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This application is a continuation of my co-pending 
application Serj‘No. 297,530,. ?led July 25, 1963, now 
abandoned. 
The present invention relates broadly to ?uid operated 

pressure-balanced diaphragm pumps, and more particu 
larly to a new and improved pump having a polyvinyl 
?uoride diaphragm which is particularly resistant to 
abrasion and corrosion by liquids such as paint, paint 
solvents and other more abrasive materials. This inven 
tion is related to that of Paul Schlosser disclosed in 
patent Ser. No. 235,297, now Patent No. 3,207,080. 

Various types of pumps, including diaphragm pumps, 
have been designed and used for pumping paint and other 
viscous, or corrosive, or abrasive liquids, but the cost of 
such devices has been relatively high, particularly in the 
case of the diaphragm operated pumps, thereby limiting 
their use to very special situations wherein other types 
of pumps are not applicable. Because, however, of the 
particular advantage of a diaphragm pump when used in 
the pumping of viscous and abrasive liquids, it would be 
desirable to provide a diaphragm pump which can be of 
simple construction and compact in design so as to ap 
preciably reduce the cost of manufacturing and main 
tenance of such apparatus. 
When pumping corrosive and/ or abrasive liquids and 

slurries at high pressures, it has been found ‘that pumps 
of structure known prior to the above-mentioned applica 
tion have employed relatively thick, and hence less ?ex 
ible diaphragms. The e?iciency of such prior pumps was 
reduced accordingly, and the time required for diaphragm 
replacement has proven excessive and uneconomical. 
In addition, when a thick diaphragm failed, there have 
been occasions when the failure progressed slowly from 
a small leak to a large leak through the diaphragm be— 
tween the chambers. Both the driving and the driven 
liquids have become contaminated before the pump 
ceased to impel and expel the driven ?uid. Destruction 
of parts of the pump, and the prime mover therefor, can 
result when certain corrosive or abrasive liquids are 
ingested thereby. 
The above-mentioned Schlosser application discloses a 

balanced pressure pump having a very thin walled ?ex 
ible diaphragm of good heat conducting material such, 
for example, as rubber. These diaphragms have proven 
to be extremely resistant to failure of the character men 
tioned above. In addition, such pumps operate success 
fully and economically for pumping materials at very 
high pressures. 
The balanced pressure diaphragm pump to be de 

scribed more fully hereinbelow is characterized by a 
diaphragm fabricated from polyvinyl ?uoride ?lm, or 
the like. The thickness of the ?lm may vary between 
one-half of a thousandth of an inch to thirty thousandths 
of an inch thick, for example. Such diaphragm can 
operate between vacuum pressures and ultra-high pres 
sures, limited only by the strength of parts cooperable 
therewith for securing same and containing the driving 
and driven ?uids. The most useful thickness of the ?lm 
is determined by the class of ?nish of attachment parts 
therefor. For convenience, and not in a limiting sense, 
a diaphragm made of two-thousandths of an inch thick 
?lm has been employed with lathe faced ?anged domes 
forming pumping chambers and through-bolt secured for 
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retaining the diaphragm, and other securing parts asso 
ciated therewith. 

Accordingly, a broad object of the invention is to 
provide a balanced pressure pump having an improved 
diaphragm structure. 
An object of the invention in keeping with the preced 

ing object is to provide a very thin diaphragm which has 
qualities of corrosion and abrasion resistance. 
A further object of the invention in keeping with the 

above objects is to provide a polyvinyl ?uoride ?lm 
diaphragm for a pump, or the like. 
Another object in keeping with the preceding object is 

to provide a suitably preformed diaphragm. 
Another object of the invention is to provide a poly 

vinyl ?uoride ?lm diaphragm with fastening means for 
securing the diaphragm to other pump parts. 
A further object of the invention is to provide a pair 

of diaphragms, at least one of which comprises a poly 
vinyl ?uoride sheet. 

