'.(Nd'Modél_) _ " | . o e “ | e |
C. C. WORTHINGTON. 6 Sheets—Sheet 1.

VALVE MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP. VALVES,
No. 584,634. ' Patented June 15, 1897.

v/ 4
N
| 7
2

11
|

|
H




(No Model.) 6 Sheets—Sheet 2.

O C. WORTHINGTON
VALVE MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP VALVES.

No. 584,534. Patented June 15, 1897.

/0 1 B
1'7 I
- " I 1
. -
201 ||/ _
A
/6] |1/
' o *.
/4 | | y2y
N i o /9 /Z
1 = — //
/4 ) - F '
13 2 | | 1 /2
20 jug ) | 7
! . ’; Z"' | .
7 | Zr
I .
& | o
V.. - A
7Z | -
_______ 'ﬂl{z T w:;g_t"-{m._——*“— y _ '
= /6 -
3 . |
N \ N

THE NORR!S PETERS CO.,

FﬂnTu-LtT}—]D.. WASHINGTSHN, D. C.




(No Model.) 6 Sheets—Sheet 3. .

C. C. WORTHINGTON. _
VALVE MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP VALVES.

No. 584,534. ~ Patented June 15, 1897,

7,
o /7 /5.
. ' Z|zg 4 /5
. — 27

[ 1 |t




(No Model.) 6 Sheets—Sheet 4. -

C. C. WORTHINGTON, _
VALVE MOVEMENT FOR PUMPS AND METHOD 0F CLOSING PUMP VALVES,

No. 584,534, . Patented June 15, 1897,

T
% = ==
= = —e 'HI ‘“[ 4=
=1 N
% i > X
® Cpfeogf o
| N ‘?
\E: NP PR WE R ]
31 N |
o |
U o % |
SR &
¥ ' .
R 23 it
E=ca o 28 e NN = 1|
N S — |
N > =&l

O N
g oo SN "
3 |
O,
| !
‘ 1
|
L INE
X

THME NOURAIS PETERS CO. PHOTO.LITHO., WASHINGTON, D, C,




(No Model.) 6 Sheets-——-—Sheet 5.

G. C. WORTHINGTON
VALVE MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP VALVES.

No. 584,534, ' - Patented June 15, 1897,
. 7 Jf
r /(@ o))

©

z
| .?75. e
_ =z

S . Y &7
7 = |

| 32 23 3% 3#.___ C 32

g

G Z5
2 ' , 5
% [z ey - %Tﬂ 9. I R RN 27
a8 = J _ | it 33€ g0
| 32 &0 . ZF
Ik 2/ )
30 20 ZB
b/ 44 o A  Ad
oL i © 7
. /b 72
/4 > /8
@ >
AT e s - ' . ' Imen@r

THE MORRIS PETERS COQ, PHOTO-LITHD., WASHINGTON, B. C.




6 Sheets—Sheet 6.

. C. C. WORTHINGTON. .
VALVE MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP VALVES.

- (No Model.)

T N) =gl
) L : |

Patented June 15, ,1897_.

. ALY
RN . V2
| 3 m
\ : N ..H”H_M e T ;
- | rki., . "“. | 1 / ...m_n. Fw..ﬂ.._n L” “ ”J 5
il .i..: At B . & N :
o ‘f RS a.; 3 ﬂ J _ N ) b . i ,._. :
ﬂ.ﬂﬁ// ., / \ h&.p < N | | | ﬂ < _:.1 g
//ﬂf/f//ﬁf/ﬁ/// /ﬂ/ﬁ#?d?// . | $ N ; i m
///.”. ..Irl,r/.//r 22 o :MM. Hu i o s g
\\\ Hf.\“\\n‘ - _ ny ...I..HM -..“.. ..u..m..- hn.n . ” J,::“ | _wn
; i - b o
A .. O I~ t ol
s F =l
Q 3 N / o ¥ - = :
N | N U | A I £
C— S - -

No. 584,534,




IQ

L5

20

30

UNITED STATES

PATENT

CHARLES C. WORTHINGTON, OF IRVINGTON, NEW YORK.

VALVE-MOVEMENT FOR PUMPS AND METHOD OF CLOSING PUMP-VALVES.

SPECIFICATION fﬁrmiug part of Letters Patent No, 584,534, dated Juns 15, 1897.
Application filed September 28, 1892, Serial No. 447,189, (No model.) |

e TE— e —— o ————

Lo il wivony 1 mayy corcern
Be 1t known that I, CHARLES C. WORTH-

INGTON, a citizen of the United States, resid-

Ing at Irvington, county of Westchester, and
State of New York, have invented certain new

and useful Improvements in Valve-Move-

ments for Pumps and Methods of Closing
Pump-Valves, fully described and represent-

ed in the following specification and the ac- |

companying drawings, forming a part of the
same. - -

The object of the present invention is to

provide an 1mproved valve-movement for
pumps and method of closing pump-valves,
and especially to secure a more uniform ac-
tion of steam and power pumps and to in-
crease the speed at which they can be oper-
ated successfully. -

One of the specific objects of my invention
13 to provide a method of and means for posi-
tively controlling the pump-valves, and espe-
cially to provide a method and means by

‘which the force-valves or auxiliary valves

between the plunger and force-main shall be

‘gradually and positively closed by pressure

during the latter part of the stroke of the
plunger, the closing of these valves thereby

exerting a gradually-increased stopping pres-

sure upon the plunger. I attain this object
in accordance with the present invention by
applying to the valves against the pumping
pressure a constant pressure in excess of the

- pumping pressure and transmitting to the
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valves, 80 as tooppose the constant pressure,
a fluid-pressure varying during the stroke of
the pump-plunger, so that the valve or valves
are closed by the constant pressure when the
varying pressure is relieved or reduced to the
required point, the pressure in the force-main

being thereby cut off from the plunger of the

pump at the end of the stroke and the plun-
ger stopped wholly or partially by the pres-
sure of the water in the pump-cylinder.
By the term ‘““‘pumping pressure” I mean
the excess of pressure upon the pump-eylin-
der side of the valve tending to open or hold
the valve open during the action of the pump.

