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To a'/ZZ w?wm it ma i conce?ﬂn- |
Be it known that I, CHARLES C. \VORTH-

' INGTON, a citizen of the United States, resid-

ing at Irvmﬂ'ton county of Westehester and

State of New Yor]c haveinvented certain new
and useful Improvements in Steam-Engines,
fully described and represented in the follow-

ing specification and the accompanying draw-

| 11]‘3"‘8 forming a part of the same.
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‘This invention relates especially to that
class of direct-acting engines which are pro-
vided with one or more compensating or aux-
iliary cylinders and pistons-which are sup-

plied with a suitable motor fluid and are ar-
‘ranged to act in opposition to the main pis-

ton or pistons during the first part of the
stroke of the latter and in conjunction there-

with during the last part of the stroke, SO
that the admission of steam to the main cyl- |
inder or ¢ylinders may be cut off before the

stroke is completed without reducing the
power of the engine at the end of the stroke.

Such engines are well known, and d1f[elent-

forms are shown and described in United
States Letters Patent N()b 292,525, 332,857,
341,534,451 148,:;111(14 5,935 heletofore ﬂ'l'ﬂnt—.

ed to me. |
The present mventmn lelates ore pm*tlc,-

ularly, however, to pumping-engines of this
general class in Whldl the compensating cyl-
1151der or cylinders are connected to the force-
main, so that the eompensatmw-cyhndel pres-

~sure is dependent on the force-pressure.
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- certain combinations in engines of that class |
“du plex”

The chief objeét of the invention is to pro-

vide an improved construction of this class,
and especially to provide a simple and effi- |

cient construction by which the desired ac-

tion of the compensating eylinders shall be-
secured nnder sudden or wide differences of |
pressure in the force-main, the production of
pulsationsin the column of fluid in the foree--

" main by action of the compensating eylm-._'
ficiént

ders be avoided, and a smooth and e:
operation of the dppamtus under all running
conditions be secured.

The broader fed,tur'es of the 1rwent1011 by

which the above ObJthb are attained are ap-

plicable in connection with engines of any

form employing one or more comnensatmw

cylinders; but the invention inciudes also

Ll__]_own as engines,

pumping-engines

_hm*mﬂ' the'

valves on each side operated from the other

“side, in which engines the relative movement

of the pistons on each side and the control

of each side by the other through the valve-
._movement and connections fm* SUpplymw-
fluid to the conipensating eylinders result in

a special action of the- compensahinfr appa-
ratus not existing in single engines, and it
includes also celtam featmes that are not

limited to constructions in which the com-
‘pensating pressure is derived from or depend-

ent on the force-pressure.

While the invention relates espeually to -

compensating steam-engines, also it includes

certain features of construction that may be

used in other appamtus, one of the specific

objects of the invention being to provlde an

efficient means by which pulsamons or vari-
ations in the pressure of the force-main of
may be relieved through
the medium of air-pressure without requir-

ing the air-pressure to be the same or as great
as that of the main-pressure, so as to secure

the well-known advantages of dhe ordinary

- alr-chamber without the necessity of main-

taining the air-pressure.at a point which
would e difficult in the case of pumping-en-
oines working under unubually hlﬂ'h pressure
in the force-main.,

‘As a full understanding of the Vauous im-
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provements constituting the present 1nven-

tion can best be given by a detailed descrip-

‘tion of the OI*G"Lmza,tlon and operation of a

construction embod;} ing the same, all further

preliminary desempblon will be 0m1tted and

such a description be now given, reference

being had to the accompanying drawi ings, 1n
whlch apumpingapparatusisshown embody-

ing all the features of the invention applied

in bheu preferred form in connection with a
duplex direct-acting

tion of the appar atus.
of the same. Iig.

QO

pumping-engine of a

well-known c¢lass, and the features forming
theinvention will then be spemﬁcally pointed
out in the claims.
In the drawings, Fln‘ure 1 isa Slde eleva- -
Fig. 2 is a plan view

318 a detml sectional ele-
~vation,on an enl.::u ged scale,of the corinections

05 .

102

between the force- main and the compensat— _-

ing cylinders.

Reterl‘mﬂ‘ to said drawm% the eno’me

shown is in general consbruetwn_ a _horlmn_—
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N nected by side rods f 7’
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tal compound direct-acting duplex-pressure
pumping-engine, having the high and low
_pressure cylmdels A Band A'B on opposite
“sides arranged in line and two water-cylin-

5 ders C (' '01_1 opposite sides-of the pump and

havinﬂ' suction-main D and force-main I con-

nected with the eylinders CC’ through valve-

pots on the top of the water- eylmders as well

known in connection with such pressure-
The plungers F E' are shown as ex-

pumps.
tending through the water-cylindersand con-
to cross-heads g ¢’ on
opposite sides of the engine in the manner
common in such pumps, and these cross-heads

are shown as connected in the usual man-

~ ner to the high-pressure pistons on opposite

- 25

30

sides by the main piston-rods Y Y’, and the

low-pressure pistons are connected to these
~cross-heads by side rods y ¥ onopposite sides
20 of the high-pressurecylinders.

