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This invention relates to improvements in 
pumps of the type having a pumping chamber 
which is sealed against the operating mechanism 
of the pump by a flexible member to permit the 
handling of liquids which otherwise would have 
a corrosive or damaging eñ'ect on the operating 
mechanism of the pump, such as acid, fluid con 
taining an abrasive, sand, or slush, and the like. 
More particularly the invention relates to dia 

phragm pumps in which a flexible diaphragm is 
employed to form a pumping chamber of variable 
volume. 
In pumps of this type difficulties are encount 

ered by foreign bodies carried in the liquid, 
tending to wear out, obstruct, or otherwise inter 
fere with the proper functioning of the valves 
which control the inlet and the outlet of the 
pumping chamber. I 

It is therefore an object of this invention to 
provide a pump in which the valves are protected 
from wear and damage and in which foreign 
bodies may be removed from the valves without 
access t0 the interior of the valves. the pumping 
chamber, or the conduits leading to and from 
the pump. 
In carrying out this object the invention further 

provides a pump having. positively operated valves, 
that is,` valves which are directly actuated by the 
power means oscillating  the flexible member 
which produces the pumping action. 
More specifically, the invention provides an 

improved pump having a hydraulically operated 
diaphragm in which the valves are operated from 
the same drive shaft which actuates a cylinder 
and piston arrangement for producing pressure 
fluctuation on the diaphragm through the me 
dium of a non-compressible hydraulic ñuid. 
The invention further provides a pump in 

which a portion of the pumping diaphragm is 
mechanically moved to seal and open the inlet 
and outlet of ports of the pump. 

 Further objects of the invention are to provide 
a pump al1 of the moving parts vof which are im 
mersed in-an operating liquid to reduce friction 
together with automatic means for replenishing 
lost operating fluid and removing air bubbles 
from the operating chamber. 

'I'ne invention further provides an improved 
pump of rugged construction which is inexpensive 

` to manufacture, reliable in operation, and re 
quires a minimum of attendance and repair. 
Further aims, objects and advantages of this 

invention will appear from a consideration of the 
description which follows accompanied by a 
drawing showing for purely illustrative purposes 
an embodiment of this invention. It is to be 
understood, however, that the description is not 
to be taken in a limiting sense, the scope of this 
invention being defined> in the appended claims. 
In the drawing ' 

40 if pressed against valve seats 26 and 21. 

(Cl. 10S-44) 
Fig. 1 is a plan view of»a pump embodying this 

invention, some parts being shown as broken 
away; ' 

Fig. 2 is a side elevation of the pump shown in 
5 Fig. 1, a section being taken on line 2-2 of 

Fig. 1: ' 
Fig. 3 is a _front elevation of the pump, a section 

being taken on line 3_3 of Fig. 2; and' 
Fig. 4 is a view corresponding to Fig. 3 of a 

10_ modified form of the invention. 
Referring to the drawing, a pump casing I0 is 

formed by a body >I I and a cover I2. 'I'he interior 
of the casing is subdivided into an upper or 
pumping chamber I3 and a lower operating 

15 chamber I4 by a perforate partition I5. 
The two chambers of the pump are sealed 

against each other by a flexible pumping element, 
in the illustrated embodiment shown as being a 
diaphragm I6. The diaphragm I6 is securely held 

20 in place by means of bolts I1 extending through 
the cover I2 into the body I I and clamping the 
diaphragm near its outer edge. 
The diaphragm is made of a material which will 

resist the liquid to be pumped, natural or synthetic 
25 rubber being suitable for many uses. 

The cover I2 likewise is made of a resistant 
material such as corrosion resistant metal, glass, 
plastic, and the like, depending on the use for 
which the pump is intended. 

30 The pumping chamber is provided with inlet 
and outlet ports I8 and I9 suitably leading to 
ducts and hose connections 20 and 2 I. The ports 
are controlled by valve members. In the illus 
trated example the valve members 22 and 23 are 

35 of the mushroom type and are mounted opposite 
the ports in sleeves 24 and 25 of the body. The 
tops of the valves are preferably curved and bear 
in the illustrated example against the diaphragm 
I6 deflecting a portion thereof to seal the ports 

The 
valves are normally held in an open position by 
coil springs 28 and 29 bearing against the sleeves 
24 and 25 and flanges 30 and 3| on the valve stems 
respectively. 