Further objects and advantages and a better under 
standing of the present invention may be had by refer 
ence to the following detailed speci?cation and claims 
read in connection with the accompanying drawings, in 
which: 

FIG. 1 is a plan view of a double-acting diaphragm 
pump embodying certain features of the present invention; 

FIG. 2 is a side elevational view of the pump of 
FIG. 1; 

FIG. 3 is a vertical cross-sectional view of a portion 
of the pump of FIG. 1 taken along the line 3—3 thereof 
showing the diaphragm structure; 
FIG. 3a is an enlarged view of the ?anged edge of a 

pumping chamber showing one form of diaphragm 
securing structure; 

FIG. 4 is a partial cross-sectional view, similar to but 
larger than FIG. 3, and showing a modi?cation of the 
diaphragm sealing structure; 
FIG. 4a is a partial sectional view showing a step of 

assembly of the device of FIG. 4; 
FIG. 5 is a view similar to FIG. 4, showing another 

diaphragm sealing modi?cation; 
FIG. 6 is a view of a face of the modi?cation of the 

diaphragm shown in FIG. 5; 
FIG. 7 is a view similar to FIG. 6 showing another 

modi?cation; and 
FIG. 8 is a schematic diagram of a pump system. 
Referring now to the drawings and particularly to 

FIGS. 1 and 2 thereof, a pump assembly 10 has as its 
principal elements a pair of pumping units 12 and 14 
which are ?xedly mounted on a base plate 16. The 
pumping units 12 and 14 are hydraulically connected to 
a control valve 18 by suit-able means, not shown in FIG. 
1, for pumping a liquid such, for example, as paint from 
inlet ports 20 and 22, respectively, to outlet ports 24 
and 26, respectively. As more fully described herein 
after in connection with FIG. 8, the control valve 18 is 
connected between the outlet of a hydraulic ?uid pump 
connected to the inlet port 28 and a hydraulic ?uid sump 
connected to the outlet port 30. A reinforcing support 
bar 31 is fastened at its ends to the units 12 and 14. 
The spool 32 of the control valve 18 is mechanically con 
nected to the diaphragms in both of the pumping units 12 
and 14 which are connected to operate in out-of-phase 
relationship. Hence, when the unit 12 is pumping ?uid 
out of its pumping chamber, the other unit 14 is drawing 
?uid into its pumping chamber. At the end of each 
such stroke, the spool 32 is moved to its opposite posi 
tion within the chamber of the control valve 18 thereby 
to reverse the operation of both of the pumping units 12 
and 14. A more complete description of the operation 
of the pump 10 will be given hereinafter with reference 
to FIG. 8. 
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The pumping units 12 and 14 are identical in construc 
tion and, therefore, only the unit 12 will be described in 
detail. Therefore, ‘referring to FIG. 3, it may be seen 
that the pumping unit 12 comprises a pair of dome-like 
forged pump sections 34 and 36 which have respective 
peripheral ?anges 318 and 40 secured together by a plural 
ity of spaced-apart bolts 42. A metal backing ring 43 
and a thin walled ?exible diaphragm 44 of generally cir 
cular shape are located between the castings 34 and 36. 
The ring 43 is preferably of soft strong metal such as 
annealed steel, for example. An annular peripheral area 
of the diaphragm 44 and the backing ring 43 are prefer 
ably very'tightly compressed together between ?at faced 
shouldered, recessed ?ange surfaces 38a and 40a thereby 
to provide a tight seal between a pumping chamber 46 
located on one side of the diaphragm 44 and a driving 
chamber 48 located on the opposite side of the diaphragm 
44, as well as sealing for leakage out of these chambers 
to surrounding areas. As best shown in FIG. 3a, the mat 
ing faces of ?anges 38 and 40 exterior of the bolts 42 
abut each other at line 319 to thereby control the com 
pression of the diaphragm 44 and the ring 43. The 
peripheral edge of the backing ring 43 also abuts the line 
49. High pressure of the ?uid in the driving chamber 48 
thus forces a metal to metal seal between the ring 43 and 
shoulders of the recessed faces 38a and 40a. 
The diaphragm 44 is fabricated from ?lm or a very thin 

sheet of polyvinyl ?uoride and is preferably, ‘but not es 
sentially, substantially circular in shape and has a hole in 
its center in the embodiment herein shown. It is to be 
noted that a single action pump operable from vacuum in 
take pressure to high driving pressure would not require 
such center hole. The diaphragm 44 can be ?at before as 
sembly, or it can be beat shaped as a ?at lipped cup, sub 
stantially as shown in FIG. 3, ‘for long-stroke pumps. 
Other embodiments of the diaphragm and the assembly 
thereof will be described below in connection with FIGS. 
4 through 7. 
The pump is supported by suitable means, not shown, 

