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The present invention relates to ?exible diaphragms 
and more particularly to a diaphragm of the type which 
has a central body portion which moves in a direction 
transversely of the general plane of the diaphragm and 
relative ot the peripheral portion thereof. The invention 
is also concerned with a novel method of forming such 
diaphragms. 

Diaphragms of the type outlined above will be found 
useful in connection with fuel pumps for automotive or 
Diesel use, as well as in connection with a large variety 
of other instrumentalities which depend for their operation 
upon the use of a ?exible member of this character. 
Among such instrumentalities are pressure regulators 
which are employed for controlling a ?ow of a liquid 
or gaseous medium from a high pressure area to a low 
pressure area; valve constructions; airbrake mechanisms; 
pressure operated electrical circuit making and breaking 
apparatus, and many other constructions or assemblies 
where the ?exible member is generally known under the 
general characterizing term of “pump diaphragm” regard 
less of whether it is primarily designed for use in connec 
tiori with a pump or only in a generally related manner. 

Diaphragms constructed in accordance with the prin 
ciples of the present invention contemplate the employ 
ment as an essential part thereof, if not as the entire 
diaphragm, a suitable ?exible impervious material or 
compound which will satisfy all of the requirements of a 
pump diaphragm, particularly with respect to ?exibility. 
Among the compounds contemplated as a base material 

for construction of the present diaphragm is a polytetra 
?uoroethylene polymer manufactured by E. I. du Pont 
de Nemours 8: Company under the trade-name “Te?on”. 
This material is characterized by its chemical inertness 
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through a range of temperatures extending from extremely ‘ 
low temperatures up to approximately 570° F. “Te?on” is 
insoluble in all known chemicals and no reaction has 
been noted with any chemicals including the most de 
structive type such as the halogenated hydro-carbons, 
chlorosulfonic acid acetyl chloride, boron tri?uoride and - 
other high boiling point solvents at their boiling points. 
Such chemical inertness of “Te?on” would ordinarily 

point the way toward its ideal use as a pump diaphragm 
for fuel pumps or for other hydraulic devices such as 
valves, particularly where oils or corrosive acids are en 
countered. However, while this material has adequate 
toughness, and is possessed of good tensile strength, as 
well as of excellent abrasive and frictional qualities, it 
lacks the resiliency necessary to insure ease of ?exing 
when employed as a diaphragm, particularly at the thick 
nesses demanded by the ordinary engineering exigencies 
of fairly large installations. 
The present invention is designed to, overcome the 

above noted physical limitations that are attendant upon 
the use of “Te?on” as a diaphragm material, as well as 
upon other materials which are rendered unfit for such ; 
use‘by virtue of their inability to ?ex freely. Toward this 
end, the invention contemplates the provision of a novel 
diaphragm, preferably formed entirely of “Te?on” which 
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is so constructed as to have relatively movable central 
and peripheral regions which are connected together by a 
multi-layer intermediate ring-like area or portion of 
greater ?exibility than the remaining portions of the 
diaphragm and in which the layers thereof are capable of 
independent ?exing so as to greatly increase the sensitivity 
of the diaphragm as a whole. 
The diaphragm, in one form thereof is formed of a 

single piece of the “Te?on” or other material with solid 
relatively movable inner central and outer peripheral 
regions respectively, connected together by the intermedi 
ate multi-layer ?exible region. In another form, the dia 
phragm is of similar design with strips of foil or other 
separator material interposed between the layers of the 
intermediate region. In yet another form of the inven 
tion the diaphragm may have a solid central region and 

.the remainder thereof, including the peripheral region, 
may be laminated. 

In each of the above contemplated forms of the dia 
phragm, different methods of manufacture may be re 
sorted to and, among these methods, at least one of them 
is regarded as being novel and within the scope of the 
present invention. 

The provision of a ?exible diaphragm of the character 
brie?y outlined above being among the principal objects 
of the present invention, other objects and advantages 
will become more readily apparent as the following de~ 
scription ensues. 

In the accompanying single sheet of drawings forming 
a part of this speci?cation several embodiments of the in 

In these drawings: . 
Fig. l is a plan view of one form of the improved 

pump diaphragm constructed in accordance with the 
principles of the present invention. In this view, a sub 
surface cut has been made in the front face of the dia 
phragm to more clearly reveal the nature of the invention. 

Fig. 2 is a sectional view taken substantially along the 
line 2-2 of Fig. 1. 

Figs. 3 and 4 are sectional views similar to Fig. 2 taken 
through slightly modi?ed forms of diaphragm. 

