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To all whom it may concern: |

Be it known that I, CHARLES C. WORTH-
INGTON, a citizen of the United States, resid-
lng at Irvington, county of Westchester, and
State of New York, have invented certain new
and useful Tmprovements in Valve - Move-
ments for Pumps and Methods of Closing
Pump-Valves, fully deseribed and represent-

~ed 1n the following specification and the ac-
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companying drawings, forming a part of the
same, - | -

Lheobject of the presentinvention is to pro-
vide an improved valve-movement for pum ps
and an improved method of closing pump-
valves, and especially to secure a more’ uni-
form action of steam or power pumps and to
increase the speed at which they can be oper-
ated successfully. |

While the main features of the invention
are of general application in pumps of all
classes, the invention is of special application
to direct-acting steam-pumps or pumping-en-
gines in which the improvements constitut-
ing the invention codperate with other fea-
tures of the construction tosecure certain spe-
cial results not attained in other pumps, and
the invention will therefore be deseribed and
illustrated as applied to steam -pumps or
pumping-engines of this c¢lass.
of pumps, asis well known, the motor-pistons

are connected to the rods which carry the cor-.

responding pump-plungers in such manner
that the piston and plunger are free to move
in either direction, according to the side of
the piston upon which the pressure is greater.
It has been customary to provide pumps of

this class with some means by which the pis-

ton and plungerare gradually arrested at the
end of the stroke in either direction, thus
avoiding the danger of damage to the pump
by more or less violent contact of the piston
with the heads of the cylinder. Numerous
devices have been proposed for this purpose,
but that most generally adopted in practice
consists of double steam-ports in the cylinder
so arranged that the exhaust-port is closed by
the piston just before it reaches the end of
its stroke in either direction, thus causin g the
piston to be arrested gently by cushioning
upon a small portion of the exhaust-steam re-
maining in the eylinder. This method has

been found satisfactory at the speeds at which | spaces and the exact adjustment of the length

In this class

pumps of this elass are usually ran. Wher-

ever this speed is increased, ho wever, the mo-
mentum of the moving parts becomes suffi-
cient to compress the steam thus imprisoned
between the exhaust-port and the cylinder-
head to a pressure which causes a rebound or
recollof the moving parts of the pump. This

recoll 18 due to the pressure in the cushion

acting upon the piston plus the pressure in
the force-main acting upon the plunger, the

-pressure in the foree-main being communi-

cated to the plunger through the force-valves,
which at that moment of the stroke have nof
had time to close. The effect of this recoil is

tocausethe waterin the force-chamber to flow

rapidly -through the force-valves into the
pump-chamber, producing a current which
tends to slam the force-valves violently to
their seats. The suction-valves at the oppo-
site end of the plunger also are slammed by

the pressure produced by the recoil move-

ment of the plunger. The violence of this
slam increases with the speed of the pump and
soon becomes an element of danger. One of
the specific objects of the present invention
is to provide means whereby when the plun-
ger arrives at the end of the stroke this recoil
1s avoided and all backward movement of the
plunger prevented until it begins its return
stroke. With this pump, in which the piston
is stopped entirely by the cushion, it is evi-
dent as the momentum of the moving parts
increases with the velocity that the cushion-
ing pressure upon the ends of the steam-cyl-
inder is very great at high speeds and that
the danger of damage above referred to can
be prevented only by employing a high steam-
cushion at all times or providing some means
by which the amount of cushion can be regu-
lated and increased or decreased with the
speed of the pump. - |

In the use of steam-cushions, therefore, it
18 customary to provide some means by which
the amount of steam retained is varied in ac-
cordance with the speed of the pump, and for

this purpose a small outlet is generally pro-

vided at the end of the cylinder, and this out-
let controlled by a ‘“‘relief-valve.” By the
adjustment of this relief-valve the amount of
steam retained can be varied, as desired, so
as to secure the filling up of the clearance-

55

6o

70

75

o

90

I00




IC

20

25

30

35

pumping

O

5o

55

6o

of stroke, with the proper cushioning of the
piston at different speeds without the em-
ployment of a permanently large cushion.

A further objeet of my invention is to pro-
vide means by which the piston and plunger
may be stopped wholly or partially by pres-
sure acting against the plungerin the water-
cylinder toward the end of the stroke, thus
avolding the necessity for adjustment of the
steam-cushion in accordance with the speed
of the pump and rendering it possible to em-
ploy only a moderate stemn-eushion at all
speeds.

The piston and plun ger may be stopped en-
tirely by applying increased pressure upon
the plunger at the end of the stroke, but 1

prefer to use a moderate amount of cushion
in the steam-cylinder in connection therewith
in order to divide up the stopping force and
because the cushion is desirable in order to
fill up the clearance-spaces in the steam-cyl-
and secure the immediate action of the
piston when the live steam is admitted upon

inder

the reversal of the valves.

which these valves shall be gradually and
positively closed by pressure during the lat-
ter part of the stroke of the plunger, the clos-
ing of these valves thereby exerting a gradu-
ally -1ncreased stepping pressure upon the
plungers.

I provide an improved method of ¢losing a
pump - valve, either suction or force, which
consists in applvinw to said valve against the
pressure a fluld-pressure in excess
of the pumping pressure, and I prefer to vary
the pressure thus applied_ eracdually duaring
the stroke of the pump-plunger, so as to se-
cure the gradual closing of the valve against
the pumping pressure, and I attain the spe-

clal objects pointed out above by thus clos-

ing the force-valves or an auxiliary valve or
valves between the plunger and force-main,

so that the pressure in the force-main is cut
oif from the plunger of the pump at the end
of its stroke, with the result that no recoil of
the plunger ‘takes place, and the plunger is
stopped wholly or partially by the pressure of
the water within the pump-cylinder. By the
term *‘ pumping pressure’ I mean the excess
of pressure upon the pump-cylinder side of
the valve tending to open or hold the valve
open during the action of the pump. This
fluic-pressure may be supplied from any suit-
able source in single or duplex pumps, and
any suitable means may be used to control it
in accordance with the action of the plunger,
so as tosecure the results desired:; but in du-
plex pumps I preferably transmit a fluid-pres-
sure varying with the movement on one side
of the pump to the valve or valves on the op-
posite side, 80 as to control the valve or valves
in such a manner as to secure their closing in
the manner desired.