T'o these.cross-
heads are connected also the pistons of the
compensating cylinders G G' on opposite sides
of the engine, two compensating ¢ylinders

‘being shown, although it will be understood

that a single c¢ylinder or more than two cyl-

inders on each side may be used, these com-

pensating cylinders receiving ﬂmd through
‘their hollow trunnions, as uqual in such con-
structions, fI‘OIIlClOSS-plpeSII connecting the

trunnions of the upper and lower pairs of cyl-

~inderson oppositesides, and a pipe I, connect-
- ing the accumulator Wlth these cross-pipes.

._35
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Steam is supplied to the high- -pressure cylin-

ders through the mducmon_ -pipe 7, the ex-.
haust passing from the high-pressure to the |

low-pressure cylinders through the pipe Z’
‘and the low-pressure cylinders exhausting

through the pipe Z* to the condenbel or oth-_

erwise, as désired. .

The steam-cylinders may be provided with
valves of any suitable form, and any suitable
valve-movement may be used for actuating
the valves for admission and cut-off, many
forms of such valves and valve- movémen’ts
being now well known.

controlhnﬂ‘ the admission and cut-off and os-
cillating exhausb valves at the bottoms of the
eylinder& ‘Foractuating these valves the ad-
mission and cut-off \Talves are connected by
~c¢rank-arms 12 on the valve-stems and links 13
to rockerscc on 0pp081te sides of the engine,
and these rockers ¢ ¢’ are pivotally mounted
by suitable pivots 4 on rockers d d’' on the
steam-cylinders, these rockers d d' also actu-
ating the separate exhaust-valves through
crank-arms 14 on the valve-stemns and links
15, connecting the crank- -arms with the rock-
ers d d'. The rockers ¢ ¢’ of the low-pres-
sme cylinders are connected to the rockers

¢ ¢ of the high-pressure cylinders by con-

necting-rods 16 pwotally connected to the

| 1ockers by pwot% b, SO as to be actuated to-

65

gether, and the rockers ¢ ¢’ of the high-pres-

sure cylinders are pivotally connected by piv-

ﬂts d to conneetmg-l ods 11 the other ends of

In the drawings the
5team cylinders are shown as having smfrle'

osclllating valves at the tops-of the eylmdel S

_‘

d’y, on which it is mounted

to the opposite side of the engine.

which are connected to swinging levers e ¢
on the opposite sides of the engine, which are

connected to the piston-rod cross-heads on
‘the same side of the engine by links 18.
The rockers o ¢ of the low-pressure c¢ylin-

ders are connected to the rockers d d’ of the
high-pressure cylinders by connecting-rods
19, so as to be actuated therewith. These

rockers are connected by connecting-rods 20

to erank-arms on crossover rock-shatts 5T,
which are actuated by the piston-rods through
the valve-movement levers N N'and links 22
from the cross-heads on opposite sides of the

engine, the rock-shaft S thus being actuated

from the A-cylinder side of the engine and

the rock-shaft 1' from the A'- eylmder side of

the engine, so that each of the rockers d d'is
actuated from the opposite side of the engine
for admission and exhaust. With this valve-
movement each of the rockers ¢ ¢' is rocked
on its pivot 4 from its own side of the engine
to actuate the valves at the top of the cylin-
der for cut-off and on its pivot 5 from the op-
posite side of the engine through rocker d or

valves for admission, and this movement of
the rockers d d' from the opposite side of the
engine alsoactuatesthe exhaust-valves at the
bottom of the cylinder, although 1t will be un-
derstood that these exhaust-valves may be
actuated by anv other suitable connections
- The links
13'&1@ preferably connected to the rockers ¢
¢' by adjustable connectlon bloeLSS asshown,
so that the point of cut-off may be ad,]uuted

as desired. By detaching theleversee' from

the cross-heads and securing them in central
position, as shown in dotted lines in Fig. 1,

to aetuate these
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or otherwise detaching rockers ¢ ¢’ from the |

pistons on their own side of the engine and
holding pivots 5 in proper DOleIOH the en-

| gine may be run without cut-off. This valve-

movement is fully described and claimed in
United States Letters Patent No. 609,553,

‘and in itsell forins no part of the present 111-
vention, so that a more extended desenption

of its constructlon and ope[allon IS Unneces-
sary. |
Referring now to the parts of the appa,mtub

~shown for Suppl_y ing the compensating cylin-

ders with fluid under pressure through pipe
I and securing the desired operation of the
construction, the force-main K is connected
by a pipe J with the lower chamber & of a ver-
tical accumulator-cylinder K on one side of
the differential piston L, so as to transmit the

-force-pressure to the smaller end of the pis-

ton, and the opposite or larger end of the pis-
ton is under air-pressurein the chamber &' at

the top of the eylinder and connected by pipe
M with the upper chamber o’ of a similar ver-
tical accumulator-eylinder O, having therein

the differential piston P, the larger upper end

110

175

125
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ot the piston P being sub,]ected to the air-

pressure in the ovhndel -chamber o’ and pipe

M and the lower smaller end of the piston P
. tranqn}lttmw the plessme ‘rhmucrh the lower
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Ghamber o of the eylinder O to pipe I, which | ter described; but the construction shown is

connects therewith, and thus to pipes II and
the compensating cylmde1s G G', the com-
pensating cylinders, pipes H1, %nd the cham-

‘ber 0 being filled with any suitable liquid,

such as water or oil, for the operation of the
compensating cylmdms |
The air system consisting of the uppel
chambers %' o' of the cyhnders K O and
the connecting-pipe M, is supplied with air
through a pipe Q from an air-compressor R,
Wthh may be of any suitable constr uctlon

