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Beit known that I, CHARLES C. WORTHING-
TON, a citizen of the United States, residing at
Irvington, county of Westchester, and State

nseful Improvements in Steam-Engines, fully
described and represented in the following
specification and the accompanying drawings,
forming a part of the same. |

The present invention relates, generally, to
that class of engines which are provided with
one or more compensating or auxiliary eylin-
ders and pistons which are supplied with a
snitable motor-fluid, and are arranged to act
in opposition to the main piston or pistons
during the first part of the stroke of the latter,
and in conjunction therewith during the last
part of the stroke, thereby permitting the ad-
mission of the steam to the main eylinder or
cylinders to be cut off before the stroke 1s
completed without reducing the power of the
engine at the end of the stroke. One form of
such an engine is shown and described In
United States Letters Patent No. 292,525,
heretofore granted to me. o

The present invention consists, principally,

ducing the required pressure upon the piston
or pistons of the compensating cylinder or
cvlinders. | |
Another feature of the invention consists in
deriving the pressure in the compensating
cylinder or cylinders from the pressurein the
force-main, and transmitting it to the cylinder
or cylinders through a volume of air or other

elastic gas.

~ The invention also includes a governor ap-
paratus, which is arranged to control the press-
ure upon the piston or pistons of the compen-
sating eylinder or cylinders in such manner
as to prevent the engine from being subjected
to a shock or strain at the end of the stroke,
and from operating violently and being dam-
aged in case it is attempted to start or run 1t
with no load or with less than 1ts full load, or
in ease it is suddenly relieved of the whole or
a large part of its load, as by the breaking of |
a piston or plunger rod or the foree-main. |

As afull understanding of theinvention can
be best imparted by a detailed description of

the organization and operation of the engine,
all further preliminary description will be

~ Serial No. 191,014. (No model.)

omitted and a full description given, reference
being had to the accompanying drawings, in
which—
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Figure 1 is a side elevation of a duplex

pumping-engineembodying the present inven-
tion, the parts being shown in the position
they will occupy when the pistons of the main
steam - cylinders are at the middle of their
strokes. Fig. 2 is a top view of the same.
Fig. 8 is an enlarged sectional elevation taken
upon the line x x of Figs. 1, 2, and 5, looking
toward the water end of the engine. Fig. 41s
a similar view talken upon the line 2 z of the
same figures. Fig. 5 is an enlarged side ele-
vation, partly in section, showing particularly
the accamulator and the governor-valve for
controlling the pressure in the compensating-
cylinders of one side of the engine.

Ifig. 6 18
an enlarged view of a portion of Fig.5. Fig.

60
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7 is a similar view showing the parts in a dif-

ferent position; and Fig. 8§ is a view 'similar
to Fig. 5, showing an accumulator of a differ-
ent form, and also showing one way of deriv-

75

ing the pressure for the compensating-cylin-

‘ders from the force-main and transmitting it

to the cylinders through a body of

elastic gas.
Referring particularly to IFigs. 1 and 2, it 1s

air or other

to be understood that the steam end of the

engine, or what may be termed the ‘‘engine

proper,’”’ is of a common form, consisting of

two steam-cylinders, A B, one for each side
of the engine, which are provided with the
usual steam-chests, a b, into which the steam
is admitted from the boiler through the usual
induction-pipe,90. After performing its work
in the cylinders the steam1s exhausted through
the usual exhaust-pipe, 91, 1nto a condenser
or into the open air. The steam-chests a b
are provided with ordinary slide-valves, (1ot
shown,) the rods 24 25 of which are pro-
vided with the usual connections, 92 93, by
which the valve of each side of the engine 1S

operated from the piston-rod of the other

in the manner common in duplex engines.

The water end of the engine, or what may
be termed the ‘“pump proper,’”” is also of a
common form, consisting of two water-cylin-

ders, C D, the plungers or pistons of which

are connected directly to the piston-rods 26
97 of the steam-cylinders in the manner com-
nmon in this class of engines. The water-cyl-
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inders C D are provided with the usual suc-
tion and force chambers, E F, the former of
which is connected to the suction main 98 and
the latter to the force-main 99. The force-
main 99 is provided with the usual air com-
pression chamber, 97, to equalize the flow of
the water discharged from the pump. The
organization thus briefly outlined is, as be-
fore stated, common, and will be readily un-
derstood by those familiar with this class of
engines. |

Referring now more particularly to Figs. 3,
4, and 5, it will be seen that the piston-rods
26 27 are provided between the steam and wa.-
ter eylinders with heads or bearings 28 29, to
which are pivoted the piston-rods 30 31 of two
pairs of oscillating compensating-cylinders, 39
33, which are supplied with a sunitable motor-
fluid, and are arranged so that their pistons 34

35 act 1n opposition to the main steam-pistons
during the first part of the stroke of the latter,

and 1n conjunction therewith during the last
part of the stroke, in substantially the manner
described in my former Letters Patent. herein-
before referred to. The cylinders 32 383 are ar-
ranged to oscillate upon trunnions 20, which

aremountedin bearings 23,supported uponthe |

tie-rods 22, which connect the steam and wa-

ter cylinders, or in any other suitable man-

ner. It is to be remarked that the compen-
sating-cylinders, instead of being located be-
tween the steam and water cylinders, may be
located at the outer end of the water-cylin-

ders, or at the outer end of the steam-cylin-

ders. In such case the main piston-rods will
be extended through the water-cylinders or
the steam-cylinders, as the case may be; or,

in fact, the compensating-cylinders may be

located 1n any other convenient position. It
18 also to be remarked that one com pensating-
cylinder may be employed for each of the main
piston-rods, instead of two, and also that the
compensating cylinders or eylinder may be