I prefer to apply this closing pressure di-

50

rectly to the force-valves, so as to insure

their gradual and positive closing in front of |

the plunger as the latter reaches the end of

“suction-valves to insure their closing behind

the plunger at or about the same time; but

the pressure may be applied only to the force-
valves or to an auxiliary valve or valves con-

trolling communication between the water-
cylinder and the force-main, so as to secure
the results desired, and similar auxiliary
valves may be used also with the suction-
valves. . -

The constant pressure may be fluid-pres-

sure from any suitable source, or the pres-

sure of a spring or weight, and the varying

pressure may be supplied from any suitable

source in single or duplex pumps, but I pref-
erablyuse the force-main pressure as the con-

stant pressure and use as the varying pres-

sure the pressure in the pump-cylinder, this
yarying pressure being applied alternately
from in front of and behind the plunger and
in duplex pumps from the pump-eylinders on
the opposite side of the engine.
Myimproved valve-movement isapplicable
to all forms of pumps, whether operated by

steam or power, but it is of special applica-

tion to direct-acting steam-pumps or pump-

movement cooperates with other features of
the construction to secure certain special re-

sults not obtained in other pumps. |
- Inthisclass of pumps, as is well known, the
‘motor-pistons are connected to the rods which

carry the pump-plungers in such a 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,
and it is necessary that some means should
be provided by which the piston and plunger
are gradually arrested at the end of the stroke
in either direction. I or this purpose double

steam-ports have generally been provided, so

that the piston is cushioned upon a small por-

tion of the exhaust-steam remaining in the

cylinder. While this method is satisfactory
at the speeds at which pumps of this class are

usually run, it is found that at higher speeds.

the momentum of the moving parts is suffi-
cient to compress the stéam-cushion to such
a pressure that by this pressure,together with
the pressure in the force-main acting upon
the plungerat the end of the stroke,a rebound

or recoll of the moving parts of the pump is

its stroke, and I prefer to apply it also to the | caused. Coincident with this recoil the wa-

ing -engines in which the improved valve-
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posite end of the plunger also are
by the pressure produced by the recoil move-

erate stemn cushion at all speeds.

'.lB

terin the force-chamber flows rapidly through
the force-valves into the pump-chamber, pro-
ducing a current w]
force-valves. The suction-valves at the op-

slammed

ment of the plunger.
It has been-customary with steam- cushions
‘[0 provide some means by which the amount

of exhaust-steam retained in the cylinder is

varied 1n accordance with the speed of the

pump, so that the piston i1s vroperly cush-'

ioned at differentspeeds without the employ-

ment of a permanently large cushion.
With my improved valve-movement,

which the valves are positively closed so as

to cut off the pressure of the force-main. in
front of the plunger as the piston approaches

the end of its stroke, the piston and plunger
are cushioned by the water retained within
the pump-cylinder and may be stopped there-
by wholly or partially, thus doing away with
the steam-cushion, or, if it be 1"etmned, avold-
ing the necessity ot a,djustinfr the cushion in
aecordance with the speed of the pump and
rendering it possible to employ only a mod-
- While the
piston and plunger may be stopped entirely
by applying thisincreased pressure upon the
plunger at the end of the stroke, I prefer to

use a moderate amount of cushion in the
steam-cylinder in connection therewith in or-

der to divide up the stopping iorce, and be-
cause the cushion is desirable in order to fill
up the clearance-spacesin thesteam-cylinder.

acting as described it may be found in some
cases that the available constant pressure is
not sufficient to ¢lose the valves, because as

they begin to close the speed of the plunger is

lessened, and there immediately follows a
packingof the steam behind the steam-piston,
causing an increase of the steam-pressure.
When a very high speed is desired, therefore,
it is desirable to provide the steam cylinder
or cylinders with cut-off valves which shall
operate to cut off the admission of steam to
the cylinder at the latter end of the stroke,
so that the water-valves are positively closed
and the plunger and piston stopped without
the packing of the steam in the steam-cyl-
inder. |
With my improved valve-movement and
the high speed rendered possible thereby it
will be found that the steam may be cut off
earlier in the stroke than in the ordinary di-
rect-acting pumps now in use and a higher
economy of steam obtained thereby, as the
momentum acquired by the piston and plun-
oer at the high piston speed will be sufficient
to carry them to the end of their stroke with-

~out the steam following as late in the stroke

as with lower speeds.
For a full understanding of my invention

a_detmled description of smﬂle and duplex
pumps embodying my improvements in their |

hich tends to slam the

‘with my improved valve-movement.
3 1s. a rear

in pressu re.

the water end of the same.

'- (30111‘1@@1:101‘18 with the pump- -cylinders.
11 shows a modification emp103 ing aumhmy
force and suction valves.

-¢ylinder

In attaining the highest speeds with steam-
pumps prowded with positive water-valves
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preferred form will now be given, reference
being had to the accompanying drawings,
forming a part of this specification, and the
method and features of construction forming
the invention specifically pointed out in the

eclaims.

In the drawings, Figure 1 is a side eleva-
tion of a simple crank-power pump provided
I‘in‘ 9
is a plan view of the same. Fig. 3
elevation. Kig. 4 is a section on the line 4 4
of Fig.2on an enlmﬂ*ed scale. Fig. Hisaside

.elev&tlon of water end similar to Fi 1g. 1, show-.

ing a single pipe for transmitting the varying
IFig. 6 shows a modification of the
same, Hig. 7 is a sectional side elevation of
a duplex direct-acting steam-pump, the sec-
tion being taken through the steam-cylinder
on the leading side. Fig. 8is a plan view of

tion on the line 9 9 of I‘]ﬁ 8 on an enlarged

seale. FKig. 10 shows a modlﬁcatlon in the
Ifig.

Referring now particularly to Figs. 1 t0 4
the engine shown is as toits general constr uc-

| tion a common form of crank- -engine, A being

the gear; I3, the erank-disk; C, the e-onneet-
ing-rod; D, the planger-rod; K, the plunger;

I, the water-cylinder; G H, the force and suc-
Jtlon mains, and 1 IC the force and suction

chambers,communication between the pump-
and these chambers being controlled
by force-valves o and Suctiotl-V&Ll ves b at the
opposite ends of the cylinder. These parts
form an ordinary double-acting crank-pump.