‘and this air system is preferab]y enlarged, so |
‘as to secure a large air capacity w1thout eu-

larging the c}lmdels K O for that purpose by
an air-tank U, which may be placed at any

suitable point and is shown as connected to

~the pipe M by pipe V. The pistons L and P
- are shown as single differential pistons; but

20

it will be understood that this is not essen-
tial and that any suitable arrangement of cyl-
inders and pistons may be used to secure the

- desired result and that the differential action

25
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‘the compensating construction can be cut off

‘may be secured by a proper single piston or
by two pistons connected in any smhable |

manner.
Referring now to the detallb of the con-

struetion, the cylinder K may be and isshown
'as being subsbanhally the same in construe-
- 30
used; butit may beof any suitable construec-
‘tion, so as to secure the appllca,tlon of the

tion as accumulator-cylinders heretofore

force-main pressure through the pipe J to one
side of the differential plStOIl L and the trans-
mission of this pressure through the body of
air or other elastic fluid opposmﬂ the piston
ontheoppositeside. The pipeJis preferably
provided with a suitable valve 23, by which

the force-main when neceS‘sary The upper

- chamber of the cylmder K is preferably pro-

vided with a pipe 24, as shown, which is lo-_
cated at such a point that the p1ston L passes

- this pipe in descending before striking the

15

bottom eylinder-head, so that the air will es-
cape from the space above the piston through

~pipe 24 as the latter passes this pipe, and thus

- quicklyrelieve the system of pressure in case

50
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the force-main pressure should suddenly fa,ll
below the normal. |

- The piston L carries a plpe 25, which ex-
tends through the chamber &’ and the upper
head of the cylmder being packed therein in

~any suitable manner, and is provided at the |
top with an escape Va,lve or cock 26, which is |
| norma,lly open, and with one or more open-

ings 27 along -the pipe, which are outside the

' evhndet when the piston is in the upper part

 of the cylinder-chamber, but are moved be-

6o

" then permit the passage of air Lhroucrh these |

low the cylinder-head and inside the cylinder-
chamber when the piston descends into the
lower part of the cylinder-chamber, so as to

openings and. cock 26. Any other %ultable
means may be used by whwh the position of

‘the piston controls the escape of air from the

to the compensating cylinders.
eylinder and piston are shown means which

simple and efficient and is preferably used.

The piston L preferably closes the port of 7¢
pipe M before it reaches the top of the eylin-
der-chamber k&', so as to cushion the piston

to prevent striking the cylinder-head, and a

pipe 28 is pleferably used, connecting the top

of the cylinder-chamber with the air-pipe Q
from the compressor R, so as to permit air to

75

be admitted to the cy linder-chamber %’ above

the piston L after the latter has closed pipe
M, this pipe 28 -being controlled by a cock 29.

A eock 30 is also nsed on the pipe Q between
the air-compressor and the air system sup-
plied thereby, so that the air-compressor may
be cut off the air system when desired, as ex-
plained hereinafter.
erably provided with throttle-valves 31 32 on

opposite sides of the connection of pipe M

The pipe M is also pref-

30

with pipes Q V and between such connection

and the respective eylinders K O, so that by
these throttle-valves one or both of the cyl-
inders may be cut out or the air sy stem other-

- wise controlled.

The evlinder O and piston P are shown as
51m113,1 to aceumulators now well known, but

may be of any other suitable constr uctwn to

secure the desired transmission of pressure

are preferably used for adjusting the power
produced by the accumulator by pressure ap-
plied to counterbalance the pressure on the

upper end of the accumulator-piston, as fol-

QO

95

With this

100

lows: An air-tank W is used, which is pref-

erably of circular-form, as. shown inclosing

and suppmtmﬂ' the lower end of the (,ylmdel

O, although it may be arranged otherwise
and this tank W is conneeted by a pipe 33

_:55

with the upper chamber o’ of cylinder O, be-
low the piston P’ therein, so that the pressure

of the air in tank W is opposed to the pres-
sure on the opposite side of the piston and
the power developed by the latter through

the lower end of the piston acting upon the

liquid in the lower chamber of the cylinder

‘and pipe I reduced according to the counter-

balancing pressure from tank W. Pipe33is
shown as connected by pipe 34, controlled by

IIO

115

cock 35, with-the air-chamber at the upper

end. of the cylinder P, although it will beun-

| derstood that the tank W may be supplied

with air from any other part of the system.

120

An outlet-pipe 36, provided with a safety-

valve, is prefe:ably used in connection with

pipe 33 so as to permit the air to b]ow out in

case of excess of pressure..

~ The piston P preferably carries a pipe 37
extending through the head of the eyllndel
and Sultablv pa,cked this pipe carrying at its

‘upper end a cock 38, normally closed; and hav-
ing at its lower end one or more opemnﬂ's S..
Tms pipe serves as a gage to show the posi-
‘tion of the piston P, as in the case of the

125

1'30'

pipe 25 on piston L, and by opening cock 38 .

also oil or water that ‘may be used or. may

| chamberk,bo as to secmethe re%nlthelemaf-u colleet on .. the top of the piston P ma} be -~




blown out. The air-tank W is :ﬂso prefer-
ably provided with a blow-off pipe 39, pro-

vided with a cock, by opening which any oil

or water collected in the tank W may be blown
out, and the pressure in the tank W may thus

‘also be reduced by opening the cock and per-.

- mitting the air to escape.