~arranged to act on the main piston-rod in any
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of the ways shown in my Letters Patent be-
fore referred to, or in any other suitable way.
The compensating-cylinders and pistons are,
as before stated, arranged to act in opposition

to the main steam-pistons during the first part |-

of the stroke, and in conjunction therewith
during the last part of the stroke, thereby
permitting the steam to be cut off from the
main cylinders before the end of the stroke
without interfering with the proper operation
of the engine. The engine shown in the pres-
ent case 18, therefore, provided with cut-off
mechanisms 89, by which the steam is cut off

from the main cylinders A B when their pis-

tons have arrived at the proper point in their
strokes, after which their pistons complete

theirstrokes by the expansive force of thesteam

in the cylinders, aided by the power exerted
by the pistons of the compensating-eylinders.
These cut-off mechanisms are of the form
shown and described in my Letters Patent No.
292,525, beforereferred to, and need not, there-
fore, be herein described in detail. It is to

341,534

be remarked, however, that any other form
of cut-off mechanism may be used,if preferred.
The motor-flunid which acts upon the piston or
pistons of the compensating cylinder or cylin-
ders may, as set forth in my Letters Patent
before referred to, be steam, air,or other gas,
or it may be a liquid; but it has been found
1n practice that in those cases where steam,

air, or other gas is employed as the motor-

fluid it is desirable that a liquid packing
should be interposed between the motor-fluid
and the piston or pistons of the compensating
cylinder or cylinders, which liynid paeking
will fill the eylinder or cylinders and transmit
the pressure of the motor-flnid to the piston
or pistons. The advantages of this liqaid
packing are fully set forth in my Letters Pat-
ent No. 332,857, 1t has also been found in
practice that in order to develop the desired
amount of powerinthe compensating eylinder
or cylindersand yet avoid making it or them
ofan inconveniently largesize, it is sometimes
necessary that the pressure upon the piston or

pistous of the compensating cylinder or c¢yl-

inders should be greater than exists in the
boller or other source from which it is inost
convenient and desirable to derive the press-
ure for the motor-fiuid. To overcome this dif-
ficulty I provide the engine with an accuamu-

tator, which 18 interposed between the com-

pensating cylinderor ¢ylinders and the source
from which the pressure on the motor-fluid is
derived,and by which the pressureis acecumu-
lated or concentrated upon a smaller area,
thereby increasing the pressure in the com-
pensating cylinder or cylinders to any desired
extent. Other advantagesare also gained by
the employment of this accumulator, which
will be hereinafter referred to. Two applica-
tions of the aceumulator arcillustrated in the
present case. In one (see Figs. 1 to 5) the
pressure in the compensating-cylinders is de-
rived directly from the pressure of the column
of water in the force-main, while in the other
(see Fig. 8) the pressure is derived indirectly
from the same source, but directly from the
pressure of the air in the air-chamber 97.
Referring now to Figs. 1 to 5, the first of
these applications of the acecumulator and its
connections with the compensating-cylinders
and the force-main will be described. The
insidetrunnions ofthe compensating-cylinders
are provided with tubular extensions 19, (see
Fig. 4,) which communicate with a vertieal
pipe, 50, -having a vertical partition or dia-
phragm, 18, by which it is divided into two
compartments or ducts, 16 17, the tubular ex-
tensions 19 of the trunnions of the eylinders
32 communicating with the duet 16 and those
of the cylinders 33 with the duct 17. It is to
be remarked, however, that instead of using
the single pipe 50, which is divided to form
the two ducts 16 17, twoseparate pipes may be

~employed, one for each of the pairs of com-

pensating-cylinders. The tubular extensions

19 are provided with pipes 21, (see Fig. 4,)
which communicate with the ends of their
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respective cylinderé behind the pistons 34

35. The ends of the tubular extensions 19

enter stuffing-boxes formed on the sides of

[O

b
n

30

the pipe 50, which serve to form tight con-
nections between the oscillating cylinders,
trunnions, and tubular extensions and the
stationary pipe. 'The ducts or pipes 16 17 are

provided with branch pipes14 15,which com- i

municate with the chamber or cylinder 51 of
the accumulator,which is of a capacity at least
equal to the combined displacement of the pis-
tons of the compensating-cylinders, and which,
together with the connections just described,
are filled with water, oil, or other liquid, which
also fills the compensating-cylinders behind
their pistons. The upper end of the cylinder
51 is provided with an opening, through which
passes the smaller end of the differential plun-
ger 52, the larger end of which works in a eyl

of the plunger with a pipe, 5+, which commu-
nicates with the force-main 99, and through
which the water from the main enters and fills
the eylinder 53, and communicates the press-
ure of the main directly to the larger end of
the plaunger 52. By reason of this arranze-
ment it resualts, according to the well-known
law of hydrostatics, that the pressure in the
cylinder 51 and upon the pistons of the com-

