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UNITED STATES PATENT OFFICE.

ATEXANDER THOMSOW, OF SUMMIT, AND JOHN: W. ESEHJLME, OF GLEN RIDGE, NEW
JERSEY; SAID ESEHOLME ASSIGNOR TO SAID THOMSON.

VALVE.

Application. filed May 23,

This invention relates to improvements in
valves for controlling the escape of fluid un-
der pressure and more particularly to that
type in which the main valve in the form of
a diaphragm is held in closed position by the
action of the fluid in a.pressure chamber the
escape from which is controlled by an auxil-
iary valve. The invention includes a novel
construction of auxiliary valve and a novel
combination: of auxiliary valve and main
valve.

In the Patent No. 1,158,869 of November
92, 1915, a valve structure was described, con-
sisting: of a main valve in the form of a
flexible diaphragm held in closed pesition
by. the pressure of fluid in a pressure cham-
ber and operated by an auxibary valve act-
ing.as a by-pass to relieve pressure from the
pressure cliamber. The by-pass valve of the
prior patent was-operated by the rotation of
a threaded shaft causing the valve plunger
to open or close a-by-pass channel. The by-
pass valve was both-opened and closed me-
chanically. ,

The present- invention constitutes an im-
proved: valve of the general type described
in. the prior patent and includes an im-
proved construction of the auxiliary by-pass
valve and an improved main valve construe-
tion. It is one of the objects of the present
invention to provide a by-pass valve which
is opened mechanically but is closed by the
pressure of the fluid itself and which auto-
matically takes up wear on the valve. A
further object is to provide a removable air
chamber in communication with the liquid
in the pressure chamber to constitute a flex-
ible-cushion .and prevent hammering in the
fluid. pipes. Additional advantages of th
improved construction of the present inven-
tion consist in a very rapid wide opening of
the by-pass valve, the elimination of screw
operated devices and reduction of power re-
quired to open and close by-pass valves.
Other and further advantages will be ap-
parent from the following more detailed de-
seription-taken in-connection with the draw-
ings, in: which

Fig: 1 shows a side elevation of a ball-
coek valve embodying the features of the
present invention ;.

Fig. 2 is an elevation at right angles to
Fig. 1;

Fig. 8 is a central vertical section through
the valve; '

1925. Serial No. 32,282,

Fig. 4 is a central vertical section through
the valve along the line 4—4 of Fig. 3y
~ Fig. b iz a horizontal section through the
by-pass valve along the line 5—5 of Fig. 4;

Fig. 8 shows the main valve in the open

position ;. Fig. 4 shows the main and by-pass
valve in the closed position; and Fig. 5
shows a by-pass valve beginning to open.
~ The drawings and specific. description re-
Iate to a ball-cock valve for use in control-
ling the admision of water to'a flush tank or
other float chamber but it should be under-
stood that the invention is not limited to this
particular type of device and can be applied
to any valve for controlling the escape of
fluids. 'The by-pass valve may be operated
either manually or by means of a float or
cther automatic device.

The main valve consists in an upper dome
shaped casting 1, a lower casting 2 and an
outlet pipe 8. The castings 1 and-2'are pro-
vided with the flanges 5 and 6 the flange 5
being. threaded and connected to the flange 6
by the threaded nut 4. The lower casting
contains an inlet. chamber 7 and an outlet
chamber 8 which are separated by the wall 9.
Chambers 7 and 8 are provided with the ad-
jacent openings 10 and 11 in a flat surface
of the lower casting controlled by the flex-
ible diaphragm 12.. The casting 1 contains
a pressure chamber 13 and a removable air-
trap 14 comprising an inverted cup shaped
element provided with a notch 17. 'Fhe
flanges 5 and 6 are provided with the grooves
15 and 16. Chamber 7 communicates with
the groove 16 by means of the passage
18 and similarly  the chamber 13 com-
municates with the groove 15 by the pas-
gage 19. Communication between the two
grooves is provided for by the opening 20
in the flexible diaphragm 12. The pres-
sure chamber 13 communicates with the by-
pass valve through the passage 21.