10O

20

30

water-cylinders.

The operation of the apparatus will be un-
derstood from a brief description. |

We will assume that the engine is in oper-
ation and that the normal or ordinary pres- |

sure exists in the main K and in the air sys-
tem and that the pistons of the cylinders A
B are commencing their stroke toward the
During the first half of the
stroke the ligquid will be forced out of the
compensabing ¢ylinders G into the cross-con-
nection pipes II and through the pipe 1 into
the chamber 0 at the lower end of the cylin-

der O, where it will act upon the smaller end
of the plunger P in said chamber and raise

the plunger against the pressure of the airin
chamber o' and theairsystem and, indirectly
through the air system and piston L, upon the
liquid in the force-main through the smaller
end of piston L in chamber &£ and pipe J.
During the latter half of the stroke.the oper-

ation will be reversed, and the plunger P,

acted upon by the pressure from the force-
main acting indirectly through the air sys-

tem, will movedownward and force theliquid-
out of chambero in cylinder O into pipes I H

- and the compensating cylinders G, thus giv-

45

&0

ing back the power which was expended in
raising the plunger P. The power exerted
upon the plunger K in water-cylinder C is

thus maintained to the end of the stroke, al-
though the admission of steam to the steam--

cylinders A B has been cut off at the pointin
the stroke for which the construction is ad-

~ justed by the movement of the pistons aeting
through the lever e and connections to.rock-.

ers ¢ and the valves. As the pistons of the
cylinders A Bapproach the end of their stroke
they will operate the valves of the cylinders
A' B’ on the opposite side of the engine
through crossover-shaft .S and connections

to the rockers d' and the valves, so as to
“start the pistons of cylinders A’ B’ upon their

stroke in the same direction as the pistons
of eylinders A I are then moving.

~ connection with the compensating cylinders

R

G’, the compensating cylinders G thus giv-
ing out power and the compensating cylin-

ders G’ storing up power during the remain-

- der of the stroke of the pistons in cylinders

e

A B, and as the pistons of the cylinders A’ B’

pass half-stroke the compensating cylinders |

G’ will in turn give back the power thus

stored up thereby, the admission of steam

to the cylinders A’ B’ being cut off at the
proper point by the pistons acting through
the lever ¢ and connections to the rockers ¢’
and the valves. The pistons of cylinders A B

will reach the end of their stroke and rest un-

During
this stroke of the pistonsof cylinders A" B’ the
operation just described will be repeated 1n

4 - ~ e8g,511

[ til as the'pistoils of eylinders A’ B’ approaéh

the end of their stroke the latter will operate

the valves of cylinders A B through cross-

over-shaft T and the connections to rockers d
and the valves, so as to start the pistons of

cylinders A B upon their return stroke, the

compensating cylinders G then storing up
power and the compensating cylinders G’ giv-
ing back power during the rest of the stroke
of the pistons of eylinders A’ B'. The oper-
ation will thus continue during the normal
running of the engine. It will be seen that
this operation of the compensating cylinders
would result in producing pulsations in the
column of fluid in the force-main and shock
in the engine and apparatus if the pressure
were transmitted between the cylinders and
forece-main directly or through an inelastic

70
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medium and that sudden changes of pres- .

sure in the force-main would be transmitted

to and cause sudden and injurious changes

in the action of the compensating cylinders
upon the engine. The elastic cushion Dbe-
tween the pistons L P, formed by the air sys-
tem, prevents these results and secures a
smooth and uniforni operation of the engine
without shock or pulsations in the force-
main, the elasticity of the air resulting in
the gradual transmission of changes in pres-
sure and the absorption of the pulsations that

otherwise would result, while at the same

time the compensating-cylinder pressure 1s

controlled by and conforms to the load on the
‘engine, so that the power developed by the

compensating cylinders increases with the
load, as in starting the engine, whenever the
force-main has become empty or partlyempty

or on pipe-lines, where the load depends on
the friction, and thus on the velocity of the
column of liquid. . In case of breakage of the

force-main also the pressure upon the com-

_pensating ecylinders will be immediately re-
lieved, as the pressure in the alr system is

dependent upon the pressure in the force-
main, and the compensating cylinders will at

| once cease to develop more power than is nec-

essary to overcome the reduced load on the
plungers. A S |
When used where the force-main pressure
and other running condifions are substan-
tially uniform, the air-compressor R may be
cut off the system by closing cock 30, when

i the desired air-pressure in the systein is se-

cured after starting the engine, the air-coi-

QO
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pressor R then being operated only at inter-

vals as required to supply air-leakage or when

it is desired to increase the air-pressure for

any reason. . In starting the engine, how-
ever, and when the main pressure is liable to

sudden or considerable variations it is pref-

erable to run the air-compressor on the air

i system continuously, the apparatus then be-

ing self-adjusting to secure the desired air-

! pressure and operation under different force-

pressures or other changes in running condi-

tions producing changes of pressure in the

125
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| system. ‘This operation is as follows: We
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will assume that in the 'p_o'sitiml of parts

shown in the drawings the air-compressor R
is pumping continuously into the air system,
so as to increase the pressure therein, the

pressure inthe force-main acting on the lower
end of the differential piston L. having just
been increased, so that the piston is raised

into the poqition shown, with the openings 27

Inpipe 25 outside the cyhnder chamber /X' and"

no air is escaping from chamber %' through
this pipe.
of the air-compressor IR the piston I. will be