- pensating-cylinders is to the pressare in the

40

50

force-main as the area of the larger end of the
plunger is to the area of 1ts smaller end. DBy
this means the pressure in the compensating-

- cylindersisincreased abovethe pressure which

exists in the force-main, and 1t will readily be
seen that by properly proportioning the rela-
tive areas of the two ends of the plunger any
desired degree of pressure can be obtained 1n
the compensating-cylinders. 1t will of course

be seen that if the pressure in the main should ;

be greater than is desired in the com pensating-
cylinders, the pressure can be reduced Dy sim-
ply reversing the relative areas of the ends of
the plunger. The lower end of the cylinder
53, which rests upon the cylinder 51, 18 pro-
vided with one or more openings,as 36, through

whichair isallowed to passfreelyinto andout

of the cylinder below the enlarged part of the
plunger, so as to prevent the plunger from be-

ing cushioned. 'The openings 36 alsoserve to |
allow anyliquid which may leak past the plun- |

- ger to escape into a trough, 37, formed upon

55

the upper end of the cylinder 51, from which
trough it flows through a spout, 38, to a drain-
pipe, 33. The pipe 54 is provided with a
valve or gate, 55, by which, when desired, com-
munication between the cylinder 53 and the
main 99 may be shut off, and the pipe 13 also
provided with a small branch pipe, 56, which
communicates with a drain-pipe, 33, and 1s
provided with a cock or valve, 57, by which,
when the gate 55 is closed, the liguid can be
drawn out of the cylinder 53. The plunger

52 will preferably be provided with a small
rod, as 58, which passesthrougha stuffing-box
in the upper end of the cylinder 53, and ex-

1

]
I

|

-—

—

—

S

‘tends by the side of a stationary scale, as 59,
'so as to indicate the position of the planger
52, and enable the engineer to determine when
the ¢vlinder 51 contains the proper quantity
of liquid. | |
‘TIn the second application of theaccnmulator
illustrated—viz., that shown in Fig. 8—the
gdeneral organization of the engine 1s substan-
tially the same as that already deseribed. The
cylinder 51 and the smaller end of the plunger
52 are, however, as shown, much smaller in
proportion to the cylinder 53 and the larger
end of the plunger. The accumulation of the
pressure in the ¢ylinder5l is, therefore, much
-greater, and, as a consequence, the compensat-
ing-cylinders 32 33 are of correspondingly
reduced diameter. The cylinders bl 53 are in
this case entirely independent of each other,

and aresupported uponvertical rods 49. The
inder, 53, which is located above the cylinder
51, and is provided at a point above the end |

connections for conducting the liguid from the
cylinder 51 to the compensating-cylinders are
the same as alieady described. T'he pipe 54,
‘however, instead of communicating directly
with the force- main 99, extends upward
throughtheair-chamber 97,and terminates at a
pointnear itstop, so that the pressure of the col-
amnof water in the force-main,instead of being
transmitted directly to the plunger 52 through
‘the column of waterinthe pipe b4, 1s transmit-
ted indirectly to the planger throughthe body
of air in the chamber 97 and in the pipe 54 and
cylinder 53. In order to keep the larger end
of the plunger 52 properly packed and lubri-
cated in the cylinder 53, the cylinder 1S pro-

70
7
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vided with a small pipe, 48, which communi-.

cates with the main 99, and 18 provided with
a cock, 47, through which a small amount of
water can be allowed to enter the cylinder
‘abovethe plunger. The proper amount of air
can be maintained in the chamber 97 by means
of a small air-compression pump, as 46,which
communicates with thechamber by a pipe, 45.
This pump, as herein shown, 18 operated fron
an arm, 41, extending from one of the trun-
nions. 20, of the compensating-cylinders, and
connected by a rod, 42, to an arm, 43, which
‘is pivoted on a stud extending from the side
of the water-cylinder C, and 18 connected to
the plunger-rod 44 of the pump. By this
means the pump 46 is caused to make two
strokes to each stroke of the engine, the ad-
vantages of which are fally set forth 1n my

former Letters Patent No. 309,676. The pump

46 will need to be operated only occasionally,

and at other times it will be disconnected from

the engine. Instead of using the compressor
46, the proper amount of air can besupplied to
the chamber 97 in any other snitable manner.

"The chamber 97 is provided with an ordinary

olass gage, as 60, by which it can be determined
when the chamber contains the proper quanti-
ty of air. The pipe 54 is provided with an
ordinary three-way cock, 53, by which com-
mnnication with the air-chamber ‘can be cut
off from the cylinder 53 and communication
opened between the atmosphere and the cyl-
inder. | |
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~ The operation of the accumulator, when ar-

ranged in either of the ways deseribed, is as

- follows: For the purpose of this description
- 16t will be assumed that the engine is in oper-

ation, and that the normal or ordinary press-

~ure exists in the main 99, and also that the
. piston of the cylinder A is commencing its

stroketoward the water-cylinders. During the

first half of the stroke the liquid will be forced
out of the compensating-cylinders 32, and

~ through the pipes 21, duct 16, and pipe 14 |
- Into the cylinder 51, where it will act upon

- the smaller end of the plunger 52 and raise
the plunger against the pressure of the wa- |
ter in the main 99. During the last half of |

" the stroke the operation will be reversed, and

~ the plunger 52, acted upon by the pressure
- from the force-main in the eylinder 53, will
~ force the liquid out of the eylinder 51 back
20

: ~ approaches the end of its stroke the conneec-
tions 93 will operate the valve of the cylin-

into the cylinders 32, thus giving back the
- power which was expended in raising the
~ pluanger. As the piston of the eylinder A

der B, so as to start the piston of that eylin-
der upon its stroke in the same direction.
~During this stroke the operation just de-
-seribed will be repeated in connection with

the compensating-cylinders 33, and as the pis-

ton of the cylinder B approaches the end of
1ts stroke the connections 92 will operate the

- - valve of the cylinder A, so as to start the pis-

- ton of that cylinder upon its return-stroke,

~and so the operation will: continue to be re-

5 peated.