Referring now to the parts embodying my
invention, a small motor-cylinder 10 11 1is
mounted above each of the force and suction
valves, respectively, the valves being actu-
ated by motor-pistons 12, moving in said ¢yl-
inders and carried by the valve-stems 13.
The motor-cylinders 10 11 are entered above
the pistons 12 by pipes 14, through which a

constant pressure is transmitted to the .mo-

tor - pistons, tending to close the valves.
These pipes 14 are Shown as connected with
the force-main G, but may be connected to
any other suitable source of pressure either
within or without the pump.

On the opposite side of the pistons 12 from

the pipes 14, transmitting the constant pres-

sure, the motor-cylinders 10 11 are connected
with the water-cylinderin the following man-
ner: The pipes 15 16 communicate with the
water-cylinder at opposite ends and have
branches 17, 18, 19, and 20 entering the mo-
tor-cy lmder& 10 11, these pipes 01:111@(3131113
each end of the wa.ter-eylinder with the mo-
tor-cylinder controlling the force-valve at the
same end of the pump and with the motor-
cylinder controlling the suction-valve at the
opposite end. The pipes 16 15 enter the
pump-cylinder at points within the path of
the pump-plunﬂ'er and the pump-plunger as
1t approaches the end of its stroke in either
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direction will pass the port of one of the | rent:

pipes andleave it uncovered behind it, so that
the suction-pressure in the eylinder is trans-

mitted through the same to the motor-cylin-

ders above the force and suction valves con-

trolled thereby. -
For the purpose of adjusting the time at

which the pressure from the pump-cylinder
acts upon the piston in the motor-cylinder,
each of the pipes through which the pressure
is transmitted is provided with a throttle-
valve 1. In the construction shown this en-
ables the times at which the pressure acts on
the force and suction valves to be adjusted
relatively to each other, which is especially
desirable when a single connection is made
with the pump-cylinder for a force and sue-
tion valve, as in the construction shown. It
will be understood, however, that there may
be two openings into the pump-cylinder for
each motor-cylinder, so that the connections
for the force and suction valves are inde-
pendent of each other. The throttle-valves
or other suitable adjusting means will still
be used, however, to secure the proper timin o
of the action of the motor-cylinders upon the
valves. o

The operation of this construction is asfol-
lows: As the plunger E moves to the right
from the position shown in Figs. 1 to 4 the
pressure in front of the plunger is transmitted
through pipes 16 and branches 19 20 to the
motor-cylinders 10 11 above the force and

- suction valves, respectively in front of and

35
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behind the plunger. This pressure counter-
balances fhe constant pressure admitted to
the other side of the pistons 12 through pipes

14, and these valves are opened hy the water-

current. ‘L'hiscontinuesuntil the plunger E
has passed the pipe 16 and opened the Iatter
behind it, when the pressure in the pipe 16
and below the pistons 12 in eylinders 10 11

1s reduced to that of the suction and the

valves are closed by the excess of the con-
stant pressure above the pistons, it being un-
derstood that the pressure upon the opposite

sides of the valves & b, independently of the |
pistons, 1s the same, so that a slight excess of
pressure sut

ces to close them. Asthe plun-
ger 1s reversed and moves from right to left

the pressure in front of the plunger is again
transmitted through pipe 16 and branches

19 20, equalizing the pressure in the motor-
cylinders above the pistons, but the force-
alve is closed behind the plunger by the
force-pressure and the suction-valve in front

of the plunger by the pressure in the pump-

cylinder produced by the plunger. As the
plunger is reversed, however, the pressure in
front of the plunger is transmitted also
through the pipe 16 and branches 17 18 to the
motor-cylinders 10 11 above the forece and
suction valves, respectively in front of and

behind the plunger, and, the pressure on the

opposite sides of the motor-pistons 12 bein o

equal, the valves are opened by the water-cur- |

This operation is repeated at each

-stroke of the plunger.

The time of closing of the valves may be ad-
justed as desired by varying the position of
the pipes 15 16 relatively to the plunger E, so

- that any desired operation of the valvesmay
be secured. The time and rapidity of closing
-of the_ valves may also be adjusted conven-

lently by means of the throttle-valves 1, the
passage of the water through the pipes being
controlled thereby as desired. -

- While the pipes have been shown transmit-

ting the constant pressure from the force-

main, and I prefer that constant pressure
should be applied thus or from an outside
source of pressure, 1t will be understood that
the pistons may be open above to the air and
alr-pressure be employed asthe constant pres-
sure, if desired, this necessitating only an in-
crease in the size of the motor-pistons de-
pending upon the work to be performed. It

‘will be understood also that it is not neces-

sary that the constant pressure should be that
of a fluid, but that a spring or weight may be
substituted therefor, if desired.

- Although the construction shown will prob-

ably be found preferable, as it reducesthe size

of the plunger, it is not necessary to employ

two pipes communicating with the water-cyl-

inder. . o o
In Ifig. 51 have shown a construction in

which a single pipe 21 communicates with the

water-cylinder midway of its length, the
branches 17 18 and 19 20 all communicating
with thispipe. In thisconstructionthelength
of the plunger K is nearly the length of the
stroke, as shown in Fig. 5. -

The operation of this construction is as fol-

lows: As the piston E reaches the end of its

stroke the portof pipe 21 is uncovered behind
1t, and the pressure below all the motor-pis-

tons 12 isthe suction-pressure, and the valves

are all closed by the constant pressure. As

the plunger commences its return stroke the

pressurein front of the plungeris transmitted
through the pipe 21 and its branches to all the
cylinders 10 11 and the constant pressure is
counterbalanced therein. The force and suc-
tion valves, respectively in frout.of and be-

hind the plunger, are then opened by the

water -current, while the force and suction
valves, respectively behind and in front of
vhe plunger, are closed by the pressure of the
force-main and in the pump-eylinder The
result, therefore, is substantially the same as
with the construction previously described.
With this construction of asingle pipe com-
municating with the water-cylinder my im-
provements may be applied to the common
plunger and diaphragm or ring construction
of pumps, the pipe 21 being placed within the
ring ordiaphragm, asshownin Fig. 6, and com-
municating with the pump-eylinder through
a circular port or series of ports, as preferred.
Referring now to Ifigs. 7, 8, and 9, the du-

plex direct-acting steam-pump shown therein
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as embodying my improvements will be de-
scribed.
struction, of a common form,
two steam-cylinders L, provided with pistons

M, connected by piston-rods N to the plun-
gers O, moving in the water-cylinders P Q on

respeetwely the leading and following 31de5
of the pump.

