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The present invention rel-ates to a ?uid pump in which 
the medium to be delivered is impelled by a diaphragm 
which is hydraulically driven through a body of hydrau 
lic oil or other suitable liquid by pressure and suction 
pulses produced by a reciprocating piston. 
The diaphragm-piston pump of the present invention 

is characterized by the manner in which the clean or 
other ?uid which is to be delivered to the work is com 
pletely \and physically separated from the diaphragm 
driving mechanism and the ?uid being pumped. This 
feature is particularly important when the ?uid being 
pumped is corrosive or detrimental to the diaphragm 
driving mechanism. 
The prior art illustrates low-constant volume dia 

phragm pumps wherein problems have resulted with the 
use of highly elastic diaphragms. One problem entailed 
the stretching or warping of the pumping diaphragm due 
to the pumping vand return stroke range of the diaphragm. 
The second problem entailed controlling the intake and 
discharge of the hydraulic ?uid being pumped. In the 
past, if the amount of hydraulic ?uid was too large the 
stroke range of the diaphragm was displaced in the pres 
sure stroke direction to such an extent that the diaphragm 
was excessively stressed and damaged. In addition, if the 
quantity of the hydraulic ?uid was too small the dia 
phragm was also damaged due to excessive displace 
ment of the diaphragm during the suction stroke. 

It is an object \of the present invention to provide a 
?uid pump in which the diaphragm is not subjected to 
excessive stretching and warping. , 
Another object of the present invention is to provide 

a pump comprising a housing, a diaphragm dividing the 
interior of the housing into (a pair of pumping chambers, 
a hydraulic reservoir in the housing, control passages with 
check valves connecting one of the chambers to the 
reservoir to provide a closed hydraulic system, a source 
of ?uid connected to the other chamber, and a piston 
in said one chamber for directing the hydraulic ?uid 
against the diaphragm to urge the diaphragm in a pres 
sure stroke with respect to the ?uid in the other chamber. 

Still another object of the present invention is to pro 
vide a pump of the aforementioned type wherein a per 
forated domed lor concave plate is provided between the 
piston and the diaphragm in said one chamber to act as 
a seat or stop for the diaphragm on the return or suction 
stroke of the diaphragm. 
A ‘further object of the present invention is to provide 

a hydraulic ‘actuated diaphragm pump of the aforemen 
tioned type which is characterized by the manner in 
which the piston when moving in its pumping stroke 
forces the diaphragm in its pumping stroke and displaces 
a greater amount of hydraulic ?uid than the diaphragm 
does in the other chamber to insure the complete dis 
placement of the ?uid in the other chamber, whereby 
the excess hydraulic ?uid is returned to the reservoir 
through one ‘of the control passages and check valves. 
A still further object of the present invention is to pro 

vide a hydraulic actuated diaphragm pump of the afore 
mentioned type wherein the hydraulic pumping chamber 
is replenished on the suction stroke of the piston and 
diaphragm through the other of the control passages and 
check valvesto completely ?ll the expanding hydraulic 
pumping chamber with ?uid. ' 
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A further object of the present invention is to pro 
vide a pump of the aforementioned type which includes 
a more compact ‘and integral valve assembly for the ?uid 
being pumped so as to reduce the overall size of the 
pump. ' 

It is thus another object of this invention to provide 
a simpli?ed low cost structure of the aforementioned 
type having certain advantages contributing to ef?ciency, 
reliability and long life as well as ease of maintenance. 

Other objects, advantages and novel details of con 
struction of this invention will be made more apparent 
as this description proceeds, especially when considered 
in connection with the accompanying drawings, wherein: 
FIGURE 1 is a top view in cross section, schematical 

ly shown and taken along line 1-1 of FIGURE 3 and 
looking in the direction of the arrows. 
FIGURE 2 is a fragmentary enlargement in cross sec 

tion of the diaphragm and valve assembly. 
FIGURE 3 is an elevational view partly in cross sec 

tion showing other details of the invention, taken along 
the line 3-3 of FIGURE 1 and looking in the direction 
of the arrows. 
FIGURE 4 is a perspective view of the ?apper valve 

