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This invention relates to. pumps and, particularly, to 
pumps for delivering elastic ?uids, either gases or vapors, 
at high pressures. 

In my application Serial No. 169,840, ?led June 23, 
1950, there is disclosed a pump suitable for the delivery 
of liquids at extremely high pressures, this pump being 
particularly designed for the pumping of liquids carry 
ing abrasive materials, corrosive liquids, liquids requiring 
the maintenance of sterile conditions, etc. Said pump 
involves the use of a rubber pulsator to provide separa 
tion between an operating liquid and the liquid being 
pumped. The liquid being pumped ?ows through a cham 
ber exterior to the pulsator, but in operation the mini 
mum volume of this chamber is substantial and, conse 
quently, the pump is not adapted for the pumping of 
elastic ?uids against high pressure heads. 

It is the broad object of the present invention to adapt 
the type of pump described in said application for the 
pumping of elastic ?uids at high pressures. As in the 
case of the liquid pump, the elastic ?uids may be of 
such nature or involve such requirements as to make their 
pumping either di?icult or impossible with known types 
of pumps. For example, and as will appear hereafter, 
the ?uids pumped may be highly corrosive, may possibly 
contain either solid or liquid constituents in the form 
of dust or droplets, or may require complete isolation 
either for the preservation of sterile condition or because 
the fluids may be highly dangerous. In accordance with 
the invention an operating liquid is isolated from the 
?uid being pumped by a ?exible, elastic member, but the 
chamber through which the elastic ?uid passes is reduced 
during operation to a very small volume with the con 
sequent result that high pressures may be attained. Con 
sistently with this, the separating diaphragm is of such 
nature that it is not destroyed during operation. 
The foregoing general object as well as subsidiary ob 

jects particularly relating to details of construction and 
operation will become apparent from the following de~ 
scription, read in conjunction with the accompanying 
drawing, in which 

Figure 1 is a fragmentary sectional view showing cer 
tain operating parts of the pump similar to those dis 
closed in my prior application; and 

Figure 2 is an enlarged vertical section showing de~ 
tails of those elements of the pump particularly con~ 
cerned in the attainment of the desired results. 

in the following description the ?uid which is being 
pumped will be, for convenience, referred to as “gas” 
but it- will be understood that this term embraces elastic 
?uids, including vapors, and possibly including solid parti 
cles in the form of dust, liquid droplets in the form of 
mist, or even mixtures of liquid and elastic ?uid in which 
the liquid may even constitute the major volumetric con 
tent of the mixture. In fact, it will be evident that the 
pump may handle substantially incompressible liquids, 
and the liquids might well contain solid materials in sus 
pension. The invention, however, is particularly adapted 
for the handling of ?uids exhibiting elastic properties. 
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Referring ?rst to Figure l, the mechanically operating 

parts of the pump may be essentially those disclosed in 
my prior application referred to above, and in fact, the 
pump of that application is, by simple external changes, 
transformed into the pump forming the subject matter of 
the present application. Reference may be made to said 
application for various details not herein disclosed. The 
pump comprises a casing 2 arranged to provide a res 
ervoir for oil 0 which serves both as the operating liquid 
and for lubrication of the mechanical parts. A member 
4- secured in the housing provides a cylinder bore 6 in 
which there reciprocates a piston 8 urged outwardly by 
a spring, it) acting against a head 12 on the piston against 
a roller 14 carried by the lower end of a lever 16 pivoted 
at 18 and provided with a follower roller 20 operable by 
a cam 22' which is driven through gearing 24 from a motor 
operated shaft 26. The cylinder in which the piston re 
ciprocates- is inclined downwardly and outwardly of the 
casing, as indicated in Figure 1, and is completely sub 
merged in the oil 0 in the reservoir. A plurality of radial 
openings 28 in the cylinder wall communicate with. an 
internal annular groove 30 which is arranged to be un 
covered by the piston 8 when the piston moves in its out 
ward stroke under the action of spring 10. As in the 
case of the pump described in my prior application, this 
provides free communication between the cylinder 6 and 
the reservoir upon each outward stroke of the piston and 
provides for the removal by gravity of any air which 
might be present in the cylinder. There is also provided 
by this arrangement the existence of a de?nite quantity 
of liquid within the cylinder at the beginning of each in 
ward stroke of the piston at the time the piston closes 
off the annular port 30. A ?xed liquid displacement is 
thus assured on each stroke. The lower end of the mem 
ber 4 is threaded and a coupling member 32 is secured 
thereto with the interposition of an 0 ring 34, the cou 
pling member 32 serving to secure the cylinder 4 in posi 
tion in the housing. This coupling member is provided 
with a bore in alignment with the cylinder bore 6 and 
tapped into its outer end is a pipe 36 which may be of 
any convenient length. 
To the outer end of pipe 36 there is secured a disc 38 