In the operation of duplet pnmps the pis-
tons movein opposite directions during a part
of the stroke and in the same direction dur-
ing the rest of the stroke. When moving in

the same direction, the same piston 1s always

in advance in whichever direction the two
pistons are moving, and in accordance with
established practice the terms ‘“leading” and
‘“following” refer, respectively, to the sides

of the pump, the pistons of which lead or fol-

low when both are movingin the same direc-
tion. .

The steam-cylinders are provided with the
usual valve-gear, consisting of rock-shafts e,
levers d, and valve-rods e, by which the main
valves 7 on each side of the pump are oper-
ated from the piston-rods on the other side,

“in the manner common 1n duplex pumps.
‘The steam-cylinders are preferably provided

with separate induction and exhaust ports ¢
h, so that as the pistons M near the end of
their strokes in either direction they cover
the exhaust-port L and confine asmall amount
of exhaust-steam in front of them in the cyl-
inder, by which the pistons are cushioned and
arrested. This 1s acommon method of cush-
ioning, but 1t will be understood that any
other form of apparatus may be used for this
purpose, and, as stated above, all cushioning

of the steam-pistons may be omitted and the

pistons and plungers be stopped by water-
pressureonly. Theinduction-ports gare con-
trolled by cut-off valves S, operating to cut
off the steam, as above described. 'I'he con-
struction of rotary cut-oif valves is that shown
in my prior patent, No. 292,525, and the op-

erating connections are the same and need

not be described herein. It will be under-

stood, however, that any other form of cut-

oft valves and opemtmﬂ eonnectlons may be
substituted, 1f desired.

The water end of the pump consists of the
water-cylinders P Q on the leading and fol-
lowing sides, respectively, the force and suc-
tion mains R S and theirchambers T U, com-
munication between the pump-cylinders and

these chambers being controlled by force-

valves & [ and suction-valves m 7 on respec-
tively the leading and following sides of the

puamp.
Referring now to the partsin which my in-

vention 1s embodied, above each of the force

and suction valvesis mounted a motor-cylin-
der, the motor-cylinders above the force-

valves on the leading side of the pump being
numbered 22 25 and on the following side of
the engine 24 25, and the motor-cylinders
above the suction-valves on the leading side
being numbered 26 27 and those on the fol-

The pump 18, as to its general con-
consisting of |

following manner:

584,534

lowing side 28 29, at the opposite ends of the
water-cylinders, respectively. Kach of the
valves is controlled by a piston 50, moving 1n
the corresponding motor-eylinder, these pis-
tons being carried by the valve-stems 31.
The constant pressure is transmitted from
the force-main to the motor-cylinders in the
The valve-stem 31 of each
of the force-valves is hollow and, as shown in
Fig. 9, is provided at its lower end with a
series of perforations 2, opening into the force-
chamber T, and at its upper end above the

piston 30 with a series of perforations 3, open-
The constant

ing into the motor-cylinder.
pressure is transmitted from the force-cham-
berT tothecylindersabove thesuction-valves
by pipes 32, as shown in the same figure.

The motor-cylinders below the pistons 50

are connected with the water-cylinders, so
that the varying pressure therein is commus-
nicated to the motor-cylinders in the follow-
ing manner: Pipes 33 34 extend from the op-
posite ends of the water-cylinder on the lead-
ing side of the pump to the opposite side and

75

80

Qo

OOII’I]IIUHIC:L'CG respectively, with the motor-

cylinders 24 25 above the force-valves on the
following side, and by branches 35 36 also
communicate, respectively, with the motor-
cylinders 29 28 upon the following side, so

‘that the pressure in the water-cy linder upon

the leading side of the pump is transmitted
to the force and suction valves upon the fol-
lowing side of the pump, but the connections
to the suction-valves are reversed, so that the
pipes 33 34 control the force-valves at the cor-
responding ends of the water-cylinder on the
following side, but the suction-valves at the
dmwoua,lly opposwe ends of the cylinder.
Pipes 37 38 connect the opposite ends of the
water-cylinder on the following side of the
pump with the motor-cylinders 25 22 above
the force-valves at the diagonally opposite
ends of the water-cylinder on the leading side
of the pump, and by branches 39 40 also com-
municate, respectively, with the motor-cylin-
ders 26 27 above the suction-valves at corre-
sponding ends of the water-cylinder on the
leading side, so that pipes 37 38 from the fol-
lowing side of the pump control the force-
valves at the diagonally opposite ends of the
water-cylinder on the leading side and the
suction-valves at the same end of the water-
cylinder.

~ The operation of the duplex pump is as fol-
lows: It is to be remarked that, as shown in
the drawings, the pump is at rest and both
sides are on center. This is not a position
that the parts of the pump will assume 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 M of the leading side
of the pump is started from left to right, the
piston on the following side being in the posi-

tion of, say, five-sixths stroke from right to

left. Asthe piston on the leading side moves
to the right the water in front of the plunger
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O on that side will be forced past the valve |

o in front of the plunger, raising the valve
in the usual manmner, and at lhe same time
the water will be dmwn 1n, raising the suce-
tion-valve m behind the phmﬂ'er - As the

piston and plunger approach the end of their:
Il operate to cut

stroke the cut-off valve s wi
off the steam Dbehind the pi
will cover the exhaust-port 7 and cushion
itself upon the steam confined in the end of
the steam-cylinder beyond this port, and the
piston and plunger will be arrested.
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 ad-
justed in the same pump in aermdance with
the duty to be performed the piston on the
following side of the pump will have com-
pleted 118 stroke in the opposite direction
and will start in the same direction as that
in which the piston on the leading side is then
moving—that is, from left to right—the two
plstons moving in the same dlrectlon until

ston, the piston

the piston upon the leading side has com--

pleted its stroke, when the motion of the lat-
ter 1s reversed :zmd it returns, partially, dur-
ing the forward stroke on the following side.

| Thl% 18 the usual operation in duplex pumps.

