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To all whom tt may concern:
Be 1t known that I, Caarris C. WoRTHING-

'.TON a citizen of the United States, residing
at Dunnﬁcld county of Warren, and State of

New Jersey, have - invented certaln new and

specification and the accompanying drawings,
forming a part of the same.

The eSpcclaI object of the present 1nvent10n

1s to provide an improved vertical pump of |
that class in which two pump-cylinders are

arranged side by side and operated together,
the plnncrel -rods being nsunllv connected by

‘a rocking beam.

The invention embraces an 1mprcved valve-
movement for. such engines, an improved
steam-chest and steam- Valvc conetl uction 1n-

cluding features of construction forming parts
of the invention which are applicable lesc 1N

other. classes of steam-engines, and certain

featur es of construction and combinations of
parts in beam-pumps, all as fully described

her elnafter and specifically pclntcd ont 1n the
claims. .

For a full nndelstanchnﬂ* of the 1nvcnt10n a

~detailed description of a construction embody-

..30

ing all the features of the.same as a,pphed n
their preferred form to an air-pump or simi-

lar pumplna'--enmnc ot the beam-pump class
will now be given in connection with the ac-
companying drawin os, and the features form-

ing the invention: will then be epcclﬁcally

- pomted out in the claims.

35

In the drawings, Figure 1 is a ircnt clcva,-

‘tion of the pumping-engine with two- high-

~pressure cylinders, the- frame being partly

40

broken away to show the beam connections.
Fig. 2 is a side elevation of the upper part of
thc engine.
oline.

steam end of the engine, on an enlarged scale,

the section being taken centrally thr ough the

steam-chest. . F 1g. 5 1s a Cross- -section on the

line 5 of Fig. 4. Fig. 6isa Vcrtlcal section

on the line 6 of Fig. 5. Fig. T 18 a cross-sec-

tion on the line 7 of Figs. 4 afid 6. Fig. 8 is
a cetail section of the connections between the’
- beam and piston-rods on the line 8 of Fig. 1.
50 Fig. 9isa VIBW similar to Fig. 4, shmvmcr a

compcnnd steam-cylinder construction. Hig.
10 1s a cross-section on the line 10 of Fig. 9.

Fig. 11 1s a partial cross-section on the Tine
11 of Fig. 9. Figs. 12, 13, and 14 are cross-

sections of the steam-chest cn respectively,the

lines 12, 13, and 14 of Fig. 9. TFig. 15 is a
detail scctlcn on the line L:) of Fig. 14 |

55

Referring now particularly to the construc-

tion shown in Figs. 1 to 8, A A"are the steam-
cylinders, and B B’ the corresponding pump-
cylinders; @', the steam-pistons, having pis-
ton-rods / 5 Wthh are connected to the plun-—‘

ger-rods ¢ ¢ by connections plesent]y to be
descrlbed 8o that the pistons ¢ &’ operate di-
rectly the plungers or buckets in the pump-

cylinders B B', which latter may be of any
The pump- cylinders

sultable constr uctlcn
B B’ are shown as having the suction-main C,
connecting with the suctlcn—chatnbcr at thc
lower end of the cylinder, and the force or de-
livery main D, connecting with the force-cham-
ber at the upper end “of the cylinders, as
usual in such constructions.
inders A A’ are shown as supported by an
open frame E, rising from the top of the

pump - cyhndcls but it will be understood
that the framework of the pumplnﬂ engine -
may be of any suitable form.

The rocking beam F has the jour 11‘1] f by
which 1t is mcuntcd in suitable bearings in

6o

The steam-cyl- '

75
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the front and rear frame-bars E, and this

beam is connected at its opposite cnde. to the
‘respective piston and plunger rods b cand ¥’ ¢
‘and the piston-rods connected to the plnncrex— |
rods by the following means, as shown in

Figs. 1, 2, and &. Thc ccnnectlcn of the two
piston- rods being the same, a description of

one will suffice, and the same retcrenccs Wlll

be applied to both
Fig. 8 is a plan view of the en- |
FJG‘ 4 1s.a sectional elevation of the

The piston-rod b 1s connected 11@1@1137 to a

connecting - piecé- x; which is cut away cen-
| trally, so as to pernnt a beam connection to
‘pass through the line of the piston-rod, and

the lower end of this ccnnectlna*--plecc 2z 18 ..
provided with a hub 10, screw-threaded inter-

nally'and adapted to receive the screw-thread-

90
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‘ed end 11 of the plunger-rod ¢, and clamping-

bolts 12 are used, by which the two parts of
the split hub 10 are drawn up tight upon the

end 11 of the plnnﬂ*cr rod attcr the latter is

100
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screwed 1n, so as to make a rigid connection
between the plunger-rod ¢ and the connecting-
plece a, the piston-rod / and plunger-rod ¢
thus being connected so as to form, substan-
tially, a single rigid rod. The beam F i1s
formed of two parallel bars 13, and these bars
are pivotally connected to link v by bolt 14,
which passes through a hub 15 on the upver
end of the link 7, this hub 15 extending across
the line of the piston-rod and the link 2 hav-
1o two arms which embrace a bearing 16,
formed in the connecting-piece x at the up-
per end of the hub 10 and to which the link
i 1s pivotally connected by bolt 17. As the
pistons move up and down, therefore, the
beam F transmits the motion from one piston-
rod to the other through the connecting-pieces
x and links 7, and by the construction shown,
in which the piston-rods are divided and the
link connections for the ends of the beam
pass through and swing across the line of the
piston-rods, there is secured an almost direct
central pull between the piston-rods and beam

in the line of the piston-rods, so as to avoid

all tendency to twisting and to reduce to a

minimum all side pressure longitudinally of
or transversely to the beam.
The detachable connections between the

“two parts of the rod connecting the pistons

20
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and plungers is also of 1mp0rtance as afford-
Ing a very convenient and efficient means of
detachmo' the plunger and plunger-rod when
required, while at the same time a rigid con-
nection between the plunger-rod and the con-
necting - piece 2 and one that will not work
loose 1s secured, it being necessary in detach-
ing the plunger-rod only to loosen the clamp-