having a bore 43 communicating with the pipe. A second 
disc 40 is secured to the disc 38 by screws 42. The 
disc 38 is provided with a chamber 44 communicating 
with the bore 43 and delimited by a wall which is par 
tially radial at 45 and partially conical at 46. The disc 
40 is provided with a similar chamber 47 which is simi-. 

is partially radial at 48: larly delimited by a wall which 
and partially conical at 49. 
Between the two discs there is located a diaphragm of‘ 

special construction consisting of a metal disc 50 provided; 
with a tapered peripheral edge to which is bonded a, 
rubber annulus 52 which is formed at its periphery withr 

effectively, an O ring. The dia-. 
is of a quite sti? type and func-. 

a bead 54 constituting, 
phragrn thus constituted 
tions as hereafter described. 
The beaded periphery 54 has an important function‘ 
providing sealing of the chambers 44 and 47. Since: 

very high pressures are involved in the use of this pump,“ 

in 

the forces tending to separate the discs 38 and 40 are 
large and must be resisted by the screws 42. If ordinary-v 
packing were used between the discs, the screws 42 would‘ 
normally require tightening to such extent as to impose, 
considerable tension on them even when the pump was. 
not operating. Through the use of the beads 54, and 
distortion of the rubber under pressure, tight sealing is. 
effected even if the screws 42 are drawn up only snugly. 
Accordingly, the tensile strength of their material can 
be fully utilized to resist the forces due to 
pressures of the pump, 
stressing required. 

operating; 
there being no substantial pre~~ 
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While “rubber” is herein referred to with respect to 
the material of the portion 52 of the diaphragm, and will 
be hereafter referred to in connection with the inlet and 
outlet valves, it will be understood that this term is used 
in a broad sense to include both natural and synthetic 
rubbers including synthetic rubbers of silicone type. 
The particular types of rubber used depend upon the 
materials which are being handled and the nature of the 
operating oil. In case operation is required at high 
temperatures, silicone types of rubbers are desirable. 
The inlet pipe 56 for the gas is tapped into the cou 

pling 58 which is secured to the disc 40 by bolts (not 
illustrated) there being provided an O ring for packing. 
In a bore communicating with the chamber 47 and with 
the passage through the member 58 there is located 
a valve element 60 of a type found particularly desirable 
in the handling of gases. This valve is formed of rub 
ber and at its inner end is conically tapered as indicated 
and is provided with a central bore which is also coni 
cally tapered toward the inner end of the valve. To 
sustain the valve against collapse a portion of its bore 
is lined with a metallic tube indicated at 62. The valve 
is provided with a transverse slit 64 communicating with 
the tapered end of its bore, and providing a valve of 
the “Bunsen” type. 

In operation, when the valve 60 is subject to a pres 
sure on its right hand side, as viewed in Figure 2, ex 
ceeding that on its left hand side, the material yields 
to open the slit 64 and permit ?ow. When the pressure 
gradient is reversed, the pressure tends to tightly engage 
the portions of the rubber on opposite sides of the slit 64 
providing a tight closure with compression toward the 
right resisted by the relatively massive body of rubber. 
Closure takes place even if small solid particles may 
be present in the slit at the time of closure, and it has 
been found that this type of valve is highly satisfactory 
during the high pressure operation involved in the pump. 
The outlet pipe 66 is tapped into the coupling 68 

which, like that at 58, is secured to the disc 40 by screws, 
not shown. A bore in the coupling 68 receives a valve 
70 which is the same as valve 60 but oppositely directed 
to permit ?ow to the pipe 66. A sustaining tube 72 is 
provided within the bore of the valve and ?ts within an 
opening in disc 40 communicating with the chamber 47. 
A relief valve is provided comprising a housing 74 

which has a bored projection 76 threaded into an open 
ing 78 communicating with the passage in the coupling 
32. A valve 86 which is spring urged toward seating po 
sition normally closes the bore 76. Oil passing through 
the valve escapes through pipe 84 which returns it to 
the reservoir in the housing 2. As will appear, the valve 
80 is urged toward its seat with sufficient force to with 
stand opening under the pressures against which pump 
ing occurs, but opening takes place to relieve excessive 
pressure after arresting of movement of the diaphragm. 