45 The valves are controlled by cams >32 and 33 
fixed on a shaft 34 which islmounted in bearings 
35 and 36 of the body II. One bearing may be 
sealed against the outside by a threaded plug as 
shown at 31. The shaft extends through the 

50 other lbearing 36 which may be provided with a 
suitable seal such as a stumng box 38 and packing 

„ 39 to permit the shaft to be driven from the out 
side either manually or mechanically, a pulley 40 
being shown for this purpose. 

55 The main portion of the ñexible pumping ele 
ment, the diaphragm I6, is periodically deflected 
by fluctuation in pressure produced in the oper 
ating chamber. This is conveniently accom 
plished by a piston movable in a cylinder com 

0 municating with the operating chamber. In the 



illustrated embodiment a cylinder 4i is mounted 
in a wall of the body Il. A piston 42 is mounted 
for reciprocating movement in the cylinder. The 
piston may be formed by two resilient sleeves 4l 
and M oi' leather or the like and a spacer 45, the 
assembly being held together by means of a bolt 
4I. #A piston rod Il is connected to the piston 
bolt at Il and engages an eccentric 48 on the 
drive shaft N. Since both the eccentric and the 
cam are fixed on the shaft the movement of the 
valve is coordinated with the movement of the 
piston relatively to the cylinder. 
Theroperating chamber is filled with a suitable 

non-compressible pressure fluid 50 to translate 
the piston movement into pressure iluctuations 
acting on the diaphragm IB. Castor oil or other 
oils which will not deteriorate the material of the 
diaphragm are suited as operating liquids, an in 
cidental advantage being the lubrication of the 
moving parts of the pump immersed in the oil. 

In order to replenish oil lost through leaks a 
reservoir may be provided. In the illustrated 
embodiment the casing lIl) contains a third cham 
ber or reservoir 5l communicating with the oper 
ating chamber through a bleeder passage 52. The 
bleeder passage 52 terminates at the highest point 
of the operating chamber where air or gas bub 
bles are likely to collect. At each double stroke 
of the piston a minute flow is set up between 
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..20 

25 

the reservoir in the operating chamber whereby .1&0 
gas bubbles are expelled from the operating 
chamber and lost oil is replenished in the oper 
ating chamber. ' 

In addition to the bleeder passage 52 a check 
valve may be provided to facilitate filling of the 
pump. The check valve in the illustrated em 
bodiment contains a ball 53 held against a valve 
seat 5l by means of a spring 55 tlius permitting 
flow into but not out of the operating chamber. 
The reservoir may be filled with a liquid through . 
an aperture normally closed by a illling plug 5B. 
A further plug 51 may be provided to facilitate 
the mounting and assembling of the cylinder 
and piston arrangement. 
The operation of the pump is as follows: In ' 

the normal position in which the diaphragm lies 
against the perforate partition the intake valve 
is closed, the outlet valve is open, and the piston 
is in the outer end position (Fig. 2). As the pis 
tonmoves toward the inner end position by rota 

, tion of the drive shaft a pressure is exerted on 
the diaphragm causing the diaphragm to deflect 
into the dome~shaped pumping chamber thereby 
forcing the fluid out of the pumping chamber 
through the outlet port. As the piston reaches 
the innermost end position in the operating 
chamber the volume of the pumping chamber is 
the smallest, the inlet valve opens and the outlet 
valve~ closes. During the return stroke of the 
piston into the outermost position the diaphragm 
returns to its normal position causing liquid to 
flow into the pumping chamber through the open 
inlet port. 

v.fats 

50 

Due to the positive operation of the valve in , 
response to the piston movement foreign bodies ‘ 
accidentally caught between the diaphragm and 
the valve seat are usually carried away by the 
flow of liquid during the succeeding pumping 
stroke without causing disability of the valve. 
Relatively large impurities which are not auto 
matically removed in this manner are easily re 
movable by rocking of the drive shaft causing 
flow in opposite directions. The reversal of the 
ñow together with the positive operation of the 
valves is suillcient to remove the Obstruction, 