The by-pass valve the body of  which is
& part of the casting 1 contains two cham-
bers 22 and 23, the latter being cylindrical
and communicating with the outside through
the passage 24. Chambers 22 and 23 are
joined by the passage 25 which is opened. or
clesed by the flexible plug or valve 26. The
valve chamber 22.is also-closed by the plug
27. The outlet chamber 23 is closed by the
hollow-tlireaded plug 28, Shaft 29, one end
of which is of somewhat smaller diameter
than the passage 25, is mounted in the plug
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28. The member 30 having a bevelled cam
surface is rigidly fastened to the shaft 29 and
engages with the cam surface 31 of the hol-
low plug 28. The toothed collar 32 is keyed
on the shaft 29 and the adjustable toothed
collar 33 is clamped into engagement with
the collar 32 by the nut 84. A ball 35 and
rod 36 are connected to the collar 33.

When the valve is to be used in connection
with devices other than ball cocks, any suit-
able turning means may be used instead of
the ball and rod with the two toothed collars.
The operation of the by-pass valve may be
either automatic or manual.

The operation of the ball cock in a flush
tank is as follows: The chambers 7, 18 and
22 are filled with water as shown in Fig.
4. The air-trap 14 which is in communica-
tion with the chamber 13 through the notch
17 is partly filled with water and partly
with compressed air. As the by-pass valve
is shut the pressure in the chambers 7, 13,
22 and the air-trap 14 are approximately the
same and the flexible diaphragm 12 is seated
firmly but is not subjected to great nressure
over its entire surface irrespective of the
pressure existing in the various chambers
since for a large part of its surface the dia-
phragm is subjected to the same pressure on
both sides.

‘When the tank is flushed the float 85 falls
and rotates the shaft 29 together with the
bevelled cam 30 which is rigidly attached to
this shaft. The camming action between the
cam 30 and the cam surface 31 moves the
shaft 25 into the chamber 22 bending the
flexible plug 26 as shown in Fig. 5. As'soon
as the shaft 25 has moved the plug 26 back
far enough so that the passage 25 is uncov-
ered, the water in the chamber 22 suddenly
rushes through the passage 25 into the cham-
ber 23 and out through the opening 24, thus
relieving the pressure in the chamber 22 and
correspondingly in the chamber 13 which is
in communication with the chamber 92
through the channel 21. As the channel 21
is of larger diameter than the channel 19,
water flows out of the pressure tank 13
faster than it can flow in through the passage
19 and a pressure differential is established
between the chamber 7 and the chamber 13.
As a result the flexible diaphragm 12 is
bowed up as is shown in Fig. 8 and uncovers
the openings 10 and 11 so that water flows
from chamber 7 through chamber 8 and out
through the outlet pipe 3. As long as the
by-pass valve remains open the pressure
differential between the chambers 7 and 13
will continue and water will flow through
the valves.

As the tank fills the float 35 gradually
rises, reversing the rotation of the shaft 29
and gradually retracting the shaft from the

chamber 22. The plug 26 which is only

lightly pressed against the end of the shaft
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29 due to the flow of water through the pas-
sage 25 follows the shaft until it covers the
passage 25 when it is suddenly forced tight
against this opening by the pressure exist-
ing in chamber 22. This stoppage of the
outflow from chamber 22 causes pressure to
build up rapidly in chamber 18 and the dia-
phragm 12 is forced down on the openings
10 and 11 thus closing the valve.

As the closing of the by-pass valve is
very rapid, an action similar to a water ham-
mer may take place in the piping leading to
the main valve. In order to avoid this the
movable air-trap 14 is provided which covers
the portion of the flexible diaphragm 12 over
the openings 10 and 11. The closing of the
diaphragm 12 is therefore not sudden owing
to the cushioning effect of the compressed
air in the air-trap and to the fact that water
from the pressure chamber 13 flows into the
air-trap through the small notch 17 so that
the application of pressure from the cham-
ber 13 through' the diaphragm 12 is not in-
stantaneous and does not cause a hammering
action in the pipe.

It will thus be seen that the valve of the
present invention possesses a number of im-
portant advantages. The opening and clos-
mg of the main valve is accomplished by
the pressure of the fluid to be controlled and
is not effected by the range of pressures used
as for the most part the flexible diaphragm
which is the only moving part of the main
valve is subjected to approximately the same
pressure on both sides. The diaphragm
being detachably mounted can be readily and
rapidly replaced without the use of special
tools. Moreover, the provision of grooves in
the flanges of the two castings makes it un-
necessary to align the aperture in the flex-
ible diaphragm with the passages leading
to the inlet chamber and the pressure cham-
ber thus making the valve easy to install and
reliable in action. .