on the base 16. The pump section 34 is provided with 
an axial aperture 52 in which a nipple 54 is secured to 
provide an inlet port to the pumping chamber 46. At the 
top of the pump section 34 a raised boss 56 is provided 
with a bore 58 in which a nipple 60 is secured to provide 
'an outlet port. Each of the nipples 54 and 60 preferably 
includes a suitable valve seat and ball valve member 
spring biased to provide a pressure actuated check valve, 
the nipple 54 permitting unidirectional ?ow of ?uid into 
the chamber 46 and the nipple 60 permitting unidirection 
al flow of ?uid out of the chamber 46. Separate check 
valves may be provided for this purpose if desired. In 
order to admit and emit hydraulic driving ?uid to and from 
the drive chamber 48 to drive the diaphragm 44, the pump 
section 36 is provided with a bore 62 extending upwardly 
through a boss 64. A conventional high pressure nipple 
connector 66 is threadedly received therein. 

In a preferred embodiment of the present invention, the 
diaphragms 44 in each of the pumping units 12 and 14 
are mechanically connected together to insure that they 
reciprocate in exact correspondence and, moreover, to 
provide a common interconnecting member for control 
lab'ly positioning the spool 32 in the control valve 18. 
Accordingly, a tie rod 68, which is in the form of a solid 
cylinder, extends through a sealing member 70 which is in 
turn sealably secured in an axial hole 72 in the casting 
36 and is connected to the center portion of the diaphragm 
44. The diaphragm 44 is provided with a centrally dis 
posed aperture 76 through which the end portion of the 
rod 618 extends. The end of the rod 68 is threaded and 
a nut 78 is secured thereto with a ?at faced washer 80 
positioned over the rod in abutment with the face of the 
nut 78. A similar ?at faced washer 82 is positioned on 
the rod 68 on the opposite side of the diaphragm 44 and 
a nut 84 is threaded onto the end of the rod 68 to tightly 
compress the center portion of the diaphragm 44 between 
the members 80 and 82. In order to prevent wear on the 

10 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

.4 
diaphragm as it ?exes back and forth between the cham 
bers 46 and 48, the faces of the washers 80 and 82 are 
provided with rounded outer edges 86 at least on the 
diaphragm abutting side thereof. Consequently, there is 
no sharp edge about which the diaphragm 44 must ?ex as 
it moves back and forth within the unit 112 and the life 
of the diaphragm 44 is extremely long. As shown in the 
drawing the internal edges of faces 38a of the backing 
ring 43 are also rounded smoothly to permit free ?exure 
of the diaphragm 44. 
The rod 68 and a corresponding rod 88 in the pumping 

unit 14 are each threadedly connected to an arm 90‘ to 
which a pair of nuts 92 and 94 are secured. Accordingly, 
as the diaphragms 44 move back and forth in the pumping 
units 12 and 14, the arm 90 also moves back and forth 
from ‘left to right, as viewed in FIG. 1. 
To control the operation of the control valve 18 in ac 

cordance with the position of the arm 90, a control rod 
96 is axially connected to the valve spool 32 and loosely 
extends through a. hole 98 in the arm 90. A pair of stop 
washers 100 and 102 are ?xedly secured as by welding to 
spaced-apart positions on the rod 96 and a pair of coil 
springs 104 and 106 are positioned over the rod 96 be 
tween the arm 98 and the respective stops 100 and 102. 
As the rod 90 moves toward the left, as it is illustrated 
in FIG. 1, the spring 104 is progressively compressed to 
exert an increasing force toward the left, tending to move 
the spool from its right-hand position which it occupies 
in FIG. 1, and in which it is supplying pressurized hy 
draulic ?uid to the unit 12, to its left-hand position, where 
in it connects the drive chamber of the unit 12 to the 
sump and connects the pressurized ?uid to the drive cham 
ber of the unit 14. 
The spool 32 is held in one or the other of its two 