Fig. 5 is a vertical sectional view, somewhat schematic 
in its representation, of a mold which may be employed to 
perform the ?nal sealing step in the manufacture of the 
diaphragm of Fig. 1. 

Fig. 6 is a sectional view similar to Fig. 5 showing a 
mold which may be employed to perform the ?nal sealing 

‘ step in the manufacture of the diaphragm of Fig. 4 and 
Fig. 7 is a fragmentary side elevational view, schematic 

in its representation, showing certain steps that are per 
formed in the construction of the diaphragm illustrated 
in Fig. l. . _ 

Referring now to the drawings in detail and in particu 
larto Figs. 1 and 2 wherein one form of ?exible pump 
diaphragm constructed in accordance with the principles 
of the present invention has been shown. The diaphragm 
is in the form of a single piece of ?exible impervious 
material of circular disc-like con?guration including a ?at 
peripheral rim portion 10, a slightly offset central portion 
12 and a frusto-conical connection portion 14 of wide 
taper. The offset portion 12 includes a solid hub 16 and 
the peripheral portion 11 is in the form of a solid ring 
of the material of which the diaphragm is formed, the hub 
16 and rim- 11 being integrally joined by separate layers 
or laminations 18 of the material. The diaphragm is 
provided with the usual central attachment hole 20 which > 
passes centrally through the hub 16 and the rim portion 
11 is provided with the usual spaced bolt holes 22. It 
is to be noted that the medial laminated portion of the 
diaphragm extends from the peripheral edge of the hub 16 
to and beyond a peripheral edge of the offset portion 12 
and through the frusto-conical connection portion 14 to 
the inner edge of the solid rim portion 11. 
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In manufacturing diaphragms such as are shown in 
Figs. 1 and. 2, a. cylinder of. the. molded- material. is- ?rst 
provided in any suitable manner, as for example by a 
molding operation with an inside diameter equal to the 
diameter 05 the; bolt hole, 20- and; with an outs-id'eladiameter' 
equal to the- diametrical extent of the: completed dia 
phragm. Sucha cylinder isxshown at‘2'4 in Fig; 7'. The 
cylinder is then mounted ina-rotating chuck- 26'and slicing 
operations are-performed upon it to-ccnsecutively produce 
a series of the diaphragms. Utilizing a suitable cutter 
28, the material of the cylinder is sliced inwardly ad 
jacent the free endtthereof to‘ the periphery ofv the hub“, 
the thicknessof'the- slice being equal to the- thickness of 
one of‘ the laminations 18. The cutting tool is then 
withdrawn‘ and additional’ slices are ‘ made’ in the cylinder 
until the requisite‘ number ofllaminations 118‘ have been 
formed. The last'slice made upon the cylinder to pro 
duce a-- si'nglediaphragm is‘ carried‘through the cylinder 
to completion so that a diaphragm‘ blank such as the one 
shown at 29 in Figs. 5 and- 7 is formed and separated 
from-the remainder of= the-body portion of the cylinder. 
These slicing operations are repeated until the-cylinder 
has been divided in its entirety into a number of‘ the 
blanks 29. The severed units 29' areremoved from’ the 
chuck 26v and the bolt holes~22’ are formed therein in any 
suitable manner, as for‘example-by a punching operation. 

In order to seal the peripheral regions of- theindividual 
layers thus created in themarginal- regions of- each dia 
phragm blank, the blank is operated: upon by a molding 
apparatus such as that shown in Fig. 5‘. This‘ apparatus 
includes upper and lower dies 30 and 32 respectively, 
together with suitable means (not shown)‘ for moving 
the dies relative-to each other. 7 
The upper dieStl includes a central section 34- andv a 

concentric surrounding’ section 36, the two sections being 
separated by a heat- insulating member 38‘ of‘ tubular 
con?guration. The lower die32 is of similar design and‘ 
includes a central‘section 40 and a concentric'outer sec 
tion 42 which is separated from the central section 40 by 
a tubular insulating member 44. The composite lower 
die- 32 is provided with- a shallow circular'recess or de~ 
pression 46 and the upper composite die'301is-provided‘ 
with a~cooperating circular» protuberance-48, the depres— 
sion 46 and protuberance4$>cooperating with‘each'other' 
to- provide the offset‘ portion 12‘ of- the completed dia 
phragm as shown in Fig. 2. The die section 34 is'pro 
vided with a centering holeSll while the cooperating die 
section 40 is provided with a centering pin 52in‘ registry 
withthe hole 50. 
The outer upper and lower die‘ sections 36 and 42 re 

spectively are adapted to beheated in-any suitable manner; 
as for example» by conventional band heaters 54. 
Whentheindividual diaphragm blanks 24-are operated 

