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United States Patent Office 3,048,121 
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3,048,121 
HYDRAULIC ACTUATED PUMP 

John M. Sheesey, P.O. Box 9011, Houston, Tex. 
Filed Apr. 14, 1960, Ser. No. 22,233 

3 Claims. (C. 103-152) 
This invention relates to new means for pumping 

fluids, and more particularly it relates to new valve 
actuating means for operation of hydraulically actuated 
flexible diaphragm pumps. 
The pumps of this invention are particularly well adapt 

ed for use in handling highly corrosive and highly abra 
sive fluids at high pressures, and with maximum ef 
ficiencies. Pumps for such applications must normally 
be constructed of stainless steel or other corrosive resist 
ant or abrasion resistant metals, but such materials are 
quite expensive. In other applications, foamy iiquids 
are pumped, which tend to deposit air in the pumping 
system, thereby interfering with its operation. The pumps 
of this invention are also particularly useful as propor 
tioning and metering pumps, in that the valve actuating 
means used allows extremely accurate control of the vol 
urne handled by the pump. According to the present in 
vention, such problems are avoid by utilizing a pump 
containing a diaphragm, preferably in the form of a 
flexible walled conduit, such as may be made of natural 
or synthetic rubber, so that the main body of the pump 
is isolated from the corrosive or abrasive fluid being 
pumped. A non-corrosive hydraulic fluid is applied to 
one side of the diaphragm, as to the outside of the flexi 
ble conduit, under pressure sufficient to flex the dia 
phragm to apply a pressure to the corrosive or abrasive 
fluid on the other side of the diaphragm, so that the cor 
rosive or abrasive fluid is pumped. Also according to 
this invention, valving means are provided for alternate 
ly applying and releasing the pressure of the hydraulic 
fluid in a manner conducive to the most efficient and 
economical operation of the pump. This is accomplished 
by providing valving means which is responsive to the 
degree of flexing of the diaphragm, as will be evident 
upon consideration of the following description and the 
accompanying drawings, wherein: 
FIGURE 1 is a partially Schematic, partially sectional 

view of one embodiment of this invention; 
FIGURE 2 is a partially schematic, sectional view 

of another embodiment of this invention; 
FIGURE 3 is a fragmentary, partially schematic view 

of a third embodiment of the valve actuating means of 
this invention; and 
FIGURE 4 is a somewhat schematic, partially section 

all view of another embodiment of the invention, wherein 
two pumping elements are used in parallei. 

In FIGURE 1, a pump 10 comprises a cylindrical 
housing 12, closed at its ends by heads 14 and 16. Heads 
14 and 6 are each provided with means for sealingly 
retaining a flexible diaphragm 18, which is in the form 
of an elongated tubular member. Tubular member 8 
sealingly engages a boss 20 projecting axially from head 
6, being secured thereto by means of a clamp ring 22. 

Similarly, the other end of tubular member 18 sealingly 
engages a boss 24 projecting axially from head 14, being 
Secured thereto by a clamp ring 26. 
Head 14 is provided with means for admitting pumped 

fluid to the interior of tubular member 18 and means for 
exhausting pumped fluid therefrom, such means constitut 
ing, in the embodiment shown in FIGURE 1, an axial 
passageway 28 having in communication therewith an 
inlet conduit 30, containing a check valve 32, and an 
exhaust conduit 34, containing a check valve 36. 
Head 16 is provided with means for admitting hy 

draulic fluid to the annular space 38 formed between 
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tubular conduit 18 and cylindrical housing 12, and for 
exhausting hydraulic fluid from Said annular space. 
Such means comprises a fluid passageway 40 in con 
munication with the annular space 38 and with a four 
way valve 42, which provides means for controlling the 
direction of flow of hydraulic fluid through passageway 
40. 