- 1ng-bolts 12, when the plunger-rod may be

40
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unscrewed from the hub 10 and the plunger
detached from the piston. The piston-rods
are shown as connected to the connecting-
pieces 2 by flanged heads 18 and bolts 19, and
this construction will be found simple and of-
fictent; but 1t will be understood that this
connection and the form of the connecting-
pileces may be varied, 1t being necessary only
that the connecting-pieces @ when formed
separately from the piston-rods, which is pref-

~ erable, shall be rigidly secured thereto, so as

55
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to assure a rigid connection between the pis-
tons and pluncrers

Reterring now to the steam end of the en-
olne, the steam—chest (xr is mounted upon one
side of the cylinders A A’, extending across
the space between the cylinders, and is pro-
vided with the steam-admission port H, enter-
ing at the top and branching to the opposite
ends of the steam-chest, and with the exhaust-
port I at the bottom of the steam-chest, com-
municating directly with the space inside the
latter, the high-pressure steam passing
through the admission-port H, which 1s closed,
to the space within the valve-chest, directly
to the valves and thus to the steam-cylinders,
while the low-pressure steam is exhausted

—

757,009

into the space within the steam-chest,and thus
to the exhaust-pipe through port I.

The construction of the valves and valve-
casings and the cylinder steam-ports 1s as fol-
lows: At opposite ends of the steam-chest &

are valve-casings K K’, in which move piston-

valves L. I/, which control the admission and
exhaust of steam to and from the respective
cylinders A A’ through ports, asfollows: The
ports 4 /A’ are the continuations of the main
induction-port H. Portsz ¢ are the exhaust-
ports opening from the valve-casing to the
space within the steam-chest (x and the main
exhaust-port I. Ports £ £ are the cylinder
admission and exhaust ports extending from
the valve-casing to the upper ends of the cyl-
inders, and ports / /" are the corresponding ad-
mission and exhaust ports for the lower ends
of the cylinders. All these ports are prefer-
ably sectional ports extending entirely about
the valve-casings, as usual 1n such piston-
valve constructions. The valve-casings K K’
are open at their inner ends to the space within
the steam-chest (3, so that the exhaust from
each cylinder i1s in turn through the exhaust-
port < or-< and through the open end of the
valve-casing KK or K' into the space within
the steam-chest, as fully described hereinafter.

The piston-valves L L' are carried by a
valve-rod 20, extending centrally through the

75
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space within the steam chest, this rod bemn" .

shown as a single rod and unjomted Tt will
be understood, however, that the rod may he
jointed to permit the valves to be somewhat
out of line, if desired, and that the rod may
be divided or the valves may be connected in
any other suitable manner, so as to secure
thelr movement together i1n both directions
by the motor-pistons hereinafter described.
Outside the respective piston-valves L L/ is
an actuating-piston M M', connected rigidly

to the valves, so that the valves and their ac-

tuating-pistons, with.connecting-rod 20, move
together in both directions, and pressure upon
each of the actuating-pistons M M’ is trans-
mitted to both the piston-valves, the valves
thus being actuated by the difference in pres-
sure upon the two pistons M M’. These pistons
M M’ are actuated by steam supplied and con-
trolled as follows: The opposite ends of the
steam-chest ( are provided with heads 21,
which are preferably formed separately from
the steam-chest and secured thereto,as shown,
so that the outer open ends of the valve-casings
K K'are closed by these heads when secured
in place and steam-chambers thus formed out-
side the pistons M M’'. In these casings 21
are valve - chambers which communicate by
ports 1 with the admission-port H and by
ports 2 with the space within the valve-casing

and exhaust-port 1 and which communicate

with the steam-chambers at the outer ends of
the valve-casings K K’ outside of the pistons
M M’ by admission-ports 3 and exhaust-ports
4, these ports 1 2 3 4 being controlled by

100
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valves 7 ' at the respective ends of the
steam-chest corresponding to the cylinders A
A, these valves being shown as a common
form of oscillating valves. The stems 92 of
these valves m m’ extend outside the valve-
chambers, where they are supported in brack-

ets 23 and are actuated through crank-arms 24 -

by a connecting -rod 925, which extends be-
tween the crank-arms of the two valves m 0/
al opposite ends of the steam-chest, and this

rod 25 is actuated to oscillate the valves m 7/
as required by one arm of a bell-crank lever

26, mounted on the steam-chest and moving
between adjustable collars 5 on the rod 25, S0

as to throw the rod 25 in opposite directions |
as 1t engages one or the other of the collars 5

1n 1ts movement in either direction, and thig
bell-crank lever 26 is connected by link 27 to

~ a crank-disk 28 on the end of the journal #of

20

30

the beam K, so that the movement of the beam

F as rocked by the piston-rods on opposite

sides of the engine throws the oscillating
valves #m m/ In opposite directions through
the crank-disk 28 and connections just: de-
scribed. The collars 5 are made acljustable.

- 80 as to vary the amount of lost motion be-
tween the bell-crank lever 26 and either of the

collars, as desired, so as to secure the required
operation of the valves m /. -
The ports 7 I preferably communicate with

the cylinder-head, no cushioning by the ex-
haust-steam in the lower ends of the cylinders

- being employed, so that a single admission

35
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and exhaust port may be used. The ports /4 /',

~however, communicate with the upper ends

of the cylinders A A’ at a considerable dis-

‘tance below the cylinder-heads, so that the
pistons pass over and close these ports before
‘the end of the upstroke of the pistons is
Above these ports that are closed
by the pistons @ ¢/, however, are other ports

reached.

- 6, opening into the cylinder just inside the

45

- acushioninge
each piston with a gradual release of the cush-

6o

head and communicating with the cylinder-

ports £ &' by passages 7T in the cylinder-casing
and forming continuations of the ports 4 %/,
these ports 6 opening into the cylinder above
the pistons ¢ &' when they are at the end of
the upstroke, so that these ports 6 are not
closed by the pistons. These ports 6 are de-
signed to permit a slow exhaust of the steam
at the end of the upstroke after the port % or
/' is closed by the piston @ or ¢/, so as to secure
Tect at the end of the upstroke of

1oning-steam and to permit the steam to enter
above the cushioned piston at the beginning
of the next downstroke, as when separate ad-
mission and exhaust ports are used. For this

purpose the ports 6 may be made of such

small size as to secure the result desired and

- no adjustment be provided therefor; but pref-

~erably an adjustable valve will be used. so
~ that the passage of steam from the cylinder

through the port 6 may be regulated as de-

the lower ends of the cylinders A A’ close to

31, according to the stopping position. the
valves will be forced to left or right until the

sired.  As shown in detail in Fig. 7, the com-
munication between the passage 7 and the port
6 1s controlled by a plug-valve 7, provided

with the usual screw -stem 29, extending
‘through a stuffing-box and having handle 30