extreme positions by means of a ball detent arrangement 
comprising a spherical member 108 which is pressed by 
means of a light coil spring 110 into one or the other of 
a pair of spaced-apart axial grooves 112 and 114 in a rod 
116 extending axially to the right from the spool 32. The 
ball detent is adjusted by means of a machine screw 118 
so that it exerts a sufficient holding in?uence on the spool 
32 to maintain it in one or the other of its two stable posi 
tions until the diaphragms ‘44 have reached the point at 
which it is desired to reverse their strokes. At this time, 
one or the other of the springs 104 and 106 is sufficiently 
compressed so that the axial force exerted on the rod 96 
overcomes the holding force of the detent assembly, there 
by to push the ball 108 against the spring 110 into the 
associated bore to free the rod 116 for movement into 
the other position where the ball ‘108 is forced by the 
spring 110 into the other one of the grooves 112, 1114. 

In order to insure that the spool is not stopped at an 
intermediate position, it is desirable to use a ball 108 hav 
ing a diameter substantially less than the diameter of the 
grooves 112 and 114. -In this way, a substantial holding 
force can be produced on the rod 116 without employing 
a very high spring pressure on the ball. Therefore, when 
the spring pressure is overcome and the ball 1018 is moved 
against the spring 110, the frictional force exerted through 
the ball 108 on the portion of the rod 116 between the 
grooves ‘112 and 114 is extremely small and less than the 
force exerted on the rod 96 by the expanding spring 104, 
106 which has previously been compressed. 
The faces of ?anges 38 and 40 securing the diaphragm 

44 are preferably held to a ?atness requiring close toler 
ances in machining. Such tolerances can be held for 
small domes, and for pumps operable at relatively low 
pressures and the soft metal ring 43, FIG. 3, can com 
pensate for small irregularities and thus seal the pump 
against leakage. At higher pressures, however, the ?anges 
38 and 40 may yield, the securing bolts 42 may yield, and 
the diaphragm 44 could be blown out from between the 
?anges 38 and 40. To compensate for yielding of parts, 
and to reduce tolerance requirements, other sealing means 
including more yieldable sealing means are desirable and 
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preferred for large pumps and/or very high pressure 
pumps. 

FIG. 4 is an enlarged partial sectional view similar to 
FIG. 3. A ?exible plastic or rubber-like backing ring 160 
is compressed in the driving ?uid side of a ‘pump. The 
?ange 40 is recessed by a shouldered V-groove 46b into 
which an annular steel hoop 161 ?ts and bridges the abut 
ting faces of ?anges 38 and 40. The groove face abuts 
the right side of the ring 160 and the left side thereof 
abuts the right side peripheral edge of the diaphragm 44. 
The left side of the diaphragm 44 abuts a facing shoul 
dered V-groove 38b in the ?ange 38. The bolts 42 are 
drawn up tightly to secure the diaphragm 44 and the ring 
160 suf?ciently so that the ring 160 ?ows within its elastic 
limit to the cross-section shown. ' 

Referring to FIG. 4a, a step of assembly of the sealing 
mechanism is shown. The ring 161 abuts the axially 
aligned inside edges 38c and 40c of V-grooves 38b and 
40b. The peripheral edges of the diaphragm. 44 and the 
backing ring 160 are preferably of slightly less diameter 
(approximately one-sixteenth of an inch for a seven inch 
diameter diaphragm) and can rest in the position shown, 
but rotated clockwise or counterclockwise ninety degrees, 
to facilitate assembly. The bolts 42 are preferably drawn 
up progressively crisscross lightly until all require more 
than hand screw-driver torque; and thereafter with wrench 
torque until the mating faces of ?anges 38 and 40 engage 
each other. Thereafter, if desired, and preferably for 
very high pressure service, the bolts may be strained to 
approximately one-third of their yield point stress. For 
either of the above stresses, the edge of the diaphragm 44 
and the cross-section of the backing~ring 160 will take 
a con?guration substantially as shown in FIG. 4. Due 
to tool marks and irregularities of shoulder metal in the 
grooves 38b and 40b air can bleed out past the metal 
hoop 161, and the ring 161 will be urged outwardly by 
?ow of material at the outer edges of the diaphragm 44 
and the backing-ring 160. It is to be noted that a dia 
phragm 44 backing ?exing bead 16111 is also provided. 

