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To all whom Tt may concerr:

Be it known that I, CHARLES W. COOPER,
of the city of Brooklyn in the county of Kmﬂ's
and State of New York, have invented a new

and useful Improvemeut in Hydraulic En-
gines, of which the following is a specification.

My invention relates, generally, to double-
acting hydraulic engines, which are operated

by water - pressure to drive pumps or other
machinery, and which severally comprise a
double-acting piston working in a cylinder.
The water-pressure for 0pelat1ng the engine
may be obtained from any natural sonrce—as,
for example, a waterfall—or from any ar bificial
source—as, for instance, that which may be

obtained from any kind ofpump, but ifa pump

1s employed-to produce pressure for operating
the engine a pump having a fly-wheel is pref-
erable.

The i1nvention rel&tes to the construction

and method or means of operaling both the

induction-valves which control the admission

of water under pressure to an engine-cylinder,

and the eduction-valves, which are 1ndepend

‘ent of the induction-valves, and which control

the exhaust or dlscharﬂ*e of water from the

engine- cylmdel after perfmmmﬂ* lts work

therein.

In carrying out my invention I arrange the

eduction-valves so that they close in the same

direction in which water is to pass through

them, and I connect them together so that the
closing of one effects the opening of the other.
I also arrange the induction-valves so that
they close in the same direction in which the
water 1s to pass through them, and also con-
nect them together so that the opening of one
insures the closmg of the other.

The invention consists in the combination,
with the main cylinder and piston of a dou-
ble-acting hydraulic engine and induction-
valves therefor, of eduction-valves independ-
entof the mductlon valves, closing in the same

- directlon in which water is to pass through

45

them, and connected as-hereinafter deseribed,
wheleby the closing of one effects the opemng
of the other, passages through which water

- passes from the induction- valves to the main

cylinder, and auxiliary pistons connected with

the eduction-valvesand operative by the press-
ureof water in said passages toshift the edue-
tion- valves.

o -

The invention also consists in the combina-

tion, with the main cylinder and piston of a

double- acting hydraulic engine and induction-
valves cloqmu in the same d1rec,t10n in which
water 18 to pass through them, and connected
together, as hereinafter deseribed whereby
the 0penmg of one insures the elosmﬂ* of the

other, of passages through which wa,ter passes &

from the induction-valves to the main cylin-
der, the induction-valves when closed being

acted upon by the pressure of watér in said

passages, eduction-valves independent of the

‘induetion-valves, closing in the same direction

in whieh water is to pass through them, and
connected together as hereinafter desellbed

whereby the (,1051110 of one etfects the Opemnﬂ*
of the other, and aumhary pistons connected
with the eduction- valves and operative by the
pressure of the water in said passages to shift
said eduction-valves.

- In the accompanying drawings, I‘1gme 11s
a longitudinal section of a double acting hy-
dlauhc engine embodying my invention. I‘1-:r

218 a Sumh,r section of an engine of modified
form,also embodying the invention. Kig, 31s

a Simllarsectionof an engine of another form,

also embodying the invention. Fig. 4 is a
similar section of another engine,also embody-
ing the invention. Fig. 51is a transverse ver-
tical section on the dotted line z 2, Fig. 4.
Fig. 6 is a longitudinal section of still .:111013]161
form of engine,also embodying the invention;
and Fig. 7is a transverse vertical section of
the engine shown in Fig. 6 upon the dotted
line y .
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In most of the figures of the dl&WlllUS the

engine 1s shown in combmatwn with a pump
which 1s driven by it; but neither the pump
portion of the apparatus nor the combination
of the engine and pump is to be considered as
a part of 1 my invention. -

The invention relates only to the engine or
driving portion of the machine,and bhe pump
merely serves as an illustration of a useful
purpose to which the 1)0wer of the engine
may be applied.

