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3,318,250 
HIGH PRESSURE DIAPHRAGM COMPRESSORS 

AND PUMPS 
John C. Bowen, Huntingdon Valley, Pa., assignor to Pres 

sure Products Industries, Inc., Hatboro, Ta., a corpora 
tion of Pennsylvania 

'Filed Mar. 9, 1966, Ser. No. 533,081 
20 Claims. (Cl. 103—44) 

This application is a continuation-impart of my prior 
application ?led Oct. 12, 1965, Ser. No. 495,294, now 
abandoned. 

This invention relates to high pressure diaphragm com 
pressors and pumps and more particularly to improve 
ments in pressure seals and packing therefor. 

Di?iculties have been encountered with high pressure 
compressors and pumps operating at pressures of 10,000 
.p.s.i.g. and higher, in preventing ?uid leakage both of 
the ?uid being pumped and the actuating ?uid. 

It is the principal object of the present invention to 
provide in high pressure diaphragm compressors and 
pumps, an improved and simpli?ed construction which 
will avoid ?uid leakage and have longer life. 

It is a ‘further object of the present invention to pro 
vide in high pressure diaphragm compressors and pumps, 
improved sealing in which a metallic sealing element 
is backed up and urged to sealing position by a resilient 
sealing element of an elastomer or compressible material. 

It is a further object of the present invention to pro 
vide, in high pressure diaphragm compressors and pumps, 
improved ?uid leakage preventing seals which are sturdy 
and free from likelihood of problems in use and which 
will have a long useful life. 

. It is a further object of the present invention to .pro 
vide high pressure diaphragm compressors and pumps 
having a pumped ?uid and an actuating ?uid and simple 
but effective provisions for sealing to avoid ?uid leak 
age in which the pressure of one of the ?uids can be 
utilized to aid in the sealing. 

It is a further object of the present invention to provide 
high pressure diaphragm compressors and pumps of the 
character aforesaid in which working of the metal of the 
diaphragm is reduced and longer diaphragm life is ob 
tained. ' 

Other objects and advantageous features of the inven 
tion will be apparent from the description and claims. 
The nature and characteristic features of the invention 

will ‘be more readily understood from the following de 
scription taken in connection. with the accompanying 
drawings forming part thereof, in which: 
FIGURE 1 is a view partly diagrammatic and partly 

in vertical central section of a diaphragm compressor in 
accordance with the invention, and showing preferred 
sealing provisions; 

FIG. 2 is. a horizontal sectional view, enlarged, taken 
approximately ion the line 2-2 of FIG. 1; 
FIG. 3 is a fragmentary vertical sectional view, still 

further enlarged, taken approximately on the line 3—3 ‘of 
FIG. 2; 4 
FIG. 4 is a horizontal sectional view, taken approxi 

mately on the line 4—4 of FIG. 1; 
FIG. 5 is a fragmentary vertical sectional view through 

the marginal edge of the diaphragm showing another 
form of sealing; 

FIG. 6 is a view similar to FIG. 5 showing another 
form of sealing; ' 

FIG.‘ 7 is a view further enlarged, similar to FIG. 5 
showing another form of sealing; 
FIG. 8 is a view similar to FIG. 7 showing another 

form of sealing; 
FIG. 9 is a view similar to 

form of sealing; 
‘FIG. 7 showing another 
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FIG. 10 is a view similar to FIG. 7 showing another 

form of sealing; 
FIG. 11 is a view similar to FIG. 7 showing another 

form of sealing; 
FIG. 12 is a view similar to FIG. 7 showing another 

form of sealing; 
FIG. 13 is an enlarged fragmentary sectional view of 

the area at “13” ‘of FIG. 1; and 
FIG. 14 is a fragmentary view taken approximately 

at the line 14-14 of FIG. 13. 
It should, of course, be understood that the descrip 

tion and drawings herein are illustrative merely, and 
that various modi?cations and changes can be made in 
the structure disclosed without departing from the spirit 
of the invention. , 

Like numerals refer to like parts throughout the several 
views. 