Tubular member 18 is provided, intermediate its ends, 
with a flexible ring portion 44, containing an aperture 46 
extending longitudinally thereof. A cable or Wire, or 
other substantially non-elastic flexible member 48, ex 
tends through aperture 46, and longitudinally of the 
cylindrical housing 12, from a point of attachment, by 
means of element 50, to head 14, through an aperture 
52 in head E6. Aperture 52 forms means for commu 
nication between annular space 38 and a pilot valve 
cavity 54 in head 16. A pilot valve 56 is slidingly and 
sealingly received in cavity 54, and is adapted to be 
moved longitudinally of cylindrical housing 12 and tubul 
lar member 8, by longitudinal movement of cable 48, 
the free end of which is attached to the valve. A pilot 
fluid opening 58 is provided in one side of pilot valve 
cavity 54, and is adapted to be closed by said pilot valve 
in one position of said pilot valve, and to be open in 
another position of said pilot valve. Pilot valve 56 is 
biased toward said one position wherein pilot fluid open 
ing 58 is closed, by means of a spring 60, and is adapted 
to be moved to said other position, wherein the pilot 
fluid opening is opened, by means of application of ten 
sion to cable 48. Pilot valve 56 is provided with aper 
tures 62 extending longitudinally therethrough to pro 
vide means for admitting fluid to the pilot fluid opening. 
Means are provided for supplying the fluid to be 

pumped to tubular member 18 at relatively low pressure, 
say 10 to 25 p.s.i.g. Such means may comprise a low 
pressure centrifugal pump 64, which supplies fluid to inlet 
conduit 30. 

Hydraulic fluid for operating the pump of this inven 
tion is provided from a convenient source of high pressure 
fluid, such as a reservoir 66 and a pump 68. Pump 68 
furnishes hydraulic fluid at high pressure to four-way 
valve 42, which contains a spool 70 which is biased to 
ward the right by spring 71. At the position of the valve 
shown in FIGURE 1, hydraulic fluid at high pressure 
may flow through a fluid conduit i2 and through fluid pas 
SageWay 40 into annular space 38. 

In operation, tubular member 18 is filled with the fluid 
to be pumped by centrifugal pump 64 or other conven 
ient low pressure source. When tubular member 18 is 
filled, pilot valve 56 and piston 70 of four-way valve 42 
are in the position shown in FIGURE 1. Hydraulic 
fluid is then supplied to the annular space 38 by means 
of pump 68. This fluid will normally be supplied at a 
comparatively high pressure, say 1000 p.s.i.g. or higher. 
The force of this pressure on tubular member 18 will 
cause this member to begin to collapse, forcing out the 
fluid therein through valve 36 and exhaust conduit 34. 
AS tubular member 18 collapses, flexible ring portion 44 
also collapses, applying a lateral force to cable 48, which 
force is resolved into a tension on the cable, causing pilot 
valve 56 to move against its biasing spring 60. This 
movement is continued until pilot fluid opening 58 is 
eXposed, so that hydraulic fluid flows through aperture 
52, pilot valve cavity 54, apertures 62, pilot fluid open 
ing 58, and pilot fluid conduit 74, into the end of four 
way valve 42, whereby the spool 70 is moved to the left, 
as shown in FIGURE 1, against the biasing spring 71, 
closing off flow of high pressure fluid from pump 68 
through conduit 72, and allowing the exhaust of hy 
draulic fluid from annular space 38 through fluid pas 
sageway 4, ports 76 and 77 of four-way valve 42, and 
through conduit 78 to reservoir 66. Fluid may also ex 
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haust through the pilot valve and conduit 74. The re 
lease of this high pressure from annular space 38 allows 
pump 64 to refill tubular member 8 so that it can again 
expand, thereby relieving the force on cable 48 so that 
pilot valve 56 closes pilot fluid opening 58. Hydraulic 
fluid continues to flow from the annular space 38 until 
the force exerted on the right end of spool 70 is less 
than the force exerted by spring 75, so that piston, 70 
moves back to the right. A small bleed-off line 79 is 
provided to allow movement of spool 70 all the way to 
the right. The cycle is then repeated. 