After compression of the backing ring 168- into the 
grooves 38b and 40b pressures can be retained up to pres 
sure values at which the material of which the ring 160 
is fabricated changes state or physical characteristics. 
As the ?anges 38 and 40 move back and forth at extreme 
pressures, the driving and driven ?uids may tend to oscil 
late toward and away from the grooves 38b and 4%. 
However, if the initial compression of the material of the 
ring 160 is su?iciently above such extreme pressure, no 
?uids will be permitted to gain access to the grooves. 
Even at higher pressures, with some ?uid gaining such 
access, there will still be no ?uid leakage because the 
frusto-conical area of the grooves (and the ?exible parts 
44 and 160 in contact therewith normally) is greater 
than the peripheral area of the ?exible parts touching 
shoulder portions adjacent the sealing hoop 161 to inhibit 
external or cross-chamber leakage. It has been found that 
the sealing hoop 161 need not ‘be endless, although such 
structure is preferred, but can be overlapped at its ends 
for a small percentage of its circumference, while still 
providing this desirable sealing feature. 
A compressible washer 162 may be provided for back 

ing the center of the diaphragm 44 to compensate for ir 
regularities of the faces of the washers 80 and 82. Since 
there is only a very slight differential pressure across the 
diaphragm it is not necessary to compress the ?exible 
washer 162 to the extent that the ring 160 is compressed. 
Both the washer 162 and the ring 160' have been satis~ 
factorily fabricated from a suitable rubber and/or plastic 
as polyurethane, for example. Other suitable materials 
having similar physical and chemical characteristics for 
resisting attack by driving ?uid could be used in the 
pump. The ring 160 and the washer 162 may be suitably 
sealed to the diaphragm 44 if desired to facilitate pump 
assembly; however, this step is not essential for practicing 
the invention. 
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6 
FIG. 5 illustrates another modi?cation of the inven 

tion; and is similar to the modi?cation disclosed in FIG. 
4. A backing diaphragm 164, preferably of polyurethane 
or Buna-N rubber, is shown as completely covering the 
driving pressure side of a diaphragm 44a and being com~ 
pressed thereto by recesses 38b and 40b in the ?anges 
38 and 40 at the peripheries thereof; and between wash 
ers 80 and 82 at the centers thereof. The annular hoop 
161 also serves similar purposes herein as in FIGS. 4 
and 4a. It is preferred that the diaphragms do not ad 
here to each other at their respective ?exing areas to 
minimize localization of stress in the diaphragm 44a. To 
attain this desirable feature, the diaphragm 44a is pref 
erable closely dimpled as indicated to reduce adherence 
to the diaphragm 164. The same can be made from 
pre-dimpled ?lm and same will ?atten out to form a tight 
pressure seal ‘beneath the ?ange 38 and the washer 82. 
The dimpling further can provide for atmospheric air 

pressure assembly of the two diaphragms by laying one 
upon the other and mechanically expressing air out there 
between. The reaction of the dimples will create a par 
tial vacuum upon release of mechanical pressure. To 
readily attain such assembly, the diaphragm is peripheral 
ly and centrally ?at, as shown in FIG. 6 at areas 166 and 
168 to provide edge seals. For long-stroke diaphragms, 
it is preferred that annular concentric corrugations 4412, 
as illustrated in FIG. 7, ‘be closely spaced and used in 
preference to dimples. The areas 166 and 168 can be 
smooth and ?at if desired for sub-assembly, but such 
construction is not required. 
As stated above, the \diaphragms 44 and 44a are pref 

erably substantially two-thousandths of an inch thick. 
The backing ring “160 and washer 162, and the backing 
diaphragm 164 may be several times this thickness, as 
desired. For example, and not in a restrictive sense, it 
has been found that backing members between thirty 
and sixty thousandths of an inch serve favorably. Ob 
viously thinner and thicker backing members could be 
utilized in keeping with the invention. Both of the dia 
phragms can be cup-shaped, if desired, for long stroke 
pumps or the like. 