which is a component of the air valve assembly. 
Referring now to the drawings, FIGURES 1 ‘and 3 

illustrate a pump 10 for delivering air or other ?uids. 
The pump 1% may be connected through its outlet 12 to 
almost any device such as the ?uid motor 14 which has 
a piston 16 movable therein. The pump 10 includes a 
main body or housing 18 ‘of circular cross-section which 
is provided with a main chamber or bore 20 closed at 
one end by the end cap 22 and is closed at the other end 
by suitable means including the closure plate 24. The 
end cap 22 is appropriately connected to the body 18 by 
means of a plurality of oircumferentially spaced axially 
extending bolts 26. The main chamber 20 is reduced in 
diameter as indicated at 28 to provide a bore or cham 
ber for piston assembly 30. The chamber 23 de?nes part 
of the pumping chamber 32 which is mainly formed in 
the closure plate 24 as will subsequently be described. 
The piston assembly ‘39 includes a cup-shaped piston 

34 and extended balance arms 36 which are an integral 
part of the cup-shaped piston 34. The arms 36 are spaced 
apart and are provided with aligned openings or slots 38. 
Fixed to the main body or housing 18 of the pump 10 is 
an electric motor 40 which is provided with a shaft 42. 
The shaft 42 is rotatable in a bearing 44 carried by the 
housing 18. The shaft 42 has a reduced cylindrical 
shaft extension 46 which is rotatably received in bearing 
48 provided in a wall of the housing 18 as illustrated in 
FIGURE 3. The eccentric cam Si) is secured to the shaft 
extension 46 by means of a key 52. The shaft exten 
sion 46 extends through the chamber 20, slots 38 and 
the opening provided in the eccentric cam 50 for the 
speci?c purpose of rotating the eccentric cam 59 and 
moving the piston assembly 30 in its pumping and suction 
strokes. A compression spring 56 is disposed between 
the wall 58 of the cup-shaped piston 34 and the end wall 
an of the closure plate 24 to force the cup-shaped piston 
34 to the left as viewed in FIGURES 1 and 3 and to 
cause the eccentric cam 56 to continuously engage the 
wall 62 of the piston 34. 
The closure plate 24 is provided with openings 66, 

68 and ‘7d. The chamber 29 which is in communication 
with the eccentric cam 50 serves as a hydraulic reservoir. 
An inlet supply passage 72 is provided in housing 18 
and connects the reservoir chamber 20 with the opening 
68 provided in the closure plate 24. A hydraulic ?uid 
return passage 74 is provided in the housing 18 and 
end cap 22 to connect the pumping chamber 32 to the 
reservoir chamber 2%. The hydraulic‘?uid return passage 
'74 is provided with a valve assembly 76 therein. 
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The valve assembly 76 includes a ball check '78, spring 
80 and valve body 82. The valve body 82 has a hollow 
interior and is provided with an inlet opening or port 84 
and an outlet opening or port S6. The spring 80 and the 
ball check 32 are located in the interior of the valve body 
82 in a position where the spring 80 normally urges the 
ball check 82 against the ball seat provided in the inlet 
port 84 as illustrated in FIGURE 1. 
The closure plate 24 is provided with another chamber 

90 which has an inlet hydraulic valve assembly 92 that 
is similar to the valve assembly '76 with the exception 
that the ball check 94 has its seat in the inlet opening or 
port 26. The inlet passage '72 is therefore in communica 
tion with the pumping chamber 32 through means of the 
passage 68, chamber 90 and inlet port 96. 
Mounted across the outer wall 100 of the closure 24 

is a rigid plate 102 which includes a domed perforated 
portion 104 which is positioned in chamber 32. The 
domed perforated portion is convex towards the piston 34 
and the perforations or openings therein are designated 
by the numeral 105. The outer periphery of the plate 
102 abuts the outer wall 100 of the closure 24. A highly 
elastic diaphragm 106 is provided with a ?exible inter 
mediate portion 108 as illustrated in FIGURE 2. The 
outer periphery of the diaphragm 106 is in surface to 
surfacecontact with the outer periphery of the rigid 
plate 102. The housing 110 for the air valve to be sub 
sequently described serves as an end cap for the pump 
10 and is clamped to the housing 18 by means of a plu 
rality of circumferentially spaced screws 112 so as to 
locate the rigid plate 102, diaphragm 106, and closure 
plate 24 in a predetermined clamped position as illus 
trated in the drawing. 
The inner wall 114 of the air valve housing 110 has 