Itisevident that the total pressure or force

584,533

required to close the valves will vary with

| the line of movement of the valve relatively

to the water-current, and it will be under-

‘stood that by the expressions ‘*against the

pumping pressure” and ‘‘in excess of the

pumping pressure” I do not mean the valve
mustbe moved in a direction directly opposed
to that of the current, but intend to cover,
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broadly, all constructionsin which the valves

are closed by a fluid-pressure acting in oppo-
sition to the pumping pressure and of suffi-
cient amount to close the valve, whatever be
the line of movement of the valve relatively
to the water-current. I prefer to transmit
this pressure directly in the force-valves, so
as to secure their gradual and positive closing
in front of the plunger as the latter reaches
the end of i1ts stroke, and I prefer to trans-
mit the pressare also to the suction-valves to
secure their closing behind the plunger at or
about the same time, but the varying pressure
may be transmitted only to the force-valves
or to an auxiliary valve or valves controlling

| communication between the force-main and

A further object of my invention is to pro-
vide means for positively controlling the wa-
ter-valves and especially to provide means by

the water-cylinder, so as to secure the results

‘desired, and similar auxiliary valves may be

used also with the suction-valves.

The varying pressure may be so applied as
to close the auxiliary or main valves, or the
valves may be closed by a constant pressure
from the main or other suitable source and
the varying pressure employed to control the
operation of the valves by such constant pres-
sure. The varying pressure, moreover, may
control the operation of the valves either by
opposing the constant pressure, so that the

S0

QO

95

100

closing pressure upon the valves varies with

the ratio of the varying to the constant pres-

sure, or the varying pressure may operate a

valve by which the consta,nt Dressure 18 con-

trolled as desired to secure the closing of the
valves, as above deseribed.

In attaining the highest speeds with 8
steam-pump prowded w1th positive water-
valves acting as described to cause a gradual
increasing pressure to act against Lhc plun-
ger it may be found 1n some cases that the
avml&b]e pressure 18 not sutficient to thus
close the valve, because as it begins to close

the speed of the plunger 1s lessened, which

1s immediately followed by a packing of the
steam behind the steam-piston, causing an
increase of steam-pressure. The increase of
steam-pressure thus caused may exceed the
available power for operating the water-
valves and thus prevent their closing. When
a very high speed 1s desired, therefore, it is
advisable to provide the steam.cylinder or
cylinders with cut-oft valves, which shali op-
erate to cut off the admission of steam to the
cylinder late in the stroke, so that the water-
valves can be positively closed and the plun-
ger and piston stopped without the packing
of the steam in the steam-cylinder.

In the ordinary low-duty pumps now in use
the cut-off valves operate at about five-sixths

stroke, 1t being found necessary to continue -
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~struction employing auxiliary foree-valves. |
Fig. 7 is a rear elevation of the svater end of |

40

pump, showing a construction employing a

KO
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vation of the water end.

584,533 ' g

the admission of the steam to this late point |

in the stroke at the speeds at which these
pumps are generally run. A highereconomy

would be attained by cutting off earlier in

the stroke, and with the positive water-valve
and high speed rendered possible thereby
this is practicable, as the high piston speed
and momentum acquired by the piston and
plungers will be sufficient to carry them to the
end of their stroke without the steam followy-
ing as late in the stroke as with lower speeds.

As the invention is especially adapted for
use In duplex direct-acting steam-pumps, in
which the valves on one side may be con-
trolled from the opposite side, as above de-
scribed, and my invention consists in part of

the construction and arrangement of connec-

tions by which the valves are controlled in

~such pumps, theinvention will be illustrated

in connection with duplex pumps, and a full

deseription of construections embodying the
invention in the preferred form will now be
‘glven in connection with such an illustration
and the method and features of construction
forming myinvention specifically pointed out

in the claims.

Figure 1 is a longitudinal section of a du-
plex direct-acting steam-pump, showin g the
present invention in its preferred form, the
section of the water end being taken on the
line 11 of Fig. 2 and of the steam end cen-
trally through the steam-cylinder on the fol-
lowing side of the pump. TFig. 2 is a plan
view of the waler end. Fig. 3is a rear ele-
Ifig. 4 is a longi-
tudinal section on the line 4 4 of Fig. 2. Fig.
5 1s a cross-section on the line 5 5 of Fig. 2.
Fig. Gisa plan view of a pump, showing a con-

the same.
of I1g. G.

Fig. 8is a section on the line 8 8
Fig. 9 is a sectional elevation of &

single valve-controlling motor-cylinder for

cach side of the pump. Fig. 10 is a plan
Fig. 11

view of the water end of the same.
13 a sectional elevation looking to the right

from line 11 11 in Fig. 9. Fig.12isasection

similar to Fig. 9 except that the auxiliary

valves are placed inside the foree-valves.:

Ifig. 13 is a plan view of the water end; show-

1ng a construction in which the valves are

closed by a constant pressure opposed by the
varying pressure. Ifig. 14 is a section look-
ing to the left on the line 14 14 of Wig. 13.
Fig. 15 is a section of the water end, showing
a construction in which the varying pressure
operates a valve to control a constant pres-
sure closing auxiliary force and suction
valves. Iig. 161is a plan view similar to IMig.
0 except that the varying pressure is trans-
mitted from the steam-ecylinders, and Fig.
17 is a detail of a modification hereinafter
referred to. |

Ref@l‘l"iﬂg 10 Bald C].P&Willg‘ﬁ;? {the pulnps+ |
shown in the different views are as to their [

manner.

‘and connecting-rods .

general construction substantially identical
and ordinary forms of duplex pumps. A sin-
gle description will suffice for all, therefore,
except in respect to the parts embodying the
Invention, which are varied in the different
forms. o |

-~ In the operation of dupIGx pumps the pis-

tong move in opposite directions during a part
of the stroke and in the same direction during
the rest of the stroke.
same direction, the same piston is always in
advance in whichever direction the two pis-
tons are moving, and in accordance with es-
tablished practice the terms “‘leading’ and
“following ™ herein refer, respectively, to the
sides of the pump, the pistons of which lead

or follow when both are moving in the same

direction. | -

Kach of the pumps shown consists of two
steam-cylinders A B and two water-cylinders
C D, the cylinders A C and B D forming, re-
spectively, the leading and following sides
of the pump. The pistons ¢ and the water-
plungers 0 for each side of the pump are con-
nected to single piston-rods E Fin the usual

~In the construction shown in some of the
figures the water-cylinders on the same side
are formed in a single casting and divided
into two water-chambers on opposite ends of
the plunger by means of a central wall or

~diaphragm, while in the construction shown.
1 other figures the two water-cylinders are

formed of independent castings, the plunger

alternating between them; but it will be un-
derstood thatthese constructions are substan-

tialequivalents and the operation of the pum P
in elther case the same, there being a common
force-main for both ends of the plunger in all
the constructions. S |

The steam-cylinders are provided with the

When moving in the
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usual main-valve gear consisting of rock-

shatts ¢, levers d, and valve-rods e, by which

‘the main valves f for each side of the pump
‘are operated from the piston-rods of the other

side in the manner common in duplex pumps.
The steam-cylinders are preferably provided
with separate induction and exhaust ports ¢
i, so that as the pistons ¢ near the end of
theirstrokesin either direction they coverthe
exhaust-ports 2 and confine a small amount
of exhaust-steam in front of them in the ends
of the cylinders by which the
cushioned and arrested. Thisis the common
method of cushioning, but it will be under-
stood that any other form of apparatus may
be used for this purpose, and that, as stated
above, all cushioning of the steam-pistons
may be omitted and the pistons and plungers
be stopped by water-pressure only.  The in-
duction - ports g are controlled. by

valves s, operating to cut off the steam, as
above described, and actuated from the levers
d on the same side of the pump by cranks ¢
The constraction of
rotary cut-off valves and operating connec-

pistons are

cut - off
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tions is that shown in my prior patent, No.
292,525, and 18 a simple and efficient form,
but any other may be used.

