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My invention relates to a pressure transducer aid more 
particularly to an improved device for varying potential 
as a function of pressure. 

Pressure transducers of the potentiometer type are 
known to the art. In them a potentiometer brush is 
moved in response to variations in pressure transmitted 
through a pressure responsive element, such as a bellows, 
diaphragm or the like. The devices of the prior art have 
a number of defects in common. Generally, pressure sen 
sitive devices are limited in their throw- or amplitude of 
motion and accordingly have poor resolution, since they 
must be biased strongly to accommodate the limited 
range of movement of the pressure sensitive element. 
Then too, the devices of the prior art exhibit hysteresis. 
The limited range of motion, furthermore, usually re 
quires the use of an intermediate linkage or elements, 
such as gears or the like, to magnify the motion. This 
produces a device which has poor vibration resistance, 
excess weight, undue friction, nonlinear functioning and 
backlash. 
One object of my invention is to provide an improved 

pressure transducer of the potentiometer type in which 
the pressure element is adapted to move the potentiometer 
brush directly without the use of intermediate elements 
to magnify motion. 

Another object of my invention is to provide a pressure 
transducer of a simplified design which is light in weight 
and small in size. 

Another object of my invention is to provide a pressure 
transducer of the potentiometer type which has excellent 
resistance to shock and vibration owing to the elimination 
of gears, levers and beam arrangements. 

Another object of my invention is to provide a pressure 
transducer which will function linearly and without un 
due friction. 

Other and further objects of my invention will appear 
from the following description. 

In the accompanying drawings, which form part of the 
instant specification and which are to be read in con 
junction therewith and in which like reference numerals 
are used to indicate like parts in the various views: 

Figure 1 is a sectional elevation of a pressure trans 
ducer showing one embodiment of my invention, with a 
stem broken away and the spring distended better to show 
its construction. 

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

diaphragm comprising a fabric impregnated with a syn 
thetic resin as a partition separating two regions, the 
pressure between which it is desired to sense. 
The textile diaphragm is pliable but not resilient and 

is, therefore, able to move in a linear fashion through 
a large amplitude of motion. The absence of elasticity 
obviates the introduction of nonlinear characteristics in 
to the system. The textile diaphragm, furthermore, may 
move from one extreme to the other extreme of its struc 
ture without overstressing. A wide choice of resins may 
be used for various services, enabling my system to be 
employed over a wide range of circumambient tempera 
tures. 

I mount my potentiometer and a coacting brush upon 
the diaphragm and stationary housing so that relative 
movement between them can be measured as a potential 
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difference. The diaphragm is biased by a spirally cut 
range spring which is designed to have a long throw to 
accommodate the long range of travel of the textile pres 
sure element. The design of the spring is such that no 
two points on it will have the same resonant frequency. 
This makes the spring stable in spite of vibration. The 
spiral spring also has lateral stability which serves as a 
frictionless guide for the upper end of the guide stem, as 
will be more fully pointed out hereinafter. 
More particularly referring now to the drawings, a 

body 10 is provided with an internal bore 12. An an 
nular shoulder 14 provides a seat adapted to coact with 
the rim 16 of a lower closure member 18. The lower 
end of bore 2 is provided with internal threads 20 and 
is adapted to receive the externally threaded lower closure 
member 3. Between the rim 6 of the lower closure 
member and the shoulder 14 of the body member 1 clamp 
the peripheral edge 22 of a textile diaphragm 24. This 
diaphragm may be formed of a fabric woven of nylon, 
(fibers of polyamide resins), “Dacron' (a synthetic fiber 
made from the condensation products of dimethyl ter 
ephthalate and ethylene glycol), glass fibers, cotton fibers 
or polyester fibers. The particular fiber of which the 
fabric is to be woven is determined from the use for 
which the pressure transducer is to be employed. The 
considerations of employment also govern the impreg 
nating material, as will be pointed out more fully herein 
after. 
In the case of glass fibers the average fiber diameter 

should not exceed 10 microns. If fibers in excess of 
this are employed too much resiliency is imparted to 
the fabric which will interfere with its use. 
The weight of the fabric before impregnation is like 

wise determined from the pressures to be employed in my 
transducer. A heavier fabric, of course, will be used for 
higher pressure differentials. In general, a fabric weighing 
between .5 oz. per yard or less and 3 oz.s. per yard or 
more is satisfactory for employment in my pressure 
transducer. 
The fabric is impregnated with a material adapted to 

render it impervious to the fluid, either gas or liquid, 
the pressure of which is to be measured. The impreg 
nating material must be pliable as well as impervious so 
that no spring rate will be introduced by the diaphragm 
itself and the diaphragm may roll along the inner wall 
of the bore of the body during the movement of the 
diaphragm in response to changes of pressure. 