In the several figures of the drawmgs I have
shown only such palts as are necessary to illus-
trate my invention; but have not fully illus-
trated all the details of construction—as, for

instance,the pump- cylinders,valve- ch&mberb
1 &e., and the bolts for securing the Seveml
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parts together; but all such features will be
readily understood by sKkilled mechanies fa-
miliar with hydraulie apparatus.

The engine shown 1n Fig.1includes two sin-
gle-acting engine pistons and cylinders,which
constitutethe piston and cylinderfora double-
acting engine and an intermediate double-act-
Iing pump piston and eylinder for raising a
comparatively large quantity of water to a
height or pressure less than that from which
the engine derives its supply.

A designates the pump-cylinder,which may
be provided with suitable suction and dis-
charge valves. (Nothereshown.) This eylin-
der 1s provided with inlet and outlet ports s,
controlled by such valves. |

B designates the pump-piston which works
I said cylinder, and may be provided with
any suitable packing. 1In this instance the
ends of the cylinder A bhave seeured to them
engine-cylinders C (', which together consti-
tute the cylinder of the double-acting engine
and which are of smaller dianeter, and D IV
designate plungers or pistons attached to or
formed with the piston B, and whieh work in
sald engine-cylinders C (. These pistons or
plungersarehollow,and communicate through
holes @ with the cylinder A on opposite sides
of the piston B, and the passage through them
18 controlled by valves I I¥, which have long
stems b 0’ extending throngh the pistons D D’
and abutting against each other in the piston
B. The said stems do not come in absolute
contact; but they are separated by a flexible
diaphragm, ¢, in the piston B, which prevents
leakage through the piston, and they are of
such length that the valves I& I¥' ¢an never be
both closed at the samne timme. The opening
movements of the valves I8 I¢ are limited by
pins ¢, which enter slots ¢ in the valve rods
or stems b ¥'. |

Upon the backs of the valves I& I are se-
cured auxiliary pistons I' I, which have their
outer ends of reduced diameter, for a purpose
hereinafter described, and which are adapted
to enter cylinders G ' in the ends of the eyl-
inders C C'. These auxiliary pistons should
be about half the area of the pistons D D',

H designates the induction-valve piece,
which, as here shown, consists of a simple

cylinder adapted to close on either of two

seats, d d', in a casing, H’, into which the inlet-
pipe H* enters. The piece H therefore con-
stitutes two valves., Iach seat d ¢ is formed
with sideopenings, 1, and ribs or guides 2, and
at the ends of the casing H’ are chambers e ¢,
into one or the other of which the water passes
when the valve is open, and from which pipes

ff' lead to the ends of the auxiliary cylinders
60 G (.

The chambers ¢ ¢’ and pipes f f’ sim-
ply form passages,through which water passes
from the valve to the engine-cylinders C (.
The valve-piece H always opens outward
relatively to the engine-cylinders—as, for ex-
ample, 1t moves toward the left hand to ad-
m1it water to the right-hand clylinder ', and
vice versa. In starting the engine the valve-

- pass.
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[ piece I may be operated manually by means

of the push-rods s'.  As shown in the draw-
ings, the water enters through the valve-seat
d, chamber ¢, and pipe’f, to the left-hand en-
gine-cylinder C, and forces the pistons D B D
toward the right. The valve Iiis at this time
closed, but the valve If is open, and the water

in the cylinder C' passes through said valve

and the hollow piston D' into the cylinder A
on the right-hand side of the piston B, and
augnments the discharge therefrom. At the
same time the cylinder A, on the left-hand side
of the piston I, is being filled with water by
suetion. This movemeut continues until the
piston I enters the cylinder Gy whereupon
the water 1n that eylinder will be forced back-
ward ‘into the cvlinder €', while the smaller
part of the piston F’is entering and until the
piston comes to so fight a fit that no water can
Then the pressure on the piston D will
be partly balanced by the pressare on the
smaller area of the piston F', and before the
pistous can move farther to the right the press-
ure, acting upon the difference in area bhetween
the pistons D and F', must become great enough
to do the work, because, as the pressure in-
creases 1 the chamber C, 1t must necessarily
become equally high in the pipe /7 and cham-
ber ¢ before the valve-piece H can be forced
from its seat d’ against that pressure. If atly-
wheel pump 1s employed to supply water un-
(ler pressure through the pipe I, the momen-
tum of the fly-wheel of said pump will caunse
the additional pressure to be obtained on the
piston D the mstant there 1s any check to the
carrent supplied through the pipe H? and the
moveient of the pistons toward the right will