- forced downward if the pressure in the force-

20

30
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-the pipe 25.

main remains constant, so that when the de-

sired pressure in the air system correspond- |
Ing to the actual pressure in the force-main

and the normal position for which piston L
is adjusted is reached one or more of the
openings 27 will connect the chamber i’ with

the pipe 25 and air thus be permitted to es-

cape from the chamber %' and the air system,

so that the pressure within the system is not
further increased or the piston L moved
downward farther, but the excess of air
pumped by the compressor R escapes through
In case of a further decrease of
the pressure in the force-main the downward

movement of the piston L. under the pressure

inthe chamber &' will bring more of the open-

ings 27 within the chamber %', and thus the

air will escape more rapidly from the cham-
ber k' until the pressure in the air system is
thus redoced to correspond to the reduced
force-main pressure, and the normal position
of the piston L, with the excess of air pumped

escaping through the pipe 25,is again secured.

In case of a breakage of the main or sudden
large decrease of pressure therein producing

~a larger movement of the piston L the air-

10
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“through openings 27 in pipe 25 if the pres-

55
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pressure in chamber &' and the air system

will be relieved through pipe 24 as the pis-
ton L passes below this pipe, so that the pres-

sure is removed before the piston could reach

‘the cylinder-head, and the piston also is pret-
erably cushioned by the air below it being

partially confined in the-space between the

‘pipe 24 and the cylinder-head.

With the air-compressor R pumping con-
tinuously into the air system and the piston
I. in such position that the excess of air
pumped by the air-compressor R escapes

sure in the force-main be suddenly orlargely

increased the piston I will be raised, so asto

move the pipe 25 upward and close the open-

ings 27 by moving them into or outside the

paCklniT—WlELntl in t,he cylinder-head, and the

continuous delivery of the air to the system

by the air-compressor R will then operate to

gradually increase the pressure in the air

- system to correspond to the increased pres-

sure in the force-main and move the piston
L downward again to normal position. As
the piston I. is moved upward against the
pressure of thealr system by increase of pres-

sure in the force-main, it will close the port
of pipe M before 1b C‘ﬂll strike the top ecylin-

Under the continuous pumping

der-head, so that the further passage of air
from the chamber £’ is thus prevented and
an air-cushion formed Dbetween the piston L

23
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and the top of the cylinder, thus avoiding

‘danger of injury by the piston striking the
eylinder-head. 1In case of such an increased
pressure in the main and its continuance, 80
that the piston L is not again lowered by the

pressure of the air confined between the ¢yl-

inder L. and the cylinder-head, the cock 29,

75

which preferably will always be Shﬂ‘htly |

opened, will admit air from the air system
and compressor through pipe 28 to the cham-
ber k' above the pISLOll and the pressure in
the chamber &' thus meredsed will move the
piston L downward again.

It will be seen that the air sy St(,m with the
continuously-operating air- eompresaor
thus self-adjusting to ehanwes In main-pres-
sure and that after starting the engine, with
the compressor R in operation, the pressure
in the air system required for the existing
main-pressure is soon attained, this being
determined by the counstruction itself in ac-
tual operation. When this pointis reached,
‘however, it is obvious that if the force- -pres-
sure and other running conditions are uni-
form the air-compressor R may then be cut

out of the system by closing the cock 30 and.

the air-compressor then opemted only as re-
quired to maintain the desired pressure, the
pressure existing in the system being shown
by any suitable pressure-gage and the POSi-
‘tion and operation of the plstons L P being
indicated by the pipes 25 37. On opening
the cock 30 the desired pressure in the sys-
tem will be &UtOlﬂ&thﬂHy secured to corre-
spond to the pressure in the force-main, the
cock 30 then being closed again. It will be
understood also that such an airsystem may
be used without any meéans for permitting
the escape of air, so as to automatically se-

~cure the 1*equ11ed pressure eomespondlnﬂ' to

the main-pressure.

- The power ceveloped by the accumul&tor
may readily be adjusted by increasing or de-
creasing the counterbalancing pressure ap-
plied 60 piston P from tank W and exactly
the desired development of power by the com-
pensating cylinders l*elatwely to the pres-

sure in the forece-main be thus secured, so

that the construetion shown may be used Wlth
force-pressures differing widely and exactly
the desired position secured without change

of parts of the acecumulator-pistons to-adjust

the power. A comparatively large air sys-
tem js preferably used, so asto secure a large
elastic cushion for the absorption of pulsa-
tions, and an air-tank, as U, is preferably em-
ployed to secure this result without incon-
veniently large air-cylinders.
derstood, howevm‘ that such separate air-

tank may be omltted and that the air- GHSthll
may be of any desired size.

- 'The use of the differential plstons slmwn
is not absolutely essential, and their size and
arrangement will depend somewhat upon the

is

It will be un-
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conditions of use; but differential pistons,.
with the air-pressure applied to the larger
‘ends or-equivalent constructions, are prefer-
ably used, so that theair-pressure ‘maintained

in the system need not be as high asthe force-
In the construction shown the cyl-
der K or O may be cutoff the system by clos-
ing cock 31 or 32 and the cylinder K used
only as an air-cushion for the force-main, or
the compensating cylinders and accumulator
O can be run independently of the force-main,

~if desired for any purpose.