Elastomers are ideal substances for impregnation. 
Such elastomers as "Thiokol,” a synthetic rubber made 
by condensing ethylene dichloride and sodium tetrasul 
fide or dichloroethyl ether and sodium tetrasulfide, or 
mixtures of these condensation products, neoprene . 
(monovinyl acetylene copolymer), "Koroseal' (poly 
vinyl chloride resin), “Kel-F Elastomer" (trifluorochlo 
roethylene copolymer), "Teflon' elastomer (tetrafluoro 
ethylene copolymer), “Chemigum” (butadiene-acryloni 
trile synthetic rubber), silicone rubber (polysiloxane or 
polyorganosiloxane), and the like may be used as the 
impregnating material. Silicone rubbers, for example, 
are remarkable in maintaining their rubbery properties 
over an unusually wide range of temperatures from ap 
proximately -130° F. to 500 F. The impregnated 
textile disk which forms the diaphragm 24 will have no 
spring rate and hence need not be considered in the sys 
tem forces of the unit. Owing to the fact that it has no 
spring rate, the diaphragm will not introduce nonlinear 
characteristics into the system. Unlike other pressure 
sensitive means, such as bellows, flexible diaphragms, 
Bourdon tubes, and the like, the elastomer impregnated 
textile diaphragm has the ability to traverse a distance 
greater than its own initial diameter in response to pres 
SC. 

  



3. 
A cup 26 is secured to the upper portion of the dia 

phragm 24 by an appropriate adhesive. A disk 28 is 
secured to the lower portion of the diaphragm 24 by an 
adhesive. In practice the diaphragm. 24 is pressure 
clamped between the cup 26 and the disk 28 after ad 
hesive has been applied in order to form a good union. 
Any appropriate adhesive, Such as epoxy resins (reac 
tion products of epichlorohydrin and bisphenois), "Fu 
rane' resins (furfuryl alcohol polymers) and the like may 
be employed. Many of the impregnating materials em 
ployed are good adhesives of themselves. With neo 
prene and "Thiokol' elastomers, the cup 26 and the disk 
28 may be pressed toward each other and thus pressure 
clamp the diaphragm therebetween. 

It will be understood by those skilled in the art that 
any appropriate method for clamping the elastomer im 
pregnated diaphragm 24 between the cup 26 and the disk 
28 may be employed. 

It will be observed that there is a fold 38 of elastomer 
impregnated fabric around the rim 32 of the cup. As 
the cup moves upwardly under pressure, the fold will roll 
along the inner surface of the bore 12 of the body 0. 
This rolling action of the elastomer impregnated dia 
phragm allows the assembly to move upwardly through 
a great distance. It is understood, of course, that the 
adhesion of the cup is only in the area of the disk 28 and 
not along the sides of the cup. This enables the dia 
phragm to roll through a long stroke. The extended 
stroke makes it possible to employ smaller resolution 
values without increasing the size of the unit. It will 
also be observed that my improved assembly eliminates 
overstressing. The diaphragm may move through many, 
many cycles without crystallization, hysteresis, and the 
like. 

Secured to the upper portion of the cup 26 in any ap 
propriate manner, such as by adhesive or the like, I pro 
vide an insulating body member 34 upon which a resist 
ance wire 36 is wound. The resistance wire forms the 
resistor of the potentiometer. The lower end of the re 
sistor 36 is connected by a conductor 38 to one terminal 
40 of a potential source, such as a battery, or the like. 
The upper portion of the resistor 36 is connected by a 
conductor 42 to the other terminal 44 of a battery, or 
the like. One of the terminals 44, or 40 may be 
grounded. One or more potentiometer brushes 46 and 
48 are secured to the body member by means of screws 
50. The brushes are connected by conductor 52 to 
ground 54. It is understood, of course, that the brushes 
may be insulated, if desired, in which case the ground 54 
will be connected to one of the battery terminals 44 or 
40. 

It will be observed that two brushes or wiper fingers 
are employed, one on one side of the potentiometer and 
one on the other. This brush construction maintains 
electrical contact during vibration. The winding 36 may 
be linearly wound to give a linear variation of resistance 
as a function of displacement of the cup 26. It is under 
stood, of course, that the winding of the potentiometer 
may be nonlinear, if desired, in order to give a nonlinear 
function, as will be understood by those skilled in the 
art. 
A stem 60 is secured to the upper end of the body 