~continue until the pressure produced in the

pipe /" and chamber ¢ by the movement of the
small piston I into its cylinder G, acting on
the right-hand end of the induction-valve
piece H, moves it away from the seat ¢’ and
closes it on the seat d. T'he water from the
pipe H* then has free passage through the
chamber ¢ and pipe f’ into the auxiliary cyl-

inder ', and by reason of the momentum of

the y-wheel of the pump which supplies the
water, or of the water itself, the pressure 18 in-
ereased in the eylinder 7 until it is sufficient,
by acting through the valve-stems b 0, to move
the valve E from its seat. The water in the
cylinder C then has a free outlet through the
hollow piston D iuto the cylinder A on the
left-hand side of the piston. Atthesametime
that the pressure on the auxiliary piston I
opens the valve If it will close the valve I¥,
aud if said valve is not entirely closed when

the larger or tightly-fitting part of the piston

IV leaves the cylinder G’ the friction of the
water 1n passing between the eylinder and the
smaller part of the piston will retain a press-
ure behind the piston I sufficient to complete
the closing of the valve ¥,  In point of fact

the valve I would be entirely closed by the
current, even if the piston should entirely
leave the cylinder G’ before its ¢losing move-
ment is completed.

A small quantity of wa-
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ter mlght however, escape through the valve | pistons is somewhat smaller than the area of
K before it is entlr(,ly closed, apnd to prevent |

this loss of power I make the pistons F' F' of
reduced diameter at the ends, so that they

may penetrate the cylinders farther in their

entering movement before confining the water
to reverse the stroke, and as a consequence
will have sufficient movement on the reverse

- stroke to close the valves E I& before leaving

[O
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the cylinders.
the cylinder G, the pressure immediately falls
to that necessaly to movethe engine by acting
on the larger area of the piston I, and the-
pistons D', B,and D are thenall moved toward
the left hand to make the return-stroke.
~Although I have stated that the momentum
of a fly-wheel on the pump which supplies the
water through the pipe H? is depended on to
Increase the pressure antomatically when the
auxiliary pistons F B’ are entering and leav-

ing their sinall eylinders G G/, the same result

mwhb be attained by the momentum of the

xmter in the supply pIpL H?, if the latier be
long enough.

.—_\lthough I have here shown two separate

cylinders, C C', and two pistons, D D', they |

are each Gnly single-acting—one piston, D,

~forcing the pump-piston B toward the 11;:]113

39
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and the other piston, D', forcing it toward the
left—and therefore the 6Wo cvlmders and their
_[)]StOl]S form but one double-acting engine.

In the form of apparatus shown in Fig. 2

the construction and arrangement of the cyl-
inder A and its ports s, the piston B, the eyl--

inders C C' G &, and their pistons D ' F F
are the same as before described, except that
there are no water-passages throuﬂ*h the pis-
tons D D', and the auxiliary pl'%tous F F’ are
formmed on or attached rigidly to them.
auxiliary pistons F' F' need not, however, be
attached to the pistons D D’. They might be
independent of said pistons D D/, but so ar-
ranged thatthe pistons D D’ would abut against
and move them in: terminating their move-
ments. This latter  arrangement might in-
deed be preferable, because the accurate align-
ment of the auxiliary c¢ylinders G G’ with the
cylinders C C" will not be necessary.