The water-cylinders are provided with the

usual force-valves I m n and suction-valves

o p qr,the force-valves k[ and suction-valves
0 p communicating, respectively,with the wa-
ter-cylinder at the end next to and farthest
from the steam end on the leading side of the
pump, and the force-valves mn and suction-
valves q r corresponding thereto on the fol-
lowing side of the pump.
c_ommunieate with the force-chambers G Il

on the opposite sides of the pump and the

suction-valves with corresponding suction-
chambers K L, these force and suction cham-

bers communicating, respectively, with the

force and suction mains M N.

In the organization shown in Ifigs. 1 to G
but one force-valve and one suction-valve for
each end of the plunger is provided, while in
the other organizations shown a plurality of

valves for each end of the plunger are used.
These constructions, however, as will be seen,
are subsbantmlly the same.

Referring now particularly to Figs. 1 to 5,
the parts in which the invention is embodied
in 1ts preferred form as applied to the pump

- shown in these figures will be described.

30

Each of the force- valves [ m n is connected
to the piston-rod 1 of a piston 2, these pistons
moving in small motor-cylinders 11 12 13 14,
mounted above the respective force-cham-
bers.. T'he suction-valves o p ¢ » are simi-
larly connected by the piston-rods 3 to pis-
tons 4, moving in ¢ylinders 1516 17 18, mount-

~ed above the respective suction-chambers.

40

45

These small cylinders are connected to the
water-cylinders on the opposite side of the
pump as follows: I'he cylinders 11 12, con-

trolling the force-valves &£/ on the leading

side of the pump, are connected by means of
the pipes 19 20 to the water-cylinder D on
the following side of the pump, these pipes
communicating with the water-cylinders on
the same end of the plunger as their respec-
tive valves k [, controlled thereby. The cyl-
inders 15 16, controlling the suection-valves
o p on the leading side of the pump, are con-
nected by pipes 21 22 to the pipes 20 19 and
are so arranged that the suction-valves are

- controlled from the diagonally opposite ends

55

60

of the plunger on the opposite side of the
pump. Thus the pressure on the following
side of the pump controls both the force and
suction valves on the leading side of thepumnp
through the pipes 19 20, but the force-valves
are controlled by the pressure at the ends of
the plunger which correspond to those at
which the said valves are located relatively
to the plunger on their own side of the pump,
while the suction-valves are controlled by the
pressure at the diagonally opposite ends of
the plunger.

T'he cylinders 15 14, controlling the force-
valves m n on the following side of the pump,
are connected by means of pipes 24 23 to the

The force-valves:

| in the drawings, especially 1n Ifigs. 2,

4 | ' 584,533

water - cylinder on the leading side of the

pump, these pipes being reversed in cr ossing,

so that the force-valve :-:Lt one end of the plun-
oeris operated by the pressure in the opposite

watel -cylinder at the diagonally opposite end
The cylinders

of the plunger on that s1de
17 18, controlling the suction-valves ¢ -7, are
eonneeted by pipes 25 26 to the pipes 23 24,
these pipes being so arranged that the suc-
tion-valves are opemted by the pressure at

70

75

the corresponding ends of the plungerin the

opposite water-cylinder. Thus the pressure
on the leading side of the pump controls both
the force and suction valves on the following
side of the pump through the pipes 23 24; but
the force-valves are controlled by the pressure
at the ends of the planger diagonally opposite
the ends at which the valves are located rel-
atively to the plunger on their own side of the
pump, while the suction-valves are controlled
by the pressure at the corresponding ends of
the plunger.

Each of the pipes transmitting the pressure

from the water-cylinders to the small motor-

cvlinders is provided with a hand-valve 5, by
which the passage of the water through the
pipes and consequently the time or rapidity

{ of movement of the force and suction valves

can be accurately adjusted. Any other suit-
able means for adjusting the time or rapidity
of movement of the valves may be used. ILor
instance, the stroke of the pistons in the mo-
tor-cvlinders may be varied, as shown 1n If1g.
17, the upward movement of the pistons 2 be-
ing limited by adjustable stop 54, so that the
distance through which the valve moves in
closing may be varied as desired.

The pipes transmitting the pressure from
the water-cylinders enter the motor-cylinders
above the pistons 2. Below the pistons the
cylinders are preferably connected to the suc-
tion-main by means of pipes 6 for a purpose
hereinafter stated.

The arrangement of pipes is fully shown
o, and

4, and will be 1ead11y understood flOIll the
above statement.

The operation of the mechanism which has
been described is as follows: It is to be re-

marked that, as shown in the drawings, the

pump is at rest and both sides of the pump
are on center. This is not a position that the
two sides of the pump will assume at the same

time when in actual operation, but has been

adopted for the purpose of illustration.

In describing the operation it will be as-
sumed that the piston a of the leading side
of the pump is started at the beginning of its
stroke from left to right, the piston on the
following side being then in the position of,
say, five- smths str oke from right to left. As
the piston on the leading side moves to the

right the water in front of the plunger 6 will

be forced past the valve [ of that end of the

cylinder, raising the valve in the usual man-

ner, and at the same time the water will be
drawn in behind the plunger b, raising the
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suction-valve at that end of the eylinder.
As the piston ¢ and plunger b approach the
end of their stroke the cut-off valves S will
operate to cut off the steam behind the piston,
the piston will cover the exhaust-port / and

cushion itself upon the steam confinedin the

end of the steam-cylinder beyond this port,
and the piston ¢ and plunger b will be ar-
rested. When the piston ¢ on the leading
side of the pump is on the latter part of its
stroke, the exact point varying in different

pumps and being adjusted in the same pump

In accordance with the duty to be performed,
the piston ¢ on the following side of the pump
will have completed its stroke in the same
manner as above described, paused, and will
start in the same direction as that in which
the piston on the leading side is movin g—that
18, from left to right—the two pistons movin o
in the same direction until the piston upon
the leading side has completed its stroke,
when the motion of the latter is reversed and
1t returns partially during the forward stroke
on the following side. This is the usual op-
eration in duplex pumps. | o