While a single unit pump has been indicated, it will 
be understood that a plurality of operating units may be 
provided operated by several cams on the shaft of cam 
22, the operation being for the various units out of phase 
to provide better continuity of delivery. Under these 
circumstances, the pipes 56 of the several units may be 
provided from a common manifold, and likewise delivery 
from the pipes 66 may be to a common manifold. 
The pump is particularly designed for the handling 

of gases which enter the pump at substantial pressure. 
Assuming this, the operation may be described, consider 
ing initially that the piston 8 is in its extreme outer po 
sition, toward the left in Figure 2, uncovering the port 
30. Under this condition, assuming that the pressure 
in pipe 56 is substantially in excess of atmospheric pres 
sure and sufficient to fully de?ect the diaphragm, the disc 
50 of the diaphragm will lie in its extreme left hand posi 
tion against the radial wall portion 45 of the chamber 
44. At the same time, the pressure at the right of the 
diaphragm will force the rubber portion 52 thereof into 
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tight engagement with the conical portion 46 of the 
chamber wall. In moving from the central position il 
lustrated in Figure 2 to this left hand position, the rub 
ber portion 52 of the diaphragm will be in slight radial 
tension, i. e. this portion of the diaphragm will be ten 
sioned between its peripheral bead 54 and the periphery 
of the metal disc 59. The oil in the cylinder 6 will now 
be under substantially atmospheric pressure by reason 
of free communication with the oil in the reservoir, the 
level of which is above that of the uppermost port 28. 
Because of the sloping arrangement of the cylinder, any 
air which may have initially existed in the cylinder will 
be permitted free escape through the ports 28. 
As the piston llll moves inwardly it will close the port 

30 entrapping below it a de?nite volume of oil. As it 
moves downwardly and to the right, this oil is forced 
into the chamber 44 displacing the diaphragm to the 
right until the metal disc 56) thereof engages ?atwise the 
radial portion 48 of the wall of chamber 47. When 
this occurs, the rubber portion 52 of the diaphragm will 
engage ?atwise the conical portion 49 of the chamber 
wall, the rubber portion 52 of the diaphragm being again 
under slight radial tension between the bead 54 and the 
periphery of the metal disc 50. Under these conditions, 
the residual volume between the diaphragm and the 
valves 60 and 70 will be a minimum consisting substan 
tially solely of the space exterior to the conical end of 
valve 60 and the bore within the valve 70. This volume 
is only a small fraction of the volume between the same 
elements when the diaphragm is in its left hand or suction 
position. Consequently, a high compression ratio is 
attainable. 

It will be noted that the metal disc 50 subtends the 
entire area within which there occur the valve openings. 
The disc itself is sufficiently thick to wihstand the highest 
pressures to be encountered without distortion, and it 
will be evident that the construction is such that when 
the metal disc engages the portion 48 of the right hand 
chamber wall there is no space into which the rubber 
portion 52 of the diaphragm might be extruded. Rub 
ber, while elastic and distortable, is substantially in 
compressible, and it will be evident that despite the 
existence of high pressures the rubber will not be sub 
jected to any forces which might tend to its destruction. 
Its range of ?exing is small and likewise its radial exten 
sion under tension is small. 
The valve 80 remains closed, being seated with a spring 

force su?icient to withstand the discharge pressure, until 
the diaphragm is arrested in its right hand position. Since 
the oil forced by the piston can no longer displace the 
diaphragm, its pressure will build up su?iciently to unseat 
the valve 80 to permit escape of the excess oil volume. 
However, the apparatus is initially designed so that there 
is very little movement of the piston following the arrest 
ing of the diaphragm and, accordingly, the oil which is 
driven past the valve 80 may be only very small in amount 
on each piston stroke. It is desirable, however, to pro 
vide some excess oil displacement by the piston to insure 
that on each stroke the diaphragm is moved fully. On 
the reverse stroke of the piston the diaphragm is sub 
jected to expansion of the residual gas at its right hand 
side and when the pressure drops below that of the inlet 
pressure the valve 60 will open permitting gas to enter the 
chamber 47 and driving the diaphragm to its left hand 
position in contact with the wall portions 45 and 46 of the 
chamber 44. Finally, the port 30 is uncovered by the 
piston and the parts are restored to the positions initially 
described above. 