upon by the molding structure Fig. 5, it will be-seen that 
the layers or laminations of the blank in the peripheral 
regions‘ thereof will‘ be heat sealed‘ together‘ to‘ provide 
the‘ peripheral ring portion- 16 of’ the diaphragm" shown 
in~Fig. 2. The degree‘of heat employed and the/pressure 
involved‘ will, of course, varyto‘suit the requirements of‘ 
these diaphragm materials and for purposes‘ of illustrations 
utilizing Te?on as the material of the diaphragm, the sec 
tions 36 and 42 may be brought to a temperature of 750° 
F.‘ orthereabouts and the pressure maintained for ap 
proximately 20‘ seconds, after which‘ the mold sections 
may be separated and thecompleteddiaphragm stripped 
therefrom. 

Referringnow to Fig. 3 it willbe seen that the dia 
phragm illustrated therein is similartothat shown in Fig. 
2. The principal difference is that the marginal re 
gion of'the diaphragm is notheat seaied‘and the various 
laminationsassociated- with the diaphragm remain free 
of-‘each other ‘in this'marginal region. 
Fig. 31 may :be formed in~a manner substantially identical 
with theformation of‘the diaphragm of Fig. Z'but-‘in‘this 
latterfornr of‘ diaphragm'theheat sealing operation is 

'l‘hetdiaphragmof 

4 
omitted so that the diaphragm exists as a completed 
article as soon as- itv has- been- severed’ from» the Te?on. 
cylinder 24. Utilizing similar reference numerals, the 
diaphragm of Fig. 3 thus consists of the solid central hub 
portion 16a and a series of outer surrounding separated 
layers 18a of the materiaLwhich remain separated from 
the periphery of the hub portion 161: completely to the 

, periphery of the diaphragm. For purposes o?illustrationg 
‘ the various layers 18a at the right hand side of. Fig; 3 

10 have been spread outwardly to illustrate the fact that 
they are independent of each other in. the peripheral‘; 
regions of. the diaphragm.. It will, of course, beunder 
stood that in actual use. the peripheral. regions of the 
diaphragm will be clamped together by the bolting?anges 
of the particular pump or other structure with‘ which the 
diaphragm may be associated. 

in the form of the invention shown in Fig. 4, the 
diaphragm is comprised of a plurality of individual layers 

‘ of material designatedv at 60, 62 and 64. respectively. 

30 
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These layers are heat sealed together to provide a cen 
tral hub portion 16b which in effect constitutes a homo 
geneous central hub. The various layers 60, 62, and 
64 are also heat sealed at their peripheral‘ region to 
provide an outer rim portion 10b which in e?'ect'. is. 
uniformly solid, the two solid unbroken portions 161: 
and- 10b being interconnected by the separated lamina 
tions 18b. If desired, relativelyv thin ?at rings 68' of 
metal foil which maybe of aluminum are interposed.‘ 
between the separated layers‘ 18b; These rings do not‘ 
detract from the flexibility of. the diaphragm as a whole 
and they’ serve to effect, sharp lines of division between 
the‘unsealed and heat-sealed portions of the diaphragm re 
spectively: The metal foil rings 68', in' addition to their 
separating‘ function, also serve as anti-frictionv members‘ 
which permit the various laminations or layers of the 
“Te?on” material to‘ slide upon one another. thus‘ en 
hancing the ?exibility'of‘ the medial regions of'the' di 
aphragm. Since the metal foil elements are. relatively 
thinv and yieldable, they cannot be regarded as reinforc 
ing members and their true functions are as separators 
andanti-friction members'as stated above. 

In the formation of the diaphragm-of Fig. 4, a molding 
apparatus such ashas been illustrated in Fig. 6 is‘ em 
ployed. This apparatus is similar to-the apparatus shown 
in Fig. 5 and includes upper and lower die assemblies 
80 and 81 respectively. 
The‘upper die‘ 80 includes a» central section 82 and 

concentric-outer ring-likesections 84- and 86'. Thecen 
tral core section 82 is provided‘ with a centering hole 
88. The cooperating mating lower die- 81 is similarly 
formed with a central section 90- and concentric~ sur= 
rounding ring sections 92 and 94. The core- section 
90 is provided’ with’ a centering pin 96 in registry-with 
the centering holei88. 