It will readily be seen that if no special
means are provided for closing the valves,
exceptthesprings usually employed,the force-

valves will be open at the time the plungers

are stopped, sothat the full pressure of the
water in the force-main and force-chamber
will be permitted to act for a short period of
If the speed of the
pump be such that the momentum of the
moving parts compresses the steam between
the pistonand cylinder-head sufficiently, the
back pressure of thissteam-cushion,together
with the pressure of the force-main upon the
plunger, will cause a rebound or recoil of the
piston and plunger, thus preducing a rapid
current from the force-main through the
force-valves into the water-cylinder, which
slams the force-valves violently totheir seats,
asabovedescribed. This recoil of the plun-

gerslams also thesuction-valves at the other
~end ot the plunger which have not had time

to cloge. It will be seen that besides the ob-
jectionable noise caused by this action it pro-
duces also a jar upon the pump which in-
creases with the speed and practically pre-
venfs the attainment of high speeds. Apart
from the necessity of overcoming this com-
bined action of the cushion and pressure from
the force-main, moreover, it is desirable that
means should be provided for closing the

valves positively as the plunger reaches the

end of its stroke,so that certainty and prom pt-
ness in the closing of the valves are secured.
LThis closing is preferably gradual, so that
an 1ncreasing cushioning pressure is applied
to the plunger and the plunger is stopped

slowly and without shock, the cushioning
pressure required in

the steam end being re-
duced thereby. | - | -

In the present organization as the plunger
b on the leading side advances to the right, as
before deseribed, the pressure in the water-

il

cylinder C in front of the plungeris transmit- .

ted through the pipe 24 to the cylinder 13 and

operates the piston 2 to positively and grad-

unally elose the force-valve m on the following

side of the pump in advance of the plunger

b, which 4s then just completing its stroke
from right to left. This pressure is trans-
mitted also through pipes 24 and 26 to cylin-
der 18 and operates the piston 4 to positively
close the suction-valve » on the following side
behind the plunger. The plunger 6 on the
following side having completed its stroke
from right to left returns from left to right,
and as the plungerd on the leading side com-
pletes its stroke from left to right the pres-
sure in the water-cylinder D in front of the
plunger is transmitted through pipes 20 and
21 to the cylinders 12 15 and operates the pis-
tons 2 4 to close the force-valve [ and suction-
valve o respectively in front of and behind
the plunger b on the leading side. As the
plunger on the leading side is reversed and
moves from right to left the pressure in ad-
vance of the plunger is transmitted through
the pipes 23 and 25 to the cylinders 14 17 and
closes the force-valve n and suetion-valve q

as the plunger b on the following side com-

pletesits stroke from left to right, and as the
plunger b on the following side reverses it
closes through pipes 19 22 and cylinders 11 16
the force-valve k and suction-valve p as the

plunger on the leading side completes its

stroke from right to left. This operation is

constantly repeated during the operation of
the pump. | . . |
It will be seen that as the movement of one

of the plungers is reversed the pressure upon
one set of force and suetion valves upon the
opposite side of the pump is released and the
pressure transmitted to the othersetof valves.
As the pressure is released upon the foree and

suction valves they are operated by the pres-

sure of the water acting under them, as usual
In pamps. | o |
- If the small motor-cylinders were closed at
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their lower ends the air contained therein

would produce an upward pressure upon the
pistons which must be overcome by the pres-
sure from the water-cylinder, it being immprac-
ticable to maintain a vacuum in the cylinders.
Moreover, a certain amount of water must in
time pass the pistons 2 4 and collect in the
lower ends of the cylinders. The lower ends

‘of the cylinders, therefore, are preferably en-

tered by the pipes 6, previously referred to,
which form drip-tubes. The drip from the
cylinders will be relieved by these pipes if
they open to the air, but as the pressure of
the air is generally in excess of the low pres-
sure on the suction side of the plunger the

| pipes 6 are preferably connected to the suc-
tion-main, as shown in Fig. 2, thus producing -

an equilibrium of pressure upon the opposite
sides of the pistons 2 4 when the pressure
from in front of the plungers is removed
therefrom. . - | -
~ As the pump is generally constructed and
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“adjusted sothat the plunger on one side com-
mences its stroke somewhat prior to the com-
pletion of the stroke then being made on the
~other side of the pump, and as the pressure
in advance of the plunger is at once trans-
‘mitted to the pipes connected with the oppo-
~ site side, it may in some ‘cases be necessary
~ to provide some means whereby the transmis-

. sion of the pressure through the pipes shall

R Lo}

beretarded orthe operation “of the pistons and
valves otherwise controlled, so that the valves .

- shall not be fully closed untll the: plunﬂel‘

~reaches the end of its stroke.
-~ ment may be made permanently in the con-
struction of the pump by proportioning the
 sizes of the pipes and cyhndera but means,
- such as the hand-valves 5 or stops 54, will
~ preferably be provided by which the Opem- _
tion may re adlly be deusted as: desembed:
above o

In the orbammtmn thm far de%m 1bed the _
| trol the .valves 28 by the following means:

IS

ooy

This adjust-

~ foree and suction valves are operated directly

by the pressure from the water-cylinder on:
- the opposite side of the pump.
~tions through which these valves are operated
- may be varied widely as to form without de-
- parting from my invention, and the valves

. :opemted may be the main force and suction

Z"TSEQ

s

~valves, asordinarily applied and as above de-

seribed, or auxiliary valves located anywhere

~in the foree and suction chambers of the wa-
- ter-cylinders, either between the main valves:
- and force and suction mains or between the
-plunﬂer and main valves. | |
In Figs. 6 to 8 1s shown an: ortjmnmtlonr
- similar to that previously deseribed, except

~that the pistons 2 are: connected not to the

force-valves but to auxiliary valves 7, located |

40

45

RO

between the force-valves and the force-main
and operating to close communication be-
tween the water-cylinder and force-main and
cut off the pressure in front of the plunger as
the latter reaches the end of its stroke. This
construction involves a slight modification in
the form of the force-chamber, but the rela-
tions of the parts remain substantially un-
changed. Inthisorganization noconnections
tothe suction-valvesareshown,althoughsuch
may be used if desired, the latter being simi-
lar to those shown in the construction pre-
viously deseribed, or auxiliary valves similar
to those shown in connection with the force-
valves and placed either inside or outside of
thesuetion-valves. Thearrangement of pipes
and connections between the water-cylinders
and the auxiliary valves on opposite sides of
the pump are identical with those used in the
construction in which tha pistons are con-
nected to the force-valves, and no further de-
seription is necessary, the same references
being applied to corresponding parts in the
twvo constructions. 1Itig evident that in this
construction the closing of the auxiliary valve
exerts a gradunal stopping pressure upon the
plunger in addition to cutting off the pres-
sure of the force-main, so that substantially
all the advantages of the construction pre-

| m‘y valve.

the foree-main.,

The connec-

either direction.

vmusly descnbed ArTe obmmed by the auml— o

In Figs. 9 10 ﬂlld 11 18 shown an org mlm-
force side, as 1n If1gs. 6, 7
T‘he force- eh‘unbet on each side Of

one for each end of the plunger, and these

and following sides of the pump.