It will be evident from the foregoing that there is pro 
vided a pump capable of delivering ?uid at high pressures 
and without destruction of the diaphragm or the valves 
involved in the operation. The elastic ?uid is completely 
isolated from the operating liquid and the parts with 
which the elastic ?uid contacts may be made of suitable 
materials to resist corrosion and abrasion. Rubber is par 
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ticularly effective in resisting abrasion and is, therefore, 
desirably used for the inlet and outlet valves through 
under other conditions other types of check valves may 
here be used. It Will be evident that the construction is 
such that all of the parts in contact With the elastic ?uid 
may be readily dismantled and cleaned and subjected to 
sterilization. Accordingly, the pump may be used under 
the various conditions described above. Pressures as 
high as 1200 pounds per square inch have been delivered 
by this pump. 
What is claimed is: 
1. A pump comprising a housing having an opening 

therein, a diaphragm extending across said opening to 
divide it into an operating chamber and a pumping cham~ 
ber, means providing inlet and discharge passages com 
municating with said pumping chamber, check valves in 
said passages for controlling ?ow therethrough, a pas 
sage communicating With said operating chamber, and 
means for cyclically forcing liquid into, and releasing 
liquid from, said operating chamber through the last 
mentioned passage, said diaphragm comprising a rigid 
central disc and an elastic annular outer portion secured 
to said central disc and held at its perimeter in said hous 
ing, said chamber being delimited by Walls, each partially 
radial at its central portion over an area corresponding 
to the area of said disc and partially conical at its pe 
ripheral portion over an area corresponding to the area 
of said annular outer portion of the diaphragm, the sur 
faces of said disc and annular outer portion of the di 
aphragm merging smoothly and continously with the 
result that at their junction they meet the junction region 
of said central and peripheral positions of each Wall sub 
stantially simultaneously as the diaphragm is ?exed there 
against, the Walls of said chambers having openings to 
the aforementioned passages in said central portions 
thereofagainst which said disc engages. 

2. A pump according to claim 1 in Which the disc and 
annular outer portion of the diaphragm have bonded in 
terengaging taper and socket portions. 

3. A pump according to claim 2 in which the tapered 
portion extends around the periphery of the disc and the 
socket portion extends around the inner edge of the an 
nular outer portion of the diaphragm. 

4. A pump comprising a housing having an opening 
therein, a diaphragm extending across said opening to 
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divide it into an operating chamber and a pumping cham~ 
ber, means providing inlet and discharge passages com 
municating with said pumping chamber, check valves in 
said passages for controlling ?ow therethrough, a passage 
communicating With said operating chamber, and means 
for cyclically forcing liquid into, and releasing liquid 
from, said operating chamber through the last mentioned 
passage, said diaphragm comprising a rigid central disc 
and an elastic annular outer portion secured to said 
central disc and held at its perimeter in said housing, said 
chambers being delimited by walls, each Wall at its central 
portion having a surface corresponding at least to the 
outermost portion of the disc surface over the area cor 
responding thereto and being approximately conical at its 
peripheral portion over an area corersponding to the area 
of said annular outer portion of the diaphragm, the sur 
faces of said disc and annular outer portion of the di 
aphgram merging smoothly and continuously With the 
result that at their junction they meet the junction region 
of said central and peripheral portions of each Wall sub 
stantially simultaneously as the diaphragm is ?exed there 
against, the Walls of said chambers having openings to 
the aforementioned passages in said central portions 
thereof against which said disc engages. 

5. A pump according to claim 4 in Which the disc and 
annular outer portion of the diaphragm have bonded in 
terengaging taper and socket portions. 

6. A pump according to claim 5 in which the tapered 
portion extends around the periphery of the disc and the 
socket portion extends around the inner edge of the an 
nular outer portion of the diaphragm. 
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