The valve canrot be closed by mechanical
or manual means and can not therefore be
subjected to excessive pressure through care-
less manipulation. As a result, the life of
the valve is greatly lengthened and its re-
lability increased. :

The valve operates only on the differential
pressure between the upper and lower cham-
bers which may be made independent of the
absolute pressure in the chambers by a

proper proportioning of the passages 18, 19 !

and 21. The operation of the valve takes
place by reason of the reduction of pressure
on one side and this reduction may be grad-
ual or instantaneous depending on the size
and arrangement of the passages connecting
the various chambers. Thus it is readily pos-
sible to provide valves with any desired ra-
pidity of action. ,

The provision of a removable air-trap or
auxiliary air chamber above the flexible di-
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aphragm avoids:shocks due to sudden open:
ing and closing, thus greatly lengthening the
life- of:the: valve and assuring a quiet opera-
tion. .
The-improved by-pass:valve of the present
invention. is: opened” mechanically. by a: rug-
ged: cam device but: is: closed by the force: of
the fluid itself. The by-pass: valve presents
numerous- advantages: over the construction

in the: prior Patent No, 1,158,869 in- which.

the by-pass valve is.operated by a screw and
nut mechanism. and both: the opening' and
closing were -effected mechanically. The im-
proved. construction of the present invention:

by substituting a cam for the screw andmut:
renders the construction more simple and:

rugged: and: requires: less- power to-operate
owing to: the: reduced: friction. The auto-
matic closing of the valve by fluid pressure
greatly veduces the power required to: close
the valve, thus permitting the use of a much
smaller float-where the device is incorporated
in: a ball.cock and:resulting-in. a rapid and
powerful: closing of the valve. Moreover,
since: it. 1§ necessary to use yielding plugs,
such -as rubber and similar plugs, a mechan-
ical closing results in a gradual wear of the
plugs which-must be compensated by adjust-
ment in order to prevent the valve leaking.
In the improved construction of the present

application, the plug moves: freely and. is-
kept constantly: pressed against the end of:

the:shaft by fluid pressure.. This:automati-
cally takes up for any wear and always in-
sures a. positive fluid- tight closing: Moze-

over, it 1s exceedingly simple to renew- the-

plug in the construction of the present in-
vention; it. being: only necessary to remove
plug 27.and insert a.new rubber plug; or re:
verse the old one. ‘

The preferred shape of the plug in the by-
pass valve is illastrated in the drawings: and

is.roughly. that.of a spool-or:durabbell.” This

construction- presents the important advan-
tage: that when the: valve starts to-open the
pressure of the shaft:29-on the center of the-
plug causes-the flange-shaped end-in contact

with the opening-25 to -bend. This is shown.

in. Fig: 5 which illustrates the auxiliary
valve as it begins to:open.
of: the: shaft: gradually increases the curva-
ture of-the plug flange until finally the: pas-

sage 25.is. uncovered --whereupon the plug:
flange immediately straightens out, being no-
longer- subjected to-the high' flnid. pressure

on one side and the-fluid starts flowing im-

mediately. This very- rapid wide opening:
of the valve presents the important.advan--

tage that the fluid starts flowing at once and-
through:a passage which is opened. to its-full
opening: almost instantaneously, thus: pre-
venting:the rushing of-fluid under high pres-

sure: through:a narrow-opening: with result--
The relatively silent:

ant whistling noiges:
rapid wide opening which can be produced

The. movement:

9.

with the dumbbell-shaped plug:isof course:of
particular importance in connection: with:

‘ball cocks to be used in flush tanks when:

silence: ig one of: the - features aimed at:

While: the: drawings illustrate the pre-. 70
ferred- shape of: plug or- valve 26 with- its-
corresponding advantages, it: should:be:un+
derstood  that. the invention in its. broaden-
aspects-isinot limited to valves: of: this- pars
ticular shape, But on:the contrary can:be: 75
used with-any valve having a-roughly. cylin-:
dricalishape and comparatively thin: flexible:
edges with. or- without the: deep central
groove whicly i$: characteristic of-the- valve:
of:the preferred structure shown: The valve: 80
should of course liave a flexible resilient face:
incorder-to tightly seal the passage, but it is-
not: neeessary -thiat the whole. of the: valwe
sliould be-made of the same material -and the-

invention is not limited to: a- valve made: 8-

througheut of flexible resilient-material, and
onthe: contrary includes any valve which.
may: contain a.flexible face:-capable of. clos-
ing: the: outlet passage.