20

Tt will be understood that the invention,
broadly considered, is not limited to the use

of a plurality of eylinder's with the pressure
transmitted between their pistons through
an elastic cushion, but that other suitable

constructions may be used with one or more

cylinders operating on the same principle and

111(3111(1111'3 the features claimed hereinafter,

~and that many modifications may be made
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in the construction shown without departing:

from the invention.
"The invention is especially applicable in

eonneetion with pumping-engines used on oil-

lines.and has been designed in connection

therewith, although it will be understood that

1t 1s of general application. In oil pipe-lines
the pressure is usually very high, so that it
1s necessary to reduce the main-pressure con-
siderably in applying it to the compensating
cylinders, especially through the medium of
air-pressure, owing to the plaetleal difficulty
of using air under as high pressure as that of
the main pipe-line, and in such constructions

-also it 1s éspecially important that the com-

pensating pressure should be dependent on
the force-pressure, but the latter not be di-

rectly transmitted to the compensating cyl-

inders. The presentinvention makes it pos-
sible to secure the proper pressure in the com-

- pensating cylinders comespondmﬂ' to and de-
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pendent on the pressure in the force-main,
while at the same time pulsationsin the force-
main or shock in the system are avoided un-
der wide variations of pressure and different
running conditions.
also effeetua]ly prevents the passage of oil or
dirt from the pipe-line to the compensating
cylinders, and the compensating power may
readily be adjusted as desired.
What I claim is— -

1. The combination with a main eylinder
or cylinders and piston or pistons, and a com-
pensating cylinder or ¢ylinders and piston or
pistons arranged to act in opposition to the

main piston or pistons during the first-part

- of the stroke and in eon]unctwn therewith

6o

during the last part of thestroke, of two pis-

tons arranged between the compensa,bmﬂ‘ cyl-
Inder or cylmdelsand the source from which

- the pressure in said cylinder or cylinders is

derived and an elastic cushion between said
two pistons, substantially as described.

2. The combination with a main eylinder
oY cylmders -and piston or pistons, and a com-
pensating cylinder or eylinders and piston or

The construotlon shown.

s 828,511

pistons arranged to act in opposition to the

main piston or pistons during the first part
of the stroke and 1n conjunction therewith
during the last part of the stroke, of two pis-
tons arranged between the compensating cyl-

70

inder or ejlmdels and the source from which

-the pressure in sald cylinder or cylinders is

derived and a body of elastic fluid between

said two pistons, substantially as described.

- 3. The combination with a main cylinder

~or cylinders and piston or pistons, and a com-
pensating cylinder or.cylinders and piston or

pistons arranged to act 1n opposition to the
main piston or pistons during the first part
of the stroke and in comun(,tlon therewith
during the last part of the stroke, of two cyl-
ind ers_and pistons arranged between the com-
pensating eylinder oreylinders and thesource
from which the pressure in said cylinder or
cylinders 1s derived, one of sald pistons be-
ing subjected on one side to the pressure of
the fluid from said source and the other of
sald pistons on oneside to the pressure of the
fluid in the compensating cylinder or cylin-
ders, connections between said cylinders on

75
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the other side of said pistons, and a body of-

elastic fluid filling said chambers and con-
nections through “which pressure is trans-
mitted between said two plstons substan-
tially as described.

4. The comDbination with a
cylinders and piston or pistons, and a com-

pensating cylinderor cylinders and piston or

pistons arranged to act in opposition to the
malin piston or pistons during the first part
of the stroke and in conjunction therewith
during the last part of the stroke, of two dif-
ferential pistons arranged between the COnl-
pensatingcylinderor cy 1mde13 and thesource
from which the pressure in said cylinder or
Ccy linders is derived, one of said pistons be-

95

main ¢ylinderor

IQG

105

ing subjected on its smaller end to the pres-

blli’e of the fluid from said source and the
smaller end of the other piston to thepressure

in the compensating cylinder or cylinders

and abody of elastic fluid between said differ-
ential pistons, substantially as described.

5. The combination with the main cylinders

and pistons forming the two sides of a duplex

engine and having oonnectlons by which the

valve or valves of each side is or are operated
from the other side, and a compensating cyl-
inder or cylinders and piston or pistons for
each side of the engine arranged to act in op-
position to the main pistons during the first

part of the stroke and in conjunction there-

with during the last part of the stroke, of two
pistons arranged between the compensating
cylinders and the source from which the pres-
sure in sald cylinder or eylinders is derived

and an elastic cushion between said two pis-

tons, substantially as described.
6. Thecombination withthe maineylinders

and pistons forming the two sides of aduplex

engine and having connections by which the
v.:blve or valves of each side is or are operated

| from the other side, and a compensating cyl-
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inder or cylinders and piston or pistons for |in the force-main and in the compensating
-¢ylinder or ceylinders, and a body of elastic

each side of the engine arranged to actin op-
position to the main pi'stons during the first

part of the stroke and in conjunction there-

with duringthelast part of the stroke, of two
pistons '&I‘I‘a}]ﬂ‘ed between the eompensatmw
cylinders and the source from which the pres-

~ sure in said eylinder or cylinders is derived

~ and a body of elastic fluid between said two
mstons substantially as described. -

| I‘he combination with the main eyllnder_

01“' L_Ylll’.ldel‘S and piston or pistons of a pump-

_ing-engine, and a compensating cylinder or
eylmders and pistonorpistons arranged toact

in opposition to the main piston or pistons

duringthe first-part of the stroke and in con=-|

junctifm therewith during thelast part of the

stroke, of a piston between said compensating

cylinder or cylinders and the force-main sub-
jected on one side to the pressure in the force-
main and a body of elastic fluid acting on the

opposite side of said piston through which
pre ssureis transmltted from the foree main to