a concave shape and serves as a seat for the. diaphragm 
106 as will be subsequently described. The diaphragm 
106 separates the pumping chamber 32 from the second 
pumping or auxiliary chamber 116 which is de?ned by 
the concave wall 114 of the air valve housing 110 and 
by the diaphragm 108. The chamber 116 is in the shape 
of a lens. 
The air valve housing 110 is provided with a bore or 

opening 118 which terminates in the aforesaid outlet 12. 
Mounted in the bore 118 is a valve assembly 120. The 
valve assembly 120 includes a pair of stationary tubular 
members and a pair of ?exible valve elements. The ?rst 
tubular stationary member is designated by the numeral 
122 and is provided with a ?ange 124 which engages the 
shoulder 126 provided in the interior of the air valve 
housing 110. The passage 128 in the ?rst stationary 
member ‘122 has ?xed therein a second stationary tubu 
lar member or hollow rivet 130. The tubular member 
130 has a ?ange 131 which clamps the inner periphery 
of the ?exible valve element 132 to the surface 133 of 
the ?rst stationary member 122. The ?exible valve 132 
is generally made from rubber. The free outer periph 
ery of the ?exible valve element 132 is adapted to close 
the opening 134 provided between the chamber 116 and 
the chamber 138 de?ned by the passage 118 and the 
?rst stationary member 122. The outer periphery of the 
?rst ?exible valve element 132 seats upon the wall 114 
and closes the annular opening 134, according to a pre 
determined sequence as will be subsequently described. 
A second ?exible valve element 140 as best illustrated 

in FIGURES 2 and 4 is ?xed to the rear surface 141 
of the ?rst stationary member 122 by means of the annu 
lar lip 142 of the cup retainer 144. The lip 142 holds 
the peripheral edge 146 of the valve element 140 in a 
?xed position. The ?ap valve 148 of the second ?exible 
valve element 140 is separated from the major portion 
of the peripheral edge by an arcuate groove 147 and is 
adapted to move with respect to the interior of the second 
stationary tubular member 130. The ?ap valve 148 
normally seats against surface 150 of the second tubular 
member 130 for closing the passage 152 provided therein. 
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The chamber 20, passage 72 and return passage '74 

are all ?lled with hydraulic ?uid as are adjacent passages 
and chambers connected therewith. The end cap 22 is 
provided with a plug 160 which permits the reservoir 
chamber 29 to be ?lled when‘required. The chamber 
138 of the air valve housing is connected by means of 
a passage 162 to a source of air or to a liquid under 
pressure as indicated by the numeral 164 in FIGURE 1. 
As previously mentioned, all the chambers and passages 
to the left or rear of the diaphragm 106 as viewed in 
FIGURE 1 are ?lled with hydraulic ?uid and forms a 
closed hydraulic circuit. Chamber 116 and all of the 
other chambers and passages to the right of diaphragm 106 
as viewed in FIGURE 1 contain air or the liquid to be 
pumped. 

In operation, with the piston 34 at the bottom of its 
stroke as illustrated in FIGURE 1 and upon the rotation 
of the shaft 42 by the motor 40, piston 34 is moved 
to the right in its pumping stroke. While the piston 
34 is moving to the right the pressure of the hydraulic 
?uid in the chamber 32 forces the ?uid through the 
openings 105 provided in the rigid plate 104. As a 
result the concave portion 108 of the diaphragm 106 
is moved to the right as viewed in FIGURE 1. This 
causes the pressure of the air in chamber 116 to increase. 
The increased pressure urges the ?rst ?exible valve ele 
ment 132 against the wall 114 of the air valve housing 
110 to prevent communication between the inlet cham 
ber 138 and the pumping chamber 116. The increase 
in air pressure in chamber 116 is transmitted through 
passage 152‘against the flap valve 148. As a result the 
?ap valve 148 is moved away from the end wall 150 of 
the second stationary member 130 and allows the air or 
other ?uid in chamber 116 to ?ow through passage 152, 
across the flap valve 148, and through openings 160 
provided in the cup container 144 to the outlet 12. 
On the return or suction stroke, the ?apper valve 148 