70

for adjusting the valve. With this throttling

of the exhaust only at the end of the upstroke
the free exhaust of the steam substantially
throughout the upstroke issecured, while the
assistance from the other piston through the
beam F is normal, while at the end of the up-
stroke when the pull of the other piston is
liable to be lessened—as, for instance., by the

effect of water in the bottom of the.cylinder

when pumping water and air or by a decrease
of vacuum at the bottom of the cylinder when

pumping air alone—a back pressure on the

piston which is just completing the upstroke
18 secured which keeps the beam connections

between the pistons under tension, so as to

secure a smooth uniform movement and pre-
vent any jumping of the pistons and eff

75

30

ects
also the cushioning of the other piston on its
downstroke through the beam connections in--
“dependently of the increased resistance to the
piston at the end of the downstroke referred
to above, which increased resistance is vari-
able and cannot be depended upon for uniform

90

cushioning. With adjustable valves control- |

ling the ports 6 also these ports may be en-
tirely closed, as may be desirable in operating

the pumping-engine under certain conditions,

so that the usuul cushioning without relief is
secured at the end of the upstroke of the pis-

tons, the admission of steam below the other

piston for its upstroke being depended upon
to start the downstroke of the cushioned pis-
ton through the beam F and connections and

steam being admitted above the cushioned pis-
ton on 1ts downstroke only after it has passed
the cylinder-port 4 or Z/. | -

95

100

105

As shown in the drawings, the valve-rod 20,

connecting the valves L I/, is provided with
collars 31, preferably made adjustable, as
shown, so as to secure just the movement de-
sired, and between these collars 81 extends
the arm 32 of a starting-lever N, which ex-

tends through a stuffing-box on the rear side

of the casing of steam-chest G and is pro-
vided with a suitable handle 33 for operat-

ing it. This starting-lever N, when its arm
32 1s 1n central position, is not moved by the
collars 31 on valve-rod 20 as the valve is

thrown in either direction: but the starting-
tever is stationary during the operation of the
engine. By means of the outside handle 33

Of the F_V:‘:IIV{?“IBVBI' N, hOFVBVBI', the 'level‘-may
‘be moved so that by the engagement of the

110 -

IIS

120

arm 82 with one or the other of the collars .

obstruction isremoved and the steam-pressure

‘alone can operate the engine properly.  The

starting-lever N may then be returned to cen-
tral position by hand, or one of the collars 31

130
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haust from above the piston «.

will return it to central position on the first
movement of the rod 20 by the pistons M M.
As the pressure within the steam-chest G is
only that of the exhaust-steam, but light pack-
ing of thestarting-lever N in the steam-chest
casing 1s requir ed to prevent the escape of the
exlmust steam around the starting-lever, and
this low pressure of the steam Wlthm the
steam-chest ¢ also reduces the difficulty of
forming steam-tight joints in other parts of
the steam-chest construction.

The operation of the construction will be
understood from the preceding, with a brief
general description. :

As shown in Figs. 1 to 3, the pistonsareon
center, this position being selected simply for

the purpose of illustrating the outside work-

ing parts of the engine. In Figs. 4 to 7, how-
ever, the steam end is shown with the steam-
valves thrown to the left or toward cylinder
A for starting the piston @ on its upstroke
and the piston ¢ on 1ts downstroke.

In the position of Figs. 4 to 7 the lower arm
of the bell-crank lever 26 has been thrown to
the right from the central position shown in
Iig. L by the rocking of the beam I and
crank-disk 28 as the piston @ completes its
downstrolke and the piston ¢’ 1ts upstroke, the
lever 26 by engagement with collar 5 thus
moving the connecting-rod 25 to the right,
and thus through crank-arms 24 and valve-
stems 22 oscillating the control-valves 2
into the position shown in Fig. 4, in which the
valve . closes the connection between ports
1 and 3 and opens the connection between
ports 2 and 4, so as to connect the space out-
side the 'piston M with the exhaust I, and the
valve 2/ opens communication between the
ports 1 3 and closes communication between
the ports 2 4 at the opposite end of the steam-
chest, so as to admit steam outside the piston
M. By thus admitting outside the piston M’
and exhausting outside the piston M the pis-

tons, with the rod 20 and valves L. L/, are

moved to the left in the drawings and into the
position shown in Figs. 4 and 5, the piston M
covering the exhaust-port4 near theend of the
piston-stroke, soasto prevent further exhaust

“and cushion the piston, the pistons and valves

then being held 1n the position shown in Figs.

4 and 5 by “the balanced steam-pressure outsmle

the two pistons until the control-valves .
are shifted to reverse the movement of the pis-
tons.

connects induction-port H through port /2 and
the valve-casing KK to the ovlindel -port /, s0
as to admit steam below the piston «, and

the cylinder-port £ to the exhaust 1 through

the open inner end of the valve-casing K and
the space within the steam-chest (3, so as to ex-
This move-
ment also by valve L connects the admission-
port H to the cylinder-por t 4" through the port
/' and the valve-casing, so as to ELdIIllt steam

Aswill beclear from an examination of
Figs. 4 to 7, this movement of the valves L I/

757,000

above the piston ¢ through the cylinder port

. passage 7, and port 6, as shown 1n Figs. 6
and 7, the direct connectmn of the pmt £
with the cylinder being now closed by the pis-
ton ¢ and the cyhnder—port [’ 1s connected to
the exhaust I through the valve-casing and
port ¢ and the space within the ste‘tm—chest
(3, so as to exhaust from below the piston «'.
It will be seen that in this. position with the
valves L. I/ fully thrown the collar 31 just
comes into contact with the arm 32 of start-
ing-lever N in its normal central position, so
that the star ting-lever 1s not moved as the
valve is thrown, while by moving the start-