Sta,ntlally as descnbed

8. The combination with the main _oyhnder

- oreyvlinders and piston or pistons of a pump-

_3‘:

35

ing-engine, and a compensating cylinder or
cylinders and piston or pistons arranged to
act in opposition to the main piston or pis-
tons during the first part of the stroke and in
conjunction therewith during the last part of
the stroke, of two pistons between said com-
pensatingcylinderor cylinders and the force-
main through which pressure is transmitted

~ from the force -main tosaid compensating cyl-

40
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inder or eylinders, and an elastic CUbthn be-
tween said two pistons, snbstantlallv as de-
scribed.

9. The combination w1th the main e} lmder
or cyhnders and piston or pistonsof a pump-

ing-engine, and a compensating cylinder. or
cylinders and piston or pistons arranged to

act in opposition to the main piston or plstons
during the first part of the stroke and in con-

_]unctlou therewith during the last part of the

stroke, of two pistons between said compen-

sating cylinder or cylinders and the force-
main through which pressure is transmitted
from the force-main to said compensating cyl--

inder or cylinders and a body of elastic finid
between said twoplstons, Substamm]ly as de-
seribed. ,

10. The combination with 1311@ main ¢ylin-

der or cylinders and piston or pistons of a
pumping-engine, and a compensating eylin--

derorcylinders and piston or pistonsarranged
to actin opposition to the main piston or pis-
tons during the first part of the stroke and in

conjunction therewith during the last part of
the stroke,of twodifferential pistons arranged

between the.compensating cylinder or ¢ylin-
ders and the force-main through which pres-
sure is. transmitted from the force-main to

said compensating eylinder or eylinders, said
differential pistons being subjected on one

Slde respectiv ely to the pressure of the fluid

- o i

fluid between the other sides of said differen-

tial pistons, substantially as described.

11. The combination with the main cylin-
dersand pistons forming the two sides of adu-
plexpumping-engine a,nd_havmw connections
by which the valve or valves on each side is or
are operated from the other side and a com-

pensating eylinder or cylinders and piston or
pistons for each side of the engine arranged

to act in opposition to the main pistons dur-
ing the first part of the stroke, and in con-
Junctlon therewith during the last part of the
stroke, of a piston between said compensat-

70

75
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ing cy lmder and the force-main subjected

on one side to the pressure in the force-main

and a body of elastic fluid acting on the op-

posite side of said piston through which pres-
sure is transmitted from the force-main to

the compensating eylmdem SubstantlaH} as

deseribed.

12. The combmahon with the main cylin-

| dersand pistons forming the twosides of adu-

plexpumping-engine and having connections

918,

by which the valve or valves on each side is.or -

are operated from the other side and a com-
pensating eylinder or cylinders and piston or
pistons for each side of the engine arranged

to act In opposition to the main plstons dur-

95

ing the first. part of the stroke, and in con-

junetion therewith during the 11513 part of the
stroke, of two pistons between said compen-
sating cvhuders and the forece-main through
Which pressure is transmitted from the force-

main io said compensating eylinders and an

elastic cushion between said iwo p1stons sub-
stantially as described.
13. The combination with the main cyhn-—

dersand pistonsfor ming the two sidesofa du-
plexpumping-engine an (1 having connections

by which the valve or valves on each side is or
are operated from the other side and a com-

| pensating cylinder or eylinders and piston or
pistons for each side of the engine arranged

to act in opposition to the main pistons dm-

ing the first part of the stroke and in con-
IJU]JCtIOH therewith during the last part of the

stroke, of two pistons: between said compen-
sating cylmders and the force-main through

| which pressure is transmitted from the foree
main to said compensating cylinders, and a
bodyof elastic fluid between said two plStOHS

I substantially as described.

14. The combination with a pumpmﬂ'-en-
gine having one or more compensating eylin-

'ders and pistons,, of connections between said
compensating cylinder or ¢ylinders and the

I0O0
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forece-main including a piston acted upon on, -

one side directly by the lignid in the force-

main, and a body of elastic fluid acting on the

opposite side of the piston and through which
pressure is transmitted from the force main to

‘the compensating eylinder or ey linders, sub-
stantially as described.

15. The combination with a pumplnﬂ'-eu—
gine having one or more compensating ¢ylin-

130




ders and pistons, of connections between said
compensating cylinder or cylinders and the
force-main including a piston subjected on

one side to the pressure in the force-main, a

second piston havingone end subjected to the
pressure in the compensating ¢ylinder or cyl-
inders, a body of elastic fluid between said

two last-mentioned pistons through which

- pressure is transmitted from the force-main
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- changes of main-pressure, substantmlly asde- |
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to the compensating cylinder or cylinders,

and means for applying adjustable pressure

to sald second piston independently of said
body of elastic fluid to regulate the pressure

in the compensating eyllndel or ¢y linders,

substantially as described.

16. The combination with a pumpmﬂ-en—_

gine having one or .more compensating eylin-
del s and pistons, of connections between said
compensating cylinder or cylinders and the
force-main including a piston subjected on
one side to the pressure in the force-main, a
body of elastic fluid acting on the opposite
side of the piston and through which pres-
sure i1s transmitted from the force-main to
the compensating cylinder or eylinders, and

‘means controlled by said piston for permit-

ting the escape of elastic fluid from said body
of fluid when the piston is moved against the
force-pressure beyond a certain point, sub-
stantla,lly as described.

