ works only expansively in
the said cylinders.

The intermediate cylinder 6 and the lat-

ter’s piston are as much larger diametrically
or in transverse area than the primary cylin-

der and the latter’s piston as 1s required to

render the work capable of being done by:the
eylinder b equal, or approximately-equal, to
the work done by :the primary ¢ylinder,-and
similarly the e¢ylinder ¢ and the latter’s pis-
ton are as much larger diametrically or in:
transverse area as the intermediate cylinder.
band the latfer’s piston asis required to ren-
~der the said cylinder ¢ capable of doing as

much, or appr oximately as much, work-as the
eylmdel b, and hence a umfmm Or approxi-
mately aniform torque on the engine-shaft

the engine.
The essentml and char actenstle feature of

theengine hereinbefore described is themain-
tenance atall times of ‘an uninterrupted com-
munication between the exhaust-belt of the

primary cylinder and ‘the fluid-pressure-re-

ceiving port of a secondary cylinder, and only
the primary cylinder is provided with valve -

mechanism.
The passage-way o leading from the ex-

haust-outlet of the primary-cylinder a to the
inlet of the cylinder 6is:formed in:the-shell

or casing of the crank-case and the said cylin-

the engine-shatt, and hence the central por-

tion of the said passage-way o that is formed
within thesaid portion of the ecrank-case is-ar-
ranged concentrically-of the engine-shatt,and
opposite end portions of the passage-way oare

The shell of the crank-case between the
said cylinders is arranged concentrically of

665,593

formed upon the different cylinders ¢ and b,

respectively. Similarly the passage-way 7
leading from the exhaust-outlet of the cylin-

der b to the inlet of the eylinder ¢ is formed

in the shell orcasing of the crank-case and the
sald cylinders and has its central portion ar-
ranged concentrically of the engine-shaft be-
tween the said cylinders b and ¢, and opposite
end portions of the passage-way 7 are formed

upon the different eylinders b and ¢, respec-

tively.. Thecylinders,the crank-case, and the
walls of the passage-ways o and r are formed,

therefore, in one and the same casting, and

thearrangementand construction of the parts

hereinbefore deseribed are meritorious on ac-

count of their mmphuty, symmetry, durabil-
ity, and convenience.
By my improved construction, hereinbefore

.described, 1t will be observed that in my im-
proved engine the piston of each cylinder con-
trols only the exhaust-port of the said. eylin-
der and does not control the pressure-receiv-
ing inlet of the cylinder and that the engine
can, in fact, be operated without-any. admlb-
-sion-valve.

It will :be observed ‘that in wmy
engine the arrangement of the parts is such

thatthe path-of the fluid under pressure from

the pressure-receiving inlet.of the primary or
first eylinder a to the exhaust-port of the third

eylinder ¢ is substantially straight—that is,
there is no diversion of the said fluid between
the-said inlet and the said exhaunst-port, and

consequently the Joss of power 1s:reduced to

a - minimum.

What 1 claim is— |
1. In -an expansion-engine, :the combina-

der and operatively-connected with-the-shaft,

-and :means for eontrolling the supply of fiuid-
‘pressure to'the said cylinder, of a:secondary
cylinder having.a fluid-pressure inlet and an

exhaust-port a suitable distance from the said

inlet between:theinletand the aforesaid shatt,
atrunk-pistonarranged withinthe secondary
cylinder-and operatively connected with the
shafy, and -an uninterrupted passage-way be-

tween the exhaust-port of the primary:ceylin-

-der-and the-inlet of :the secondary eylinder,
and the aforesaid cylinders being -arranged
radially about the shaft and the arrangement
of ‘the parts being furthermore such that the
piston of each eylinder shall.control only the

exhaust-port of the said cylinder and -not.the

pressure-inlet -of -the ¢ylinder, substantially
as-shown, for the purpose specified.

2. Anexpansion-engine, comprising the en-
oine-shaft, three cylmderb arranged the one
between the others and provided: each with &

fluaid-pressure inlet and an.exhaust-port ar-

ranged a suitable distanece from the inlet and

_between the inletand the shatt, trunk-pistons
arranged to operate within the-cylinders and
| operatively connected -with the -shaft, a pas-
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‘tion, with the engine-shaft, a primary cylin-
der having a filuid-pressure inlet and an ex-
‘haust-port arranged a-suitable distance from
the said-inlet:between the inlet-and the shaft,
a-trunk-piston arranged withinthe said ¢ylin-
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sage-way connecting the pressure-inlet of the

intermediate cylinder with the exhaust-port

of one of the outer ceylinders, another pas-
sage-way connecting the exhaust-port of the
intermediate cylinder with the pressure-inlet
of the remaining outer cylinder, and the ar-
rangement of the parts being such that, when
the piston ot the first-mentioned outer cylin-
der is at its starting-point and fluid under
pressure is admitted to the said cylinder, the
piston of the intermediate cylinder shall be
returning to its said position and shall have
just covered the exhaust-port of the said cyl-
inder, and the piston of the other outer cyl-
inder shall be ready to uncover the exhaust-
portof thesaid last-mentioned outer eylinder,
substantially as shown, for the purpose speci-
fied.

3. Anexpansion-engine, comprising the fol-
lowing: the engine-shaft, three cylinders, a,
b and ¢, arranged at equal intervals circums-
ferentially of and radially to the shaft and
provided, respectively, with a fluid-pressure
inlet at the outer end and an exhaust-port a
suitable distance from the inlet between the
inlet and the shaft; trunk-pistons arranged
to operate within the cylinders and opera-
tively connected with the shaft; a case inclos-
ing or surrounding the piston-connected por-
tion of the shaft; a passage-way o connecting
the exhaust-port of the cylinder o with the
inlet of the eylinder b and having its central
portion formed in the shaft-surrounding case
and having opposite end portions thereof
formed in or upon the different cylinders @
and b, respectively, and a passage-way 7 con-
necting the exhaust-port of the cylinder b

with the inlet of the eylinder ¢ and having

its eentral portion formed in the aforesaid
case and having opposite end portions thereot
formed upon the different cylinders & and c,
respectively, all arranged and operating sub-
stantially as shown, for the purpose specified.

4. Anexpansion-engine comprising the fol-
lowing: a erank-shaft; a crank-case contain-
ing the erank-bearing portion of the shaft; the
three cylinders, a, b and ¢, arranged at equal
intervals circumferentially of and radially to
the shaft and provided, respectively, with a
fluid-pressure inlet at the outer end, and hav-
ing an exhaust-outlet a snitable distance from
the inlet; trunk-pistons arranged to operate
within the cylinders and operatively connect-
oed with the engine-shaft; the passage-way o
having its central portion connecting the ex-
haust-outlet of the cylinder a with the inlet
of the cylinder b and having its central por-
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tion formed in the crank-case and having op-

posite end portions thereof formed in or upon
the different eylinders o and b, respectively,
and the passage-way r connecting the ex-
haust-outlet of the eylinder b with the inlet of
the cylinder ¢ and having its central portion
formed in the crank-case and having opposite
end portions thereof formed upon the differ-
ent cylinders b and ¢, respectively, all ar-
ranged and operating substantially as shown,
for the purpose specified.
Signed by me at Cleveland,
day of December, 1899. |
GEORGE ARNOLD.
- Witnesses: |
C. H. DORER,
~A. H. PARRATT.
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