'ing-lever N by outmde handle 33 “the arm 32
may be made to engage this collar 31 or the

other collar 31, and thue move the valves to

the right or lctt as may be required in start-

1ng the engine. The plston a 01‘ cylinder A
now moves up and the piston ¢ of the cylin-
der A’ down for the next stroke, and the pis-
ton @ as it approaches the end of its upstroke
covers the cyliné,er—port k, soas to prevent
further exhaust of steam directly through this
port, and thus cushion and produce a back
pressure on thé piston @, which is gracdually

relieved by the slow escape of steam through

the port 6 and passage 7 into the cylinder-
port %, this back pressure keeping all the con-
nections tight, so as to secure a smooth move-
ment and at the same time cushion the piston
a on its downstroke through the beam F and
connections. Asthe pistonS a ¢ reach theend
of their respective strokes the depending arm
of the bell-crank lever 26 by engagement with
the left-hand collar 5 as the link 27 is raised
hy the movement of the beam If and crank-
disk 7 moves the connecting-rod 25 to the left,
and thus through crank-arms 24 and V%lve-
stems 22 shifts the control-valves m m' trom
the pOSltlon shown in Fig. 4, so as to reverse
the positions of these valves and thus admit
steam outside the piston M and exhaust from
the space outside the piston M'. The pistons
M M, with the rod 20 and valves L. I/, are
now moved to the right, so as to reverse the
position of the V‘LIVOS from that shown in
Figs. 4 and 5, and thus admit steam above
and exhaust from below the piston « exactly
as shownin Figs. 4 and 5and above described

in connection with piston ¢’ and to admit steam’

below and exhaust from above piston ¢ ex-
actly as shown in Figs. 4 and 5 and above de-
scribed in connection with piston ¢. At the

‘completion of this dOWI’lbthkB of the piston ¢

and upstroke of the piston & the control and

main valves are again shifted and the pistons

reversed, and thus the operation iscontinued.

It will be understood that the same opera-
tion may be secured with a single valve op-
erated by pistons M M’ in the same manner
and controlling the ports of both cylinders.
I prefer, however, to use separate valves for
the two cylinders, as this enables me to re-

duce the length of the ports and the clear--
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ance-spaces and to use the same steam-chest
on cylinders of different sizes. It is possible
also to control the admission and exhaust of
steam for actuating the pistons M M’ by:a
single valve instead of by senarate valves,
as shown; but a quicker and more e

While, there-
fore, the Invention includes certain features
limited to separate steam-valves for the two
cylinders and separate control-valves, as de-
fined by the claims, it will be understood that
the broader features of the invention are not
thus limited. It will be understood also that
while the piston-valves shown are preferred
and certain constructions limited to piston-
valves are made the subject of specific claims
herein other forms of valves may be used in
place of piston-valves in the constructions
forming the subject-matter of the claims

“herein that are not thus limited.

- The Steam—chest and steam-valve construc-
tion shown in Figs. 1 to 5 and above de-
seribed with cer tam modifications also forms
a very simple, compact, and eflicient steam

chest and receiver construction for compound’

engines, the exhaust passing from the high-
pressure to the low-pressure cylinder thmua’h
the space within the valve-chest between the
two valves, which space thus forms a receiver
for the exhaust—steam In 1ts passage to the
low-pressure cylinder.

In Figs. 9 to 15 I have shown such a modi-

fied construction in which the engine and

35
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valves with all their operating parts are the
same as previously described; but high and
low pressure cylinders are used on the oppo-

‘site sides, so as to use the steam expansively

from one side to the other, and the steam-
chest, with its ports is constructed for the
passage of the exhaust-steam from the high-
pressure cylinder to the low-pressure cvlm-—
der and thence to the exhaust-pipe under the
control of the valves L. I, the steam from

“both the auxiliary -valve chambers exhaust-
1ng, as before, to the main exhaust.

This
valve-chest and valve construction for com-

-pound cylinders embodies features of con-

struction which form parts of the present
invention. In this modified construction the
space 1nside the steam-chest G between the

casings K K’ does not connect with the main
_etha,ust-port I, but is closed thereto by a par-

tition 34, so as to form a receiver for the ex-
haust of the high-pressure cylinder and from
which the low pressure cyhndel takes 1its
steam, below which receiver is the main ex-

' haust—-port 1, formed in the steam-chest cas-
1ing. The main admission and exhaust ports H

I extend longitudinally of the valve-chest and
from one end of the valve-chest to the other,

- soas to connect, respectively, with the admis-

03

sion and. exhaust ports 1 2 of the auxiliary-
valve chambers; but each of these ports H I
has a port opening through the valve-casings

elent_
action with shorter ports is secured by the
- preferred construction shown.

- thereceiver.

not essential.
pound-cylinder construction is as follows:

5 .

K K and controlled by the piston-valves
only at one end of the steam-chest, the admis--

sion-port H communicating with the valve T.

through port 4 for the admission of steam to

the high-pressure cylinder A and the ex-

70

haust-port I communicating with the valve I

through exhaust-port ¢/ for the exhaust of

steam from the cylinder A’.

The arrangement of the exhaust-ports of
the cylinder A and of the admission-ports of

the cylinder A’ so as to conduct the exhaust-

steam of the cylinder A to the cylinder A’ 1s
as follows: The exhaust-port z of valve-casing
K communicates through passages 7°, formed
in the casing of steam-chest G, with the re-

celver within the steam-chest between the

open ends of the casings K K, this passage
7* preferably being leldOd and arranged on
opposite sides of port H, as shown in Fw*s 11
to 13, although this is not essential. - The cyl-
inder-port [/ thus exhausts through port 2 and
passage ¢ to the receiver, and the other cyl-
inder-port £ exhausts through its casing-port

75

80

and the open end of the casing K directly into

The receiver communicates with
the port /' of cylinder A’ directly through the
open inner end of the casing K’ and with the
cylinder- pmt i of the cylmder A’ through
passage £°, formed in the casing of stearn-
chest (r, this passage preferably being di-
vided and arranged on opposite sides of the
branch of the main induction-port H, which
communicates with the a,u*ﬂhary port 1in the
same manner as passage 7z 1s divided at the
other end of the steam-chest, although this is
The operation of this com-

The control-valves m 7' are actuated and the
pistons M M’ and main valves I 1. shifted
by the steam-pressure controlled by the valves

m o 1n exactly the same manner asabove de-

scribed 1n connection with the construction

shown 1in Figes. 1 to 8, and the connection of

the cylinder-ports % Jand ¥ 7 through the
valve-casings I K’ under the control of the
valves is the same as above described, except
that the exhaust from above the plStO]fl 1
thr 0110'11 cylinder-port % passes through the
recelver in the steam-chest to the port 7/ and
below the piston ¢’ and the exhaust from be-

low the piston « through cylinder-port 7
passes through the receiver in the steam-chest

to the CYllﬂdGl -port £ and above thée piston
¢ instead of the cylinder A exhausting to
the main exhaust and cylinder A’ being sup-
plied with steam from the main admission H,
as 1n the construction previously described.