The: valve: of the present invention-is-net po-

only reliable-and. leng-lived, but.can be.re-
paired; with- great ease and without- the:-
services of a. skilled ‘mechanie. Thus-a new
diaphragm may be- inserted: by simply un--
serewing: the nut 4 and lifting off the upper 5
castingy. placing the new. diaphragm:on-top.
of-the lower flange.. Similarly, as-has been:
pointed out above, the resilient plug: in:the
by-pass valve-can be readily and:easily re-

placed: As-the only moving parts subjected . 100

to strain- are the: flexible: diaphragm and:
plug. and the pressure exerted on.the mov-
ing parts-is reduced to a minimumy the valve
is-capable of giving long and reliable serv-

ice even where-the fluid pressure is very 105

high:

A further advantage of the invention con-
sists in.the fact that it is- not necessary to
adjust: the: movements: of the shaft 29 .with.

great accuracy. as the shaft need not engage 110-

the by-pass valve when it is-closed, and may
move this valve-to. any desired extent when
it. is..open:

The novel: structure of the by-pass valve:

of 'the. present. invention has been deseribed. 115

in connection: with-the particular structurs-
of the main-:valve shown in the drawings:
It should be understood, however,. that the-
novel by-pass valve may be used in connec-

tion. with. other valves of different. struec- 120

tures and the invention is not limited to-the
by-pass valve in.combination with: the par-
ticular type of main-valve shown.

We claim:

1. A’ fluid. by-pass valve - comprising in. 123

combination- a- chamber, an-inlet. into the.
chamber, a loosely mounted flexible valve: in.
said-chamber; an outlet out of the chamber
so- positioned . that the fluid:pressure iin:the-

chamber tends to force the valve against said 130
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outlet and mechanical means for flexing and
forcing the valve out of contact with the
outlet.

2. A fluid by-pass valve comprising a cas-
ing having a cylindrical chamber, a flexible
valve loosely disposed in said chamber and
guided by the walls thereof, an outlet port
in one end of the said chamber, an inlet
port in a plane different from that of the
outlet port, a shaft mounted in the valve
casing and extending into the outlet port

- and having a diameter considerably smaller
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than the port and means for causing said
shaft to move into the chamber parallel to
the axis thereof whereby the valve is flexed
and forced out of contact with the wall sur-
rounding the outlet port, said valve being
moved into contact with said wall solely by
fluid pressure in said chamber when said
shaft is withdrawn. '

3. A fluid by-pass valve comprising in
combination a casing having a cylindrical
chamber, a flexible valve loosely mounted in
said chamber, a circular outlet port in one
end of said chamber, an inlet port into said
chamber, the inlet and outlet port being in
different planes, a shaft mounted in the
valve casing and extending into the outlet
port and of diameter considerably smaller
than the port and cams on said shaft for
cooperating with the valve casing dimen-
sioned to move the shaft inward and out-
ward when rotated.

4. In a fluid by-pass valve as claimed in
claim 2 the flexible valve comprising a cylin-
drical body having a deep triangular groove
around the center of the cylindrical surface.

5. Ina fluid by-pass valve as claimed in
claim 3 the valve comprising a cylindrical
body of flexible material having a deep
groove around the center of the cylindrical
surface.

6. A fluid by-pass valve comprising in
combination a cylindrical valve chamber, a
circular outlet port in one end of the valve
chamber, an inlet port, the inlet and outlet
ports being in different planes, a resilient
fiexible valve loosely mounted in said cham-
ber, an outlet chamhber parallel to the valve
chamber and communicating therewith
through the ontlet passage, a shaft of con-
siderably smaller diameter than the outlet
passage mounted in the wall of and extend-
ing through the outlet chamber, a cam rigid-
1y mounted on said shaft, a cam surface on
the wall of the outlet chamber and register-
ing with the shaft cam whereby rotation of
the shaft causes it to move axially into the
valve chamber thereby flexing and forcing
the flexible valve out of contact with the
wall of the valve chamber surrounding the
outlet port.