is urged against the end wall 150 of the second stationary 
valve member 130, partly due to the back pressure in 
the outlet 12. The ?rst valve element 132 is moved 
away from the Wall 114 thereby permitting air at 
atmospheric pressure or other ?uid to enter chamber 
116 from chamber 138 when diaphragm 106 returns to 
its original position due to the suction force of piston 
34 and the onrushing air pressure acting in chamber 116 
against the diaphragm 106. The diaphragm 106 may 
of course be spring loaded as is well known in the art 
to assist in its return on the suction stroke. Once the 
pumping and suction strokes have been completed the 
pumping cycle is repeated as required. 

During the pumping stroke the volume displacement 
of the hydraulic ?uid is greater than the displacement 
of air to insure complete displacement of the air in 
chamber 116. As a result, a small amount of hydraulic 
?uid is displaced from chamber 32 through the hy 
draulic return valve assembly 76 in the return passage 
74 to the reservoir chamber 20. On the intake or 
pressure stroke a small amount of hydraulic ?uid is 
sucked through the valve assembly 92 in the passage 72 
into the pumping chamber 32 to completely ?ll the cham 
ber 32. Spring 80 is of course strong enough to keep 
the ball check 82 upon its seat until all of the air is dis 
placed from chamber 116. 
The drawings and the foregoing speci?cation con 

stitute a description of the improved pump in such full, 
clear, concise and exact terms as to enable any person 
skilled in the art to practice the invention, the scope of 
which is indicated by the appended claims. 
What I claim as my invention is: 
1. A ?uid pump comprising an elongated body hav 

ing an inlet chamber, a pumping chamber, and an outlet 
chamber, all of said chambers being longitudinally aligned 
with said inlet chamber intermediate said other cham 
bers, said pumping chamber being of lens shape con?gu 
ration and consisting of a pair of converging side walls 
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when said pumping chamber is at maximum capacity, one 
of said side walls adjacent said inlet chamber being in 
tegral with said body, the other of said side walls consist 
ing of a movable diaphragm which is adapted to be moved 
towards said one side wall to displace the ?uid in said 
pumping chamber, passage means in said body for supply 
ing ?uid to said inlet chamber, an annular zone of said 
one side wall immediately adjacent one end of said 
inlet chamber forming an annular valve seat, the other 
end of said inlet chamber adjacent said outlet chamber 
terminating in a shoulder, a valve member in said inlet 
chamber which is spaced from the walls of said inlet 
chamber, said valve member being provided on one end 
thereof with an outwardly extending ?ange engageable 
with said shoulder to close said other end of the inlet 
chamber, said valve member having a longitudinally ex 
tending centrally located passage therethrough connect 
ing said pumping and outlet chambers, a relatively thin 
?exible inlet valve element having an intermediate por 
tion ?xedly carried by the other end of said valve mem 
ber, the remaining portion of said inlet valve element 
spanning the space between said valve member and the 
walls of said inlet chamber and adapted to cooperate 
with said valve seat to control the flow of ?uid between 
said inlet and pumping chambers, a relatively thin outlet 
valve element in said outlet chamber adjacent said ?ange, 
said outlet valve element including an integral ?ap valve 
which is surrounded by an arcuate passage having an an 
gular extent of greater than 180°, said ?ap valve being 
adapted to control ?ow across said passage between said 
pumping and outlet chambers, an annular retaining abut 
ment in said outlet chamber including an annular pe 
ripheral ?ange engageable with the outer periphery of 
said outlet valve element to clamp said outlet valve ele 
ment against said ?ange and said ?ange against said 
shoulder, said retaining abutment including passage means 
therein to permit ?ow through said outlet chamber, and 
actuating means for moving said diaphragm in a pressure 
stroke to create a pressure within said pumping chamber 
to urge said ?rst valve element against said valve seat 
to seal said inlet chamber from said pumping chamber 
and transmit ?uid from said pumping chamber through 
the passage in said valve member into said outlet cham 
ber after urging said ?ap valve away from said one end 
of said valve member, said actuating means being effec 
tive to urge said diaphragm in a suction stroke to cause 
said ?ap valve to be urged in tight sealing engagement 
with the ?ange of said valve member due to the pressure 
of ?uid in said outlet chamber and to cause said ?rst 
valve element to be moved away from said valve seat to 
connect said inlet chamber with said pumping chamber. 