The construction and arrangement of the
casing H’, the inductiou-valve piece H, with
its seats d d’, the inlet-pipe H’, the chambers
e ¢, and plpesff are all as before described.
The eduction-valves I E'are arranged in cham-
bers ¢ ¢, which communicate, through open-
ings controlled by the said valves, with ai in-
termedmte chmnbel g%, from which leads a
discharge-pipe, g The valves B E are con-
nected by a rod or stem, b, 80 that the closing
of either valve effects the 0penmw of the other
and the valve-chambers ¢ ¢ are connected hy
pipes & A" with the ends ot the cylinders C C.
Between the chambers e ¢ and the adjacent
chambers, g ¢’y are openings or small cylinders’
a’" o'y in which work auxiliary pistons ¢ 4/, at-

' tdched to or formed with the valves I K, aud
by their movements controlling. the openmg
The area of these |

and closing of said valves.

Assoon as the piston IV leaves

The

the valves. Thisarrangementof the induction
and eduction valves is pm*ticn]m*ly desirable
hecause the chest or easing wherein they are

e

y 79

all arranged may Dbe placed in any suitable °

situation relatively to the engine and pump,
and at a distance therefrom, if desired, and
the pipes f /" 2 IV may be prolonged and con-
nected, as here shown, with the chambers e ¢
g¢. As here shown, the valve H is closed
onto the seat d, and the water is entering
the cylinder C through the pipe f, and fore-
ing the pistons D B D" toward the right, the

water in front of the piston D’ exhaustinn'
through the pipe 7/ a,nd chamber ¢', valve E
(,lmmbel g°, and pipe ¢°. This operation cou-
tinues antil the dumlmry piston F’ enters the
small eylinder G, and thereby increases the
pressure in the pipe /' and chamber ¢ suffi-
ciently to move the valve-piece H from its
seat d'. By the pressure in the pipe [’ and
chamber ¢ the valve-piece H will be moved

75

30

over sufficiently to close the side openings, 1,- go

1n the seat d, and hence the water from the

pipe H* will no longer exert any tendency to
hold said piece H against the seat d. As soon
as this takes place, the chamber ¢ is, through
the chamber ¢, pipe f, eylinder C, and pipe A
In momentary (:ommumcatlon Wlbh the cham-
ber gy and hence the pressure in both the echam-
bers ¢ and g is balanced; but as the area of the
valve K 1s larger than that of the piston 7,

sald valve remains seated. As soon, how-

ever, as the valve-piece H, by the combmed
action of the pressure 1in the passage ¢ and
from the inlet-pipe H? is forced onto its seat
d, the pressure accumulates Or inc¢reases in
the ehamber ¢ until 113 18 suificient, aeting on
the auxiliary piston 4, to open the valve 1)
and close the valve B. The piston D is there-
upon relieved of pressure, and the increased
pressure in the cylinder G’ forces the piston
I, together with the pistons D’ B D, toward
t:he left. As s00n as the piston I leaves the
cylinder G/, the pressure of water falls, and,

acting on the whole area of the plston D’
m.dkt‘b the return-stroke of the several plthHS
D'B D. In this example of my invention,

also, the two single-acting eylinders and pIS-

'tOI]b CC DI C{JUbtltﬂte a single double-act-

ing engine.

~in Fig. 3 1 have
ing engine which may be employed for work-
Ing pumps or for other kinds of work. In
this case O designates the engine-cylinderand
D the piston thereof, which transmits power
through its rod D"

The arrangement of the induction-valve
piece H, its chest or casing H', provided with
seats d d and inlet-pipe H* is the same as
previously desceribed, and from the casing the
water passes through either seat and into the
passage or chamber ¢ or ¢ Opposite the ends
of the induction-valveare arranged rods 72 f?,
which are each adapted to sllde in a bearing,
/%, and are moved away from the valve by
springs f°, arranged between the bea,rmn* and
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represented a double-act-
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a collar, /% on each rod. Said rods are con-
nected with the upper ends of levers or piv-
oted rocker-arms J J’, which are fulerumed
at g%, and the lower ends of which are acted
upon by push pinsor plnnfrers I P extending
from the chambers ¢ ¢’ through the heads of
the cylinder ¢, and against which the piston
D may strike. Each'pin or plunger hasahole,
/', throngh it, and when in the position shown,