70 

A modiiled form of pump is shown in Fig. 4. 
'I'he diaphragm I6' .ot the pump is tightly secured 
to the body Il' by means oi.' a ring member Il 
resting on the diaphragm adjacent its outer edge. 
The ring member'lß is screwed to the body Il’ 
by bolts 60. A cover or dome shaped member 
I2' having -a machined edge or rim 8| rests on 
the diaphragm I i' and forms a pumping cham 
ber-therewith, the cover I2’ being forced against 
the diaphragm by yokes 52. Springs l2 are pref 
erably arranged between the yokes I2 and the 
cover I2’ equally to distribute the force exerted 
by the yokes. The yokes 62 are secured to the 
body Il by bolts 54 and wing nuts 65 permitting 
easy removal of the yokes and cover for inspec 
tion and cleaning of the last described .construc 
tion. 
While certain novel features of the invention 

have been disclosed and are pointed out in the 
annexed claims, it will be understood that various 
omissions, substitutions and changes may be 
made by those skilled ‘in the art without depart 
ing from the spirit of the invention. 
What is claimed is: 
1. A pump comprising in combination, a flex 

ible pumping element; means associated there 
with forming a pumping chamber having an in 
let and an outlet port over which ports said ilex-` 
ible element extends; movable valve members ar 
ranged to deflect the flexible element to open 
and seal said ports; a volume of liquid- acting on 
said ilexible element for flexing said element; a 
movable piston acting on said liquid; and means 
for jointly moving said piston and positively mov 
ing said valve members. 

2. A pump comprising in combination, a cas 
ing; a flexible element subdividing said casing 
into a pumping chamber andan operating cham 
ber, the pumping chamber having an inlet and 
an outlet port over which ports said ilexible ele 
ment extends; movable valve members arranged 
to deflect said flexible element to open and seal 
said ports; a cylinder communicating with said 
operating chamber; a piston movable in said cyl 
inder; operating fluid in said operating chamber 
to »flex said element in dependence on the move 
ment of said piston in said cylinder; and power 
operable means for jointly moving said piston 
and said valve members. 

3. A pump comprising in combination, a cas 
ing; a ñexible diaphragm subdividing said cas 
ing into a pumping chamber and an operating 
chamber, the pumping chamber having an inlet 
and an outlet port over which ports said flexible 
element extends; movable valve members ar 
ranged to deflect said diaphragm to open and 
seal said ports; a cylinder communicating with 
said operating chamber; a piston movable in said 
cylinder; operating fluid in said operating cham~ 
ber to flex said diaphragm in accordance with 
the movement of said piston relatively to said 
cylinder thereby changing the volume of said 
pumping chamber; and a drive shaft operably 
connected with said piston and said valves to 
operi> and close said ports in dependence on the 
position of the piston relatively to said cylinder. 

4. A pump comprising in combination, means 
including a flexible pumping element forming a 
variable volume chamber having an inlet and an 
outlet port over which ports said flexible ele 
ment extends; valve members acting on said 
flexible element for moving said element to open 
and close said ports; a volume of liquid m2121118 
on said flexible element for flexing said element; 
a movable piston acting on said liquid; and 
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power operable means for jointly moving said 
piston and positively moving said valve members. 

5. A pump comprising in combination, a cas 
ing having a perforate partition dividing the 
casing into a dome-shaped pumping chamber 
having an inlet and an outlet port and an oper 
ating chamber; a flexible diaphragm on said 
partition sealing the pumping chamber against 
the operating chamber and extending over said 
ports, the diaphragm having freedom for deflec 
tion into said dome-shaped chamber if acted 
upon by a pressure in the operating chamber; 
two mushroom valves seated in said partition op 
posite said ports for forcing a portion of the 
diaphragm against the ports to seal the same; a 
cylinder communicating with said operating 
chamber; a piston movable in said cylinder; op 
erating iiuid in said operating chamber to flex 
said diaphragm in response to movements of said 
piston; a drive shaft in said operating chamber; 
and means associated with said shaft for'moving 
said valves and piston by said shaft. 

6. A'pump comprising in combination, a cas 
ing having a perforate partition dividing the cas 
ing into a dome-shaped pumping chamber hav 
ing an inlet and an outlet port and an operating 
chamber; a iiexible diaphragm on said partition 
sealing the pumping chamber against the oper 
ating chamber and extending over said ports, 
the diaphragm having freedom for deflection 
into said dome-shaped chamber if acted upon by 
a pressure in the operating chamber; two mush 
room valves seated in said partition opposite said 
ports for forcing a portion of the diaphragm 
against the ports to seal the same; a reservoir; 
a cylinder connecting said reservoir with said op 
erating chamber; a piston movable in said cyl 
inder; operating fluid in said reservoir and said 
operating chamber to iiex said diaphragm in re 
sponse to movements of said piston; a drive 
shaft; means associated with said shaft for mov 
ing said valves and piston from said shaft; and 
means forming a passage between said reservoir 
and said operating chamber including a check 
valve arranged to permit fiow into, but not out 
of, the operating chamber, and a bleeder passage 
leading to a portion of the operating chamber 
where bubbles are likely to collect. 