2. A ?uid pump comprising an elongated body having 
an inlet chamber, a pumping chamber, and an outlet cham 
ber, all of said chambers beig longitudinally aligned with 
said inlet chamber intermediate said other chambers, said 
pumping chamber being of lens shape con?guration and 
consisting of a pair of converging side walls when said 
pumping chamber is at maximum capacity, one of said 
side walls adjacent said inlet chamber being integral with 
said body, the other of said side walls consisting of a 
movable diaphragm which is adapted to be moved towards 
said one side wall to displace the ?uid in said pumping 
chamber, passage means in said body for supplying ?uid 
to said inlet chamber, an annular zone of said one side 
wall immediately adjacent one end of said inlet chamber 
‘forming an annular valve seat, the other end of said inlet 
chamber adjacent said outlet chamber terminating in a 
shoulder, and a removable valve assembly for controlling 
?ow between said chambers comprising a valve member 
in said inlet chamber which is spaced from the walls of 
said inlet chamber, said valve member being provided on 
one end thereof with an outwardly extending ?ange en 
gageable with said shoulder to close said other end of the 
inlet chamber, said valve member having a longitudinally 
extending centrally located passage therethrough connect 
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ing said pumping and outlet chambers, a relatively thin 
?exible inlet valve element having an intermediate portion 
?xedly carried by the other end of said valve member, the 
remaining portion of said inlet valve element spanning 
the space between said valve member and the walls of 
said inlet chamber and adapted to cooperate with said 
valve seat to control the ?ow of ?uid between said inlet a 
and pumping chambers, a relatively thin outlet valve ele 
ment in said outlet chamber adjacent said ?ange, said out 
let valve element including an integral ?ap valve which is 
surrounded by an arcuate passage having an angular ex 
tent of greater than ‘180°, said ?ap valve being adapted to 
control ?ow across said passage between said pumping 
and outlet chambers, an annular retaining abutment in 
said outlet chamber including an annular peripheral ?ange 
engageable with the outer periphery of said outlet valve 
element to clamp said outlet valve element against said 
?ange and said ?ange against said shoulder, said retaining 
abutment including passage means therein to permit ?ow 
through said outlet chamber, and actuating means for 
moving said diaphragm in a pressure stroke to create a 
pressure Within said pumping chamber to urge said ?rst 
valve element against said valve seat to seal said inlet 
chamber from said pumping chamber and transmit ?uid 
‘from said pumping chamber through the passage in said 
valve member into said outlet chamber after urging said 
?ap valve away from said one end of said valve member, 
said actuating means being etfective to urge said diaphragm 
in a suction stroke to cause said ?ap valve to ‘be urged 
in tight sealing engagement with the ?ange of said valve 
member due to the pressure of ?uid in said outlet chamber 
and to cause said ?rst valve element to be moved away 
from said valve seat to connect said inlet chamber with 
said pumping chamber, said valve assembly being remov 
able from said body by initially removing said retaining 
abutment thereby permitting said outlet valve element and 
then said valve member and inlet valve element to be with 
drawn ‘from said body through said outlet chamber. 

