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Zo all whonv it may concern :
Be it known that I, CE
I‘\’GTON a citizen of the United States, resid-
ingin the town of It vington, courty of West-
oheste:t and State of New York have invent-
ed certfun new and’ useful Improvements in
“Duplex Pumping -Engines, fully described and
represented in the following specification and
the accompanying drawi 1ngs, forming a part
of the same.
Tt is well known to those fclllll]l‘"tl with the

10

science of steam-engineering that tosecure the

oreatest economy in the use of steam 1t 1S nee-

‘essary to allow it to expand in the cylinder or
15 cylinders of the engine. In using steam upon
this principle, howevol 1ts proPulsiw force
necessarily decreases tow ard the end of the
stroke, and th1s decrease, unless compensated
for, results in spasmoche 0pemtlon of the
enﬂ'lne In locomotives and marine-engines

" the momentum of the load is S0 great tha,t no
- trouble is experienced from this source, while

in stationary crank-engines this dlfﬁoulry has
- usually been overcome by the use of a heavy
fly-wheel. When a fly-wheel is employed, the
parts are so proportioned that the power ex-

erted by the steam at the beginning of the-

ARLES O W"ORTH--

| provide me.':}ns -ﬂby which. the steam may be

used expansively in the cylinders of a du-
_plex pumping-engine with an even distribu-
“tion of power throughout the entire stroke,
and without necessarﬂy using compound oyl
inders. ~ |
To that end the mventlon eonmsts in the
combination, with a duplex pumping-engine
provided with means whereby the inlet and
exhaust valve or valves of one side thereof is 6o
or are operated by the other side, of means °
whereby power 1s stored up at one and util-
ized at another period of the stroke of each
side of said engine without preventing the va-
riable pause at the end of each stroke pecu-
liar to this engine, substantially as hereinafter
described; also, in the combination, with the
main oyhnders and pistons fonmnﬂ' the two
sides of a duplex pumping-engine, prowded
‘with means by which each actuates the inlet 70
and exhaust valve or valves of the other, of )
compensating cylinder or cylinders at each
side of said engine, each provided with a pis-
ton and rod and supplied with a suitable mo-
tor-fluid, and acting in opposition to the main 73
eylmders and pistons to which they are con-
nected - dmmg the first part of the stroke of

stroke 1s somewhat greater and ab the end of | said main pistons.and in conjunction there-

the stroke somewhmt less than is required to
overcome the load upon the engine, the fly-
wheel acting to distribute and equalize the
power ¢ "l:]OIl'D the whole stroke by storing up
the excess ab the beginning and giving it off
at the end. In the class of duplex pumping-
engines, howev er, to which the present inven-
tlon 1elates 1o } -wheel is used, and-the mov-
ing parts are, of necessity, so light as to acquire
“but little momentum during the stroke. It |
is therefore mnecessary, in order to overcome

engine, to maintain a uniform or nearly uni-
form pressure of steam upon the piston or pis-

tons throughout the entire stroke of the en-
ThIS being the case, 1t has been found F
1m1)raotlcab]e in such direct- -acting engines as -

o ll'le

heretofore constructed to utilize the expan-
sive energy of the steam to any considerable |
- extent, except by the use of compound oylm

- ders. -
50

o

the constant or nearly constant load upon the .

|

It is Lhe obJect of 1ho present 111?entton to |

| section, and Fig. 8 an end elevation, “of a du-

‘with during the last part of their stroke; also,

in -other combinations and arr onwement of 80

parts and details of construction, a]l of which

Wl]lbo hereinafter fully described and claimed. -
In the accompanying drawings, Figure 1.is

a plan view, Fig. 2 is a vertical longitudinal

plex pumpmﬂ' engine embodying the inven-
tion. Figs. 17 and 18 are sectional details of
the cut-off mechanism employed therewith,
Figs. 4 and 5 are views showing the position
of the compensating- ovlmders at the begin- go
ning and the end of the stroke. TFigs. 6 t0 14, .
1ncluswe areviewsillustrating different modi-.
fications of. the oompensatmn* oylmdors and
connections, Iig. 15 is a sectional view of -
one of the compensotmg oylmders showing g5
also.a cushioning apparatus. - Fig, 16 is'an =~

elevation, partly in section, of an appmatus 1
for regulatmg the pressure of the flnid i 1 the
| compensating cylinder or cylinders. |