Referring now more particularly to FIGS. 1 to 4 of the 
drawings, in which a preferred embodiment of the inven 
tion is illustrated, a main body 10 is provided and has 
a central longitudinal axial bore 11 with an upper internal 
ly threaded portion 12 and a lower internally threaded 
portion 13. 
The threaded portion 13 has a closure ring 14 in thread 

ed engagement therewith. A cross head adapter 15 has 
the ring 14 secured thereto andhas a bore 16 communi 
cating with a bore 17 in the ring 14. 

Within the bore 11, a lower diaphragm mounting head 
20 is provided having a central cylindrical opening 21 
within which a diaphragm limit plate 22 is carried. The 
plate 22 has a plurality of ?uid delivery bores 23 there 
in communicating with a dished face 25 for engagement 
by and limiting movement of a diaphragm 26 in one di 
rection. The diaphragm 26 is of metal and the holes-23 
are of such size as to prevent extrusions or deformation 
of the diaphragm 26 thereinto. 
An upper diaphragm mounting head 28 is provided in 

the bore 11 and has a dished face 29 providing with 
the diaphragm 26 a compression chamber and limiting 
movement of the diaphragm 26 in the other direction. 
The diaphragm 26 is interposed between and held along 
its outer margins by the mounting heads 20 and 28 and 
these components are held in assembled relation by a 
clamping nut 30 in threaded engagement in the threaded 
portion 12. The thickness ‘of the diaphragm limit plate 
22, is preferably equal to or slightly less than the depth 
of the opening 21 so that upon compression of the ‘mount 
ing head 20 pinching of the diaphragm 26 between the 
plate 22 and the under face of the mounting head 28 will 
be avoided. 
The upper mounting head 28 has a nut 32 with a ?uid 

supply pipe 33 carried thereby for delivery of ?uid to 
be compressed or pumped. The nut 32 is in threaded en 
gagement in a portion of a bore 34 and retains an inlet 
check valve 35 in place. ' 
The upper mounting head 28 ‘also has a nut 36 with a 

?uid delivery pipe 37 carried thereby for delivery of ?uid 
which has been compressed or pumped. The nut 36 is 
in threaded engagement in a portion of a bore 38 and re 
tains a delivery check valve 39 in place. 
The check valves 35 and 39 can be of any desired type, 

one suitable form being shown in the application of Eigel 
J. Bacino et al., ?led Jan. 8, 1963, Ser. No. 250,108.‘ 
Communication is provided to the space bounded by the 
dished face 29 and the diaphragm 26 by a passageway 31. 
The passageway 31 extending from the dished face 29 

has an enlargement for the reception of an annulus plug 
18, in an annular space 19 around its outer end and pas 
sageways 52 communicating with the passageway 31. 
The dished face 29 is preferably provided with a plur 

ality of radially extending grooves 53 which terminate 
at their outer ends inwardly of the ring 50, and at their 
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inner ends communicate with the annular space 46. The 
head of the .plug 19 ‘can also be provided with radial 
grooves 53a. ' 

The grooves 53 and 53a are preferably formed so as to 
be free from chips, burrs or projections, and preferably 
have a maximum depth of the order of 0.030 inch and a 
maximum width of the order of 0.015 inch with an ex 
posed diaphragm area of the order of three square inches. 
The grooves 53 and 53a are effective because/of their 

size for reducing the working of the metal of the dia 
phragm 26 as it is forced against the dished face 29 so 
that longer effective life of‘the diaphragm 26. is attained. 
Atthe same time the clearance volume in the compres 
sion chamber between the diaphragm 26 and the dished 
face 25 is kept to a minimum with attendant increase in 
efficiency. The grooves 53 and ‘53a are effective to per 
mit any trapped liquid to escape on both sides of the dia 
phragm '26. . 

The cross head adapter 15 has a piston assembly 40 
carried thereby with a piston ‘40a reciprocable in a bore 
41 in the mounting head 20. The opening 21 has a pas 
sageway 42 communicating therewith, the passageway 42' 
having a ?uid supply pipe 43 carried by a nut 44, con- ‘ 
nected thereto and threaded into the head 20. 
A manifold block 47 is provided to which a supply of 

liquid (not shown) is connected by a pipe 48, through a 
non-return or check valve V1. The manifold block also 
has a discharge‘ pipe 49 connected through a pressure re 
lief valve V2 for discharge of excess ?uid as required. 