3. A fluid pump comprising a body having an inlet 
chamber, a pumping chamber, and an outlet chamber, all 
of said chambers being longitudinally aligned with said 
inlet chamber intermediate said other chambers, said 
pumping chamber including a pair of side walls, one of 
said side ‘walls adjacent said inlet chamber being integral 
with said body, the other of said side walls consisting of a 
movable element which is adapted to be moved towards 
said one side wall to displace the ?uid in said pumping 
chamber, passage means in said body ‘for supplying ?uid 
to said inlet chamber, an annular zone of said one side 
wall immediately adjacent one end of said inlet chamber 
forming an annular valve seat, the other end of said inlet 
chamber adjacent said outlet chamber terminating in a 
shoulder, a valve assembly for controlling ?ow between 
said chambers comprising a valve member in said inlet 
chamber which is spaced from the walls of said inlet 
chamber, said valve member being provided on one end 
thereof with an outwardly extending ?ange engageable 
with said shoulder to close said other end of the inlet 
chamber, said valve member having a longitudinally ex 
tending passage therethrough connecting said pumping and 
outlet chambers, a relatively thin ?exible inlet valve ele 
ment having an intermediate portion ?xedly carried by 
the other end of said valve member, the remaining portion 
of said inlet valve element spanning the space between 
said valve member and the walls of said inlet chamber 
and adapted to cooperate with said valve seat to control 
the ?ow of ?uid between said inlet and pumping cham~ 
bers, a relatively thin outlet valve element in said outlet 
chamber adjacent said ?ange, said outlet valve element in 
cluding an integral ?ap valve which is surrounded by an 
arcuate passage, said ?ap valve being adapted to control 
?ow across said passage between said pumping and outlet 
chambers, an annular retaining abutment in said outlet 
chamber including an annular peripheral ?ange engageable 
with the outer periphery of said outlet valve element to 
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clamp said outlet valve element against said ?ange and 
said ?ange against said shoulder, said retaining abutment 
including passage means therein to permit ?ow through 
said outlet chamber, and actuating means for moving said 
element in a pressure stroke to create a pressure within 
said pumping chamber to urge said ?rst valve element 
against said valve seat to seal said inlet chamber from 
said pumping chamber and transmit ?uid from said pump 
ing chamber through‘ the passage in said valve member 
into said outlet chamber after urging said ?ap‘ valve away 
from said one end of said valve member, said actuating 
means being effective to urge said element in a suction 
stroke to cause said ?ap valve to be urged in tight sealing 
engagement with the ?ange of said valve member due to 
the pressure of ?uid in said outlet chamber and to cause 
said ?rst valve element to be moved away from said valve 
seat to connect said inlet chamber with said pumping 
chamber. 

4. The ?uid pump de?ned in claim 3 wherein said valve 
assembly is constructed and arranged for removal from 
said body by initially removing said retaining abutment 
thereby permitting said outlet valve element and then said 
valve member and inlet valve element to be withdrawn 
from said body through said outlet chamber. 

5. A valve comprising a body having an inlet chamber, 
an auxiliary chamber, and an outlet chamber, all of said 
chambers being longitudinally aligned with said inlet 
chamber intermediate said other chambers, said inlet 
chamber terminating on one end thereof in an annular 
valve seat adjacent said auxiliary chamber, the other end 
of said inlet chamber adjacent said outlet chamber ter 
minating in' a shoulder, a valve member in said inlet cham 
her which is spaced from the walls of said inlet chamber, 
said valve member being provided on one end thereof 
with an outwardly extending ?ange engageable with said 
shoulder to close said‘other end of the inlet chamber, 
said valve chamber having a longitudinally extending cen 
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8. 
trally located passage therethrough connecting said auxili 
ary and outlet chambers, a relatively thin ?exible inlet 
valve element having an intermediate portion ?xedly car 
ried by the other end of said valve member, the remain 

. ing portion of said inlet valve element spanning the space 
between said valve member and the walls of said inlet 
chamber ‘and adapted to cooperate with said valve seat 
to control the ?ow of ?uid between said inlet and outlet 
chambers, a relatively thin outlet valve element in said 
outlet chamber adjacent said ?ange, said outlet valve ele 
ment including an integral ?ap valve which is surrounded 
by an arcuate passage having an angular extent of greater 
than 180", said ?ap valve being adapted to control ?ow 
across said passage between said auxiliary and outlet 
chambers, and an annular retaining abutment in said out 
let chamber including an annular peripheral ?ange engage 
able with the outer periphery of said outlet valve element 
to clamp said outlet valve element against said ?ange and 
said ?ange against said shoulder, said retaining abutment 
including passage means therein to permit ?ow through 
said outlet chamber.‘ 
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