Referung partloula,rly to Figs. 1*and 2, it 100
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11is to be understood that ‘the pumpmw-ezmlm | 10. As the piston 25 advances, the remstancu

~ here shown hag two steam-eylinders, 11 .12,

. and two water-cylinders, 13 14, and is pro-
o0 vided 'with | means whereby the .plstm]. rod of
. 5 each side of the engine operates the inlet and

" exhaust valve or valves of the other in sub-

a 0 stantially the samé martner as is 'set:forth in |
UmtedSthtecsLettelsé

o] W@}:‘thmﬂton, dated July 19, 1839, No. | the stroke the foper*‘ltmn of bhe eylinders 18 is: .
reversed.  Instead of acting: in opposition to,
they act i conjunction w;th the piston 25,and ' 1
add a CO]]ST‘LH’[}]Y*Il‘l@l‘@&%ll’lﬂ‘ powel to theen-: ...
‘gine until the end of the stroke is reached, at
80
in Fig.: 5. At the endof the stroke the valve . .1
47 Wlll be reversed,so as to admit steam upon
the opposite side of the piston 25 and start it
upon. its return-stroke. During the return-
|'stroke the operation of the eylinders 18 will 85+
‘bereversed. Starting from the positionshown . .
in Fig. 5,the rods 26 wiil.act 1 oppositionto .
the rod 15 during the first halt of the stroke, .

‘and ‘then 1, eonjunction with said rod untal ;.

9’3

EERRRERES (o' 24 838. 1 As here shown, the: eylmders 11 and
. 12are 11*1“111(3‘(3{1 to operate in connection with:
L hagitank in substfmtmlly the same manner as de- |

- geribed in the ‘United States | Letters PPatent

o No. 116,131, the steam being received from |
i 15 the ﬂ*enemtor through the ]}11)61, and, aiter
SRREREN éﬁctuw 1n the (331111(161 12,passing out through
0 the pipe 8 to the tank, (not shown,): 110n1é
. 'whieh it enters the: cylmder 11 through the

~ piped, where it aets at ‘a’ reduced pressure,

20 afterw ‘hich it is. exhausted throu gh the pipe
i 10 into the eondenser: or:into zthe open air. |
1 Toach of said eylinders 11 12 may, however, re-

i eelve its steam direetly from the boiler fmd;

~ exhaust it directly: into the condenser or into |
25 the open air, said cylindersin sm'h case bfi‘][l”‘?

= ?5?i?i?féﬂfSﬂb’%taDtlﬂlthhe%.:ZLIIIGSIZ
ot LA shown in Figs. Liand 2 Of the dt‘ﬂw'iﬂ q
SRR ?each of: the plbton Jods 15 16 18! *’u*mnﬂ*ed 111%
i ithe usual manner,to connect the steam-vpismn:
' 30 with the piston: o plunger of' the pump, and
" they are provided with the usual connections
- foroper ating the mlet and outlet valves 47.0f
 the steam- cvlmdezs Eachof the 1]1‘%’[()11—1‘0(1‘3?
1D 16, instead of termumtmﬂ inside thewater-
1135 im*hnd@r , passesthrough ‘LSUItﬂb]e stuffing-box |
~in the Gppomte cend of said cylinder,. and 18

' ~ connected to the piston-rods of a pair of oseil-

lating cylinders, 18,which arearranged Inany
convenlent pOSIthl] and provided with con-
40 mections for receiving a Supp]y of steam from
the generator. As herein shown,these eylin-
ders are provided with tr annions 19, having
bearings in a suitable frame-work, 20 which
18 connected to the ends of the water-cylinder
45 by suitable tie-rods, 21, and are supplied with
steam through pipes 22 23,communicating with
ducts 24 in one of smd trunmous, as 5110wu in

Fig. 15. They may, however, be supported.

and supplied in any other manner which may
so be found more convenient or desirable.