1t will readily be seen that if no special
means are provided for closing the valves,
except the springs usually .:nplov'ed the
force-valves will be open at the time the plun-
Ters are stopped, so that the full pressure of
the water in the force-main and force-cham-
ber will be permitted to act for a short period
of time upon the plunger. If the speed of
the pump be such that the momentum of the
moving parts compresses the steam bhetween
the pmton and cylinder-head sufficiently, the

back pressure of this steam-cushion, together

with the pressure of the force-main upon the
plunger, will cause a rebound or recoil of the
piston and plunger, thus producing a rapid
current from the forece-main through the
force-valves into the water-cylinder, which
slams the foree-valves violently to their seats,
as above described. This recoil of the plun-
ger slams also the suction-valves at the other
end of the plunger which have not had time
It will be seen that besides the ob-
jectionable noise caused by this action it pro-
duces a jar upon the pump which increases
with the speed and practically prevents the
attainment of high speeds. Apart from the
necessity of overcoming this combined action

of the cushion and pl*essnre from the force- |

main, moreover, it is desirable that means
should be pro ovided for closing the valves

positively as the plunger re aehes the end of

its stroke, so that certainty and promptnessin
the closing of the valves are secured. This
closing 1s preferably gradual, so that an in-
creasing cushioning pressure 1s applied to
the plunger and the plunger is stopped slowly
and withoutshock,the cushioning pressure re-

quiredinthe stemn end beingredu ced thereby.

In the ple%ent 01@&111?‘1131011 the pressure

When |

- tons controll

&~

the hollow valve-stems 31 to the motor- ylm-
ders above the pistons 30, controlling the
force-valves, sothatthe I)I&LO]]S are constant Y
subjected to the pressure of the force-main,
tending to move them in a direction to Close
the force-valves. The force- -pressureis trans-
mitted also through the pipes 32 from the
force - chambers T to the motor - cylinders
mounted above the suction-valves, so as to

tend to close the suction-valves in ‘rhe same |

manner as the foree-valves.
As already explained, the pipes transmit-

ting the varying pressure from the pump-cyl-
inder onr one side of the engine to the motor-
eylinders upon the opposite side enter the
‘motor-cylinders below the pistons, so that

their presmre 18 opposed to the pressure from

'the force-main above the pistons, this vary-

g pressure being equal to the pressure from

- 1he force-main ‘Wh(}l’l transmitted fromin front

of the plunger, but reduced to the suction-

pressure when the plunger has passed the

ports by which the pipes transmitting the va-
Iying pressure com municate with the pump-

~¢ylinders.
As the plunger on the 10&L1111ﬂ* side com-

mences 1ts stroke from left to rig ht as before
described, the pressure in the w LLGI‘ cylinder
P in front of the plunger is transmitted for

~a short time through the pipe 33 and branch

55 to the motor-eylinders 24 29 below the pis-
ing the force-valve [ and suction-
valve n, respectively in front of and behind

“theplunger on the following side of the pump,
~counterbalancing the fome pressure
the pistons in Lhose cylinders, and these

above

valves are opened by the water-current as
the plunger O on the following side continues
its stroke from right to left f01 the one- sn‘rh
stroke still remaining.

Astheplungeron the leading side continues

1ts stroke, however it scon pabseb and uncov-

ers behmd it the p01t of pipe 33, so that the
pressure in pipe 33 and branch 33, and con-
sequently that below the pistons in the mo-
tor-cylinders 24 29, is reduced to the suction-
pressure and the force-valve [ and suction-
valve n, respectively in front of and behind
the plunﬂer on thefollowingside of the pump,

which are controlled by thebe pistons, are

gradually and positively closed just as the
plunger on this side reaches the end of its
stroke from right toleft. The pressurein front

of the plunn‘er upon the leading side is stilt
transmitted through the pipe a«L and branch
36 to the motor-cylinders 25 28 below the pis-
tons, so that the constant pressure in these

cylinders is counterbalanced, and as the plun-
geron the followingsideisreversed and moves
from left to r ight the force and suction valves,

respectively in front of and behind the plun-

ger,which are controlled by the pistonsin these

cylinders, are opened by the water-current.
On thisreversal of the plunger on the follow-

ing side the pressure in front of the plunger
is transmitted for a short time through the

from the force-main 15 transmitted through
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pipe 37 and branch 39 to the motor-cylinders
23 26, controlling the force and suction valves
respectively in front of and behind the plun-
ger on the leading side, and counterbalances
the constant pressure therein, so that these
valves remain open as the plunger on the
leading side continues its stroke from left to
right. The plunger on the following side,
however, soon passes and uncovers behind it
the port of pipe 37 and the movement of the
water and consequent transmission of the
pressure through pipe 37 and branch 39 to the
motor-cylinders 23 26 is so adjusted that the
pressure below the pistonsin the motor-cylin-
ders 23 26 isreduced to that of the suction at
the proper time, so that the force and suction
valves respectively in front of and behind
the plunger on the leading side, which are
controlled by the pistons in these motor-cylin-
ders, are gradually and positively closed by
the constant pressure as the plunger on the
leading side reaches the end of its stroke.

As the plunger on the leading side is re-

versed and moves from right to left, it oper-
ates by proper adjustment of the passage of
the water and consequent transmission of the
pressure to secure the gradual and positive
closing of the force and suction valves re-

spectively in front of and behind the plunger

on the following side as this plunger reaches
the end of its stroke.

The operation described is constantly re-
peated during the action of the pumps.

1The time of closing of the valves may be
adjusted in the construction of the pump by
proper determination of the points at which
the pipes transmitting the varying pressure
enter the pump-cy linders or by proportioning
the sizes of the pipes and motor-cylinders.
It will, however, be found convenient and
may In some cases be necessary to provide

means whereby the passage of the water

through the pipes shall be retarded or the
operation of the pistons and valves otherwise
controlled, so that the valves shall not be
fully closed until the plunger reaches the
end of 1ts stroke. This may conveniently be
done by means of the throttle-valves upon the
pipes, by which the varying pressure is trans-
mitted, the passage of the water and conse-
quently the variations of the pressure below
the motor-pistons being thus adjusted as
desired.