where they are normally maintained by the
springs f°, or into which position they are
io:ced by the pressure 1n the chambers ¢ ¢,

these holes affmd communication between the

chambers ¢ ¢ and the cylinder C. The educ-

tion-valves E E' are connected together or
push against one another, and are mlalwedlu
clmmbels g ¢',which comm unicate with an in-
termediate Ch‘ll}ll)el‘, g, from which leads the
outlet-pipe ¢°. With the eduction-valves are
connected auxiliary pistons ¢ ¢/, which work
in eylinders @’ &*, and these eylinders are con-
structed withsideopenings,1,and intermediate
guldes, 2, so that when the auxiliary piston is
moved 1nto the position of the piston ¢ the wa-
ter can pass treely from the chamber ¢ into
the chamber ¢, and thence to the evlinder C
on the lett side of the piston D. When the
parts are in the position shown,water can pass
freely irom the inlet-pipe H?into the chamber
¢, and thence through the auxiliary cylinder
¢ 1nto the cylinder C,to force the piston D to-
ward the right, the valve I being at the same
time open, so that the water can exhaust from
the right-hand side of the piston D, through
the valve L" and out of the dlsgharﬂe or ex-
haust pipeg’. This operation c(mmmes until
the piston D strikes the plunger 4’, and when
1t does this,the plunger, is moved to cover its
port ' and cut off communication between the
chamber ¢ and cylinder C, and by its move-
ment it acts on the rocker arm or lever J’,
and pushing in the rod /” against the indnuec-
tion-valve piece H, moves the sald valve-piece

away from its seat '@ and allows water fo en-

4
. L]

ter the chamber ¢. The movement of the
plunger /»’ into the passage or chamber ¢’ in-
creases by the amount of its bulk the pressure
therein, and the increased pressare thus pro-
duced will suffice to start the valve-piece H
from its seat d', and the rocker-arm J’ and
rod f* are only to be employed, if desirable, to
insure such starting movement of the valve-
piece from its seat d. As soon as the valve-
picce I is thus moved over sufficiently to re-
strict the flow through the seat ¢ and slightly
open the seat d, the increased resistance of-
fered to the downw ard movement of the w:

terin the pipe H* by such restricted flow will
ause the water by its momentum to increase

the pressurein the passage or chamber ¢, and

such increased pressure will complete the
movementof the valve- plece H, and, by acting
on the auxiliary piston 7/, will close the valve
' and open the valve .. During the pas-
sage of the valve-piece H from one seat to
the other the waler-pressure per square inch
on the.closed eduction-valve E and on the

343,569

' right-hand side of the auxiliary piston ¢ is
equal, and because of the greater area of the

valve I& 1t 1s still held to its seat until the
valve-piece H completes its movement.
there were now a very slight leak from the
left-hand end of the eylinder C past the pis-

ton D, the pressure on the valve E would be

relieved, as there is no water entering on that
side, and the pressure on the auxiliary piston
¢ would at once move it and effect the closing

of the eduction-valve E’ and the opening of

the opposite valve, H, without further increase
of pressure. If such a leakage isdeemed de-
sirable, 1t may be provided for by groovmg
the eylinder C, as shown dotted at . If,
on the contrary, the piston D is absolutely
tizht, the pressure on the auxiliary piston ¢
will 1mmediately ipncrease by reason of the

momentum of thecolumn of water inthe pipe

I1?, which, after the valve-piece H is closed on

the seat d, has no outlet until the piston ¢

moves, or by reason of the momentum of a
fly-wheel on a pump which supplies water
through the pipe % andsuch increased press-
ure on the piston ¢ will overcome the pressure
on the valve If and open the latter, and at the
same time close the valve E'. A free exhaust
18 thus provided from the left-hand end of the
cylinder C, and the water from the chamber

or passage ¢ entering the right-hand end of

thecylinder C, through the auxiliary cylinder
o into the cylinder & will effect the return-
stroke of the piston D.

