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To all whom it may concern:

Be it known that I, CHARLES W. COOPER,
of the city and eounty of New York, in the
State of New York, have invented a new and
useful Improvement in Valve Mechanism for
Direct-A.cting Engines, of which the following
is a specification.

My invention is applicable to direct-acting
engines, whether operated by steam, water, or
other fluid, and whether employed for oper-
ating pumps or other machinery or for water-
meters.

The invention relates to an improved valve
mechanism comprising induction and eduction
valves,and which serves to control the inlet of

motive fluid to operate upon either side of the-

piston of a double-acting engine and the escape
of motive fluid from either side of such piston,
and it is perfectly obvious that in the combi-
nation to which my invention relates two sin-
gle-acting eylinders and pistions would con-
stitute the full equivalent of a single double-
acting cylinder and piston.

My invention consists in a novel combina-
tion of parts, which includes the following ele-
ments:

First. An induction-chamber for the fluid
operating the machine, which chamber con-
tains valves that open outwardly relatively to
the main eylinder,and which close alternately
two openings leading to opposite ends of the
cylinder, the valves being so connected that
the closing of one insures the opening of the
other, and the valves being arranged to open
in a direction outward, or away from the main
cylinder. :

Second. Two eduction-valve chambers com-
municating with the main cylirider and con-
taining valves that open inward relatively to
the cylinder,and which are connected, so that
the closing of one insures the opening of the
other.

Third. Two intermediate passages,one lead-
ing from each opening of the induction-cham-
ber to the eduction-valve chamber and the
corresponding end of the main cylinder.

Fourth, Small pistons, which are connected
with the eduction-valves, and which move in
holes or small eylinders in the partitions be-

j tween the intermediate passages and eduction-

valve chambers. The eduction-valve cham-
bers are practically extensions of the main-cyl-
inder chambers. In some cases these valves
may be immediately in those chambers.

Fifth. Connectionsthrough which the main
piston, as it nears the end of its stroke, acts
to start one of the induction-valves from its
seat, whereupon the further opening move-
ment of that valve and the closing movement
of the other induction-valve is completed by
the force of the current of motive fluid passing
from the induction-chamber to one or other of
the intermediate chambers or passages.

The accompanying drawing represents a
longitudinal section of a double-acting engine
embodying my invention.

Cdesignates the main eylinder, within which
is arranged a reciprocating piston, D, and the
portions of the cylinder on opposite sides of
the piston I have represented by the letters
CC. '

H* designates an induction-pipe, through
whice-steam, water, or other motive fluid un-
der pressure enters the induction-chamber H’.
From the induction-chamber H’ valve-open-
ings d d’ lead, respectively, to the chambers
C C at opposite sides of the main piston D.

In this example of the invention the course
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of motive fluid flowing from the valve-seat d .

or & is first through an intermediate echamber
or passage, ¢ or ¢, thence through a bore or
small eylinder, b or ¥’,and throungh an eduction-
chamber, ¢ or ¢, to the chamber C' or C*at
the corresponding end of the main ecylinder
C. Intheeduction-chambers ¢ ¢ are eduction-
valves B I, which are connected together,or
which press upon each other, so that the clos-
ing of one produces the opening of the other.
These valves E E close upon seats 54, and con-
trol the exhaust of motive fluid from the edue-
tion-chambers ¢ ¢ to the exhaust opening or
outlet 5.
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The eduction-valves E. E open in a direc-

tion toward or inward relatively to the cham-
bers ¢/ C* at opposite ends of the main eylin-
der. Connected with the eduction-valves B

' are small pistons ¢4, which fit the bores or
small cylinders b ¢/, and are capable of mov-
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ing entirely out of these bores or cylinders, so
as to afford communication at proper times
between the intermediate passages, e ¢, and

- the eduction-valve chambers ¢ ¢, and thence
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to the chambers ¢’ ¢ at opposite ends of the
main cylinder C.

‘Within the induction - chamber H' are ar-
ranged induction - valves I ', which close, re-
spectively, on the seats @ &’ and open in a.di-
rection away from the intermediate passages,
¢ ¢, and main cylinder C—that is tosay, these
valves, which are connected together so that
the opening of one insures the closing of the
other, have a movement in opening opposite
to the directionin which the motive fluid flows
through their respective valve-seatsd d'. The
twoinduction-valves may be madein one piece,
orinseparate piecesso connected that when one
valve is closed the other is held open. The
two eduction-valves E E and their pistons < ¢
may berigidly connected together, or they may
be made in one piece, or may be composed of

.separate pieces arranged to press one upon
another, so that they may move simultane-
ously inopening and closing. 'When the valve