In the constructions thus far deseribed the
varying pressure below the pistons is con-
trolled by the passage of the plungers in the
pump-cylinders over the ports by which the
pipes transmitting the varying pressure com-
municate there W1Lh, but thisis not necessary.

I may employ an organization for duplex
engines similar to that previously described
except that the pipes transmitting the vary-
1ng pressure are not opened and closed by the
plunger, so that the change from force to sue-
tion pressure is made during the stroke of the
planger, but the pipes are in constant free
communication with the pump-eylinders and |

~versal of the controlling-plunge

' the change from foree to suction pressure 1S

made on the reversal of the plungers at the
ends of their strokes in either direction.

In Kig. 10 I have shown such a construc-
tion applied to a pump of the common dia-
phragm ring and plunger construction. T'he
arrangement of pipes is i1dentical with that
shown in Figs. 7 to 9 and previously de-

seribed, except that the pipes transmitting

the varying pressure communicate freely at
all times with the pump-cylinder, they being
shown as communicating above the pump-
cylinders with the passages leading to the
force and suction chambers, although 1t will
be understood that they may open into the
pump-cylinders at any points upon the op-
posite sides of the central diaphragm.

The operation of this construction is sub-
stantially the same as that of the duplex en-
oine previously described, except that the
pressure below the pistons 30 in the motor-
cylinders above the force and suction valves
is changed from force to suction, and vice
versa, 01113 as the plungers are reversed on
completmﬂ their strokes in either direction.

As previously described, the variations of
the pressure below the motor-pistons are con-
trolled by the throtftles, so as to secure the
proper closing of the V&lVGS by the force-
pressure &bove the pistons when the pres-
sure below the pistons is 1*edueed by the re-

other suitable means chl} be used for this

purpose.

In the organizationsthus far deseribed the
motor-pistons control the force and suction
valves directly; but, as stated above, auxil-
iary valves may be provided between the

pump-cylinder and the force and suction

mains, either between the force and suction
valves and the mains or between the pump-
cylinders and the force and suction valves.
In Fig. 11 I have shown such an organiza-
tion 1n which the construction i1s similar to
that shown in Kig. 4, except that the force
and suction chambers communicate with the
pump - cylinder by separate passages, and
these passages are controllied by force and
suction valves o p of the usual construction,

the valves @ b of the construction in IFig. 2,

which are controlled by the pistons 12, being
auxiliary valves.

By the use of an auxiliary valve placed
between the cylinder and the main on either
side of the main valves { do not iIn any re-
spect alter the function of the main valves.
In case the auxiliary valves on the force
side become obstructed at any time or held
tfrom their seats by any foreign matter pass-
ing through the pump the force-valves are
still free to act and prevent the pressure of
the main from entering the water-cylinder
during the suction str*oke the only result in
the m*ra,nwement described being a nolsy ac-
tion of the pump. until the auxiliary valve
]JELb been relieved.

» breakage to the auxiliary force-valve it

: but any

In case of any accident
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may be removed for repair, during which in-

- terval the pump may be operated, as in the
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common construction, at a somewhat slower

piston speed than is customary with theaux-

1lary valve in commission.

1t is evident that with the auxiliary valve

as shown in Fig. 11 substantially all the ad-
vantages of the positive action of the force
and suction valves are obtained, the gradual

closing of ihe auxiliary valve closing the

force-main and exerting a gradual stopping
pressure upon the plunger.

Itis apparent that many other changes may
be made in the organizations shown without
departing from my invention, and I do not in-
tend to limit myself to any of the special con-
structions shown and described, as the inven-
tion has been shown as embodied in these
pumps only Jor the purpose of illustration
and as well adapted to exhibit myinvention

in those forms which I consider preferable.

T'he broad invention, however, is of general
application to pumps independently of the
special type of pump to which it is applied.

By the term “‘ constant pressure” I do not

‘mean that the pressure tending to close the

valve is unvarying, as it is evident that this
pressure will vary in the construction shown

with the ebanges in the pressure per square |

inch in the force-main, and variationsin the
constant pressure are immaterial so long as it

1s in excess of the pumping pressure when the

opposing varying pressure is reduced to se-

cure the closing of the valve against the

pumping pressure. Under the term “con-
stant pressure in excess of the pumping pres-
sure,” therefore, I mean to include any total
pressure or force of sufficient amount to close
the valve against the pumping pressure and
so far independent of the pump movement
as to require to be controlled by an opposing

varying pressure to secure the proper valve

movement. - -

1t is evident that the total pressure or force
required to close the valve will vary with the
line of movement of the valve relatively to
the water-current, and it will be understood
that by the expressions ¢ against the pump-

Ing pressure ” and ‘“‘in excess of the pumping

pressure” 1 donot mean that the valve must

be moved in a direction directly opposed

to that of the current, but intend to cover,
broadly, all construetions in which the valves
are closed by a constant pressure acting in
opposition to the pumping pressure and of
sufficient amount to close the valve whatever
be the line of movement of the valve rela-
tively to the water-current. |

1 do not claim herein, broadly, a valve lo-
cated between the plunger and main of a di-
rect-acting pumping-engine and positively
closed against the pumping pressure, nor,
broadly, an auxiliary valve thus lozated and
closed, as these subjects-matter are claimed
In Patent No. 520,429, granted to me Septem-
ber 25, 1894, |

I also do not claim herein, broadly, the.

method of or construction for closing a pump-
valve by applying to the valve against the
pumping pressure a fluid-pressure in excess of
the pumping pressure; nor broadly a construe-
tion for applying pressure or a varying pres-
sure to the pump-valves on oné side of a du-
plex pump from the oppositeside of the pump;
nor the method of or construction for con-
trolliing a pump-valve by applying a fluid-
pressure to the valve against the pumping
pressure and varying said pressure during
the stroke of the pump-plunger; nor a con-
struction of duplex pump in which said
pressure 1s taken from the opposite side of

the pump; nor any of such constructions em-

ploying motor cylinders or pistons for apply-
ing the pressure to the valves or adjusting
devices between the source of pressure and
valve; nor a piston controlling a pump-valve
and connected with a source of varying fluid-
pressurein the pump, as these subjects-mat-
ter are claimed in another application, Serial
No. 383,088, filed February .27, 1891.