In order to prevent ?uid leakage at the peripheral face 
45 of the diaphragm limit plate 22, a non-extrudable 
ring 50, of continuous cylindrical shape and of rectangu 
lar cross section, of metal, nylon or the like is provided. 
.The ring 50 engages the lower face of the diaphragm 26, 
the peripheral face 45 of the limit plate .22, and the peri 
pheral face 46 of the opening 21., The ring 50v has in 
engagement therewith a continuous ring 51 of elastomer 
which is also con?ned by the peripheral faces 45 and 46 
respectively engages and con?nes the ring 51 and a con 
tinuous ring 54 of elastomer which is con?ned by the 
faces 45‘ and ‘46 and the bottom'of the opening 21. The 
rings 51 and 54 are preferably internally of greater cross 
sectional area than the space they are intended to occupy 
in use so that their resilience can be utilized to apply onto 
the ring 50 and therefrom to the diaphragm 26 the pres 
sure, ora substantial portion thereof, desired for sealing. 
A ?uid passageway 56 communicates with the space 

at the spacer ring 52 and is connected to the manifold 
block 47 by a pipe '57 carried by a nut 58 threaded in .a 
bore '59 in the head 28. The pipe 57 has a non~return 
or check valve V3 therein. 
The upper face of the diaphragm 26, opposite the loca 

tion of the ring 50 can have applied thereto by plating 
or the like an integral metal band 61 which engages the 
upper head 20.= . 

In order to collect ?uid leakage between the head 20 
and the ring 14 a circular seal plate 65 is seated in a groove 
66 in the upper face of the ring 14 and .has a rim portion 
67 extending partially into a groove 68 in the lower face 
of the head 28. The, groove 68 and rim portion 67 .pro 
videv a space for the retention of radially spaced sealing 
rings 69 and 70 such as O-rings. 
extends to the space between the sealing rings 69 and 70 
and is connected by a pipe 73 carried in a bore 75 in the 
mounting head 20. A non-return or check valve V4 is 
provided in the pipe 73. 

In order to prevent ?uid leakage between the facing 
portions of the heads 20 and 28 the head 20 has a pe 
ripheral groove 78 spaced from the diaphragm 26 with a 
sealing ring 79, such as an O-ring therein,engaged with 
the bore 11. The head 28 has a peripheral groove 80 
alongits ‘upper face, with a packing ring 81, such as an 
_O-ring, engaged in the groove 80, with the bore 11 and 
with the diaphragm 22. A peripheral groove -82 has a 

A ?uid passageway 72 - 
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?uid connection 83 to which a pipe 84_is connected to 
conduct away any ?uid leakage. ‘“ ' 

Referring now to FIG. 5, a non~extrudable ring 50 is 
provided as before, in engagement with the diaphragm 26 
the peripheral face 46 of the opening 21 having a groove 
90 within which the ring 50 is located. Also disposed 
within the groove 90 is an elastomer ring 51 which loads 
the ring 50 by the bulk modulus of the elastomer. It is 
preferred that the entire space within the groove 90 be 
?lled by the rings 50 and 51, the ring 51 being com 
pressed to the desired extent for this purpose. 

In FIG. 6 a sealing construction for the diaphragm 26 
similar to that of FIG. 3 shows an additional continuous 
cylindrical anti-extrusion ring 91 of rectangular cross sec 
tion being interposed between the ring 54 and the bottom 
of the opening 21. The pressure ?uid connection 56 per 
mits of applying ?uid pressure to increase the sealing 
pressure effective from the rings 51 and 54, without'hav 
ing these rings extruded by the pressures effective thereon. 