For clearness, the construction and opera-
tion of one side of the duplex pumping-engine
will now be described.

Assuming the piston 25 of the cylinder 11

55 to be in 1)031131011 to commence its stroke, and
the cylinders 18 in the position shown 1n Ifig.
4, the operation will be as follows: The inlet-
valve 47 of the ecylinder 11 will be at this
point in its opened position,and steam will be

60 admitted to the cylinder under sufficient press-
ure to. overcome not only the load upon the
engine, but also the resistance oifered by the
pressure of the steam against the pistons of
the cylinders 18, the rods 26 of which are at

65 that time, as will be seen by reference to Fig.

atent granted to Henry -

?11114]%1;_4 '

. From: tllea fmenomﬂ lb wﬂl be Seen thLt dm-f SRR
nw the first lmli of: the stroke of :each sideof -
the engine.only a partof ifspower 1savailable | -
for performmfr the w 01'11 to be: dtme the re- 1
-mainder being stored up 1n: the cvhndcrs 18, .
i but that durmﬁ the last h‘tlf of the stroke: th(,é
whole poweroﬁ the engineis ’I.V"Lﬂ%lblefﬁ)r W@I‘L,;
and 1n addition thezet(} the POWer: stored up i
‘in the eylinders 18 during the first half. This S
being the case, 1613 ‘11)13111*@1'11: that, if thesteam : . .
11 the evhnﬂm 11 is maintained at its: initial
‘pressure during the entire stroke, the avail-

goﬁe}.‘ed by the steam in the cyimde},s 18 will,
| owing to the constant change in the angle: of
the rods 26, gradnally decrea‘se until the parts

which time thiey will be 1n the position shown:

they:arrive ELt then mwma.] po'-smon, as &hcm I

able power of the engine will be much oreater
at the end than at the beginning of the stroke,
and this fact makes it possible to use the steam
expansively in the cylinder 11, and yet ob-

tain a practically uniform propulsive power
throughout the entire stroke. The cylinder
11 18 therefore provided with suitable cut-off
mechanism, by which, after the piston of said
cvlinder has advanced a certain distance—say
one-half or somewhat more or less than one-
half the stroke—the further ingress of stecam
is arrested, the remainder of the stroke being
accomplished by the expansive force of the
steam already in the cylinder and the force
exerted by the compensating-cylinders, the
oradual decrease of power due to the expan-
sion of the steam in the one being compensat-

ed for by the gradual increase of power 1n the
other. AsS the piston 25 arrives at the end of
its strokeits rod 15 will operate the induction-
valve of the cylinder 12, so as to start the op-
posite side of the engine, which side will then
make astroke, its compensating-cylinders op-
erating 1n the manner just described. 'This
stroke will in turn reverse the valve of the cyl-

inder 11, so as to admit steam upon the oppo-
site suie of the piston therein, and so the op-
eration will continue to be 1epeated The

4, in such position as to act against the rod i vwlves of one side of the engine being oper-

75”5:--

160

105

110

I1

A

120

130

arrive at the position shown in full linesin ;0

| Fig. 2, at which time the rods 26 will act ax-; :
Tectly anamst each other and offer no resist-
éance_to;the rod 15. : During: the remamderﬂf SRR
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ated by the 131313011 10(1 of the othe]. 51de asis |
described in said Letters Patent No. 24 838,
the same results due to the pausing of the plS---

tons at the end of their str okes 15 attnned as
ls described therein.

One form of valve and c,ut off mechamsm 18

#hown in the drawings at Figs. 17 and 18, for

the purpose of cutting off’ ste%m at the proper
point in the main cylmdel S.

vided with bushings, the plugs 57in which ex-

tend through the sides of the steam- chests, and

are pr ovided with arms 56, which are connect-
ed by rods 55 with the V’L]VG -operating ]evers
54. The pa,rts are S0 adjusted that as each pis-

“ton of the main cylinders arrives at the point
“where it is desired to cut off the further ad-

20

mission of steam the plug 57 will be turned so

‘that the solid parts 58 will close the ports 59.