79
;tlon in Whleh_aumlmry valves are _used onthe

A and 8, but the con-
struction and arrangement of the parts are
§V.-:L]‘led
the pump is divided 1nto two compartments,

;compmtments cmnmum(mie by ports 27 with .
These ports are controlled

by means of dlSl{ valves 28, which are earried -
' by a single valve-rod 29 on each side of the
pump, passing through the wall of the force-
chamber, these rods bemg provided at their

outer ends with pistons 7
in eylinders 30 31 on respectively the leading-
The pres-.
sure from the water-cylinders is transmitted -
| to the eylinders 30 31 on the opposite sides of -

the pump to actuate the pistons 7 and con-:.

‘The water-cylinder C on the leading side ot
the pump is connected to the motor-cylinder
31 on ‘the following side by the pipes 32 33, =
these pipes entering the cylinder 31 on oppo-:

00

site sides of the [)1&130]1 7 and connecting op-

posite ends of the water-cylinder C with the g5 .
corresponding ends of the motor- Cyhndel 80

| that the pressure transmitted through pipes.
32 33, respectively, operates the pistonina .
:dueetmn to close the port 27 in advance of
‘the plunger b on the following side and to.
open the port behind the same at the moment =~
‘when that plunger completes its stroke in
The water-ceylinder D on
the following:side of the pump is conneected
to the eylinder 30 on the leading side by

means of pipes 34 35, these pipes, however,
being so arranged as to connect the ends of
the water-cylinder on the following side to

the opposite ends of the motor-cylinder on

the leading side, so that one set of connec-
tions are reversed, as in the constructions

previously described. While the pipes re-

versed in this construetion are those connect-
ing the water-cylinder on the following side
to the motor-cylinder on the opposite side in-
stead of those from the water-cylinder on the
leading side to the motor-cylinder on the fol-
lowing side, agsinthe constructions previously
desecribed, it is evident that the result is the
same in both cases, as an excess of pressure
at one end of the motor-cylinder closes the

valve at the opposite end of the water-cylin-

der, so that the pressure in front of the plun-
oger on the leading side still is transmitted to
the valves at the dlaﬂmmlly opposite ends of
the water-cylinder on the following side and
that on the following side to the valves at the
corresponding ends of the cylinder on the
leading side. Itisevident that the operation
of this construction is substantially the same
as that previously deseribed, the reversal of
the plunger on either side relieving the pres-
sure on one side of the motor-piston 7 on the

- opposite side of the pump and transmitting
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- pressure to the opposite side of the piston,
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the suction and force pressure on one side of
the pump being thus alternately transmitted

posite side of the pump. In this case the
pressure benind the plunger on one side of
the pump is transmitted directly to one side
of the motor-piston on the opposite side of
the pump and the pressure in front of the
plungerissimilarly and simultaneously trans-
mifted to the other side of the same piston.
It is apparent, therefore, that the piston is
actuated in one direction or the other by the
difference between the pressures in front of
and behind the plunger on the opposite side
of the pump. This, however, although less
evident, is substantially the action in the con-

structions previously deseribed employing
‘the pipe 6 connecting the lower ends of the

motor-cylinders to the suction, as the pres-
sure behind the plunger is the same as that
of the suction, and therefore the pistons are

operated by the difference between the pres-

sures at opposite ends of the plunger. The
only substantial difference hetween the con-
structions is that in this modification but a
single eylinder and piston is used for control-
ling all the valves on one side of the pump,
the pressure in front of the plunger being
fransmitted alternately to opposite sides of
the same piston instead of to different motor-
cylinders and pistons, asin the constructions
previously described. If, however, the pipes
b6 are omitted or open to the air, the pressure
in front of the plungersisopposed, not by the
suction-pressure, as in the modification, but
by the constant pressure of a single atmos-
phere. N o

- While it is more desirable for simplicity of
constructiontoplacetheauxiliary valvesshut-
ting off the reaction of the water column n pon
the plunger beyond the force-valves—that is,

shown in Figs. 5t o 11—they may be located
between the plunger and the foree-valves and
operate as already described. Such an ar-
rangement applied to the pump last described
1s shown in Kig. 12, in which the construction
Is the same as that shown in Figs. 9 to 11, ex-
cept that the auxiliary valves are placed in-
side of the force-valves, ports 36 opening from
the water-cylindersinto the force-chamber at

opposite ends of the plunger and being con-

trolled by slide-valves 87, carried by valve-
rod 29, while the usual force-valves k& I open

from the force-chamber outside the auxiliary
valves to the force-main. A similar arran ae-

ment may be used on the suetion side.

In the construction shown in Figs. 9 o 12
it 1s obvious that if the voluntary valves be
omitted the positively-operated valves will be
closed, sc as to cut off the pressure of the
force-main from in front of the plunger and

open the opposite end of the cylinder to the

force-main as the plunger reaches the end of
its stroke, so that these constructions may be
used without the voluntary valves, provided

to opposite sides of the pistons 7 on the op-

between the force-valves and force-main, as

¢

that the valve be operated just at the end of
the stroke. It is preferable, however, to use
the voluntary valve, so that the pump-cylin-
der may be opened to the forece-main behind

‘the plunger before the plunger reaches the

end of its stroke, except as it is closed by the
voluntary valves, so that the valves may be
closed in front of the plunger gradually.

While I have shown constructions in which

either auxiliary or the main valves are actu-
ated by the pressure in the pump-cylinders
on the opposite side of the pump, and I pre-
ter this method of operation, it is evident
that a construction may readily be devised
and substituted therefor in which the valves
are controiled by the pressure in the pump-
cylinders, but not closed thereby, but by
pressure from some other source. Thus the

pistons may be subjected to a constant pres- -
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sure, as from the force-main, air-chamber, or

an outside source of pressure tending to close
the wvalve, and the pipes transmitting the
pressure from the pump-cylinders may be ar-
ranged to connect with the motor-cylinders
on the opposite side of the pistons from the
constant pressare, so that as the plunger on
one side is reversed and the pressure in the
motor-cylinder on the opposite side of the
pump reduced to that behind the plunger the
constant pressure will close the valve at the
proper moment. Upon the reversal of the
plunger the higher pressure in front of the
same will be transmitted to the eylinder and

go

I00O

willcounterbalance the constant pressure and

permit the opening of the valve, as usual.

such an organization is shown in Figs. 13 and

14 applied to the pump of Figs. 6, 7, and 8, -

105

the constant pressure being transmitted from
the force-main M to the upper sides of the

| pistons 2 through pipes 39 and the pipes 19 20

and 25 24 from the respective pump-cylin-
ders entering the motor-cylinders below the
pistons 2. 1t is apparent that this construec-
tion necessitates a complete reversal of the
arrangement of the pipes forming the con-

nections between the pump-cylinders and mo-

tor-cylinders in the construction of Figs. 6 to
3, as the controlling pressure is transmitted
from behind the plungers when the valves
are to be closed instead of from in front of
the plunger, as before. Thus, as shown, the
pipes 23 24 from the leading side of the pamp
pass directly to the opposite side and the
pressure in the ends of the pump-eylinder on
the leading side controls the closing of the
valves at the corresponding ends of the plun-

ger on the following side, while the pipes 19 20

from the following side are reversed in cross-
ing and the pressure in the ends of the pump-
cylinder on the following side controls the
valves at the diagonally opposite ends of the
plunger on the leading side.