I have here shown the valve-seats for the
vaives Ii I’ as formed in casings or eylinders

j* j, which are but slightly larger than the

valves,and at ashort distancebeyond thevalve-
scats are formed with openings 1, like those
before deseribed. This is advantageous, be-
cause when one of the auxiliary pistons—the
piston 7/, for example—has moved sufficiently
to enable it to open the passage into the cyi-
inder C the valve K’ will have nearly covered
the openings 1 in itsseat, and will have nearly
stopped the flow of water, although it can still
move far enough before it finally seats to al-

low a large water- -passage through bhe auxil-

1ary cyhnder «’ and past the plStOll v, to admit
water to act on the piston D.

In Figs. 4 and 5 1 have represented a very
stmple fm mof hydraulic engine, which is pro-
vided with a fly-wheel, and may be employed
for any kind of wor L. The valves of thisen-
gine are automatically shifted by the mo-
I’I]GIIELII’II of the fly-wheel without the necessity
of any mechanical wnnectmn between 1t and
the valves.

C designates the cylinder,and D the pistor,
of a double acting hydraulic engine, the pis-
ton-rod D? belng connected by a cross-head,
D% and connecting-rod D', with a crank, D"
on a shaft, DS, said shaft bemg also pr ovided
with a fly- wheel D

The 1induction-valve piece H, hke those be-
fore described, is adapted to move between
the seats d d, to control the passage of ma,tel

| from the inlet- -pipe H® to the chamber e or ¢,
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which are in direct communication with the | apertures 7* through them, as have the plun-

ends of the cylinder C. -

- Near the ends of the cylinder C are dis-
~charge-ports %* %’, which communicate with
- chambers ¢ ¢, wherein are eduction-valves E
E', which control the passage of water to the
intermediate chamber, ¢ and thence to the
outlet-pipe, ¢°. The valves E E are connect-
ed so that when one isopen the other is closed,
and with them are connected auxiliary pistons
¢ ¢, preferably of smaller area than the valves
working in auxiliary cylinders ¢ «?, to which

ports o o' lead from the ends of the cylinder

C. The ports k* &* are arranged at such a dis-
tance from the ends of the cylinder that the
piston D will cover them as it terminates its
stroke; but the ports o o’ are arranged nearer
the ends of thecylinder,and are never covered
- by the piston.

In the drawings the valve-piece H is moved
away from the seat d, and water passes freely
from the pipe H’into chamber ¢, and thence to
the cylinder C,forcing the piston D toward the
right. During this time the eduction-valve
L' is open, and water can escape freely from
the right-hand side of the piston D. As soon
as the piston D in its movement passes the
port £°,the exbaust is cut off, and the pressure
of the water on the right of the piston is in-
 creased instantly by the further movement of
the piston, induced by the fly-wheel in com-
pleting the revolution of the crank D’ and acts
on the right-hand end of the valve-piece H,
and on the auxiliary piston ¢. The valve-
plece H, having equalareaateach end,ismoved
first, and is thrown over onto the seat d,open-
Ing the water-supply to the passage ¢ and
right-hand side of the piston D. Theauxiliary
piston ¢ is also moved to close the valve E’
and open the valve E, and the slight move-
ment of the piston D toward the right after
the valve-piece H is closed against the seat d,
produces a sudden decrease of pressure on the
valve K, which will allow of its opening in-
stantly. | | |

T'his engine should be provided with an air-
chamber, H*, connected with the pipe H? as
close as possible to the cylinder C, as shown
‘1n Fig. 5, and then the excess of water dis-
placed by the piston D after the port %3 is
covered, and beyond what is requiredto move
the valve-piece H will be driven back for the
moment into the air-chamber before men-
tioned. o |

The fly-wheel of this engine may be made
to turn in either direction. It will only be
necessary to turm the wheel manually for half

a turn 1n the direction desired, and it will

then continue to rotate in that direction.