The parts 58 are made of such width that, al-

though the plug will continue to turn dmmg;'
the remainder of the stroke, the ports 59 will
notbeuncovered. Asthe plston commences its
return-stroke the movement of the plug 57 will

be reversed, so that at the end of the stroke the

~ ports 59 will be uncovered. Therelative posi-

tion of the parts 58 of the plugs at the opposite
sides of the cylinders will of course be such that

when one set of ports 59 are open the other

will be closed at the beginning of any Strohe

~ The arms 56 are slotted as shown in Fig. 1

so that the point of att%chment of the 1od o.')'

“may be varied, thereby affording means for

33

40

45

changing the pomt of cut-off when desired, the
rods 55 being jointed to permit this. The
point of attachment of the rod 55 to the lever
al can also be adjusted, if desired.

“The cut-off meclmnlsm just desel ibed is

shown merely as an example, as 1t 1s apparent
that any known form of mechamsm for this
purpose may be employed, if preferred.

By the employment of compensating-cylin-

ders, as just described, all theadvantages due

to the use of the steam expansively are at-
tained, and without the employment of a fly-
wheel or other heavy moving attachment, or
the use of compound cylinders. In the pres-

~ enb case the compensating - eylinders are lo-

S(‘)

53

cated at the end of the water-cylinders sim-
ply for the sake of convenience in illustrating
the application of theinvention. It will read-
ily be understood that these cylinders may be
located at any other convenient point, to act
either npon the piston-rods or other movmg
parts of the engine. Iffound more convenient,
they may be located between the steam and

- water cylinders, or the piston-rods may ex-

_60'

| - nected or made to act upon the moving
of the engine may be varied greatly from that

tend through the opposite ends of the steam-
oyhnders and connect with the rods 96 at that
point.

It-is manifest that the means by which the
rods 26 of the comgensa,tmcr cylinders are con-

parts

already described without departing from the

- principle of the invention.

In this form 48
are the steam-admission ducts, which are pro-

tleor no oscillating movement.
the rods 26 are connected to the piston- 16ds

tlonary bearing

“In Plns 6 to 14 mcluswe, Seveml such -_
modlﬁed forms of conneetmn devices and com

:pensa}hng cylinders are 11111strated
In the construction shown in Iig. 6, the r ods

crank-pins projecting from. the faces of seg-
mental gears 31{ which gears engage. Wlth

70
26, instead of being connected duect]y to the
';1:)15’5011 rods of the engine; are attached to

racks 32 formed upon the extending end of 75

the plstou rods. It is apparent that the op-

eration of the compensating-cylinders will be

the same in this rmmmtwn as 1in th&t al-

1 ready described.

Fig. 7 illustrates a form of connection by
whmh the compensating- cyllndels receive lit-
To effect this,

by means of links 27, the point of junecture be-

tween said rods and links being connected to

the water-cylinders or some other fixed part
by pivoted tie-rods 28. - itwill readily be seen
that the effect of this arrangement is the same
as of that already deseubed except that the

compensating - ecylinders remain pmctleal]y'
‘stationary.

8 illustrates another form Of connec-
_1310118 effecting substantially the same result.

- Fig.

In this case the lmks 27 are omitted, and the

__pwoted tie-rods 28 are provided Wlth rollers

34, which rideupon the opposite-inelined sides

30

Q0

_of cams 33, secured to the piston-rods of the

engine. The rods 26 are also provided with
JO]I]tS 35, by which the compensating-cylin-
ders are permitted to remain per_fectly sta-
tionary. The operation of this construction
18 substantially the same as already set forth.
During the first half of the stroke of each side
of the engine the rods 26 act against the di-
verging edﬂes of the cam 33 and resist the

'advancement of each piston-rod of the engine,

while during the last half of the stroke they‘
act against the cony erging edges of said cam
and assist the advancement of each rod.