" In addition to its function of -aCcumu]a;ting-

- or concentrating pressure in the cylinder 51,

4.0

45
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the accumulator is important in another re-
spect. It sometimes happens, owing to a
change in the character or amount of the
work which the engine is to perform, that
1t 1s desirable to cause the compensating cyl-
inder or cylinders to develop a greater or less
amount of power without changing the press-
ure at the source from which the pressure in
the cylinder or cylinders is derived. When
the pressure in the compensating cylinder or
cylinders is communicated directly to it or
them from the souree at whieh it is derived,

» such change can only be effected by changing

the diameter of the cylinder or eylinders; but
by the use of the accumulator this change ean
be etfected by simply changing the area of the
smaller end ol the plunger 52, which can be
readily and cheaply done.

It will readily be seen that so far as concen-
trating or accumulating the pressure in the
cylinder 51 18 concerned, and also so far as
changing the pressure in the compensating
cylinder or cylinders is concerned, the oper-
ation of the accumulator will be the same
whether the pressure upon the larger end of
the plunger 52 is derived from the force-main,
as shown in the present case, or from any other
source—as the steam-boiler, or a tank contain-
ing air or other gas under pressure, or a stand-

pipe containing a column of liquid, or even a |

the plunger. In any of these cases the

combination of the accumulator with one or
more of the compensating-eylinders, regard-

18 at rest.

welght or spring arranged upon or to act

effect nothing more than so much weight

‘placed upon the plunger, and it is thereforeto
be understood that my invention embraces the

less of the source from which the pressure up-

- on the planger of the accumulator is derived.
There are, however, several important advan-

tages gained by having the pressure in the

compensating cylinder or eylinders derived

elther directly or indirectly from the force-

main. By this means the power developed by
the compensating cylinder or ¢ylinders is con- o
‘trolled by and conforms to the pressure in the =

main, or, in other words, conforms to theload
upon the engine. Thisis afeature of particu-
lar importance, as there are many cases in

which the full pressure in the main, or, in

‘other words,the full load upon the engine, is not.
‘attained until it has been operating for some

time or has aequired a considerable degree
of speed. This is the case in raising liquids

upon
press-

80

when for any reason the force-main has be- =

come empty or partly empty while the engine

.t 15 also the case in pumping

through a long Jine of pipe,when the pressnre =~

on the engine, is due to the friction of the fluid,

depending on its Ve-]'(}ﬂity,'and not to the heighb -
of the column. In these and other like cases, 100
1f the compensating cylinder oreylinders isor

and be liable to occasion damage; but by hav-
ing the pressure in the compensating cylinder
or cylinders derived from the pressure in the
main the power developed by the former gradu-
ally increases as the pressure in the latter in-
creases,sothatall violentaction of the engine is
avolded. Inpumpingagainsta heavy pressure
there is also some danger that the force-main
may burst, and thus suddenly relieve the en-
gine of all or a large portion of its load. 1In
this case, also, the compensating eylinder or
cylinders will at once cease to develop any
power, and the danger of damage from the
sudden acceleration of the speed of the engine
which would otherwise ensue is avoided. The
results just stated will be the same, whether
the pressure in the compensating eylinder or
cylinders 1s derived directly fromn the force-
main, as shown in Figs. 1 to 5, or indirectly,
as shown In Fig. 8. 'When, however, the
pressure Is derived directly from the main, the
flow of the liquid into and out of the cylinder
51, and the consequent reciprocating move-
ment of the plunger 52, will cause pulsations in
the main, owing to the non-compressibility of
the liguid in the main, which in some cases
will be objectionable; but these pulsations will
be wholly or nearly wholly avoided when the
pressure 18 derived indirectly from the main
through the air in the chamber 97, as shown

in the pipe,and as a consequence the load up-

are allowed to develop its or their full power
when the engine is started and when the load
1s light, it will cause the engine to act violent! y
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in Fig. S, because these pulsations will be ab-
sorbed by theelasticity of the air in -the cham-
ber 97, and will not be communicated, except-
ing, perhaps, in a slight degree, to the water
column. |

It will readily be seen that although 1t 1s
most convenient to utilize the air in the cham-
ber 97 for transmitting thre pressure in the
main to the compensating cylinder or cylin-
ders, a special air-chamber may be provided
for containing the air for that purpose, such
chamber being located in any convenient posi-
tion and made to communicate with the main
and the cylinder 53. It will also be seen that
the advantage due to transmitting the pressure
in the main to the compensating cylinder or
cylinders indirectly through a body of air or
other elastic fluid will be the- same 1n those
cases where no accumulator is employed.