In Ifig. 15 isshown an organization in which
constant pressureisapplied toclose the valves
as just described, but is controlled- by the

varying pressure operating a valve which
admits the constant pressure to one side or
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the other of the piston actuating the valves.
This modification is shown as applied to the
pumps shown in Figs. 9 to 11 and previously
described, but may be applied readily to other
constructions.

Referring to Fig. 15, the parts embodying
the modification will be briefly described.
The construction on opposite sides oi the
pump being the same and the generalarrange-
ment of the pipes transmitting the varying
pressure being unchanged, only the leading
side is shown and a description of this will
sutlice.
the auxiliary valves 28, as in Ifig. 9, 18 pro-
vided at the end with a piston 40, moving in
a ¢ylinder 41, located on the side of the force-
chamber in a position similar to that of cyl-
inder 30, the piston being actuated in either
direction by a constant pressure transmitted
from the force-main or other suitable source
through pipe 42, valve-chamber 438, and the
usual ports opening to the opposite sides of

‘the piston 40. These ports are controlled by

a slide-valve 44, the valve-rod of which 1is
connected to a piston 45, working in a cylin-
der 46, entered on opposite sides of the piston
by pipes 34 35 of Figs. 9 to 11, by which the
pressure is transmitted from the water-cylin-
der on the opposite side of the engine. 'The
operation of this construction is exactly the
same as that of the construction shown in
Figs. 9 to 11, except that the movement of
the piston acted upon by the varying pres-
sure does not control the valve directly, but
through the slide-valve 44 controls the con-
stant pressure and piston 40, so as to secure
the closing of the auxiliary valves 28 in the
same manner as when they are directly op-
erated by the varying pressure. This con-
struction affords also a convenlent arrange-
ment in employing auxiliary suction-valves.
As shown in TFig. 15, the construction on
the suction side is exactly the same as that
upon the force side, ports 47 connecting the
suction-main and suction-valves and being
controlled by auxiliary disk valves 48, car-
ried by a valve-rod 49, which is connected to

- the piston 50, operating in a eylinder 51 simi-
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lar to c¢ylinder 41 on the force side. 'I'he con-
stant pressure may be transmitted to the eyl-
inder 51 on the suction side in any suitable
manner, but the construction shown will be

found simple and efficient, in which pipes 52-

connect the cylinders 41 and 51, so that the
single valve 44 controls the admission of the
constant pressure to both cylinders on one
side of the pump. *As the force and suction
valves closed simultaneously are at opposite
ends of the plunger, the valve-rods 49 and 29

must move in opposite directions, which re-

sult may readily be attained by crossing pipes
52 53 between the cylinders 41 51, as shown,
or in any other suitable manner.

While I have shown the pipes as connected
directly to the body of the pump-cylinders,
it is evident that they may connect anywhere
between the plunger and the inside valves on

The auxiliary-valve rod 29, carrying:

584,533

the force or suction side of the pump, as the
pulsations of the fluid are the same at any
point inside of these valves. Dy the term
‘““pump-cylinder,” therefore, Iintend to cover
the entire space between the inner valves on
the suction and force sides of the plunger.
It will be understood also that the term
‘““plunger” covers a piston.

In the constructions thus far deseribed the
pressure within the pump-eylinders has in all
cases been used as the varying pressure con-
trolling the valves. It is apparent, however,
that the pressure behind the steam-pistons
varies in the same manner as the pressurein
front of the corresponding plungers. 'T'he
pressure within the steam-cylinders, there-
fore, may be used in place of that within the
water-cylinders with substantially the same
results, as desceribed. Such a modification 1s
shown in Fig. 16, in which the construction.
is identical with that shown in Figs. 6 to 3,
except that the pipes transmitting the vary-
ing pressure connect not to the water-cylin-
ders at opposite ends of the plungers, but to
the steam-cylinders at opposite ends of the
steam-pistons. As the pressure behind the
piston corresponds to that in front of the
plunger, and viee versa, it is evident that, as
in the construction shownin Figs. 13 and 14,
a complete reversal of the pipes forming the
connections between the opposite sides of the
pump is necessary. The pipes 23 24, there-
fore, from the opposite ends of the steam-eyl-
inders on the leading side pass to the valves
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at the corresponding ends of the plunger on

the following side, while the pipes 19 20 from
the following side are crossed and pass to the
valves at the opposite ends of the plunger on
the leading side. The pressure by which the
valves are operated, however, corresponds in
the two constructions, the reversal of the ar-
rangement of the pipes only offsetting the re-
versal in the ends of the cylinders at which
the operating pressure is found and the pres-
sure behind the piston being only substituted
for its equivalent, the pressure in front of the
plunger. -

It is evident that the pressure from the
steam-cylinders may be substituted also for
the pressure from the water-cylinders in the
other construetions shown,whether the valves
be operated by the varying pressure or by an
outside pressure controlled by the varying

‘pressure. -Such constructions involve only

corresponding modifications in the arrange-
ments of the pipestransmitting the pressure
and require no special description or illustra-
tion.