In FIG. 7, a sealing construction for the diaphragm 26 
is shown in which the anti-extrusion ring '50 has one or 
more rims 93 of decreased contact area for intensifying 
the unit sealing pressure applied against the diaphragm 
26. The rim 93 is preferably oppositely disposed with 
respect to the plated band 61. In order to avoid extru— 
sion of the‘ ring 51, small continuous rings 94 and 95 of 
substantially triangular cross section can be interposed 
between the rings 51 and, 50 to block access to the sides 
of the ring 50. The rings 94 and 95 can be of metal, 
nylon or the like. The likelihood of extrusion along the 
sides of the rings 50 can thus be greatly reduced. 

In FIG. 8, a sealing construction for the diaphragm 
26 is shown in which the rings 50 and 51 and the ring 
51 and-the bottom of the groove 90 have interposed 
therebetween a continuous cylindrical ring 96 of rec 
tangular cross section and of synthetic plastic material 
having anti-extrusion characteristics such as that avail 
able under the name Delrin, from E. I. Du Pont de Ne 
mours & Co. 

In FIG. 9, the sealing construction there shown is 
similar to that of FIG. 8 except for the omission of the 
lower ring 96. 

In FIG. 10, the sealing construction is similar to that 
of FIG. 9, except for the addition of a continuous anti 
ex-trusion ring 97 similar in composition and shape t 
the rings 94 and 95. > 

In FIG. 11, in the sealing construction there shown, 
the ring 51 has anti-extrusion rings 94, 95 and 97 in en 
gagement therewith. _ 

In FIG. 12, a sealing construction is shown which is 
similar to those of FIGS. 7 and 11. 
The mode of operation will now be pointed out. 
Upon reciprocation of the piston assembly 40, the 

piston 40a will be reciprocated. ' 
Upon downward movement of the piston 40a, the 

. diaphragm 26 will move downwardly until it reaches the 
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face 25 which prevents further movement.- If any ?uid 
is required up it will be supplied from the source through 
the pipe 48, the valve V1, the pipe 43 and the passage 
way 42. 
Upon downward movement of the diaphragm 26 ?uid 

enters through the inlet valve 35. 
Upon upward movement of the piston 40a, the dia 

phragm 26-is moved upwardly for delivery of ?uid past 
the delivery valve 39. 
As the pressure effective on the lower side of the dia 

phragm 26 increases in the event that it becomes exces 
sive ?uid will be discharged past the valve V2. 
The pressure effective from the manifold 47 through 

the pipe 73 and the passageway 72 provides a ?uid pres 
sure enhanced seal between the head 20 and the sealing 
plate 65 preventing ?uid leakage at this location. 
As the pressure on the diaphragm 26 is increased by up 

ward movement of the piston 40a the sealing pressure 
on the ring 50 is effective on the diaphragm 26 remains 



3,318,250 
5 

effective or may even be increased depending upon the 
sealing construction which is employed. 

In the form of sealing construction shown in FIGS. 3 
and 6 the ?uid pressure applied through the ?uid con 
nection 56 augments the sealing pressure available from 
the resilience of the elastomer ring 51 and/ or the ring 54. 

In the form of sealing construction shown in FIGS. 5, 
and 8 to 12, inclusive, the main reliance for sealing pres 
sure is that of the elastomer ring 51, which has been 
supersqueezed into the space available for it. Any leak 
age which may ‘occur between the faces 45 and 46 tends 
to augment the force from the ring 51. 

I claim: 
1. A diaphragm compressor or pump comprising 
a ?rst diaphragm mounting head; 
a second diaphragm mounting head, 
one of said mounting head-s having a diaphragm move 
ment limiting plate mounted thereon, 

a diaphragm interposed between said heads, 
said plate and one of said mounting heads having 

spaced portions dividing said portions into a process 
?uid chamber and an actuating ?uid chamber, 

means for applying an actuating ?uid pressure against 
said diaphragm, and 

sealing means for preventing leakage of ?uid between 
said diaphragm and at least one of said heads; 

said sealing means including a pressure applying mem¢ 
ber in engagement with said diaphragm, and 

a resilient member engaging said pressure applying 
member and urging it toward said diaphragm. 

2. A diaphragm compressor or pump as de?ned in 
claim 1 in which 

said resilient member is of an elastomer ‘and is con 
?ned in a space smaller than its normal and uncon 
?ned volume. 