- As shown in Figs. 9 to 15 and indicated by
the arrows, steam is being admitted below
the piston ¢ through C}rhnder -port / and steam
1s being exhausted from above the piston ¢
throuﬂ'h cylinder-port 2 and the open end of
Valve—-casmo‘ K 1nto the receiver within the
steam - chest and steam is being admitted
from this receiver above the piston ¢’ through
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passage /°, the valve-casing, and cylinder-port

/£ and steam is being exhausted from below
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~admission and exhaust of steam for actuating
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trated by those skilled in the art w
parting from the invention and tl
teatures forming parts of the invention may

the piston ¢’ through cylinder-port /' and the
valve-casing K’ and port 2 into the main ex-
haust-port I. When the valves L. L are re-
versed from the position shown in Figs. 9 to
15 for the stroke of the pistons in the oppo-
site direction, steam is exhausted from below
the piston ¢ through port / and the valve-

casing, port ¢, and the passage ¢° into the re-
celver, and steam is admitted from the re-|

ceiver through the open end of the valve-cas-
ing I directly to port / and below the piston
@, the admission above the piston @ and ex-
haust from below the piston ¢’ being through

the cyvlinder-ports, valve-casing, and admis-
ston and exhaust ports A and 7,

as 18 clear
from the drawings and previous descrlpﬂon.
Tt will be understood that many modifica-
tions may be made in the constructions 1llus-
ithout de-

be used mdependentlv of the other parts of
the invention and In engines of different
classes from that illustrated and described.
While a steam-cylinder in each side of the
engine is shown, so that each of the pump

_ plungers or buckets has its corresponding pis-

ton, 1t 1s apparent that some of the features
of the invention are applicable also to that
class of pumping-engines in which only one
side has a steam- cylinder and the pump-plun-
ger on the opposite side 1s actuated throucfh
the beam.

- What I clalm 18—

1. The combination with two steam—cyhn-.

ders, of a valve device controlling the ports
of both cylinders, a reciprocating steam-actu-
ated valve-rod upon which said valve device is
mounted, and valve mechanism separate from
sald valvedevice and valve-rod controlling the

sald rod, substantially as described.

2. The combination with two steam-cylin-
ders, of a valve device controlling the ports
of both cylinders, a reciprocating steam-actu-
ated valve-rod upon which said valve device
1s mounted, and valve mechanism separate
from said valve device and valve-rod mechan-
1cally actuated by the engine and controlling
the admission and exhaust of steam for actu-
ating sald rod, substantially as described.

3. The combination with two steam-cylin-
ders, of a valve device controlling the ports
of both cylinders, a reciprocating valve-rod
carrying said valve device, pistons at opposite
ends of said rod, and separate valves control-

ling the admission and exhaust of steam out-

sicde said pistons for moving the valves in op-
posite directions, substantially as described.

4. The combination with two steam-cylin-
ders, of a piston-valve device controlling the

- ports of both eylinders, a reciprocating valve-

rod carrying said valve device, valve-actuat-

1at many

757,000

ing pistons at opposite ends of said rod, and-
separate valves controlling the admission and -
exhaust of steam .o_utslde- said actuating-pis-

tons for moving the valves in opposite direc-

tions, Substantnl]y as cdescribed.

5. The combination with two steam-cy 1111-.'_
ders, of a valve device controlling the ports
~of both eylinders, a reciprocating valve-rod
carrving sald valve device, pistons on said rod
for moving it in opposite directions, and valve
mechanism separate from sald valve device
and valve-rod controlling the admission and
exhaust of steam for actuating said pistons,
and means for actuating said valve mechan-
ism mechanically from a moving part of the

engine, substantially as described.
6. The combination with two steam-cylin-

ders, of a valve device controlling the ports
of both cylinders, a reciprocating. valve-rod
carrying sald valve device, pistons at oppo-

site ends of said rod, and separate valvesme-
chanically actuated by the engine and con-

trolling the admission and exhaust of steam
for actuating said pistons, substantmllv asde-

scribed.
7. The combination with two ste“tm cylin-

70
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30

QO

'ders, of a piston-valve device controlling the
ports of both eylinders, a reciprocating valve-

rod carrying said valve device, pistons at op-
posite ends of said rod and separate valves
mechanically actuated by the engine and con-
trolling the admission and exhaust of steam

95

outside said actuating-pistons for moving the

valves in opposite dlrectmns substantmlly as

described. |

8. The combmatlon Wlth two steam cylin-
ders, of separate valves controlling the ports
of the twocylinders, areciprocating valve-rod
carrying sald valves, pistons on said rod for
moving it in opposite directions, and valve
mechanism controlling the admission and ex-
haust of steam for actuating said pistons, sub-
stantially as described.

9. The combination with two steam-cylin-
ders, of separate valves controlling the ports
of the two cylinders, a reciprocating valve-
rod carrying said valves, pistons at opposite
ends of sa,ld rod, and separate valves control-
ling the admissi
su:le sald pistons for moving the valves 1n op-
posite directions, substantially as described.

10. The combination with two steam-cylin-
ders, of separate piston-valves controlling the
ports of the two cylinders, a reciprocating
valve-rod carrying said valves, pistons on said
rod for moving it in opposite directions, and
valve mechanism controlling the admission
and exhaust of steam for actuating said pis-
tons to move the valves, substantially as de-
scribed.

11. The combination with two steam-cylin-
ders, of separate piston-valves controlling the
ports of the two cylinders, a reciprocating
valve-rod carrying said valves, pistons on said
rod for moving it in opposite directions, and

on and exhaust of steam out-
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valve mechanism mechanically actuated by
the engine and controlling the admission and

exhaust of steam for actuating said pistons,
substantially as deseribed.

12. The combination with two steam-cylin-

ders, of separate valves controlling the ports |
ot the two cylinders, a reciprocating valve-rod
~carrying sald valves, pistons at opposite ends

of said rod, and separate valves mechanically
actuated by the engine and controlling the
admission and exhaust of steam outside said
pistons for moving the valves in opposite di-
rections, substantially as described.