The engine shown in Figs. 6 and 7 is like !

that shown in Fig. 3, except that instead of

the rods f* f* the levers J J" and the plun- |

gers I I, for shifting the valve-piece H, I em-
ploy pistons K K',working in cylinders I* P,
which communicate with the water passages
or chambers e ¢/, and are pushed toward the

| gers A° 1) so as to permit.the escape of water

from the passage e ¢ when the auxiliary pis-
tons ¢ ¢"are movedinto their eylinders. When
the piston D in its movement toward the
right strikes the piston K/, it will move the

latter,and cause an increase of pressure in the
water chamber or passage ¢’ sufficient to start

the induction-valve piece H in its movement
toward the seat d'. | -

In all the examples of my invention above
described I have shown, with slight differ-
ences in form, buf one kind of induction and

eduction valves; but obviously valves of other

forms may be used,provided they are adapted
to operate substantially as herein described.
I have described but one induction-valve
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piece for each engine; but this valve-piece is 85

always used in connection with two seats,and
18 practically two valves, and always opens in
an outward direction from the engine cylin-
der or cylinders. Iftwo separate induction-

valves connected by a beam or lever or by a go

rod were used, they would operate similarly
to the single valve-piece H, and would be the
equivalent thereof.

"The combination of the induction - valve

plece H with the casings containing the seats g5

d d’y and each comprising a cylindric portion
close to the seat and openings 1 beyond or in-
ward of said cylindrie portion, is very desi-
rable, because by the time the valve in mov-
ing begins to uncover the openings 1 adjacent
to one seat 1t has nearly covered the openings
adjacent to the other seat, and has nearly shut
off the supplyof water through the last-named
seat, although 1t still has a considerable move-
ment before finally seating. By this means I
am better enabled to utilize the pressure of
water dirvectly from the supply-pipe for com-
pleting the movement of the induction-valve
piece after its initial movement. __
I do not limit myself to the construction of

‘the valve-seats d d’ above described, as the

same result might be attained by employing
valves and valve-seats of other constructions.
The eduction-valves are always connected
or 80 constructed that the closing of one effects
the opening of the other, and they will always
open Inward relatively to the ends of the cyl-
inder which they control.
- By way of recapitulation, and to better ex-
plain the prineiples that govern the changing
of the induction-valve piece H, I will state that
it 1s changed by the greater pressurein the pas-
sage ¢ or ¢ than in the other, and that this
greater pressureisproduced atthepropertimes
1n this wise: The water passing, for example,
through the seat d and passage e, acts upon the
left-hand side of the piston D, and when it
drives this piston so far to the right that the
piston I’ penetrates the cylinder G’ in Figs. 1
and 2, or that the plunger /i’ is driven into the
chamber ¢ in Fig. 3, or the plunger K’ into

the cylinder & in Fig. 6, the water in the pas-

sage ¢ becomes confined and shut off from the
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cylinder C by springs m*. These pistonshave | right-hand chamber C, and consequently from
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communication through it with the exhaust
through the valve I, thatisthen open. When-
ever the water becomes so confined inthe pas-
sage ¢, it exerts a pressnre upon the smailer
plungeror piston I, IFigs. 1 and 2, and through
1t a backward pressure on the piston D', and
in effect reduces the area of the piston for
driving purposes by an amount equal to the
area of the piston I, Whenever this oceurs,
a momentary slowing of the motion of the pis-
tons in Figs. 1 and 2 takes place, which causes

the pressure on the pipe I* to suddenly in-

crease, first, by the momentum of the sud-
denly- ehecLLd water-column; secondly, by the
reduction in the friction 01 water flowing
through the said pipe, and, thirdly, by the
1110111611111111 of the tly-wheel pmnp if such a
pump 18 used to force water through the pipe
H® This inercase in pressure serves to con-
tinue the motion of the piston, notwithstand-
1ing the reduction in effective area, until the
valve-piece H is driven over onto the seat d
by the water eonfined in the passage ¢