By the use of an auxiliary valve placed be-
tween the cylinder and the main, either be-

the valves and main, I do not In any re-
speet alter the function of the valves. In

case the auxiliary valve on the force side be-

comes obstructed at any time or held from its
seat by any foreign matter passing through

the pump the force-valves are still free to
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tween the plunger and the valves or between
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act and prevent the pressure of the main from
entering the water-cylinder during the suc-
tion-stroke, which would place both sides of
the plunger in equilibrium to the great dan-
ger and probable damage of the pump. Ar-
ranged as shown and described the only re-
sultwould be anoisy action of the pump until

the auxiliary valve has been relieved and the
regular action of the pump resumed. Fur-

ther, in case of any accident or breakage,
either to the auxiliary force-valve or the con-
trolling connections, the valve may be re-

- moved for repair, during which interval the

5

20

pump may be operated as in the common con-
struction at a somewhat slower piston speed
than is customary with the auxiliary valve in
commission. |

It is apparent that many other changes
might be made in the organization shown
without departing from my invention, and I

~do not intend to limit myself to any of the
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special constructions shown and described,

as the invention has been shown embodied

1n these pumps only for the purpose of illus-

tration and as well adapted to exhibit my in-
vention in those forms which I consider pref-
erable. The brqad invention, however, is of
general application to pumps independently
of the special type of pump to which it is
applied. -_

By the term ““duplex pump,” used in some
of the claimg, I mean and intend to cover a
pump having a plurality of plungers acting
with each other, but with their strokes timed
differently—-as, forinstance, in the Worthing-
ton duplex pumping-engine, shown herein,
and other well-known pumping-engines—and
I do not mean to include therein an engine
having only a single plunger or a plurality of
plungers connected so as to move in unison,
as 1n the case of a single double-acting pump.

I do not claim herein, broadly, a valve lo-
cated Dbetween the plunger and main and
positively closed against the pumping pres-
sure, nor, broadly, an auxiliary valve thus
located and closed, as these subject-matters
are claimed in Patent No. 526,429, granted
to me September 25, 1894, The method and
construction in which the valve is closed by
a constant pressure controlled by a varying
fluid-pressure forms the subject-matter of
another application, Serial No. 447,189, filed
September 28, 1892, | S

What I claim is— _

1. The method of closing a pump-valve
against the pumping pressure, which consists
1n applying to the valve against the pumping
pressure a fluid-pressure in excess of the
pumping pressure, substantially as desceribed.

2. Themethod of controlling a pump-valve,
which consists in applying a fluid-pressure to
the valve against the pumping pressure and
varying said pressure during the stroke of
the pump-plunger from a pressure below to
a pressure in excess of the pumping pressure,
substantially as described. | |

8. The combination with a pumpuva.lvé, of .

et

acolumn of fluid having a pressure in excess
of the pumping pressure applied to close said
valve against the pumping pressure, sub-
stantially as described.

4. "I'he combination with a pump-valve, of

a column of fluid having a pressure varying -

during the stroke of the pump-plunger ap-
plied to close said valve against the pumping
pressure, substantially as described.

0. T'he combination with a pump-valve, of
a column of fluid having a pressure in excess
of the pumping pressure applied to said valve
against the pumping pressure, and means for
controlling said pressure in accordance with
the action of the plunger, whereby the valve
1s closed against the pumping pressure as the
plunger reaches the end of its stroke, sub-
stantially as desecribed. I

6. Inapump, the combination with a valve
between the plunger and force-main, of a col-

‘umn of fluid having a pressure in excess of

the pumping pressure applied to close said
valve against the pumping pressure, substan-
tially as described. |

- 7. In a pump, the combination with a valve

between the plunger and force-main, of a col-

umn of fluid having a pressure varying dur-

ing the stroke of the pump-plunger applied

to close said valve against the pumping pres-
sure, substantially as deseribed. R

~ 8. In a pump, the combination with a valve
between the planger and force-main, of a col-
umn of fluid having a pressure in excess of

| the pumping pressure applied to said valve
agalnst the pumping pressure, and means for

controlling said pressure in accordance with
the action of the plunger, whereby the valve

is closed against the pumping pressure as the

plunger reaches the end of its stroke, sub-

-stantially as desecribed.

J. In a duplex pump, the combination with
a pump-valve, of a column of fluid applied to
sald valve against the pumping pressure, and
means for controlling said pressure from the
opposite side of the pump, substantially as
described. S | |

10. Inaduplex pump, the combination with.

a pump-valve, of a column of fluid from the
opposite side of the pump having a pressure
varying during the stroke of the pump-plun-
ger on the valve side of the pump applied to
sald valve, substantially as described.

11. Inaduplexpump, the combination with
a valve between the plunger and force-main,
of a column of fluid applied to said valve
against the pumping pressure, and means for
controlling said pressure from the opposite
side of the pump,whereby the valve is closed
In front of the plunger as the latter reaches
the end of its stroke, substantially as de-
scribed. |

12, Imaduplexpump, the coﬁlbin&tion with -

a valve between the plunger and force-main,
of a column of fluid from the opposite side of
the pump having a pressure in excess of the
pumping pressure applied to said wvalve
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reaches the end of its stroke, substantially as
described.

13. Inaduplexpump, the combination with
the pump-valves, of columns of fluid from
each side of the pump having a pressure va-
rying during the stroke of the pump-plunger
on the opposite side applied to the valves on
the opposite side of the pump, substantially
as described. "

14. Inaduplexpump, thecombination with
the pump-valves, of motor-cylinders control-
ling said valves,and connections between said
motor-cylindersand a source of fluid-pressure
on the opposite side of the pump varying dur-

ing the stroke of the pump-plunger,whereby

a varying fluid-pressure on one side of the
pump.is transmitted to the motor-cylinders
and controls the valves on the opposite side
of the pump, substantially as described.

15. Inaduplex pump, the combination with
the pump- -valves, of motor- cylinders control-

ling said valves, and connections between said

motor cylinders and asource of fluid-pressure
on the opposite side of the pump in excess of
the pumping pressure, whereby a fluid-pres-
sure on one side of the pump is transmitted
to the motor-cylinders and closes the valves

on the opposite side of the pump as the plun-
ger reaches the end of the stroke, substan-

mally as described.,

16. Inaduplexpump, the combination with
the pump-valves, of motor-cylinders control-
ling said VELlV@S, connections between said
motor-cylinders and a source of varying fluid-
pressure on the opposite side of the pump
whereby a varying filuid-pressure on each side
of the pump is transmitted to the motor-cyl-
inders and controls the valves on the opposite

side of the pump, and means for adjusting
the time of action of said pressure on said

valves, substantially as deseribed.
17. Inaduplexpump,thecombination with
valves located Dbetween the plungers and

forece-main, of motor-cylinders controlling

sald- valves, and connections between said
motor-cylinders and a source of varying fluid-
pressure on the opposite side of the pump,
whereby a varying fluid-pressure on each side
of the pump is transmitted to the motor-cyl-
inders and controls the closing of the valves
in front of the planger on the opposite side
of the pump as the plunger reaches the end
of its stroke, substantially as described.

18. The combination with the pump-cylin-

ders, plungers and pump-valves of a duplex

pump, of motor - eylinders controlling said
valves, and connections between said motor-

cyhnders and the pump-cylinder on the op- |

p051te side of the pump, whereby the pressure
inthe pump-cylinder on each side of thepump

i1s transmitted to the motor-cylinders and con- -

trols the valves on the opposite sides of the
pump, substantially as described.