It is often desirable, even when the engine
is ranning at its normal speed and under its
ordinary working conditions, that the pressure
upon the piston or pistons of the compensat-
ing eylinder or cylinders should be reduced
or entirely removed just at the end of the
stroke of the engine, as otherwise the shock
occasioned by arresting these pistons while
they are subjected to their full working press-
ure, and at the time when, by reason of their
position, they are exerting their maximum
power upon the main piston-rod, 18 straining
to the engine. 1In order to avoid this strain
upon the engine, the compensating-cylinders

- for each side of the engine are provided with

35
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a governor or cut-off valve or cock which op-
erates to regulate the flow of the liguid to
these cylinders, and to greatly reduce or en-
tirely eut it off just at the end of the stroke of
the main steam-piston, and thus deprive the
compensating - eylinders of all or nearly all
their power at that time. For this purpose
the pipes 14 15, which connect the duets 16 17
with the eylinder 51, are provided with en-
largements 40, which form chambers fora pair
of piston-valves, 9, which reciprocate in bear-
ings 8, formed in the chambers 40, and are
provided with rods 7, which pass through stuff-

 ing-boxes in the topsof the chambers, and are
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connected to heads 6, which move in guides
13, and are connected to levers 12, which are
fulerumed to links 11, pivoted upon the pipes
14 15, and are connected by rods 10 with
crank-arms 3, extending from the trunnions
20 of two of the cylinders, 32 33.
9 are so connected to the rods 7 (see FKigs. 5,
6, and 7) that they are capable of a small

amount of motion independent of the rods, the

purpose of which will be made clear when the
operation of these valves is explained.

The operation of this part of the engine 1s
as follows: As either of the main steam-pis-
tons moves in either direction from the mid-

dle of its stroke, thereby oscillating its pair

of compensating-cylinders and allowing the
liquid in the eylinder 51 to flow out through
the pipe 14 or 15, as the case may be, and into
the compensating-cylinders behind their pis-

The valves |

| tons,the arm 5 will be rocked, thereby 1'oekiﬁg

the lever 12 and permitting the valve 9 of that
side of the engine to move downward toward
its seat. As the main piston approaches the
end of its stroke the valve 9 will fall below
its guide 8 and commence to close the pipe
14 or 15, as the case may be, and cut off the
flow of the liquid to its pair of compensating-
cylinders, and this movement will continue
until the main piston arrives at the end of its
stroke, at which time the valve 9 will have
nearly or (nite reached its seat, as shown 1In
Fig. 7, and consequently have cub off all or
nearly all flow of the liquid to the compensat-
ing-cylinders and deprived them of all or near-
ly all power.
its return-stroke and the liquid in the compen-
sating-cylinders is forced back into the cylin-
der 51, the valve 9 will be raised from 1ts seat
in advance of the movement of the rod 7, as
shown by dotted lines in Fig. 7, so as to offer
no obstruction to the flow of the liquid. AS
the main piston arrives at the middle of ifs

return-stroke, the parts will be restored to the:

position shown in Fig. 6, and as it makes the
last half of its return-stroke the arm 5 will be
rocked in the opposite direction, and the op-
eration just described will be repeated. By
reason of these governor-valves the whole or
nearly the whole pressure is removed from the

pistons of the compensating-cylinders just ab

the end of the stroke of the engine, thus re-
lieving the engine of the strain which might
result from arresting these pistons when sub-
jected to full pressure. It will also be seen
that these governor-valves operate to control
the rate at which the liquid is permitted to
enter the compensating-cylinders. This lat-
ter is a feature of great importance, betause it
allows the compensating-cylinders to develop
their full power only when the engine 1s oper-
ating at its normal speed, and thus prevents
the engine from acting violently in case 1t 1s
suddenly relieved of its load in such manner
as not to affect the pressure in the force-main—
as by the breaking of a piston-rod. This fanec-
tion of the governor-valves is of especial 1m-
portance in those cases where the pressure in
the compensating cylinder or cylinders is not
derived from the pressure in the main, as in
such case the power developed by the compen-
sating cylinder or cylinders does not vary to
conform to variations in the pressure in the

5
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main. The rods 10 are made adjustable In

length, and the arms 5 and levers 12 are slot-
ted, as shown, so that the extent of the move-

ment of the valves 9 and their time of closing

can be regulated to conform to the different
running conditions of the engine.

It is to be understood that any other form
of valve which will perform the same function
may be substituted for the valves 9 without
departing from the substance of the invention,
or that a rotary valve or cock combined with
a check-valve may be nsed in place of each of
the valves 9. In such case the rotary valve or