- In the organizations shown in both Figs. 7

and 8 the rods 28 may, if preferred, be omit-

ted and the ends of the rods 26 madeto slide

| in a bearing similar to that shown in Tig. 12,

It is also apparent that, instead of two, three
or more of the compens‘mtmn* cylinders may
be employed on cach side of the engine, or,

I00

103

110

if preferred, the number may be reduced to

one. In Fig. 9 one form of connections for

the latter purpose 18 shown. In this case the

rod 26 is connected to the pistonirod of the
engine by a link, 29, the joint between said
link and the rod 26 belnﬂ supported by an os-
cillating arm, 30. The lmk 29 and arm 30
may be dlspensed with, the rod 26 being ‘con-

nected directly to the 1)1813011 -rod and a-sta-:
upon which the

provided,

joint can slide back and fmth The arrange-
ment shown is, however, pr efemble 111 thab 1t
- produces less friction.

In Figs. 10 and 11 organizations are shown .
in which the rod 26, mstead of acting directly
; npon the 1}18‘[011 10d for. each side of the en-

120
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oine, acts upon a lever, 36, attached to said | adjusted to the proper position, the steam will

rod. In these figures, also, the compensat-
ing-eylinder is shown as located between the
steam and water cylinders. In Iig. 10 the
lever 36 is of the first order and of bell-crank
form, while in I'ig. 11 1t 1s of the second or-
der. 1It1s apparent, however, that the form
of the lever and its mode of attachment may
be greatly varied, and also that more than one
compensating-evlinder may be connected to
each piston-rod in this manner, 1f desired.

In Figs. 12, 13, and 14 organizations are
shown in which both the compensating-cylin-
derandits piston have a reciprocating motion.
To effect this each piston-rod of the engine 1s

provided with links 27, one of which is at-

tached tothe piston-rod 26, while the otherisat-
{ached to the ends of a pairof rods, 37, seccured
to the end of the compensating-evlinder 1n
substantially the manner shown in Ifig. 14,
the opposite end of said cylinder being pro-
vided with a tubular projeetion, 39, which ex-
tends through a stuffing-box and reciprocates
in the end of the supply-pipe 23. The rods
26 and 37 may be provided with sliding bear-
ings 38, which move in suitable guideways,
40, as shown 1n Ifig. 12; or they may be con-
nected to the end of the water-cylinder or
other stationary part by pivoted tie-rods 28§,
as shown in Fig. 13. In these organizations,
duaring the first half of the strokethe compen-
sating-cylinder will be raised, while 1ts piston
will be lowered, thereby doubling the resist-
ance of said cylinder, and duaring the last half
of the stroke the piston will be raised, while
the cylinder is lowered, thus permitting the
pressure of the steam in both directions to be
exerted upon the piston-rod of the engine.

Many other forms of connecting apparatus
can readily be suggested by any person fa-
miliar with the art, but those shown and de-
seribed are deemed sufficient to carry out the
invention.

It will be observed that the steant is admit-
ted upon only one side of the pistons of the
compensating-cylinders, and that this admis-
sion is uninterrupted, it being allowed to flow

freely in and out of said eylinders as the pis--

tons move back and forth. It 1s found desir-
able, however, to provide means by which the
pressure in the compensating-cylinders can be
controlled, and also by which 1t can be main-
tained in a uniform condition, no matter what
may be the pressure 1n the boiler or other
source from which 1t 1s obtained. To effect
this the pipe 22 1s provided at some conven-

ient point with a tank, 41, (see Fig. 16,) of

such size that the withdrawal of sufficient
steam to fill the compensating-cylinders will
not materially reduce the pressure of thesteam
therein. 'This tank is provided with a small
opening, 42, communicating with an ordinary
diaphragm - regulator,

located in the pipe 22 between the tanlk and
the source of supply. The weight 46 being

I:!ili:ifll..!lllli‘illll . )
LT :||i|I||:||i|||IH-IIIiH|m............

43, the lever 44 of
which controls an ordinary throttle-valve, 45,

flow into the tank until the desired pressureis
reached, when the diaphragm will rise and
cause the lever to close the throttle and stop
the admission. YWhen, by reason of conden-
sation and waste, the pressure in the tank falls
below the desired point, the diaphragm will
fall, thereby opening the throttle and admit-
ting steam until the proper pressure 1s re-
stored.