It will be appreciated that the unique valving means 
of this invention, wherein the fluid control valve is made 
responsive to the movement of the diaphragm, e.g. sleeve 
8, allows far more accurate control of the movement 

of the diaphragm, thereby avoiding the possibility of 
damage to the diaphragm by excessive flexing, and in 
suring that maximum volume per stroke, or pulsation, 
of the pump is obtained. 
The embodiment shown in FIGURE 2 also utilizes 

the principle of controlling the flow of hydraulic fluid 
in response to the movement of the diaphragm. As 
shown in this figure, a pump 80 comprises a cylindrical 
housing 82 fitted with heads 34 and 86. A flexible tu 
bular member 88 is sealingly engaged with bosses on 
heads 84 and 86, similarly as in the embodiment of FIG 
URE 1. However, in this embodiment the inlet 90 to 
the tubular member is in head 86, and the exhaust 92 
is in head 34, so that flow of the pumped fluid is longi 
tudinally through tubular member 88. Check valves 9. 
and 93 respectively prevent reverse flow in conduits 90 
and 92. In this embodiment, tubular member 88 is pref 
erably closely adjacent one interior wall of cylindrical 
housing 82. 
At approximately the longitudinal center of housing 3 

82, a pilot valve housing 94 is affixed. Pilot valve hous 
ing 94 is provided with a bore 96 extending substantial 
ly perpendicularly of housing 82, and in communication 
with the space 98 between housing 82 and tubular mem 
ber 88. The outer end of bore 96 is closed by a plug 
60. A hollow cylindrical pilot valve 102 is slidingly 
and sealingly received in bore 96, and extends there 
from into space 98 and into contact with tubular mem 
ber 38, a bearing flange 04 being provided on the end 
of the pilot valve. The pilot valve is biased toward the 
tubular member by means of a spring 106. An aper 
ture G8 in the wall of the pilot valve and adjacent its 
lower end provides a passageway for the flow of hy 
draulic fluid through the passageway. A pilot fluid aper 
ture i0 in the wall of pilot valve housing 94 is posi 
tioned to be opened by movement of pilot valve 102 to 
one position, and to be closed by movement of said pilot 
valve to another position. 

it will be seen that the embodiment of FIGURE 2 
operates similarly as that of FIGURE 1. The tubular 
member 88 is filled with the fluid to be pumped, through 
inlet 90, this fluid being under a low pressure, so that 
it causes the tubular member to bulge outwardly, as 
shown in FIGURE. 2. Alternatively, this bulging may 
be caused by the application of a vacuum on the space 
98, through a fluid conduit 12. However, in the pre 
ferred embodiment, fluid conduit 112 is used to admit 
hydraulic fluid under high pressure to space 98, which 
causes the fuid in the tubular member to be exhausted 
through fluid conduit 92 at a high pressure. Check valve 
93 is preferably in the form of a pressure relief valve, 
set to open at a pressure somewhat greater than the 
pressure of the fluid entering the tubular member from 
conduit 90. 
The application of high pressure hydraulic fluid to 

the space 98, and the consequent reduction of the bulge 
in tubular member 88, causes pilot valve 162 to move 
downwardly, under the urging of spring 106, until aper 
ture is is opened, whereupon the flow of high pressure 
fluid therethrough results in the actuation of a four-way 
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4. 
valve, as in the embodiment of FIGURE 1. Upward 
movement of the pilot valve causes reversal of the four 
way valve, so as to again allow movement of the high 
pressure fluid into space 98. 

in the embodiment disclosed in FIGURES 1 and 2, 
the flow of hydraulic fluid into the space 38 or 98 is 
initiated as a result of the pressure in the space being de 
creased to the extent that it can no longer overcome the 
force of the spring 7 in four-way valve 42, so that the 
spool 70 is moved. The exhausting of this hydraulic 
fluid is initiated by the movement of the tubular member 
18 or 88, in that such movement opens one of pilot fluid 
apertures 58 or 10 so that fluid under pressure may 
cause the four-way valve to open to exhaust. 