- cock will be operated to regulatethe flow of the
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liquid into the compensating eylinder or cylin- | said cylinder or cylinders is derived, substan-
ders, while the check-valve will operate to per- | tially as deseribed.
mit the liguid to flow freely out of the eylin- 4. The combination, with the main eylin- yo
der or ‘ecylinders. Such an arrangement is | ders and pistons forming the two sides of a
s therefore to be understood as the equivalent | duplex engine, and having connections by
of that shown. - which the valve or valves of each side is or
In conclusion, it is to be remarked that parts | are operated by the other side, and a compen-
of the invention may be used without the | sating cylinder o¥ cylinders and piston Or 4%
whole. The accumulator may be used with- | pistons for each side of the engine, which is
ro oub the governor-valves, and in such case the | or are arranged to act in opposition to the
- cylinder 51 can be made to communicate with | main piston or pistons during the first part of
the compensating cylinder or eylinders inany | the stroke, and in conjuaction therewith dur-
convenient manner. The accumulator may | 1ug the last part of the stroke. of an accumu- So
~also be used in connection with a governor | lator consisting of two cylinders of different
15 valve or cock, such as shown in my Letters | diameters, and a differential plunger arranged
Patent No, 332,857. So also the governor- | between the compensating-cvlinders and the
valves shown in the present case may be used | source from which the pressure 1n said cylin-
- without the accumulator—that isto say,when | ders is derived, substantially as described. 85
the pressure of the motor-fluid is transmitted 5. The combination, with the main eylinder
20 directly to the compensating eylinder or eyl- | orv cylinders and piston or pistons of a pu mp-
inders, as in my Lotters Patent Nos. 292,525 | Ing-engine, and a compensating cylinder or
and 332,857. - cylinders aund piston or pistons arranged to
“The duplex engine shown in the present | act in opposition to the main piston or pis- CO
case has been selected for the purpose of illus- | tons during the first part of the stroke, and
25 tration, because it is thought the invention is | in conjunction therewith daring the last part
most useful in connection with the engines of - of the stroke, the pressure in said compensat-
this type. The invention is, however, ap- | ing eylinder or eylinders being derived from
plicable to any engine in which a compensat- | the force-main, of an accumulator arranged gs
Ing eylinder or cylinders is or are used. - between the compensating eylinder or cylin-
30 What I elaim is— ders and the force-main, substantially as de-
1. The combination, with a main eylinder | seribed. |
or cylinders and piston or pistous, and a com- | (. The combination, with the main eylin-
pensating cylinder or cylinders and pistonor | ders and pistons forming the two sides of a 100
pistons arranged to act in opposition to the duplex pumping-engine, and having connec-
35 main piston or pistons during the first part | tions by which the valve or valves of each
of the stroke, and in conjunection therewith ! side is or are operated by the other side, and
during the last part of the stroke, of an ac- | a compensating cylinder or cylinders and pis-
camulator arranged between the compensat- | ton or pistons for each side of the engine, Ics- -
1ng cylinder or e¢ylinders and the source from | whieh is or are arranged to act in opposition
40 which the pressure in said cylinder or cylin- | to the main piston or pistons during the first
ders is derived, substantially as described. part of the stroke, and in conjunction there-
2. The combination, with the main eylin- | with during the last part of the stroke, the
ders and pistons forming the two sides of a | pressure in said compensating-cylinders being 110
duplex engine, and having connections by | derived from the foree-main, of an accnnula-
45 which the valve or valves of each side is or | tor arranged between the cowmpensating-cyl-
are operated by the other side, and a com- | inders and the force-main, snbstantially as de-
pensating eylinder or cylinders and pistou or | seribed. .
pistons for each side of the engine, which isor | 7. The combination, with the main cylinder 1153
are arranged to act in opposition to the main | or eylinders and piston or pistons of a pump-
50 piston or pistons during the first part of the - Ing engine,and a compensating cylinder or cyl-
stroke, and in conjunection therewith during | indersand piston or pistons arranged to actin
the last part of the stroke, of an accumulator opposition to the main piston or pistonsduring
arranged between the compensating-eylindeérs | the first part of the stroke, and in conjunction 120
and the source from which the pressure in | therewith during the last part of the stroke, the
55 said cylinders is derived, substantially as de- | pressure in said compensating cylinder or eyl-
scribed. | inders being derivedindirectly from the force-
o. Lhe combination, with a main eylinder | main through a body of air or other gas which |
‘or cylinders and piston or pistons, and a com- | is subjected to the pressure in the main, of an 125
pensating cylinder or eylinders and piston or | accumulator arranged between the compen-
60 pistons arranged to act in opposition to the : sating cylinder or eylindersand the force-main,
main piston or pistons during the first part of . substantially as deseribed.
the stroke, and in conjunction therewith dur- 8. The combination, with the main eylin-
Ing the last part of the stroke, of an aceumu- | ders and pistons forming the two sides of a 130
lator consisting of two cylinders of different, | duplex pumping-engine, and having connee-
65 diameters, and a differential plunger arranged ; tions by which.the valve or valves of each side
between the compensating cylinder or eylin- | is or are operated by the otherside, and a com-
dersand the source from which the pressure in peusating eylinder or cylinders and piston or
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pistons for each side of the engine, which 1s or

are arranged to act in OppOSlt] on to the main
piston or plstons during the first part of the
stroke,and in conjunction therewith during the
last part of thestroke, the pressureinsaid com-
pensating-cylinders being derived indirectly
from the force-main through a body of air or
other gas which 1s subjeuted to the pressure
in the main, of an accumulator arranged be-
tween the compensatmw cylinders and the
force-main, substantially as described.