The regulating devices used in connection
with the tank may be varied widely from those
shhown and described without departing from
this part of my invention. Among other de-
vices that may be employed is a piston in place
of the diaphragm, or any of the well-known
pressure-regulating valves in place of the dia-
phragm and throttle-valve.

Although it will usually be found most de-
sirable to employ steam as the resisting me-
dium in the compensating-cylinders, and to
supply this from the main generator through
connections substantially as herein shown, yet
thisisnot necessary. Compressed air or other
oas may be employed in these cylinders, and
it may be supplied in any convenient manner.
Water or other liquid fluid may, i1t preferred,
be employed, it being introduced 1nto the cyl-
inders under a sufficient head to supply the
desired pressure. When a liquid fluid 1s em-
ployed, the pressure-regulating apparatus just
described will of course be inapplicable; but
any of the well-known forms of apparatus for
regulating the pressure of a liquid may be em-
ployed. |

The compensating - cylinders may be pro-
vided with drain-cocks, as 4, (see Iig. 15,)
located at any convenient point upon the cyl-
inders, by which any water resulting from
condensation ean be withdrawn. The ends
of these cylinders through which the rods 26
pass may be provided with stufiing-boxes, as
shown, or with elongated metal sleeves, to
form a tight joint around the rods, and this
end of the cylinder or ¢ylinders may be util-
ized to form a cushioning and governing ap-
paratus for the engine. To effect this the head
of each cylinder will be provided with an ori-

fice, as 5, (see Fig. 15,) of considerable size,

controlled by an inwardly-opening valve, 2,
and a second orifice, as 3, controlled by a cock,
6. As the piston passes to the opposite end
of the cylinder, the atmospheric air will pass
freely throungh the orifice 5 and fill the space
behind the piston. Assoon as the piston coni-
mences to recede, the valve 2 will close, and
the air in the cylinder will be forced to pass
out through the opening in the cock 6. By
opening the cock to the proper extent the air
may be permitted to escape sufficiently fast to

not interfere with the piston when the engine

is running at its normal speed. If, however,
the speed of the engine is suddenly acceler-
ated by reason of accident or any sudden

change in the condition of running, the con-
fined air in the cylinder will act as a cushion.

70
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ling the escape of the air may be controlled

automatically by any convenient governing

\ device. Instead of the devices shown and de-

{0

15

20

25

30

40

scribed for controlling the inlet and outlet of
the air, any other convenient devices may be
employed for this purpose. The cock 6 can
also be adjusted so as to act as a partial gov-
ernor to the engine by increasing the resist-
ance -as the speed increases, and vice versa.
If found more desirable in any case to use

some other resisting medium instead of air, it

may be done without departing from the prin-
ciple of or losing the advantages of the in-
vention. - | o

When it is desired to obtain a very high

ratio of expansion, compound cylinders may

be employed, and these cylinders may be ar-
ranged to operate in connection with a tank,
as herein shown, or in any of the other well-
known ways. o -
Although for convenience in describing and
illustrating the invention it is herein shown
as applied to duplex engines for pumping
water, it is equally useful in duplex engines

~designed for pumping and compressing air.

Inthecaseofan ordinarydirect-acting engine

a fly-wheel or any other contrivance for stor-.
1ng up and imparting energy through the mo- |

mentum of moving masses would enable it to

- perform the same service and to obtain equally
good results as it could accomplish by aid of

the compensating-cylinders. The compensat-
ing-cylinders would, however, alter the char-
acter of its motion somewhat, in so far as the
increased momentum of their added weight
would embarrass and interrupt it. The tend-
ency of this weight would be to oppose the
sudden and harsh reciprocation of the stroke
inherent in this type of engine, and this would
be found straining to the machine anc. a seri-
ous difficulty, especially at high speeds. With
such direct-acting engines an important de-