'18. Thecombination with high and low pres-

sure -cylinders arranged side by side, their

‘steam-ports, and connections for conducting
steam from the high-pressure cylinder to the

low-pressure cylinder,; of a valve device con-
trolling the ports of the two cylinders, a re-

ciprocating valve-rod carrying said valve de-
vice, and valve mechanism separate from said

valve device and valve-rod controlling the ad-
mission and exhaust of steam for actuating
said rod, substantially as described.

14. The combination with high and low pres-

sure cylinders arranged side by side, their

steam-ports, and connections for conducting
exhaust-steami from the high-pressure cylin-

der to the low-pressure cylinder, of separate.
valves controlling the ports of the two cylin- |

ders, a reciprocating valve-rod carrying said
valves, pistons on said rod for moving it in
opposite directions, and valve mechanism for
controlling the admission and exhaust of steam

for actuating said pistons, substantially as

clescribed. _ . .
15. The combination with high and low pres-

sure cylinders arranged side by side, their

steam-ports, and connections for conducting
exhaust-steam from the high-pressure cylin-

~ der to the low-pressure cylinder, of separate
valves controlling the ports of the two eylin-
~ders, a reciprocating valve-rod carrying said

valves, pistonson said rod for moving it in
opposite directions, and valve mechanism me-
chanically actuated by the engine and con-
trolling the admission and exhaust of steam

for actuating said pistons, substantially as de-

scribed. | o |
16. The combination with high and low pres-

‘sure' cylinders arranged side by side, their
steam-ports and connections for conducting
-exhaust-steam from the high-pressure cylin-

der to the low-pressure cylinder, of separate

valves controlling the ports of the two cylin-
ders, a reciprocating valve-rod carrying said

valves, pistons at opposite ends of said rod.

and separate valves mechanically actuated by

| _60

the engine and controlling the admission and
exhaust of steam outside said pistons for mov-
ing the valves in opposite directions, substan-

tially as described.

17, The combination with high and low pres-
sure cylinders arranged side by side, their
steam-ports and connections for conducting

exhaunst-steam from the high-pressure cylin-
der to the low-pressure cylinder, of separate
piston-valves controlling the ports of the two
cylinders, a reciprocating valve-rod carrying
sald valves, pistons on said rod for moving it

In opposite directions, and valve mechanism

mechanically actuated by the engine and con-
trolling the admission and exhaust of steam
for actuating said pistons, substantially as de-
sceribed. . |

18. The combination with the steam cylin-
der or cylinders, pump-cylinders, piston or
pistons, plungers and rocking beam of a di-
rect-acting beam-pump, of a valve device con-
trolling the steam-ports, a reciprocating valve-
rod carrying said valve device, pistons on said

rod for moving it in opposite directions, and

valve mechanism actuated by a moving part

of the pump and controlling the admission and

exhaust of steam for actuating said pistons on
sald member, substantially as described.

19. The combination with the steam cylin-
der or cylinders, pump-cylinders, piston or
pistons, plungers and rocking beam of a di-

rect-acting beam-pump, of a valve device con-

trolling the steam-ports, areciprocating valve-

rod carrying said valve device, pistons at op-

posite ends of said rod, separate valves con-

trolling the admission and exhaust of steam

outside said pistons for moving the valve de-

vice 1n opposite directions, and means for ac-

tuating sald separate valves from a moving
part of the pump. substantially as deseribed.

20. The combination with the steam cylin-
der or cylinders, pump-cylinders, piston or

‘pistons, plungers and rocking beam of a di-

rect-acting beam-pump, of a piston-valve de-
vice controlling the steam-ports, a reciprocat-
ing valve-rod carrying said valve device, valve-
actuating pistons at opposite ends of said rod.,
control-valve mechanism controlling the ad-

mission and exhaust of steam outside said

valve-actuating pistons for moving the valve
device 'in opposite directions, and means for
actuating sald control-valve mechanism from
a moving part of the pump, substantially as
cdescribed. |

- 21. The combination with the steam and

v a
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pump cylinders, pistons, plungers and rock-

ing beam of a direct-acting beam-pump, of sep-
arate valves controlling the ports of the two

cylinders, a reciprocating valve-rod carrying

said valves, pistons on said rod for moving it
1 opposite directions, valve mechanism con-
trolling the admission and-exhaust of steam
for actuating said pistons, and means for ac-

‘tuating said valve mechanism from a moving

part of the pump, substantially as described.

I15

L20C

29. The combination with the steam and .

pump cylinders, pistons, plungers and rock-

ing beam of a direct-acting beam-pump, of sep-

| arate piston-valves controlling the ports of the

two cylinders, a reciprocating valve-rod car-
rying said valves, pistons on said rod for mov-

ing 1t 1n opyposite directions, valve mechanism

I25
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controlling the admission and exhaust of steam

for actuating said pistons to move the valves,
and means for actuating said valve mechanism
from a moving part of thepump substantially

as described.

93. The combination WIth the steam and-

pump cylinders, pmtons., plungersandrocking
beam of a direct-acting beam-pump, of sepa-
rate valves controlling the ports of the two

cylinders, a reciprocating valve-rod carrying

said valves, pistonsat opposite ends of said rod,

‘separate control-valves controlling the admis-

sion and exhaust of steam outside said pistons
for moving the valves in opposite directions,
and means for actuating said control-valves

from a moving part of the pump, substan-
tially as described. |

24. The combination with the steam and

pump cylinders, pistons, plungers and rock-

ing beam of adirect-acting beam-pump, of sep-

“arate piston-valvescontrolling the ports of the

30
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two cvlinder a reciprocating valve-rod car-
rying said Valves pistons at opposite ends of
said Iod valve mechanism controlling the ad-
mission and exhaust of steam outside said Pis-
tons for moving the valves in opposite direc-
tions, and means for actuating said valve mech-
anism from a moving part of the pump, sub-
stantially as described.

95. In a compound direct-acting beam-
pump, the combination with the high and low
pressure cylinders arranged side by side, their
steam-ports, and connections for conducting
exhaust-steam from the high-pressure cylinder
to the low-pressure cylinder, of separate valves

controlling the portsof the twocylinders, a re-

ciprocating valve-rod carrying said valves,
pistons on said rod for moving 1t in opposite
directions, valve mechanism for controlling
the admission and exhaust of steam for actu-
ating said pistons, and means for actuating
sald valve mechanism from a moving part of

~the pump, substantially as descr ibed.