19. The combination with the pump-cylin-
ders and plungers of aduplexpump,of valves

located between the plungers and force-main,

584,533

| connections between said motor-cylindersand

the pump-cylinder on the opposite side of the
pump, whereby the pressure in the pump-cyl-
inder on each side of the pump is transmitted
to the motor-cylinders and controls the valves

70

in front of the plunger on the opposite side

of the pump, substantially as described.
20. The combination with the pump-cylin-

ders, plungers, and suction-valvesof aduplex

pump, of motor-cylinders controlling said
suction-valves, and connections between said
motor- cylmders and the pump-cylinderonthe
opposite side of the pump whereby the pres-
sure in the pump-cylinder on each side of the
pump is transmitted to the motor-cylinders
and controls the suction-valves on the oppo-
site side of the pump,-substanti&]ly as de-
scribed.

21. The combination with the pump-cylin-
ders, plungers, and force and suction valves

- of a duplex pump, of motor-cylinders control-

ling said force and suction valves, and con-
nectlons between said motor-cylinders and
the pump-cylinder on the opposite side of the
pump whereby the pressure in front of the
plunger on each side of the pump is trans-

mitted to the motor-cylinders and closes the
t force and suction valves respectively in front

of and behind the plunger on the opposite
side of the pump as the plunger reaches the
end of its stroke, substantially as described.

22. In a duplex pump, the combination of
valves controlling communication between
each end of the plungers and the force and
suction mains, a motor-cylinder on each sice
of the pump controlling said valves, and con-
nections between sald motor-¢ylinders and a
souree of varying fluid-pressure on the oppo-
siteside of the pump, whereby a varying pres-
suare on each side of the pump 1s transmitted
to a motor-cylinder and contrels the valves
at both ends of the plunger at the opposite
side of the pump, substantially as described.

23. In a direct-acting pump, the combina-
tion with a motor-piston and its plunger, of a
valve between the plunger and force-main,
and a column of fluid having a pressure in ex-
cess of the pumping pressure applied toclose
said valve against the pumping pressure .as
the plunger reaches the end of 1ts stroke, sub-
stantially as described.

24. Thecombination with the motor-pistons

and the plungers of a direct-acting duplex

pump, of valves between the plungers and
force-main, columns of fluid having a pressure

1in excess of the pumping pressure applied to

close said valves against the pumping pres-
sure, and means for controlling said {luid-
pressure from the opposite side of the pump,
substantially as described.

25. T'he combination with the motor-pis-
tons, and the pump-cylinders and plungers

1 of a direct-acting duplex pump, of valves be-
tween the plungers and force-main, and.con-

nections between sald valves and the pump-
cylinders on the opposite sides of the pump,

motor-cylinders controlling said valves, and | whereby the pressure in the pump-cylinder
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~on each side of the pump is transmitted to

and controls the valves on the opposite side
of the pump, substantially as described.

26. The combination with the motor-pis-
tons, and the pump-cylinders and plungers of
a direct-acting duplex pump, of valves be-
tween the plungers and force-main, and con-
nections between said valves and the pump-
cylinder on the opposite sides of the pump
constructed to apply pressure to the valve
against the pumping pressure, whereby the
pressure in front of the plunger on each side
of the pump is transmitted to the valve on

pumping pressure and is applied to close the
valve against the pumping pressure, as the
plunger reaches the end of its stroke, sub-
stantially as described. |

27. In a direct-acting pump, the combina-
tion with-a motor-cylinder, its main and cut-
oif valves and the piston and plunger, of a

valve between the plunger and force-main,

and a column of fluid having a pressure in
excess of the pumping pressure applied to
close said valve against the pumping pres-
sure as the plunger reaches the end of its
stroke, substantially as described. :

28. T'he combination with the motor-cylin-
ders, their main and cut-off valves, and the
pistons and plungers of a direct-acting duplex
pump, of valves between the plungers and
force-main, columns of fluid having a pres-
sure in excess of the pumping pressure ap-
plied to close said valves against the pumping
pressure, and means for controlling said pres-
sure from the opposite side of the pump, sub-
stantially as described. |

29. The combination with the motor-eylin-
ders, their main and cut-off valves, and the
pistonsand plungers of a direct-acting duplex
pump, of valves between the plungers and
force-main, and connections between said

valves and the pump-eylinder on the opposite

side of the pump, whereby the pressure in the
pump-cylinder on each side of the pump is
transmitted to the valves on the opposite side

~ of the pump and applied to close said valves

50
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against the pumping pressure as the plunger
reaches the end of its stroke, substantially as
described. |

50. The combination with a pump-valve, of
a piston controlling said valve, and a column

~of fluid having a pressure in excess of the

pumping pressure applied to said piston to
close the valve against the pumping pressure,
substantially as described. |

ol. 1'he combination with a pump-valve, of
a piston confrolling said valve, and a column

- opened by the pumping current of a

11

of fluid varying in pressure during the stroke
of the pump-plunger applied to said piston to
secure the closing of the valve against the
pumping pressure as the plunger reaches the
end of its stroke, substantially as described.

o2. The combination with a pump-valve
' piston
controlling said valve, a column of fluid hav-
Ing a pressure in excess of the pumping pres-
sure applied to said piston to close the valve
against the pumping pressure, and means for
releasing said pressure, substantially as de-
scribed. | |

33. Inaduplex pump, the combination with
a pump-valve, of a piston controlling said

valve, and connections between said piston

and a source of fluid-pressure on the opposite
side of the pump having a pressure varying
during the stroke of the pump-plunger on the
valve side, substantially as described.

o4. The combination with a pump-valve, of

a piston controlling said valve, a source of
luid-pressure in the pump varying during
the stroke of the pump-plunger, and connec-

tions between said piston and source of pres-

sure tor applying said pressure to said piston
to secure the closing of the pump-valve
against the pumping pressure as the plunger

reaches the end of its stroke, substantially as

described. . |

'35. The combination with a pump-valve, of
a piston controlling said valve, a source of
varying fluid-pressure, connections bhetween
said piston and source of pressure, and ad-
justing devices between the source of pres-

sure and the valve for varying the time of ac-

tion of the valve relatively to the variations
in the pressure-supply, to secure the closing

sl

of the pump-valve against the pumping pres-

sure, as the plunger reaches the end of its
stroke, substantially as described.

- 36. Inaduplex pump, the combination with
a pump-valve, of a piston controlling said
valve, connections between said piston and
a source of varying fluid-pressure on the op-
posite side of the pump, and adjusting de-
vices between the source of pressure and the

valve for varying the time of action of the
valve relatively to the variations in the pres-

sure-supply, substantially as described.
In testimony whereof I have hereunto sef

my hand in the presence of two subseribing
witnesses. |

CHARLES C. WORTHINGTON.

‘Witnesses:
LoUIs R. ALBERGER,
H. W. TILLINGHAST.
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