OPERATION 
Referring to FIG. 8, there is illustrated a schematic 

diagram of the pumping system of which some of the 
parts are shown in greater detail in FIGS. l-3. The 
modi?cations disclosed in FIGS. 4, 5 and 6 will operate 
in the same manner. As shown, the control valve 18 has 
its port 30 connected via a conduit 130 to the drive cham 
ber of the pumping unit 12. In like manner, the port 
28 is connected by means of a conduit 132 to the drive 
chamber of the pumping unit 14. A suitable high pres 
sure pump 134 is connected between a hydraulic sump 
136 and the inlet to the control valve 18. The return 
port of the control valve 18 is connected by means of 
a return conduit 138 to the sump 136. If desired, a con 
trollable by-pass line 140 between the conduit 138 and 
the sump pump 134 may be provided to control the tem 
perature of the hydraulic ?uid which is; being pumped 
to the vdrive chambers in the units 12 and 14 thereby to 
control the temperature of the hydraulic ?uid and hence 
that of the liquid being pumped by the system. 
The control valve 18 and the remainder of the system 

are illustrated in FIG. 8 in the same condition as they 
are illustrated in FIGS. 1 through 3, and consequently 
the hydraulic ?uid pumped by the pump 134 is being 
fed through the valve 18 and the conduit 130 to the 
drive chamber in the unit 12. Accordingly, the dia 
phragm 44 shown in FIG. 3 is being forced to the left, 
thereby to force the paint or other liquid contained 
in the pumping chamber therein out through a check 
valve 142 to a common outlet manifold 144. The check 
valve 146 connected between the pumping unit 12 and 
the paint or other liquid supply prevents the liquid from 
the pumping unit 12 from being returned to the supply. 
At this same time, the diaphragm 44 in the pumping unit 
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14 is being pulled to the left by means of the rods 68 and 
83 thereby to force the hydraulic ?uid in the pumping 
chamber thereof through the conduit 132, the valve 18 
and the conduit 138 to the sump 136 or to the by-pass 
line 140 as the case may be. The paint or other liquid 
to be pumped is at this time being sucked through the 
check valve 148 from the supply source into the pump 
ing chamber. A check valve 150 connected between the 
pumping unit 14 and the common manifold 144 is closed 
at this time to prevent pulling paint from the mani 
fold 144 back into the pumping unit 14. 
With the valve 18 in this position, the rods 68 and 38 

are moving towards the left thereby compressing the 
spring 144 until such time as the force exerted on the 
control rod 96 becomes su?iciently great to overcome 
the holding force exerted by the ball detent arrangement 
thereon. When the holding force is overcome and the 
ball 108 is forced out of the groove 112 against the 
spring 110, the spool 32 moves to the left to its other 
stable position with a snap-action whereby the ball 108 
is received in the groove 114. At this time the outlet 
of the pump 134 is connected through the valve 18 to 
the conduit 132 and the conduit 130 is connected through 
the valve 18 to the conduit 138 connecting to the sump 
136 and/or the ‘by-pass line 140. Accordingly, hydraulic 
pressure is exerted on the diaphragm 44 in the pumping 
unit 14- to force it to the right, thereby expelling the 
paint or other liquid through the check valve 150 into 
the common outlet manifold 144. When the coil spring 
106 has been suf?cientlycompressed to exert a force on 
the rod 96 which overcomes the holding force exerted 
(by the ball detent arrangement thereon, the spool 32 is 
moved to the right until the ball 108 again seats in the 
groove 112. 

Should the spool 32 become jammed in the interme 
diate position, both of the pumping chambers in the 
units 12 and 14 are partially connected to the return 
conduit 138 and no damage can be caused to the various 
parts of the unit. 
The foregoing description has been directed to pres 

ently preferred structure including modi?cations of same 
for different purposes. Obviously other modi?cations and 
changes will occur to those skilled in the pump and re 
lated arts. Accordingly, it is desired that the invention 
be not restricted to the speci?c details shown and de 
scribed; but be limited only ‘by the scope of the follow 
ing claims. 