member 34 and carries member 62. In the drawing, 
for ease in showing the construction, I have broken away 
the stem 60 and extended the spring 80, it will be 
understood, of course, that normally the stem 60 is a 
unitary member. The member 62 is provided with a 
flange 64 and a threaded stem 66 provided with a slot 63. 
The end 70 of a range spring 89 rests upon the flange 64. 
A lock nut 72 is threadedly secured upon the stem 66. 
The range spring 80 is spirally cut of varying width. 
It will be observed by reference to Figure 2 that the 
upper region of the range spring is of narrow width, while 
the lower region of the range spring is wide, there being 
a progressive increase of width from one end of the range 
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4. 
Spring to the other. In this manner, no two points on 
the range spring will have the same resonant frequency. 
This makes the spring as a whole vibration stable. The 
Spiral configuration of the spring produces a long deflec 
tion characteristic which is necessary to accommodate 
the long travel of my elastomer impregnated textile dia. 
phragm. The arrangement, furthermore, is such that 
the spring has lateral stability. This provides a friction 
less guide for the upper end of the stem 60. The lower 
end of the range spring is positioned about a screw 82 
Secured to the body member 10. A washer 84 rests 
under the screw upon a plate 86 provided with a slot 88. 
By loosening the screw 82, the plate 66 may be moved 
backwards and forwards to increase or decrease the stiff 
ness of the spring by increasing or decreasing its effective 
length. Another adjustment is located at the center of 
spring 80. This is called a "zero adjustment' which 
properly locates the wiper fingers 46 and 48 on the re 
sistor 36 at Zero pressure. This adjustment is accom 
plished by member 66. After loosening locknut 72, the 
member 66 may be moved up or down upon the stem 
62 by inserting a screw driver in the slot 68 and rotating 

As the member 62 is turned clockwise the internal 
thread 62 on member 66 draws stem 60 upwards. This 
action positions the wiper fingers further from the end 
of the pot. When the member 62 is turned counterclock 
wise the reverse action takes place. 
A cover 90 is threaded to the upper rim of the body 

member 10. Ordinarily, the pressure above the dia 
phragm 24 may be atmospheric pressure. It is to be 
understood, of course, that, if desired, the cover may be 
Sealed and Superatmospheric pressure be imposed above 
the diaphragm. If this is desired, the plug 92 is removed 
from the cover and pressure applied through a suitable 
fitting seated in the boring in which plug 92 is lodged. 

It is also to be observed that a plurality of range 
springs may be stacked one upon the other to provide 
different pressure ranges. 

In order to reduce friction, only one guide stem 94 is 
provided. The upper end of this guide stem is threadedly 
secured to the disk 28. The lower end is provided with 
a piston 96 which is positioned in a bore 98 formed in 
the lower member 18. The outside diameter of the pis 
ton 96 may be formed along the surface of a sphere to 
provide a spherical bearing. The lower end of the bore 
98 below the piston 96 communicates with an opening 
100 through a small duct 99 and an apertured plug 97. 
In this manner the piston and the bore 98 form a damp 
ing assembly of a dashpot type. The damping may be 
readily varied by replacing the plug 97 with a plug have 
ing a different aperture. It will be observed that the 
smaller the aperture, the higher the damping will be. 
The opening 100 is internally threaded and adapted to 
provide communication with a source of pressure which 
is to be measured. This pressure is adapted to com 
municate to the underside of the elastomer impregnated 
diaphragm 24 through a duct 95. 

In use, the terminals 44 and 40 are connected across 
a source of potential. Any appropriate voltage measur 
ing device is connected between ground 54 and one of the 
terminals 40 or 44, depending on their respective polari 
ties and whether or not the throw of the voltage measur 
ing device is to be from a high positive voltage to a low 
positive voltage, or vice versa. The range spring, of 
course, has been calibrated and adjusted and properly 
Zeroed. The pressure to be measured with respect to 
atmospheric pressure communicates with the underside 
of the textile elastomer impregnated diaphragm 24 
through the duct 95. If the pressure is to be measured 
against atmospheric pressure, the plug 92 may be of a 
porous material or a strainer which permits the ready 
access of atmospheric pressure to the upper surface of 
the diaphragm 24. As pressure changes, the diaphragm 
will move in response to the difference in pressure. It 
will be observed that there is a wide throw possible for 
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the diaphragm. The cup 32 is adapted to telescope 
around the boss 49 formed on the body portion 10 de 
pending into the bore 12. The dashpot assembly pro 
vides adequate damping and minimizes hunting owing to 
pressure changes. The stem 60, being connected to the 
range spring, forms an upper frictionless bearing. The 
elastomer impregnated diaphragm has no spring rate 
and the friction of the system is a minimum, owing to the 
Small contact area of the dashpot piston 96. The pro 
gressively decreasing width of the range spring from its 
bottom to its top ensures that no two portions of the 
Spring have the same resonant frequency. This makes 
the spring as a whole vibration stable. The configura 
tion of the spring provides a wide throw in a substan 
tially linear fashion corresponding to the throw of the 
elastomer impregnated diaphragm. 