7. In a fluid by-pass valve asg claimed in
claim 6, means including a portion of said

1,621,910

cam on said shaft for preventing the closure
of said outlet port by said cam.

8. In a fluid escape valve comprising an
inlet chamber, an outlet chamber, passages
from the inlet and outlet chambers having
adjacent openings in a flat surface, a flexible
diaphragm covering the openings, a dome-
shaped element fitted on said diaphragm and
forming therewith a pressure chamber, chan-
nels connecting the inlet chamber to the
pressure chamber and means for reducing
pressure in the pressure chamber, compris-
ing an inverted cup-shaped element loosely
positioned in the pressure chamber and rest-
ing on the diaphragm and provided with a
small aperture near its open end.

9. A fluid escape valve comprising in com-
bination an inlet chamber, an outlet cham-
ber, passages from the inlet and outlet
chambers having adjacent openings in a flat
surface, a flexible diaphragm covering the
openings, a cup-shaped element, a dome-

shaped element secured on said diaphragm

and forming therewith a pressure chamber,
said cup-shaped element lying within said
chamber, loosely fitted on said diaphragm
and forming therewith an air trap, a chan-
nel connecting the inlet chamber with the
pressure chamber, a by-pass valve connected
to the pressure chamber by a passage of
capacity greater than the connecting chan-
nel between inlet and pressure chambers,
said valve being capable of rapidly opening
and closing.

10. A fluid escape valve as claimed in
claim 9, in which the by-pass valve is opened
mechanically but is closed by fluid pressure.

11. A fluid escape valve comprising adja-
cent inlet and outlet chambers forming a
single unit,having a substantially flat top,
passages from the inlet and outlet chambers
having ends adjacent each other in said flat
top, a diaphragm mounted on said top, a
dome-shaped casting mounted on said dia-
phragm and forming therewith a pressure
chamber, passages connecting the inlet cham-
ber and pressure chamber, an inverted cup-
shaped element loosely positioned in the
pressure chamber and vesting on the dia-
phragm and provided with an aperture near
its lewer end, a by-pass valve in the pressure
chamber casting comprising a cylindrical
valve chamber, a circular exhaust passage in
one end of the chamber, an inlet passage
leading from the pressure chamber and of
diameter considerably larger than the pas-
sage connecting the inlet chamber with the
pressure chamber, said inlet and exhaust
passages not being in the same plane, a
loosely mounted valve in said valve cham-
ber comprising -a cylindrical body and pro-
vided with a deep groove around its median
circumference, an exhaust chamber parallel
to the valve chamber and communicating
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with the outside air, a shaft. of diameter
smaller than the exhaust passage mounted
in the wall of and extending through the
exhaust chamber, a cam rigidly attached to
said shaft and a second cam rigidly mounted
in the wall of the exhaust chamber and en-
gaging with the cam on the shaft to cause
the latter to move in and out of the valve
chamber when rotated and means including
an inclined surface on said cam on said
shaft for preventing the shaft cam from
closing the exhaust passage.

S

12. A ball cock comprising in combination
a fluid escape valve and controlling by-pass
valve as claimed in claim 11, a ball float at-
tached to a rod, and adjustable means for
clamping the rod on to the shaft of the by-
pass valve so as to cause rotation of the lat-
ter when the float alters its level.

15

In testimony whereof we affix our signa- 20

tures.

ALEXANDER THOMSON.
JOHN W. ESKHOLME.



CERTIFICATE OF CORRECTION,
Patent No. 1,621,910, Granted March 22, 1927, to
ALEXANDER THOMSON ET AL.

It is hereby certified that error appesrs in ‘the printed specification of the
above numbered patent requiring correction as follows: Page 4, lines 86 to 90,
“oiaim 9, strike out the words "a dome shaped element secured on said diaphragm
and forming therewith a pressure chamber, said cup-shaped element lying within
said chamber", and insert the same to follow after the word "trap”, lime 91,
same claim; and that the said Letters Patent should be read with this correc-
tion therein that the same may conform to the record of the case in the Pat-

ent Office.
Signed and sealed this 19th day of April, A. D. 1927.

, M. J. Moore,
Seal. Acting Commissicaer of Patents.