9. The combination, with the main ¢ylinderv
or cylinders and piston or pistons of a pump-
ing-engine, and a compensating cylinder or
cylmderq 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 conju netlon therewith during the last part
of the stroke, the pressure in sald compensat-
ing cylinder or cylinders being derived Indi-
1ectly from the force-main tm()uﬂh the body
of air or other gas in the chamber 97 of the
pump, of an aceumu]utor arranged between

the compensating cylinder or cylinders and

said chamber, substantially as described.
10. The cmubmatlon with the main cylin-

ders and pistons formlnﬂ the two sides of a

duplex pumping-engine, “and having counnec-
tions by which the valve or *:31lves of each
side is.or are operated by the other side, and
a compensating eylinder or cylinders and pis-
ton or pistons for each side of the engine,
which is or are arranged to act in opposition
to the main piston or pistons during the first
part of the stroke, and in conjunction. there-
with during the last part of the stroke, the
pressure in said compensating-cylinders being
derived indirectly fromthe force-mainthrough
the body of air or other gas in the chamber 97
of the pump, of an accuwmulator arranged be-
tween the compensating-cylinders and said
chamber, substantially as described.

11. The combination,with the main cyiinder
or cylinders and piston or pistons of a pump-
ing-engine, and a compensating cylinder or

e\lmdels and piston or pistons which 1is or

are arranged to act in opposition to the main
piston or pistons during the first part of the
stroke, and in conjunction therewith daring
the last part of the stroke, of connections by
which the pressure in the force-main is trans-
mitted indirectly to the compensating eylin:
der or cylinders through a body of air or other
oas, substantially as-described.

12. The combination, with the main eylin-
ders and pistons fom:unc-' the two sides of a
duplex pumping-engine, and having connee-

‘tions by which the valve or Valves of each

side is or are operated by the other side, and
a compensating eylinder or cylinders and Pis-
ton or pistons for each side of the engine,
which is or are arranged to act in opposition
to the main piston or pistons during the first

parb of the stroke, and .In (‘DIJJUI]CthIl there-

with during thelast part of the stroke, of con-
nections by which the pressure in the force-

main is transmitted indirectly to the compen-

sating:eylinders through a body of air or other

oas, subs;tantla]]y as desm ibed.

13. The combination, with the main eylinder
or 031111(1618 and plston or pistons of a pump-
ing-engine, and a compensating cylinder or
eyhndels and piston or pistons ar ranged to
act in opposition to the main piston or plstons
during the first part of the stroke, and in con-

junction therewith daring the LISL part of the

stroke, of connections by which the pressure
in the force-main is transmitted indirectly
to the compensating C}lll]ﬂ&[‘ or cylinders
through the body of air or other gas in the
clmmbe1 97 of the pump, substantially as de-
seribed.

14.. The combination, with the main cylin-

ders and pistons formmtr the two sides of a

duplex pumping-engine, and having connec-
tions by which the valve or valves of each
side is or are operated by the other side, and
a compensating eylinder or ¢ylinders and pis-
ton or pistons for each side of the engine,
which is or are arranged to act in opposition
to the main piston or plstons during the first
part of the stroke, and in conj unctlon there-
with during the last part of the stroke, of con-
nections by which the pressure in the force-
main is transmitted indirectly to the compen-
sating-cylinders through the body of air or
other gas in the ehambel’* 97 of the pump, sub-
stantially as described.

15.. The combination, with a
or cylinders and plstou or pistons, and a com-
pensating eylinder or cylinders and piston or
pistons arranged to act in opposition to the -
main piston or pistonsduring the first part of
the stroke, and 1n wrgunctmn therewith dur-
ing the last part of the stroke, of a governor
mlve or valves arranged to gradually reduce
or cut off the flow of the motor- fluid into the
compensating eylinder or cylinders as the en-
gine approaches the end of its stroke, substan-
tially as described.

16. The comDbination, with a main cylmder
or c¢ylinders and piston or pistons, and a co-
pensating eylinder or cylinders and piston or
pistons auancred to act in opposition to the
main piston or pistons during the first part of

the stroke, and 1n. conjunctwn therewith daor-

ing the last part of the stroke, of a governor
valve or valves arranged to gradually reduce

' or cut off the flow of the motor-fluid into the

compensatmo cylinder or cylinders as the en-
oine appmaehes the end of its stroke, and to
allow it to f6w freely out of the ¢ylinder or
cylinders as the engine commences 1ts Stloke,
substantially as deSCLIbEd

17. The combination, with the main cylin-
ders and pistons forming the two sides of a
daplex engine, and havmﬂ connections by
which the valve or valves of each side of the
engine is or are operated by the other side,

and 2 compensating eylinder or eylinders and

piston or pistons for each side of the engine,

which is or are arranged to act in opposition

to the main piston or pistons during the first
part of the stroke, and in conjunction there-

- main cylinder
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with during the last part of the stroke, of gov-
ernor-valves for each side of the engine, which

- are arranged to ;gmd U ally reduce or cut off the

flow of the motor-fluid into the compensating-
cylinders as the engine approaches the ends of