It will be seen that I have accomplished the objects of 
my invention. I have provided an improved pressure 
transducer of the potentiometer type in which the pres 
Sure element is adapted to move relative to the potentiom 
eter brush directly and without the use of intermediate 
elements commonly employed in the devices of the prior 
art to magnify notion. The elimination oif the inter 
mediate elements simplifies the design and increases the 
resistance of the assembly to shock and vibration. An 
accurate reading may be maintained with my pressure 
transducer owing to the large relative movement of the 
potentiometer brush for a given increment of pressure 
change. 

It will be understood that certain features and sub 
combinations are of utility and may be employed with 
out reference to other features and subcombinations. 
This is contemplated by and is within the scope of my 
claims. It is further obvious that various changes may 
be made in details within the scope cf my claims without 
departing from the spirit of my invention. It is, there 
fore, to be understood that my invention is not to be 
limited to the specific details shown and described. 

Having thus described my invention, what I claim is: 
1. A pressure transducer including in combination a 

housing having an inner wall surface, a movable member 
positioned in said housing, said member providing a sur 
face Spaced from said inner surface, an impervious 
flexible diaphragm secured to said member and to said 
housing to divide said housing into two spaces, said 
diaphragm having a portion disposed in the space be 
tween said member surface and said housing wall sur 
face, means providing communication between a source 
of fluid pressure to be measured and one of said spaces, 
means biasing said member to a position adjacent one end 
of said housing against the action of said fluid pressure, 
said diaphragm portion having a dimension which per 
mits the portion to be forced against said member sur 
face under the action of fluid pressure when said member 
is in said position to which it is biased, said diaphragm 
portion rolling away from said member surface when 
the member moves from said position adjacent one end 
of the housing toward the other end of the housing and 
means responsive to movement of the member for pro 
ducing an electrical potential which affords a measure 
of the fluid pressure being measured. 

2. A pressure transducer including in combination a 
housing having an inner cylindrical wall surface, a mov 
able member formed with a cylindrical surface, means 
positioning said member in said housing with its cylin 
drical surface substantially parallel to and spaced from 
said cylindrical wall surface, an impervious flexible dia 
phragm secured to said member and to said housing to 
divide said housing into two spaces, said diaphragm hav 
ing a portion disposed in the space between said cylin 
drical surfaces, means providing communication between 
a source of fluid pressure to be measured and one of said 
spaces, means biasing said member to a position adjacent 
one end of said housing against the action of said fluid 
pressure, said diaphragm portion having a dimension 
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which permits said portion to be forced against the mem 
ber cylindricai surface under the action of fluid pressure 
when said member is in said position to which it is biased, 
said diaphragm portion rolling away from said member 
cylindrical surface when said member moves from its 
position adjacent said one end of the housing toward the 
oiher end of the housing under the action of fluid pres 
Sure acting against said biasing means and means respon 
sive to movement of the member for producing a potential 
affording a measure of said fluid pressure. 

3. A pressure transducer as in claim 2 in which said 
fabric is a textile woven from nylon fibers. 

4. A pressure transducer as in claim 2 in which said 
fabric is a textile woven from “Dacron' fibers. 

5. A pressure transducer as in claim 2 in which said 
fabric is a textile woven for polyester fibers. 

6. A pressure transducer as in claim 2 in which said 
elastomer is a silicone rubber. - 

7. A pressure transducer as in claim 2 in which said 
elastomer is "Teflon' elastomer. 

8. A pressure transducer as in claim 2 in which said 
elastomer is "Kel-F Elastomer.' 

9. A pressure transducer as in claim 2 in which said 
elastomer is "Thiokol.' 

10. A pressure transducer as in claim 2 in which said 
elastomer is neoprene. 

11. A pressure transducer as in claim 2 in which said 
biasing means comprises a spiral spring. 

12. A pressure transducer as in claim 2 in which said 
biasing means comprises a spiral spring formed with 
progressively varying width. 

13. A pressure transducer as in claim 2 in which said 
biasing means is a spiral spring, and means for varying 
he spring rate. - 
14. A pressure transducer including in combination a 

housing, a textile diaphragm separating the housing into 
two Spaces, an elastomer impregnating said diaphragm and 
rendering it impervious to the passage of fluids, a potenti 
ometer having a brush and a winding mounted respec 
tively on said housing and said diaphragm, a spiral spring 
for biasing said diaphragm, means for damping said dia 
phragm and means for providing communication between 
a source of fluid pressure to be measured and one of said 
SpaceS. 

15. A pressure transducer as in claim 14 in which said 
damping means comprises a dashpot having a cylinder and 
a piston and means for attaching said piston to said 
diaphragm. - 

16. A pressure transducer as in claim 14 in which said 
damping means comprises a dashpot having a cylinder 
and a piston, means for attaching said piston to said dia 
phragm and means providing communication between the 
cylinder below said piston and the fluid pressure to be 
measured. 
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