In another embodiment of the invention, both the ad 
mission and the exhaust of hydraulic fluid is directly 
responsive to the movement of the flexible tubular mem 
ber. An example of this embodiment is disclosed in 
FIGURE 3, wherein the four-way valve is Solenoid 
operated. 
Thus the tubular member 88 is within a cylindrical 

housing 82, to which a pilot plunger housing 14 is at 
tached, as in the embodiment of FIGURE. 2. A pilot 
plunger 115 is slidably received in the bore 116 of the 
pilot plunger housing. The outer end of the bore 16 
is closed by a plug 118 which has an axial bore provid 
ing a guide for an actuating stem 120 attached to pilot 
plunger 115. A spring 122 resiliently biases pilot plunger 
15 downwardly toward tubular member 88. 
Actuating stem 120 is provided with two spaced-apart 

fingers 123, 24 which are positioned to operate a single 
pole, single throw switch 126 upon axial movement of 
stem 120. Switch 126 is rigidly positioned with respect 
to pilot plunger housing 114, in that it is affixed to a 
bracket 128 which is attached to the pilot plunger hous 
ing. Switch 26 is adapted to close a circuit containing 
a source of electric current 128 and a solenoid 130 which, 
upon energization, causes longitudinal movement of the 
spool 132 of fluid control valve 134. Thus when stem 
i20 is moved to the position shown in FIGURE 3, finger 
123 operates switch 26, whereby fluid control valve 134 
is actuated to allow flow of hydraulic fluid into the space 
98 between tubular member 88 and cylinder housing 82. 
The pressure of this fluid collapses the flexible tubular 
member and forces out the pumped fluid, at the same 
time allowing downward movement of pilot plunger 15 
and stem 120, so that finger 124 actuates switch 126 to 
imove the spool 132 of fluid control valve 134 to a po 
sition allowing exhaust of the hydraulic fluid from space 
98. 
A preferred embodiment of this invention is the utiliza 

tion of a plurality of pumping units as shown in FIG 
URES 1, 2, or 3 in parallel, so as to obtain smooth, con 
tinuous flow of the pumped fluid. One embodiment of 
such an arrangement is depicted in FIGURE 4, wherein 
two pumping units having piloting means similar to that 
shown in FIGURE 1 are used in parallel. 

In this embodiment, a first pumping unit 150 has a 
pumped fluid inlet 152 to which the fluid to be pumped is 
Supplied at low pressure, e.g. 10 to 25 p.s.i.g., by a pump 
154. The pumped fluid is exhausted from pumping unit 
150 through outlet 156 and conduit 158. A second 
pumping unit 60 has a pumped fluid inlet 162 to which 
fluid to be pumped is supplied at low pressure by pump 
54. The pumped fluid is exhausted, at high pressure, 
from pumping unit 160 through outlet 164 and conduit 
158. 
The flow of hydraulic fluid to and from pumping units 

150 and 160 is controlled by a fluid control valve 166, 
which in turn is actuated by pilot fluid valve 168 in 
pumping unit 50, and pilot fluid valve 170 in unit 160. 

High pressure hydraulic fluid for operation of both 
the first and second pumping units is supplied by a pump 
172 from reservoir 74. This fluid flows into the first 
pumping unit through a fluid conduit 176, and into the 
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second pumping unit through a fluid conduit 178. Flow 
into the first pumping unit causes tubular member 80 
therein to collapse and open pilot fuid valve 168, so that 
pilot fluid flows through pilot fluid conduit 82 into the 
right end, as shown in FIGURE 4, of the fluid control 
valve 66. The pressure of this pilot fluid moves the 
spool 584 to the left, thus connecting conduit 76 to 
exhaust conduit 286, so that the hydraulic fluid is ex 
hausted from pumping unit 50. At the same time, con 
duit 73 leading to the second pumping unit 60 is con 
nected to the supply of hydraulic fluid provided by pump 
272, so that tubular member 90 is compressed. When 
this compression is sufficient to cause the opening of pilot 
fluid valve 178, pilot fluid flows through conduit 1.92 to 
the fluid control valve 166, causing the spool 184 to 
shift again so that the cycle is repeated. Bleed-off lines 
594 and 196 provide means for relieving the pressure 
of fluid trappcd in the respective ends of the fuid control 
valve. 