What I elaim is—

L. The method of closing a pump - valve

against the pumping pressure, which consists

in applying to said valve-against the pump-
Ing pressure, a constant pressure in excess of
the pumping pressure and controlling said
constant pressure by an opposing fiuid-pres-
sure varying during the stroke of the pump-
plunger and reducing said opposing

against the pumping pressure by the constant
pressure as the plunger reaches the end of its
stroke, substantially as described.

2. The method of closing a pump - valve
against the pumping pressure, which consists
in applying to said valve against the pump-
Ing pressure a constant pressure in excess of
the pumping pressure, and applying alter-
nately against said constant pressure the sue-

tion and force pressures of the pump, the sue-

tion - pressure being applied to secure the
» Ol " ] 5 Apb; :

closing of the valve against the pumping
pressure by the constant pressure as the plun-

ger reaches the end of its stroke, substan-
tially as described. - |

5. Thecombination with a pump-valvesub-
Jected to a constant pressure against and in
excess of the pumping pressure, of a column
of fluid having a pressure varying during the
stroke of the pump-plunger applied against
said constant pressure, substantially as de-
scribed. | | -

4. The combination with a pump-valve, of
a column of fluid having a pressure in excess

of the pumping pressure applied against the

pumping pressure, and a column of fluid hav-
ing a pressure varying during the stroke of
the pump-plunger applied against said con-
stant pressure, substantially as deseribed.

5. Thecombination witha pump-valve sub-
Jected to a constant pressure against and in
excess of the pumping pressure, of connec-
tions between said valve and asource of fluid-
pressure in the pump varying daring the

tluid-
‘pressure to secure the closing of the valve
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pressure

-of the pumping pressure,

ey

stroke of the pump-plunger whereby a vary-
ing pressure is applied against the constant
, substantially as described. --

6. The combination with a pump-valvesub-
jected to a constant pressure against and in
excess of the pumping pressure, of connec-
tions between said valveand a source of fluid-
pressure in the pump varying during the
stroke of the pump-plunger whereby a vary-
ing pressure is applied against the constant
pressure, and &dJ usting demees between the
source of varying pressure and the valve for

varying the aeuon of the valve relatively to
the variations in the pressure-supply, sub-
stantially as described.

7. The combination with a pump-valve
opened by the pumping-current, of a motor-
piston controlling said valve and Subjeeted
to a constant pressure against and in excess
of the pumping pressure, and a column of
fluid having & pressure varying during the
stroke of the pump-plunger applied to said
piston against said constant pressure, sub-
stantially as described.

8. The combination with a pump-valve, of
amotor-piston controlling said valve and sub-
jected to a constant pressure against and in
excess of the pumping pressure, and a col-
umn of fluid having a pressure varying dur-
ing the stroke of the pump-plunger applied
to said piston against the constant pressure,

substantially as deseribed.

9. The combination with a pump-valve, of
a motor-piston controlling said valve and sub-
jected to a constant pressure against and 1n
excess of the pumping pressure, ”and connec-
tions between said piston and the pump-cyl-
inder whereby the suction and force-pump

pressures are applied alternately to said pis-

ton against the constant pressure during the

stroke of the pump-plunger, substantially as

described.
10. The combination with a pump-cylinder
and its plunger, of a pump-valve, a motor-

piston controlling said valve and subjected

t0o a constant pressure against and 1n excess
and connections be-
tween said piston and "the pump-ecylinder

whereby the suctionand force-pump pressures

are applied alternately to said piston against
the constant pressure during the stroke of the
pump-plunger, substantially as described.

11. The combination with a pump-cylinder

and its plunger, of a valve, a motor-piston
controlling said valve, connections between
said piston and the force-main whereby the
force pressure is applied to said piston against
the pumplng pressure, and eonnectlons be-
tween the opposite side of said piston and the
pump-cylinder wherebythe suction and force-

pump pressures are applied alternately tosaid

piston during the stroke of the pump-plun-
oer, substantially as described.

12. The combination with a pump-cylinder
and its plunger, of a pump-valve, a motor-pis-
ton controlling said valve and subjected to a
constant pressure against and in excess of the

584,534

| pumping pressure, and connections between

the opposite side of said piston and the pump-
cylinder, the connection-port in the pump-

eylinder being so located as to be opened be-

hind the phmﬂ"er* before the latter reaches the

end of its stroke, substantially as described.
13. The combination with a pump-cylinder

and its plunger, of a pump-valve, a motor-pis-

ton controlling said valve and subjected to a

constant pressure against and in excess of the
pumping pre%m re, and connections between
the opposite side of said pisten and the pump-
cylinder, the connection-port 1n the pump-
cylinder being so located in the pump-cylin-
der as to be Opened behind the plunger before
the latter reaches the end of its stroke, and
adjusting devices between the pump cylinder
and valve for varying the action of the valve
relatively to the pressure variations in the
pump-cylinder, substantially as described.
14. The-combination with a pump-cylinder
and its plunger, of a pump-valve, a motor-pis-
ton controlling said valve,. connections be-
tween said piston and the force-main where-
by the force pressure 1s applied to said valve
against the pumping pressure, and connec-

| tions between the opposite side of said piston

and the pump-cylinder, the connection-port
being so located 1n the pump-cylinder as to

be opened behind the plunger before the lat-

ter reaches the end of its stroke, substantially
as described. |
15. The combination with & pump-cylinder
and its plunger, of a valve between the plun-
gerand force-main, a motor-piston controlling
said valve and subj ected to a constant pres-
sure against and in excess of the pumping
pressure,and connections between said piston
and the pump -eylinder whereby the suction
and force-pump pressures are applied alter-
nately tosaid piston againstthe constant pres-
sure during the stroke of the pump- -plunger,
su Jsmntm]ly as described.
16. The combination with a pump-cylinder
and its planger, of valves between the plan-
ager and force and suction mains, motor-pis-
torls controlling said valves and subgected to
a constant pressure against and in excess of
the pumping pressure, and connections be-

tween said pistons and the pump -cylinder

whereby the suction and force-pump pres-
sures are appliéd alternately to said pistons
against the constant pressure during the
stl"oke of the pump-piunger, Substantmlly as
described.