-17. 'Ishe combination with a pumpmﬂ*-en-
gine having one or more compensating cylin-
ders and pIStOH.‘: of a piston subjected on one
side to the pressure in the force-main, a sec-

ond piston subjected on one side to the pres-

sure in the compensating cylinder or eyhn-
ders, a body of elastic fluid between said pis-
to‘ns, a continuously-operating pump for sup-
plying the elastic fluid, and means controlled

by the position of the piston subjected to the

force-main pressure to permit the escape of
elastic fluid and prevent its escape to secure
the proper pressure of the elastic fluid under

scrlbed

- 18. T'he combination vnth a pumping- en-
gine having one or more compensating cylin-

ders and pistons, of a piston subjected on one

side to the pressure in the force-main, a sec-

ond piston subjected on one side to the pres-
sure in the compensating cylinder or cylin-

ders, a body of elastic fluid between said two

last-mentioned pistons through which pres-
sure 1s transmitted from the force-main to
the compensating cylinder or eylinders, and

“means controlled by the piston subjected to

the force-main pressure to permit the escape

of elastic fluid from between the pistons when

sald piston subjected to the force-main pres-
sure 1s moved against the force-pressure be-
yond a certain point and to prevent the es-

~cape of elastic fluid when the same piston is
moved in the opposite direction beyond a cer-

tain point, substantially as described. -
19. The combination with a piston acted
upon by a column of liquid under pressure,

! site side of said piston, a eontuluoubly-opel-
ating pump for supplying the elastic fluid,

and means controlled by the position of the
piston to permit the escape of elastic fluid

from said body and prevent its escape to se-

cure the proper pressure of the elastic fluid
under changes of liquid-pressure, substan-
tially as described.

20. The combination with a piston acted
upon by a column of liguid under pressure,
of a body of elastic fluid acting on the oppo-
site side of said piston and through which
pressure is transmitted from said piston and
means controlled by the piston to permit the
escape of elastic fluid from said body when
the pressure of the fluid has moved the pis-
ton beyond a certain point and to prevent the
escape of elastic fluid when the pressure of

the ¢olumn of liquid has moved the piston in
the opposite direction beyond & certain point,

substantially as described.
- 21. The combination with a piston acted
upon by a column of liquid under pressure

ating pump for supplying the elastic fluid,
and means actuated on the movement of the
piston against the pressure of the liquid to
permit the escape of elastic fluid from said

| body and on the movement of the piston in

the opposite direction to prevent the escape
of elastic fiuid, substantially as described.
22. The combination with a piston acted

‘upon by a column of liquid under pressure,

of a-body of elastic fluid acting on the oppo-
site side of said piston, means actuated on
the movement of the piston against the pres-
sure of the liquid to permit the escape of

elastic fluid from sald body up to a certain

point of travel of said piston, and means for
permitting a large escape of said elastic fluid
from said body upon the further movement
of the said piston, substantially as described.

23. The combination with a piston acted

‘upon by a column of liguid under pressure,

of a body of elastic fluid acting on the oppo-
site side of said piston, means actuated on
the movement of the piston against the pres-
sure of the liguid to permit the escape of

elastic fluid from said body in gradually-in-

creasing quantity as the said piston moves
against the pressure of the liquid and to per-

mit escape of a large quantity of the fluid
‘when the piston ha,s passed a celtam point,

substantially as desecribed.
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of a body of elastic fluid acting on the oppo-
‘site side of said piston, a continuously-oper-
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24, The combination with a piston acted

a body of elastie fluid acting upon the oppo-
site side of said piston, a pipe connecting said
cylinder with an elastic fluid-supply and ar-
ranged Iinside the end of the cylinder so as

to be closed by the piston before the latter

reaches the end of the eylinder, and a nor-
mally open small connection between the cyl-

inder and alr-supply through which air is ad-
‘mitted when the main conneetmn i1s closed,

of a body of elastic fluid acting on the oppo- | substa,ntlally as descrlbed

‘upon by a column of fluid under pressure, of
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25. The combination with a column of lig-

-uld under pressure, of a piston subjected to

10

5

‘the pressure of the column of liquid, a second

piston opposing the movement of the first-
mentioned piston by said liquid, and a body
of elastic fluid between said pistons for re-
lieving variations in pressure of the column
of 11qu1d and a casing inclosing the pistons

and body of elastic flaid for transmitting the |
pressure of the column of liquid fo the second
piston through said elastic fluid, substan tml]y'
as descrlbed

26, The combination Wlt]l the force-main
- of a pumping-engine, of a piston subjected to
the pressure of the foree-main, a second Pis-

| ton opposing the movement of the first-men-

tioned piston by said liquid, and a body of
elastic fluid between said pistons for reliev-
ing variations in force-main pressure and a

‘casing inclosing the pistons and body of elas-

tic fluid for transmitting pressure from the
force-main to the second piston through the

‘elastic fluid, substantially as descrlbed

In testlmony whereof I have hereunto .set

20

my hand in the presence of two subseribing 25

- witnesses.

CHARLES C. WORTHINGTON
- Witnesses:

ANDREW J. CALDWELL
B. W. PIERSON.
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