1ts strokes, substantially as described.
18. The combination, with the main evlin- |

ders and pistons forming the two sides of a

duplex engine, and having counnections by
which the valve or valves of each side of the

engine is or are cperated by the other side,

and a compensating eylinder or ¢ylinders and
piston or pistons for each side of the engine,

which is or are arranged to act in opposition

to the main piston or pistons daring the first
part of the stroke, and in conjunction there- |
with during the last part of the stroke, of gov-

ernor-valves foreach side of the engine, which

20

are arranged to gradually reduce or cut off |

the flow of the motor-fluid into the compen-

- sating-eylivders as the engine approaches the

25

ends of ifs strokes, and to allow it to flow

freely out of the eylinders as the engine com- |

mences its strokes, substantially as described.
- 19. The combination, with a main eylinder

or cylinders and piston or pistons, and a com- |

pensating cylinder or cylinders and piston or

 pistons arranged to act in opposition to the

.30

main piston or pistons during the first part of -

the stroke, and in conjunction therewith duar-

~Ing the last part of the stroke, of an accumn-

lator arranged between the compensating cyl-

inder or cylinders and the source from which

the pressure in said eylinder or eylinders is
derived, and a governcr valve or valves ar-

ranged to gradually reduce or cut off the flow

~of the motor-flnid into the compensating eyl-
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1nder or cylinders as the engineapproaches the -

end of its stroke, substantially as deseribed.

20. The combination, with a main eylinder
or cylinders and piston or pistons, and a com-
pensating cylinder or cylinders and piston or
pistons arranged to act in opposition to the
main piston or pistons during the first part of
the stroke, and in conjunction therewith dur-
ing the last part of the stroke, of an accumu-
lator arranged between the compensating cyl-
inder or cylinders and the source from which
the pressure in said cylinder or cylinders is
derived, and a governor valve or valves ar-
ranged to gradually reduce or cut off the flow
of the motor-fluid into the compensating eyl-
inder or cylinders as the engine approaches
the end of its stroke, and to allow it to flow
freely out of the eylinder or cylinders as the
engine commences its stroke, substantially as
described.

21. The combination, with the main cylin-
der or cylinders and piston or pistons of a
pumping-engine, and a compensating eylinder
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
1n conjunction therewith during the last part

of the stroke, the pressure in the compensat-
ing cylinder or ¢ylinders being derived from

the force-main either directly or through a

341,534

body of air or other gas, of a governor valve

or valves arranged to gradually reduce or cut
off the flow of the motor-fluid into the com-
pensating eylinder or c¢ylinders as the engine
approaches the end of its stroke, substantially

as desceribed, -'

22, The combination, with the main c¢ylin-
der or eylinders and piston or pistons of a

pumping-engine, and a compensating eylinder

or cylinders and piston or pistons arranged

70

75

Lo act 1n 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, the pressure in the compensat- -

30

Ing cylinder or ecylinders being derived from -

the force-main either directly or through a

body of air or other gas, of a governor valve

or valves arranged to gradually reduce or cut
off the flow of tlie motor-fluid into the com-

pensating cylinder or cylinders as the engine
approaches the end of its stroke, and to allow -

it to tlow freely out of the cylinder or cylin-
ders as the engine commences its stroke, sub-
stantially as deseribed. : = o

g0

23. The combination, with the main cylin- -

der or cylinders and’ piston or pistons of a

in conjunction therewith during the last part

~of the stroke, the pressure in the compensat-
‘ing cylinder or cylinders being derived from

the force-main either directly or through a

‘body of air or other gas, of an accumulator
arranged between the compensating eylinder

or cylinders and the force-main, and a gov-

‘ernor valve or valves arranged to gradually

reduce or cat off the flow of the motor-fluid
into the compensating cylinder or cylinders
as the engine approaches the end of its stroke,
substantially as described.

24. The combination, with the main eylin-
der or cylinders and piston or pistons of a
pumping-engine, and a compensating eylinder
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, the pressure in the compensat-

| Ing cylinder or cylinders being derived from

the force-main either directly or through a
body of air or other gas, of an accumulator
arranged between the compensating cylinder
or cylinders and the force-main, and a gov-
ernor valve or valves arranged to gradually
reduce or cut off the flow of the motor-fluid
into the compensating cylinder or cylinders
as the engine approaches the end of its stroke,
and to allow it to flow freely out of the cylin-
der or eylinders as the engine commences its
stroke, substantially as deseribed.

25. The combination, with the main eylin-
der or cylindérs and piston or pistons of a
pumping-engine, and a compensating cylinder
or cylinders and piston or pistons arranged

| to act 1n opposition to the main piston or pis-

‘pumping-engine, and a compensating eylinder
or eylinders and piston or pistons arranged
to act 1n opposition to the main piston or pis-
lons during the first part of the stroke, and
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tons during the first part of the stroke, and
in conjunction therewith during the last part
of the stroke, of connections by which the
pressure in the forece-main of the pump 1Is
transmitted indirectly to said compensating
cylinder or cylinders through a body of air
or other gas which is subjected to the pressure
in the force-main, and means for supplying
air to said body to maintain its volume, sub-
stantially as described.

26. In an engine constructed substantially |
as shown and described, the eombination, with
the accumulator-cylinder 53, of the pipe b4,
communiecating with the main and having the
cock or gate 55, substantially as described.

97. The combination, with the accumulator-
cylinder 53, of the pipe 54, communicating
with the air-chamber 97, and the pipe 43, hav-
ing the cock 47, through which a small amount
of water can be admitted to the cylinder 53,
substantially as described. |

In testimony whereof I have hereunto set
my hand in the presence of two subseribing
witnesses. o

O_I-IARLES C. WORTHINGTON.

Witnesses: |
JAS. J. KENNEDY,
J. A. HHOVEY.
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