In Figs. 1 and 2 the increased pressure in
is prodaced, first, by the en-

the passage ¢ /7
trance of the auxiliary piston F into the e cyl-
ider 7, and as soon as the valve-piece H is
moved suiiiciently to restrict the flow through
the seat d and slightly open the seat the
iomentum of the water in the pipe H?% due
to 1ts flow through the seat d being restrieted,
will Increasethe pressurein the passage ¢ sufii-
ciently tocomplete the movement of the valve
piece H, and close the valve I and open the
valve L. |

In Fig. 3 the movement of the plunﬂer I

1mto the passage ¢’ will produce an increase of

pressure therein, and after the valve piece H
1Ismoved to restrict the flow of water through
the ceat d the momentum of the water in 111(,
pipe H* will still further inerease the pressure
in the passage ¢/,and close the valve-pieceupon
the seat d.

Praetical experience with one of these en-
gines has shown that water obtained under
pressure directly from city mains will serve
todrive and reverse the engine without the aid
of a fly-wheel pumnp.

InIFig. 4, when the pl%tcm D passes th(, open-
ing &’ and confines the water in the passage ¢/,
the full area of the piston is exposed to the
backward pressare in that passage, and conse-
quently any increase of pressure in the pipe
H* acts equally on both sides of the piston, and
does not serve to move it Lulhm against the
confined water in the passage ¢ to open the

valve-piece H. Thereforea H} -wheel attached
lo the engine so that its momentum acts dl-
rectly upon the piston D through its rod D,
already described, is necessary to continue the
motion of the pislon suiliciently to change the

valve-piece H and reverse the siroke.

In all the engines ib 1s essential that at the

termination of any stroke the passage ¢ or ¢
shall beshut off from communication with the
exlmust end of the engine-cylinder, so that the

vater may be confined in that passage until
the valve-ptece I has been changed to the
other seat, and the combination of tlmse pas-
sages with the mduction and eduction valves
and auxiliary pistons arranged to operate as
above described, I consider to be the impor-
tant features of my invention.

It wiil be observed that in all examples of
my invention which I have shown and de- 75
scribed the eduction-valves are separate from
the induetion-valves.

The example of my presentinvention which
isshown in Ifig. 3, and in which the main pis-
ton as 1t nears the end of its stroke acts
through suitable mechanical connections to
start the induction-valve from its seat, is not
specifically elaimed herein, but forms the Sl]b-
ject of my application for Letters Patent, S
rial No. 201,047, filed May 4, 1886,

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

1. Thecombination, with the main (‘}]ll]d@l“....
and piston of a double-acting hydraulic en-
gine and induction-valves ﬂ"]erefor, of educ-
tion - valves 1ndependent of the induction-
valves, closing 1n the same direction in which
water 18 to pass through them and connected
together, as described, whereby the closing of
one effects the opening of the other, passages gs
through which water passes from lh(,- induc-
tion _mlvcs to the main cylinder, and auxil-
lary pistons connected with the eduction-
‘alves and operative by the pressure of water
in said passages to shift the eduction-valves,
substantially as herein described.

T'he combination, with the main eylinder
and piston of a double-acting hydraulic en-
gine and induetion-valves clo&uw In the same
direction in which water is to pass through
them, and connected together, as described,
whereby the opening of one insares the clos-
ing of the other, of passages through which
water passes from the said induction-valves
to the main cylinder, the induction-valves
wlhen closed being acted upon by the pressure
of water in said passages, eduction-valves in-
dependent of the induction-valves, closing in
the same direction in which water is to pass
through them, and connected together, as de-
seribed, whereby the closing of one effects the
opening of the other, and auxiliary pistons
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~counected with the eduetion-valves and op-

erative by the pressure of water in said pas-
sages to shift said valves, substantially as 120
herein deseribed.

CHAS. W. COOPER.

Witnesses:
JITANDLER HALTL,
FREDEK., HAYNIES.
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