-7 is closed upon its seat @', the valve ! is full
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open, so as to afford free passage for motive
fluid from the induction-chamber H’ through
the intermediate passage, ¢, bore or small cyl-
inder b, and eduction-passage ¢ to the chamber
(¢’ at the left hand of the piston D. When
the valve 7 is closed upon its seat, the motive
fluid has free passage through the valve-seat
d', and through the corresponding parts, ¢' o’
¢, to the chamber C* at the right-hand end of
the main eylinder D. 'When the valve B is
closed, the valve K’ is held open and the pis-
ton ¢ is moved out of its eylinder or bore b, so
as to afford free passage for motive fluid from
the chamber or passage ¢ through the bore or
small c¢ylinder b and eduction-chamber ¢, and
at the same time the small piston ¢’ closes the
bore or small eylinder &'. )

J J’" are rocker-arms,which are arranged in
the intermediate chambers or passages, e ¢,
and upon which the main piston D acts as it
nears the end of its movement through small
plungers or tappets & #'. The movement of
the rocker-arms J J’ acts through tappets or
push-rods f f’ to start the valve lor 7 from its
seat d or d. The small plungers & ' may be
construeted with passages 7* through them, as
shown in the drawing, and when these plun-
gers project fully into the cylinder C the pas-

sages I’ through them are opened and afford |

communication between the intermediate pas-
sages, ¢ or ¢, andthe cylinder C. When said
plunger 2 or i’ is driven by the piston into.

. the intermediate passage, eor ¢, the passage
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I through it is closed.

- The objeet now being to cause the piston D
to move backward and forward for the pur-
pose of transmitting motion to any machinery
or to enable it to serve as a water-meter, the
operation of the machine is as follows: Motive
fluid under pressure is supposed to be enter-

ing through the pipe H® into the induectiori-
c¢hamber H', and in the position of parts shown
this fluid is passing through the valve-seat d,
the intermediate passage, e, piston-hole b, and
eduction-valve chamber ¢, to the left - hand
chamber, €', of the eylinder C, and is causing
the piston D to move toward the right.. At
the same time the fluid is discharged or ex-
hausted from the chamber C* at the right-hand
side of the piston D, through the eduction-
chamber ¢ and valve E to the final exhaust
j. The piston D will continue to move to-
ward the right until it strikes the tappet 2/,
and will then act through it and through the
rocker-arm J’ and tappet f* to press the valve
¥ from its seat d toward the seat d, and will
thereby partially close the valve [ upon its
seatd. The pressure meanwhile will continue
upon the piston D, still causing it to move to
the right; but when the valve ! is moved near
enough to the seat d the current of inflowing
fluid from the pipe H* will complete the move-

‘ment of the valves 77, carrying them away
from the tappet f and closing the valvel upon’

the seat d. The tappet or plunger A’ will
meanwhile be pushed so far into the passage
¢ that communication will be closed between
it and the eylinder C, and the fluid-pressure
from the induction-chamber H’ then being in
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the passage ¢ will act upon the piston ¢ and -

cause it to move toward the left and force the
valve B toward its seat j/ and the valve I
from its seat . The discharging fluid will then
complete the movement of the valve E and
close it upon its seat j/, and thus complete the
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opening of the valve E and the closing of the

bore or small cylinder b by the piston 4, and
the piston ¢ will by this movement be forced
entirely oiit of its cylinder o', and will afford
free communication through said bore or eyl-
inderbetween the intermediate passage, ¢, and
the chamber C? at the right-hand side of the
piston D. Communication for the inflowing
motive fluid will therefore be established from
the induction-chamber H’, through the valve-
seat &, intermediate passage, ¢, piston-bore
or small cylinder ¥, and eduetion-valve cham-
ber ¢ into the chamber CF at the right-hand
side of the piston D, and the movement of the
piston toward the left will thereupon take
place and the reverse action to that just de-
seribed will then ensue, the exhaust or dis-
charge of the motive fluid from the left-hand
side of the piston D being through the valve E.

‘What I claim as my invention, and desire to
secure by Letters Patent, is—

The combination, with the main cylinder

"and piston of a double-acting engine, of an
“induetion - chamber, intermediate chambers
' between the ends of the cylinder and the in-

duction-chamber, and eduction-chambers com-
muniecating with the ends of the cylinder, in-

"duction-valves opening outward from the in-
"termediate chambers, and connected together,

so that the opening of one produces a closing
movement of the other, eduction-valves open-
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ing inward relatively to the eduction-cham-
bers, and connected so that the closing of one
ingures the opening of the other, and pistons
connected with the eduction-valves and work-
ing within bores or small cylinders in the par-
titions between the intermediate chambers
and the eduection-chambers, and connections
through which the main piston, as it nears the

end of its stroke, acts to start one of the in-
duction-valves from its seaf, all organized for 10
operation, substantially as herein deseribed.

CHAS. W. COOPER.

‘Witnesses:
C. HaLL,
FrEDK., HAYNES. ,