I claim: 
1. A ?uid pressure balancing device comprising a hous 

ing for containing ?uid, means in the housing forming a 
cavity, a ?exible polyvinyl ?uoride ?uid pressure bal 
ancing diaphragm being at least one-half of one-thou 
sandth of an inch and less than thirty-one thousandths 
of an inch in thickness spanning a portion of the cavity 
to provide ?uid chambers within the housing separated 
by the diaphragm, means for maintaining the position 
of the diaphragm in the cavity and for preventing ?uid 
communication between the chambers, one of the cham 
bers being provided with ?uid inlet and ?uid outlet means, 
and another of the chambers being provided with pres 
sure responsive means for actuating the diaphragm to 
control ?-uid ?ow through the ?uid inlet and outlet means 
of one of the chambers. 

2. The ?uid pressure balancing device of claim 1 
wherein the housing comprises mating parts formed to 
provide a cavity therebetween when secured together and 
the means for maintaining the diaphragm position and 
for preventing ?uid communication between the cham 
bers provided thereby are mating surfaces of the mat 
ing housing parts. 

3. A pressureabalanced diaphragm pump comprising a 
housing, means in the housing forming a cavity, a ?ex 
ible polyvinyl ?uoride ?uid pressure balancing diaphragm 
being at least one-half of one-thousandth of an inch and 
less than thirty-one thousandths of an inch in thickness 
disposed across a portion of the cavity to provide driving 
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?uid and driven ?uid chambers in the housing sepa 
rated by the diaphragm, means on the housing bordering 
the diaphragm for maintaining its position with respect 
to the housing and for preventing ?uid communication 
between the chambers, inlet means establishing com 
munication between a source of ?uid supply and the 
driven ?uid chamber, outlet means connected to the driven 
?uid chamber, and means for actuating the diaphragm 
through the driving ?uid chamber to produce the pump 
ing action of the diaphragm. 

4. The pump of claim 3 wherein the diaphragm is 
cup-shaped. 

5. The pump of claim 3 wherein the diaphragm has 
a generally cup-shaped central portion bordered by a 
substantially ?at peripheral lip, the ?at peripheral lip 
being engaged by the means on the housing bordering 
the diaghragm for maintaining its position and for pre 
venting ?uid communication between the chambers. 

6. The pump of claim 3 wherein the diaphragm thick 
ness is in the range of one-half of one-thousandth of an 
inch to thirty-one thousandths of an inch. 

7. In a diaphragm pump having a housing, the housing 
being provided with a cavity, a diaphragm in the housing 
dividing the cavity into pressure chambers, one of the 
chambers having a pumped ?uid inlet and outlet, another 
chamber having a pressure ‘responsive means for actuating 
the pumping action of the diaphragm, the improvement 
wherein the housing has separable mating parts forming a 
cavity, the parts have surfaces mating along a plane, the 
mating parts are recessed inwardly of the mating surfaces 
to provide a generally continuous recess inwardly of the 
plane of the mating surfaces, the diaphragm for dividing 
the cavity is a thin ?exible diaphragm having the periph 
eral edge thereof positioned in the recess provided by the 
mating parts, a resilient seal is disposed in the recess and 
has a surface thereof spanning the plane de?ned by the 
mating surfaces of the housing parts, one of the surfaces 
of the ?rst seal engages one of the surfaces of the dia 
phragm in the recess, and a means is provided for estab 
lishing the engagement of the mating parts to urge a re 
cess de?ning surface of one of the mating parts against 
the resilient ?rst seal and a recess de?ning surface of the 
other of the mating parts against the diaphragm whereby 
the ?rst seal .is made to span the plane de?ned by the 
engaging mating surfaces of the housing parts to prevent 
the extrusion of the thin diaphragm from between the 
mating surface of the housing while sealing the diaphragm 
in the recess between the mating parts and preventing 
?uid interchange between the chambers provided by the 
diaphragm. 

8. The pump of claim 7 wherein a second seal is dis 
posed in the recess provided by the mating parts and 
radially outwardly of the edge of the diaphragm and the 
?rst seal, the second seal spanning the plane de?ned by 
the mating housing surfaces and lying in a plane posi 
tioned generally normal to that of the mating parts. 

9. The pump of claim 8 wherein the recess, the ?rst 
seal and the second seal have generally annular con?gura 
tions and the diaphragm is generally circular. 

10. The pump of claim 7 wherein the recess provided 
by the mating housing parts is formed with a generally 
frusto-conical cross-sectional con?guration with the cross 
sectional area of the recess decreasing in a radially in 
ward direction. 