- 17. Inaduplexpump, the combination with
apump-valvesubjected toa constant pressure
against and in excess ol the pumping pres-
sure, of a column of fluid from the opposite
side of the pump having a pressure varying
during the stroke of the pump-plunger ap-
plied against the constant pressure, substan-
tially as described.

18. Inaduplexpump. the combination with

T

a valve between the plunger aud force-main

5L1b]ected to a constant pressure against and
- in excess of the pumpn

neg pressure, of a col-
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umn of fluid from the opposite side of the | sure on the opposité side of the puinp and

pump having a pressure varying during the
stroke of the pump-plunger applied against
sald constant pressure, substantially as de-
scribed. | .

19. Inaduplex pump, the combination with
a pump-valve, of a piston controlling said
valve and subjected to a constant pressure
against and in excess of the pumping pres-
sure,and connections between said piston and
a source of fluid-pressure on the opposite side
of the pump varying during the stroke of the

pump -plunger whereby a pressure varying

during the stroke of the pump-plunger is ap-
plied to said piston against the constant pres-

~sure, substantially as deseribed. )
20. Inaduplexpump,the combination with

a pump-valve, of a piston controlling said
valve and subjected to a constant pressure
against and in excess of the pumping pres-
sure, connections between said piston and a
source of fluid-pressure on the opposite side
of the pump varying during the stroke of the
pump-plunger whereby a pressure varying
during the stroke of the pump-plunger is ap-

~plied to said piston against the constant pres-
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sure, and adjusting devices between the
source of varying pressure and the valve for
varying the action of the valve relatively to
the variations in the pressure-supply, sub-
stantially as deseribed.

21. In a duplex pump, the combination of
valves located between the plungers and

force-main, motor - pistons controlling said

valves and subjected to a constant pressure
against and in excess of the pumping pres-
sure, and connections between said pistons
and a source of fluid-pressure on the opposite
side of the pump, varying during the stroke
of the pump-plunger whereby pressure vary-
ing during the stroke of the pump-plunger is
applied to said pistons against the constant
pressure, substantially as deseribed.

22. In a duplex pump, the combination of

valves located between the plungers and
force-main, motor- pistons controlling said

valves and subjected to a constant pressure

against and in excess of the pumping pres-
sure, connections between said pistons and a
source of fluid-pressure on the opposite side
of the pump varying during the stroke of the
pump-plunger whereby a fluid-pressure vary-
Ing duving the strokes of the pump-plungers
1s applied to said pistons against the constant

pressure, and means for adjusting the time
“of action of said valves, substantially as de-

scribed. |

23. 'T'he combination with the pump cylin-
ders and plungers of a duplex pump, of pump-
valves, motor-pistons controlling said valves
and subjected to a constant pressure against
and in excess of the pumping pressure and

connections between said pistons and the

pump-cylinder on the opposite side of the
pump whereby the suction and force pressure
in the cylinder on each side of the pump is
applied alternately against the constant pres-

(leseribed.

during the stroke of the pump-plunger on the

opposite side of the pump, substantially as

24. I'he combination with the pump eylin-
dersand plungers of a duplex pump, of valves
located between the plungers and force-main,
motor - pistons controlling said valves and
subjected to a constant pressure against and
in excess of the pumping pressure, and con-
nections between said pistons and the pump-
cylinder on the opposite side of the pump
whereby the suction and force pressures in

“the pump-cylinder on each side of the pump
are alternately applied against the constant

pressure on the opposite side of the pump and
during the stroke of the pump-plunger on the
opposite side of the pump, substantially as
described. | :

29. In a direct-acting pump, the combina-
tion with a motor-piston and its plunger, of

a valve or valves between the plunger and-

force-main subjected to a constant pressure
against and in excess of the pumping pres-
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sure, and a column of fluid having a pressure -

varying during the stroke of the pump-plun-
ger applied against said constant pressure,
substantially as described. | |

26. The combination with the motor-pis-

tons and the plungers of a direct-acting du-

plex pump, of valves between the plungers
and force-main subjected to a constant pres-
sure against and in excess of the pumping

pressure,and connections between said valves'

and a source of varying fluid-pressure on the
opposite side of the pump whereby the vary-
ing pressure is applied against said constant

Dpressure, substantially as described.

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

subjected to a constant pressure against and

in excess of the pumping pressure, and a col-

umn of fluid having a varying pressure ap-

plied against the constant pressure, substan-

‘tially as described.

98, The combination with the motor-cyl-

inders, their main and cut-off valves and the

pistons and plungers of a direct-acting du-

“plex pump, of valves between the plungers

and force-main subjected to a constant pres-
sure against and in excess of the pumping
pressure,and connections between said valves
and a source of varying fluid-pressure on the
opposite side of the pump whereby the vary-
ing pressure is applied against said constant
pressure, substantially as deseribed.

29, The combination with a pump-valve,
of a motor cylinder and piston controlling
said valve, and a hollow valve-stem opening
into the valve-chamber and the motor-cylin-
der, substantially as described. |

50. T'he combination with a pump-valve,
of a motor cylinder and piston controlling
sald valve, a hollow valve-stem opening into

the valve-chamber and the motor-:eyliuder,

95

I1CO

1G5

110

[15

120

130




To

10

and connections between the valve-chamber
on the opposite side of the pistonand a source |
of varying fluid-pressure in the pump, sub-
stantially as desecribed.

31. The combination with a pump-valve,

of a motor cylinder and piston controlling
sald valve, a hollow valve-stem opening into
the valve-chamber and the motor-cylinder
above the piston, and connections between
the valve-chamber on the opposite side of the
piston and the pump-cylinder, the connec-
tion-port in the pump-cylinder being opened

behind the plunger during the stroke of the |

latter, substantially as deseribed.

534,534

32. The combination mth a pump-valve
having a hollow valve-stem, of a motor-cyl-
inder communicating with the valve-chamber
through the hollow valve-stem, and a motor-
phton carried by smd valve- stem substan-
tially as described.
~ In testimony whel eof I have hereunto set
my hand in the presence of two subsecribing
Wltl]eSSES

CIIARLES C. W’ORTIIINGTON

Witnesses:
Louis R. ALBERQER
15, _S CRONISE.
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