’1. A pump comprising in combination, a cas 
ing; a iiexible element subdividing said casing in 
to a pumping chamber and an operating chamber, 

10 

15 

20 

25 

35 

40 

50 

the pumping chamber having an inlet and an - 
outlet port; valve means in said ports; a reser 
voir; a cylinder connecting said reservoir with 
said operating chamber; a piston movable in said 
cylinder; operating iiuid in said reservoir and 
said operating chamber to flex said diaphragm in 
response to movements of said piston; means for 
moving said piston in said cylinder; and means 
forming a bleeder passage between said reservoir 
and said operating chamber, the passage leading 
to a portion of the operating chamber where 
bubbles are likely to collect, whereby on actua 
tion of the piston a minute iiow is set up between 
said operating chamber and said reservoir ex 
pelling bubbles and replacing lost fluid in the op 
erating chamber. 

8. A pump comprising in combination, a cas 
ing; a flexible element subdividing said casing in 
to a pumping chamber and an operating cham 

- ber, the pumping chamber having an inlet and an 
outlet port; valve means in said ports; a reser 
voir; a cylinder connecting said reservoir with 

55 
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3 
said operating chamber; a piston movable in said 
cylinder; operating fluid in said reservoir and 
said operating chamber to flex said diaphragm 
in response to movements of said piston; means 
for moving said piston in said cylinder; and 
means forming a passage between said reservoir 
and said operating chamber including a check 
valve arranged to permit flow into, but not out 
of, the operating chamber, and a bleeder passage 
leading to a portion of the operating chamber 
where bubbles are likely to collect, whereby on 
actuation of the piston a minute flow is set up 
between saidoperating chamber and said reser 
voir expelling bubbles and replacing lost fluid in 
the operating chamber. 

9. A pump comprising in combination, a cas 
ing; a ilexible pumping diaphragm; means in 
cluding a ring member resting on said diaphragm 
adjacent its outer edge for sealing the diaphragm 
against said casing; a dome-shaped member 
resting on said pumping diaphragm and forming 
a pumping chamber therewith, said dome-shaped 
member having an inlet and an outlet port; a 
yoke bearing down on said dome-shaped member 
for sealing said dome-shaped member against 
said diaphragm; and means for securing said yoke 
to said casing. 

10. A pump comprising in combination, a cas 
ing; a flexible pumping diaphragm; means in- ` 
cluding a ring member resting on said diaphragm 
adjacent its outer edge for sealing the diaphragm 
against said casing; a dome-shaped member rest 
ing on said pumping diaphragm and forming a 
pumping chamber therewith, said dome-shaped 
member having an inlet and an outlet port; a 
yoke bearing down on said dome-shaped mem 
ber for sealing said dome-shaped member against 
said diaphragm; springs between said yoke and 
said dome-shaped member; and means for secur 
ing said yoke to said casing. 

11. A pump comprising in combination, a cas 
ing; a iiexible pumping diaphragm; means in 
cluding a ring member resting on said diaphragm 
adjacent its outer edge for sealing the diaphragm 
against said casing; a dome-shaped member 
resting on said pumping diaphragm and forming 
a pumping chamber therewith, said dome-shaped 
member having an inlet and an outlet port; mov 
able valve members in said casing arranged to 
deiiect` said diaphragm into contact with said 
dome-shaped member to open and close said 
ports; a yoke bearing down on said dome-shaped 
member for sealing said dome-shaped member 
against said diaphragm; and means for securing 
said yoke to said casing. 

12. A pump comprising in combination, a cas 
ing; a ñexible pumping diaphragm; means in 
cluding a ring member resting on said diaphragm 
adjacent its outer edge for sealing the diaphragm 
against said casing; a dome-shaped member 
resting on said pumping diaphragm and form 
ing a pumping chamber therewith, said dome 
shaped member having an inlet and an outlet 
port; movable valve members in said casing ar 
ranged to deflect said diaphragm into contact 
with said dome-shaped member to open and close 
said ports; a yoke bearing down on said dome 
shaped member for sealing said dome-shaped 
member against said diaphragm; springs between 
said yoke and said dome-shaped member; and 
bolts ’for securing said yoke to said casing,A 
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