The-central core sections 82 and 90 are adapted to“ 
be heated in any-suitable manner; as‘ for example- by’ 
surrounding. band‘ heaters’ 98v and the- outer cooperating‘ 
mold sections 86 and 94 are adapted to‘ be‘ similarly‘ 
heated by, band heaters 99 as shown. The intermediate 
cooperating mold sections 84 and‘ 92' remain unheated; 
insulating rings or cylinders 100 and'102 serve to separate 
the intermediate mold sections 84 and 92 from the cen 
tral and outer sections 82; 86 and 90',- 94 respectively; 
The composite mold section 81- is provided with a 

shallow circular depression or recess 104 and'the com-» 
posite mold 80' is provided with a complementary cir 
cular protuberance 168, which recess and protuberance" 
cooperate with each other to provide’ the offset. inter; 
mediate region 12b of the completed diaphragm of'Fig. 
4. In the molding operation, the. heated portions of the 
dies may‘ be maintained ata temperature of; 750°"Fl 
and the duration of" the moldingoperation; may be '20 
seconds. Itwill be understood, however,,that, thedura; 
tion of molding- time and the degree of heat applied‘ 
may be varied in. accordance withtlie thickness off'th'e 
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various layers to be heat sealed and in accordance with 
the combined thicknesses of these layers. 
The invention is not to be limited to the exact ar~ 

rangement of parts shown in the accompanying draw 
ings or described in this speci?cation, nor is it to be 
limited to the speci?c process described herein. Various 
changes in the details of construction and in the process 
involved may be resorted to without departing from 
the spirit of the invention. For example, while in each 
of the diaphragms shown, three layers or laminations 
are illustrated in the central regions of the diaphragm, 
it will be understood that a greater or lesser number of 
such laminations may be utilized if desired. Simi 
larly, the temperatures and pressures referred to are 
only exemplary and for different sizes and shapes of 
diaphragms, as well as for diaphragms which are formed 
of different materials, these temperatures and pressures 
will be varied so as to produce the desired heat sealing 
of the laminations at the periphery and, if desired, in 
the central regions of the diaphragm. Only insofar as 
the invention has been particularly pointed out in the 
accompanying claims is the same to be limited. 
What is claimed: 
1. A ?exible pump diaphragm of the character de 

scribed comprising a unitary disc-like member of ap 
propriate con?guration and of a homogeneous ?exible ma 
terial including a solid unbroken central hub portion 
of predetermined uniform thickness, a solid unbroken 
continuous outer peripheral portion of the same pre 
determined uniform thickness, and an intermediate por 
tion connecting said hub and peripheral portions, said 
intermediate portion comprising a plurality of layers 
of the homogeneous ?exible material, each layer being 
in the form of an unbroken continuous ?exible ring 
having its inner margin integrally joined to the periphery 
of said hub portion and its outer margin integrally joined 
to the inner margin of the outer peripheral portion, the 
opposite faces of said diaphragm being free of radial 
and circumferential seams and joints and presenting 
smooth unbroken surfaces, and a ?at continuous ring 
like member of metal foil interposed between the ad 
jacent superimposed layers of the homogeneous ?exible 
material and substantially ?lling the space existing there 
between. 

2. A ?exible pump diaphragm as de?ned in claim 1 
in which the central hub portion and the outer peripheral 
portion are offset from each other and in which the 
layers of the intermediate portion are contained in part 
in the general plane of said hub portion. 

3. A ?exible pump diaphragm as de?ned in claim 1 in 
which the central hub portion and the outer peripheral 
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6 
portion are offset from each other and are connected 
together by an inclined medial portion and in which the 
layers of the intermediate portion are wholly contained 
in the general plane of said hub portion and in the in 
clined medial portion. 

4. The method of forming a series of flexible pump 
diaphragms from cylindrical ?exible stock ‘which com 
prises slitting the stock transversely inwardly from the 
cylindrical surface thereof along closely spaced parallel 
planes a predetermined distance to provide a series of 
ring-like layers of the material of the stock in the outer 
regions of the stock while leaving a solid central hub 
portion, and severing the thus partially formed diaphragms 
from each other by effecting a series of transverse cuts 
completely through the stock between adjacent partially 
formed diaphragms. 

5. The method of forming a series of ?exible pump 
diaphragms from cylindrical ?exible stock which com 
prises slitting the stock transversely inwardly from the 
cylindrical surface thereof along closely spaced parallel 
planes a predetermined distance to provide a series of 
ring-like layers of the material of the stock in the outer 
regions of the stock while leaving a solid central hub 
portion, severing the thus partially formed diaphragms 
from each other by effecting a series of transverse cuts 
completely through the stock between adjacent partially 
formed diaphragms, and thereafter individually heat 
sealing the peripheral regions of the diaphragms to se 
cure the various layers thereof together. 
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