55

6o 1sm for said cylinders, asingle steam-chest for
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26. In a compound direct-acting beam-
pump, the combination with the hlgh and low
pressure cylinders arranged side by side, their
steam-ports, and connections for conducting
exhaust-steam from the high-pressure cylinder
to the low-pressure cylmder of separate valves

controlling the ports of the two cylinders, a re-

ciprocating valve-rod carrying sald valves,
pistons on sald rod for moving 1t 1n opposite
directions, separate control-valves controlling
the admission and exhaust of steam for actu-
ating sald pistons, and means for actuating
said control-valves from a moving part of the
pump, substantially as described. -

27. The combination with two steam-cylin-
ders arranged side by side, of valve mechan-

said eylinders, and steam-ports for the cylin-
derscontrolled bysaidv
mitting steam to one or both of the cylindersin-

dependently of the space within the valve-
chest and for exhausting one. or both of said.

Gyl

‘bers,

alve mechanism for ad-

757,009

' ey]mders to the space within the valve- chest,

substantially as described.
28. The combination with two steam-cylin-
ders arranged side by side, of separate valves

for sald cylinders, a single steam-chest for -
said eylinders, and separate steam-ports for

the cylinders controlied by said valves for

admitting steam to one or both of the cylin-

cders mdependentlv of the space within the
valve-chest and for exhausting one or both of
sald cylinders to the space within the valve-
chest, substantially as described.

29. The combination with two steam-cylin-
ders arranged side by side, of a steam -chest
having vwlve chambers and ports for the two

valves for the two cylinders in said chambers,
and means for moving said valves In opposite
directions, substantially as described.

30. The combination with two steam-cylin-

“ders arranged side by side, of a steam -chest

having valve-chambers and ports for the two

cylinders at opposite ends of the chest, pis-

ton-valves for the two cylinders in said cham-
and connections between the wvalves
whereby the valves move together in both di-
rections, substantially as described.

31. The combination with two steam-cylin-

ders arranged side by side, of a steam -chest
having valve-chambers for the two cylinders
at opposite ends of the chest, piston-valves for
the two cylinders in sald chambers, connec-
tions between the valves whereby the valves
move together in both directions, and steam-
ports for the cylinders controlled by said
valves for admitting steam to one or both of
the eylinders independently of the space within
the valve-chest and for exhausting one or both
of said eylinders to the space within the valve-

chest, substantially as described.

- 32. The combination with high and low

pressure cylinders arranged side by side, of

a single steam-chest for the cylinders, valves

for the two cylinders, and steam-ports for the

cylinders controlled by said valves to admit

steam to the high-pressure cylinder independ-

ently of the space within the steam-chest and
to exhaust the high-pressure cylinder into the

space within the steam-chest, and to admit

steam to the low-pressure cylinder from the
space within the steam-chest and to exhaust
the low-pressure cylinder independently of
the space within the steam-chest, substantially
as described.

33. The combination with high and low

30

linders at opposite-ends of the chest, piston-
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pressure steam-cylinders arranged side by

side, of a steam-chest having valve-chambers
at opposite ends for the two cylinders, piston-
valves in said chambers, and steam-ports con-
trolled by said pistons to admit steam to the
high-pressure cylinder independently of the
space within the steam -chest and to exhaust
the high -pressure cylinder into the space
within the steam-chest, and to admit steam to
the low -pressure cylinder from the space
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within the steam-chest and to exhaust the low-
pressure cylinder independently of the space
within the steam-chest, Sllet‘"LIltlalLY as de-

‘seribed.

34. The combination with the steam-cylin-
der A, of steam-chest (x having valve-cham-
ber K piston-valve I, in said chembel ad-
mission-—port H connecting with the Valve-
chamber independently of the space within

the steam-chest, exhaust-port I communicat-

1ng-with the space within the steam-chest, and
ports controlled by said valve for admlttmcr
steam to the cylinder from admission-port H

~and for exhausting steam from cylinder A to

- valve-chambers K, K’ at opposite ends of the

20
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the space within the steam-chest, substantlelly
as described.

35. The combination with the high and low
pressure cylinders A, A, of steam-chest G,

steam-chest and opening into the space be-
tween the valve-chambers, piston-valves L, I/

in sald valve-chambers, admission- -port H con-
necting with the valve-chamber K independ-

ently of the space between the valve-cham-
bers, exhaust-port I communicating with the
valve-chamber K, and ports controlled by
sald valves for admitting steam to the cylin-
der A from admission- port H and exlmustmcr
into the space between the valve-chambers and
for admitting steam from the space between

' the valve-chambers to the cylinder A" and ex-

hausting from the cylinder A’ to the exhaust-.

- port I, substantially as described.

35

36. The combination with the high and low
pressure cylinders A, A’, of steam- cheet(arhav—
ing valve-chambers K, K’ at opposite eﬂds of

_ the steam-chest and opening at their inner

40

ends into the space between the valve-cham-

~ bers, exhaust-passage 7° and admission-pas-

seﬁ'e]' connecting the outer ends of the valve-
chambers with the space between the valve-
chambers, admission-port H communicating
with the velve chamber K, exhaust-port T
communicating with the valve-chamber I,

and ports controlled by said valves for admit- |

ting steam from admission-port H to the cyl-
mder A and exhausting from cylinder A to
the space between the valve-chambers from

~ the inner end of valve-chamber K or through

55
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‘passage ¢ and for admitting steam to the cvl-
“inder A’ from the. space between the valve-

chambers through the inner end of the valve-

chamber K or thmucfll passage 4° and for ex-

hausting from cy. mdel A’ through exhaust-
port I, substantle ly as described.

- 3T7. The combination with steam—cylmders
A, A’, of steam-chest G having valve-cham-

bers K K', and piston-valves L L/ in said

chembers eontm]hna‘ the cvlmdel steam-

ports and connected together, pistons M, M'

outside the valves, end Steam Ch‘LmbGIS for

‘sald pistons, su bstantmllv as described.