-sideratum is that the weight of the moving

parts should be reduced to a minimum to en-
able this sudden stopping and starting of the

strokes to be effected with the least possible
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wrenching and distortion of the engine. .
In the case of the duplex pumping-engine
described, its one peculiar feature is the va-
riable and adjustable pause which its valve
motion permits at the end of each stroke.
The effect of this pause when dealing with the
pumping of fluids 1s well known in the art to
be of great practical value. The combining

with such an engine of a fly-wheel or any

other contrivance known before this inven-
tlon in which the momentum of moving masses
is employed for the purpose of enabling it to
run under higher ratios of expansion, and con-

-sequent economy, would rob it entirely of this

distinctive and valuable characteristic, be-
cause only a determinate and instantaneous
pause at the end of the stroke would then be
possible. This faect has hitherto prevented
the highest rate of economy being attained by

- and prevent damage. The cock for control- T this type of engine. By combining with it

the compensating-cylinders, as. described, a

‘regult heretofore considered impossible with it
1s accomplished, viz: Not only does it realize

as high ratios of expansion- as are possible
with-any fly-wheel type, but the valuable and

adjustable pause at the end.of the stroke is

retained. The duplex pumping-engine thus
becomes capable of attaining thg highest eco-

~nomic results without the quality of its motion

being affected in the least or its well-known
sSmooth and quiet action sacrificed. -

. T am aware of United States Letters Patent

No. 225,351, dated May 9, 1880, and make

10 claim herein to what is therein set forth;
‘but | - |
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What I claim as new, and desire to secure

by Letters Patent, is— = .

1. The combination, with a duplex pump-
ing-engine provided with means whereby the
inlet and exhaust valve or valves of one side
thereof is or are operated by the other side,
of means, substantially as deseribed, whereby
power i8 stored up at one and utilized at an-
other period of the stroke of each side of said

| engine without preventing the variable pause

at the end of
gine. | - -
2. The combination, with the main eylin-
ders and pistons forming the two sides of a

each stroke peculiar to this en-

duplex pumping-engine, provided with means

whereby the inlet and exhaust valve or valves

of one side thereof is or are operated by the
other side, of a compensating cylinder or cyl-

Inders at each side of said engine, each. pro-
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vided with a piston and rod and suppliedwith

a suitable motor-fluid, and aecting in opposi-.
tion to the main eylinder and pistons to which

they are connected during the first part of

“the stroke of said main pistons and in con-
Junction therewith during the'last part of their

stroke, substantially as described.

8. The combination, with the main eylin-

ders and pistons forming the two sides of a
duplex pumping-engine, provided with means
whereby the inlet and exhaust valve or valves
of one side thereof is or are operated by the
other side, of a compensating cylinder or eyl-
Inders at each side of said engine, each pro-
vided with a piston and rod and supplied
with a suitable motor-fluid, and acting in op-
position to the main cylinders and pistons to
which they are connected duringthe first part
of the stroke of said main pistons and in con-

stroke, and a cut-off mechanism, substantially
as described.. -

4. The combination, with a main cylinder
and piston, of one or more compensating-cyl-

Inders and pistons and means for regulating

the pressure of the fluid admitted to said com-

as described. - | |
5. The combination, with a main -eylinder
and piston, of one or more compensating cyl-
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junction therewith during the last part of their -

Ppensating cylinder or cylinders, substantially
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| inders and pistons, a tank, as 4, means for.




o -Scrlbed

?regulatmw the pressure of the fluid in said |

:iftank and connectlons, substfmtmlly as de-

6. 'The combmﬂ,tlon T&lth cylmder as 18

- ?pr ovided with a plston. and means for main- |
~ taining a constant pressure upon one side of |
- said- 1)151:011 of means for permitting the in-
- oress and egress of a fluid from the opposite: |
side of said piston in such manner as to cush-

b
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ion said piston when it exceeds: lts 1101'mal 10

slaeed substantially as described. |
-In testimony whereof I have hcreunto set ;

my hand in ’nhe presenee of t“ 0: Subscrlbmgg ST '

Wltnesses
CHARLES C W’ORTHI\"GTON. R
'Wltnesses

M. B, PmiLier,
P H. PAL"\LER_
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