it will be appreciated that when a plurality of pumping 
inits are used, the hydraulic fluid supply plaiip may be al 
lowed to run continuously, alternately supplying hydraulic 
fluid to first one purnping unit and then the other. When 
only one pumping unit is operated, the hydraulic fluid 
pump must be of the type which can operate with closed 
discharge, or else some means for pressure relief must 
be provided, as is well known in the art. in addition, 
when more than one pumping unit is used, continuous, 
substantially non-pulsating flow of the pumped fluid can 
be obtained. 
The means used for controlling the flow of hydraulic 

fluid to and from the pumping units of this invention 
makes possible extremely accurate control of the degree 
of flexing of the diaphragms of these pumping units, 
thereby greatly reducing the possibility of over-stressing 
and rupturing the diaphragm. Simultaneously, since the 
degree of flexing of the diaphragm is directly related to 
the rate of flow of the pumped fluid, the valve actuating 
means of this invention inherently results in the ability 
to obtain close control over this rate of flow. This is 
often particularly important in chemical process applica 
tions, where the fluids handled require the use of cor 
rosion resistant materials such as can be used in a dia 
phragm type pump, and where the accurate proportion 
ing of these fluids fed to chemical processes is extremely 
critical. 
Although several embodiments of this invention have 

been shown and described herein, the invention is not 
limited to these specific embodiments, but only as set 
forth by the following claims. 

I claim: 
1. A hydraulic fluid actuated pump comprising an en 

closed housing, a tubular diaphragm in said housing divid 
ing the enclosure into an actuating fluid space and a 
pumped fluid space, conduit means in communication with 
said pumped fluid space for supplying and exhausting 
pumped fluid, conduit means in communication with said 
actuating fluid space for supplying and exhausting actuat 
ing fluid, whereby said diaphragm is caused to flex and to 
admit and discharge pumped fluid, a pilot fluid operated 
fluid control valve in the actuating fluid conduit actuable 
to control the flow of actuating fluid to and from the 
actuating fluid space, a pilot fluid valve operably con 
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6 
nected to said fluid control valve to supply actuating fluid 
thereto, a flexible non-elastic member in said housing 
extending longitudinally of said diaphragm and having an 
end fixed, an intermediate portion attached to said dia 
phragm, and the other end attached to said pilot valve, 
and means biasing said pilot valve to a position causing a 
tension to be imposed on said flexible member and 
preventing flow of actuating fluid to said fluid control 
wave. 

2. A hydraulic fluid actuated pump comprising a hous 
ing; a tubular diaphragm in said housing dividing the 
Space therein into an actuating fluid space and a pumped 
fluid Space; conduit means communicating with said 
pumped fluid Space to supply a fluid to be pumped into 
Said Space; conduit means in communication with said 
pumped fluid Space through which pumped fluid may be 
exhausted therefrom; pump, valve, and conduit means in 
communication with said actuating fluid space to supply 
an actuating fluid thereto, whereby said diaphragm is 
caused to flex in a direction to force pumped fluid from 
the pumped fluid space; conduit and valve means in com 
munication with said actuating fluid space for releasing 
actuating fluid therefrom, whereby said diaphragm is 
caused to flex in a direction to allow entry of pumped 
fiuid into Said pumped fluid space; a flexible ring circum 
Scribing said tubular diaphragm intermediate its ends; a 
Substantially non-elastic flexible member extending longi 
tudinally of said tubular diaphragm through said flexible 
ring; a pilot valve attached to one end of said flexible 
member, the other end being rigidly fixed; means biasing 
Said pilot valve toward a first position in which a tensile 
force is applied to said flexible member; and conduit 
means communicating said pilot valve with the valve 
means to conduct fluid to the valve means upon flexure of 
Said diaphragm. - 

3. A diaphragm pump comprising a housing, a tubular 
diaphragm dividing said housing into a pumped fluid space 
and an actuating fluid space, conduit means communicat 
ing with said pump fluid space for supplying and exhaust 
ing pumped fluid, conduit means communicating with said 
actuating fluid space for supplying and exhausting actuat 
ing fluid, pilot fluid operated valve means in said last 
named conduit means for controlling the flow of actuat 
ing fluid to and from said actuating fluid space, a pilot 
Valve attached to said housing, means biasing said pilot 
Valve toward a first position, a substantially non-elastic 
flexible member attached to said pilot valve and to said 
diaphragm, whereby flexure of said diaphragm in one 
direction causes movement of said pilot valve against said 
biasing means to a second position, a port in said housing 
positioned to be closed by said pilot valve in said first 
position and opened by said pilot valve in said second 
position, and conduit means from said port to said pilot 
tiuid operated valve means. 
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