3. A diaphragm compressor or pump as de?ned in 
claim 1 in which 

said resilient member is an elastomer and a ?uid con 
nection is provided for applying ?uid pressure 
against said resilient member additive to that of the 
resilient member. . 

4. A diaphragm compressor or pump as de?ned in 
claim 1 in which 

said plate and the head on which it is mounted having 
a space therebetween, and 

said members of said sealing means are disposed in 
said space. 

5. A diaphragm compressor or pump as de?ned in 
claim 4 in which 

said sealing means also includes an additional elasto 
meric member spaced from said resilient member. 

6. A diaphragm compressor or pump as de?ned in 
claim 4 in which 

said pressure applying member has at least one dia 
phragm contacting rim of lesser area than the re 
mainder of said pressure applying member for inten 
sifying the pressure application on said diaphragm. 

7. A diaphragm compressor or pump as de?ned in 
claim 4 in which 

said resilient member has at said plate a-n anti-extru 
sion ring in engagement therewith. 

8. A diaphragm compressor or pump as de?ned in 
claim 7 in which 

said resilient member has an additional anti-extrusion 
ring in engagement therewith spaced from said ?rst 
mentioned ring. ~ 

9. A diaphragm compressor or pump as de?ned in 
claim 1 in which 
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6 
said diaphragm has a plated band thereon in engage 
ment with one of said heads. 

10. A diaphragm compressor or pump as de?ned in 
claim 1 in which 

additional sealing means is provided from one of said 
heads for preventing leakage of actuating ?uid. 

11. A diaphragm compressor or pump as de?ned in 
claim 10 in which 

a pressure ?uid supply connection is provided, and 
said additional sealing means has said ?uid pressure 

connection in communication therewith. 
12. A diaphragm compressor or pump as de?ned in 

claim 10 in which 
said actuating ?uid pressure applying means has said 

supply connection connected thereto. 
13. A seal for a diaphragm comprising 
members in facing relation having portions engaging 

said diaphragm on opposite sides thereof in hold 
ing relation, 

a ring mounted in one of said members in radially off 
set relation to said portions and engaging one side 
of said diaphragm, and 

a resilient ring of an elastomer engaging said ?rst ring 
and urging it toward said diaphragm. 

14. A seal as de?ned in claim 13 in which 
a ?uid pressure supply connection is provided con 

nected to supply ?uid pressure additive to the pres 
sure applied by said resilient ring. 

15. A seal as de?ned in claim 13 in which 
said resilient ring has an extrusion preventing member 

in engagement therewith. 
16. A seal as de?ned in claim 13 in which 
said resilient ring and said ?rst mentioned ring have 

an extrusion preventing ring therebetween. 
17. A seal as de?ned in claim 13 in which 
said ?rst ring has a rim thereon engaging said dia 
phragm and said rim is of lesser width than said ring 
for applying pressure to said diaphragm. 

18. A seal as de?ned in claim 13 in which 
said diaphragm has a band engaged with one face 

thereof engaging one of said members on the oppo 
site side thereof from that with which said ring is in 
engagement. 

19. A diaphragm compressor or pump as de?ned in 
claim 1 in which 

a ?uid pressure connection is provided for applying 
pressure on one of said mounting heads in opposi 
tion to the ?uid pressure applied on said diaphragm 
and by said diaphragm against said mounting head. 

20. A diaphragm compressor or pump as defined in 
claim 1 in which 

at least one of said diaphragm mounting heads has a 
dished face with respect to which the diaphragm is 
movable, 

said face has a plug with an annular opening there 
around with a ?uid passageway communicating there 
with, and 

said dished portion has a plurality of grooves therein 
extending to said annular opening. 

References Cited by the Examiner 
UNITED STATES PATENTS 

885,835 4/1908 Brush ____________ __ 103—152 
2,970,747 2/ 1961 Kasper et al ________ __ 230—162 
3,052,188 9/1962 Wolf et al. ________ __ 103—44 

ROBERT M. WALKER, Primary Examiner. 