11. The pump of claim 10' wherein a second seal is pro 
vided adjacent the radially outermost surface of the 
frusto-conical recess and in substantially surface to surface 
con-tact with the surfaces of the mating parts de?ning the 
base of the frusto-conical recess, the second seal span 
ning the plane de?ned by the mating housing surfaces, 
the diaphragm overlying one of the converging surfaces 
of the recess and the ?rst seal overlying the other of 
the converging recess surfaces whereupon the establish 
ment of the engagement of the mating housing surfaces 
produces the deformation of the resilient ?rst seal both 
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into and out of the recess whereby the diaphragm is 
forced ?rmly against a converging surface of the recess 
and the second seal is urged ?rmly against ‘the base of the 
recess and pressures developed in the chamber communi 
cating with the seal serve to enhance the sealing e?ect 
on the diaphragm and second seal. 

12. In a ?uid pressure balancing device, a ?exible poly 
vinyl ?uoride pressure balancing diaphragm being at least 
oneahalf of one~thousandth of an inch and less than thirty 
one thousandths of an inch in thickness, and yieldable 
backing means for providing added thickness for said dia 
phragm adjacent at least one area provided for securement 
of same to another part of said device. 

13. The device of claim 12, said backing means com 
prising a second plastic diaphragm substantially equal in 
area and con?guration to said polyvinyl ?uoride dia 
phragm. 

14. The device of claim 13, and mechanical means for 
securing said diaphra'gms together. 

15. The device of claim 12, said backing means being 
polyurethane and substantially thicker than said polyvinyl 
?uoride diaphragm. 

16. The device of claim 13‘, said second diaphragm 
being vinyl and substantially thicker than said polyvinyl 
?uoride diaphragm. 

17. In a ?uid driven balanced pressure pump, pump 
means comprising in combination, housing means form 
ing a cavity, a polyvinyl ?uoride ?exible ?uid pressure 
balancing diaphragm dividing said cavity into driving 
?uid and driven ?uid chambers, and means securing said 
diaphragm to said cavity forming means, said diaphragm 
being more than one-half of one-thousandth of an inch 
and less than thirty-one thousandths of an inch in thick 
ness. 

18. ‘In a ‘?uid pressure ‘balancing device, a ?exible poly 
vinyl ?uoride pressure balancing diaphragm, said dia 
phragm being at least one-half of one-thousandth of an 
inch and less than thirty-one thousandths of an inch in 
thickness; yieldable backing means for providing added 
thickness for said diaphragm adjacent at least one area 
provided for securement of same to another part of said 
device, said backing means comprising a second plastic 
diaphragm substantially equal in area and con?guration 
to said polyvinyl ?uoride diaphragm, and mechanical 
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means .for securing said diaphragm together, said poly 
vinyl ?uoride diaphragm being wrinkled before assembly 
with said second diaphragm to reduce adherence there 
with. 

119. In a ?uid pressure balancing device, a ?exible poly 
vinyl ?uoride pressure balancing diaphragm, said dia 
phragm being at least one-half of one-thousandth of ‘an 
inch and less than thirty-one thousandths of an inch 
in thickness, and yieldable backing means for providing 
added thickness for said diaphragm adjacent at least one 
area provided for securement of same to another part 
of said device, said backing means being polyurethane 
and substantially thicker than said polyvinyl ?uoride dia 
phragm, said polyvinyl ?uoride diaphragm being wrinkled 
before assembly with said backing means to reduce ad~ 
herence therebetween. 

20. A ?exible polyvinyl ?uoride ?uid pressure balancing 
diaphragm, said diaphragm being at least substantially 
one-half of one-thousandth of an inch and less than sub 
stantially thirty-one thousandths of an inch in thickness, 
said diaphragm being wrinkled prior ‘to use thereof. 

21. A ?exible polyvinyl ?uoride ?uid pressure balanc 
ing diaphragm, said diaphragm being at least substantially 
one-half of one-thousandth of an inch and less than sub 
stantially thirty-one thousandths of an inch in thickness, 
said diaphragm being wrinkled prior to use, a relatively 
thicker plastic backing diaphragm, and means for me 
chanically securing said diaphragms together. 
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