38. The combination with steam- cylinders

A, A, of steam-chest G having valve-cham-

bers K K’ and plston—valves L T/ in said |

chembers controlling the cylinder steam-ports

and connected together, pistons M, M’ outside
the valves, steam-chambers for said pistons,

‘admission and exhaust ports for szud steam-

chambers, and control-valves m, 7/ at oppo-
site ends oir the steam-chest, substantially as
described.

o
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39. The combination with steam-cylinders

A, A, of steam-chest G having valve-chambers
| =

K, K" and piston-valves L, I/ in said cham-
bers controlling the cvhnder eteem—porte and

75

connected tefrether pistons M, M’ outside the -
valves, admission and exhaust ports 1, 2, 3,4

at opposite ends of the steam-chest for ad-
mitting and exhausting steam outeide sald pis-

tons, and control- 'mlves Ty WY eubbmmlally
as described.

40. The combination with steem evlmders
A, A/, of steam-chest G having steam-ports for
the two cylinders at opposite ende and admis-

sion and exhaust ports H, I, and valves con-

trolling the ports for admitting steam from

port H independently of the space w,itf;lin the
steam-chest between the valves and for ex-
hausting through said space, substautml]y s
deser 1bed

41. The combination with steam-cylinders
A,A’, of steam-chest G having valve-chambers
K, K fortwo cylindersat opposite ends, admis-
sion and exhaust ports H, I, and ports con-

necting the cylinder-ports with the admission

and ethst ports H, I of the valve-chest, and
connectec piston- “valves L, I in said valve-

chambers controlling the eylmder steam-

ports, substantially as described.
42. The combination with steam-cylinders
A, A, of steam-chest G having ports for the

. O_.
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two eylmdels at opposite ends, ELd[I]lSSIOIl -port -

H connecting with one of the cylinders, ex-
haust-port I connecting with the other cylin-
der, and ports connectnw each of said cylin-
ders with the space within the valve-chest for

conducting the exhaust from one cylinder

through the valve-chest to the other cylinder
and valves controlling said ports, substantially
as deseribed.

43. The combination with steam- whndere
A, A/, of steam-chest G having valve-cham-
bers K K’ at opposite ends, admission and
ex 1&113‘5’ ports H, I connecting respectively
with valve-chambers K, K, ports for connect-
Ing said

sages 7', &° connecting the outer exhaust-port

of ehembel K and the outer admission-port

of chamber K’ with a receiver between the
chambers with which the inner ports of the
chambers connect and valves controlling Sa,ld
ports, substantially as described.

44. The combination with the steam and
pump cylinders, pistons, plungers and rock-
ing beam of a direct-acting beam-pump, of ad-
mission and exhaust ports for the steam-cyl-
inders arranged to secure the closing of the

exhaust-port in each cylinder by the piston 130

valve-chambers With the steam-cyl-
inder ports of two steam-cylinders, and pas-
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for cushioning at only one end of each cylin-
der, substantially as described.

45. Thecombination with the vertical steam
and pump cylinders, pistons, plungers and
rocking beam of a vertical direct-acting beam-

pump, of admission and exhaust ports for the

steam-cylinders arranged to secure the closing
of the exhaust-port by the pistons for cush-
1oning at only the upper ends of the cylmde1 S,
%ubqtantmlly as described.

46. The combination with the steam and
pump cylinders, pistons, plungers and rock-
ing beam of a‘direct-acting beam-pump, of a
single port forming the admission and exhaust
port for each end of each cylinder, the port at
one end only of each cylinder being arranged

to be closed by the pistons to cushion the lat-

ter, substantially as described. -

47. The combination with the vertical steam
and pump cylinders, pistons, plungers and
rocking beam of a vertical direct-acting beam-
pump, of a single port forming the admission
and exhaust port for each end of each cylin-
der, the port at the upper end only of each
cylinder being arranged to be closed by the
pistons to cushion the latter, substantially as
described.

48. The combination with the steam and

- pump cylinders, pistons, plungers and rock-

30

ing beam of a direct-acting beam-pump, of a
single port at each end of each cylinder form-
ing the admission and exhaust port, said port
at.one end of each cylinder only having a main

- exhaust connection with the cylinder closed
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by the piston as it approaches the end of 1its
stroke for cushioning and another connection

with the cylinder outside of and not closed by

the piston, substantially as described.

49. The combination with the steam and

pump cylinders, pistons, plungers and rock-
ing beam ot a direct-acting beam-pump, of a
single port at each end of each cylinder form-
ing the admission and exhaust port, said port
at one end of each cylinder only having a main
exhaust connection with the cylinder closed
by the piston as i1t approaches the end of its
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stroke for cushioning and another connection
with the cylinder outside of and not closed by

the piston, and an adjustable valve controlling
said second connection with the cylinder for
regulating the exhaust and admission through
sald connection, substantially as described.
50. The combination with two steam-cylin-
dersand their pistons, and a rocking beam con-
necting said pistons, of ports for the admis-
sion and éxhaust of steam, a valve mechanism
arranged to permit the free exhaust of steam
during the main part of each stroke and ar-
ranged to cushion each piston by the exhaust-
steam at one end only of each ¢ylinder and to
permit the slow exhaust of the cushioning
steam and the admission of steam behind the

piston for beginning the next stroke, substan-

tially as described.

51. The combination with two steam-cylin-
ders, pistons and piston-rods, and a rocking
beam connecting said piston-rods, of single
admission and exhaust ports 4, £, £/, ' for the
respective cylinders, said ports 4, £ having a
connection with the cylinder closed by the pis-
ton as 1t approaches the end of its stroke, pas-
sages ( connecting said ports 4, & with the
cylinder-ports 6 beyond the movement of the
piston, and adjustable valves for controlling
sald ports 6, substantially as described.

52. Ina beam-engine, the combination with
a rod or plunger, of connecting-pieces «, beam
K, links v connected to the connecting-pieces
v and pivots 14 connecting the opposite ends
of the beam F to the links v and extending
through openings 1n the connecting-pieces
formed to permit the movement of the pivots
across the line of the rods, substantially as de—
scribed.

In testimony whereot 1 have hereunto set

my hand in the presence of two subscribing

witnesses.
CHARLES C. WORTHINGTON.

Witnesses:.
Louis R. ALBERGER,
Bowen W. PIERrsoN.

50O

55

6o

70

75

30

35




	Drawings
	Front Page
	Specification
	Claims

