
Since 1986 Precision Industries has
been creating solutions to complex engi-
neering questions.

Precision has designed and manufac-
tured millions of diaphragms. Our
diaphragms are used in sophisticated tech-
nologies as well as basic applications.

As the diaphragm design specialists,
Precision Industries has prepared this
manual to help you develop a greater
understanding of the unique aspects of
diaphragm design and their uses.  It does
not replace our creative engineering staff.  

With the combined experience of more
than 60 years of diaphragm engineering,
our staff is dedicated to helping solve
design problems, one diaphragm at a time.
We thrive on challenge, call us.
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The design, construction and
application of each and every
Precision Industries’ diaphragm

is  engineering driven.  We are partic-
ularly adept at working alongside the
design team at the prototype stage.

Precision Industries Quality and
Manufacturing systems are certified to

ISO 9002 and are QS
9000 compliant.  As a
Tier I supplier to
General Motors, we
understand the need for
consistent and reliable
product delivered on-

time, every time.  

We have constructed diaphragms
for highly exacting industries such as
the medical equipment field.  For
example, one of our customers, Quest
Medical, Inc., of Allen, Texas, pro-
duces Myocardial Protection Systems
used during open heart surgery.
Custom fit to meet Quest’s application,
the complex tooling for the Precision
diaphragm required four convolutions
on a single flange.  Precision met those
standards.

Consider the actuator
mounted on Ford
Cosworth XB engines
used at Indy.  When a
race car is hitting
qualifying speeds of
more than 200 miles an hour, every
single piece of equipment on that car

must be functioning at maximum
efficiency.  Precision diaphragms are
used in the Ford-Cosworth XB engine
turbocharger waste-gate actuator.

Precision Industries diaphragms are
used by successful manufacturers of a
variety of equipment and products.
Walbro Engine Management Corp. of
Cass City, MI controls nearly 70% of
the world’s small engine carburetor
market.  Precision supplies millions of
diaphragms to Walbro each year
while maintaining the highest quality
standards. We have continued to
improved our processes thus con-
tributing significantly to Walbro’s
competitive edge.

Precision Industries
is out of this world,
and our engineers
h a v e d e s i g n e d

diaphragms to prove it.
The NASA Ames Research

Center commissioned Precision to pro-
duce diaphragms for their prototype
flexible space suits, the suits have gone
on to be used in the1998 space pro-
gram. 

Precision Industries Corporation,
Inc. the Diaphragm Design Specialists.
Whether you need one prototype
diaphragm, or a run of a million,
Precision Industries delivers exact,
accurate, and on-time.  

The Precision Team
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Introduction

A Bit Of History

Diaphragms, gaskets and seals have been with
us for centuries.  Before the advent of the poly-
mers (rubbers), animal skins (leather), and fab-
rics treated with pitch were often used to form
the pump seals and valves we take for granted
today. 

When Columbus returned from the New
World with articles made of dried natural rub-
ber, a whole new industry was born.  Though it
took centuries and thousands of more discover-
ies and process improvements to get here, we
are now in an age of superior polymer design.

One of the first industries to take advantage
of the availability of rubber was the textile
industry.  With the ability to rubberize fabrics,
textile manufacturers were able to offer a vast
improvement over the water repellent cloth of
the day.  As rubber technology grew, this water
resistance was improved to cover many more
chemicals and environmental conditions to
meet the demanding needs of growing industri-
al economies.

One of the many out-growths of this coated
fabrics’ industry is the diaphragm industry.
What started as an additional customer service
by the coated fabrics manufacturers,
diaphragms have now become a highly techni-
cal, engineered element with critical applica-
tions in many diverse environments.

Through the years, customer needs for longer
strokes pushed the diaphragm industry to mak-
ing molded diaphragms from materials not
originating as coated fabrics.  These styles cer-
tainly have their place, but with the improve-
ments in the draw (molding) capabilities of
today’s fabrics, coated fabrics can once again be
an option for applications requiring longer
stroke diaphragms.  Precision Industries is dedi-
cated to this direction.  Precision Industries pro-
duces many styles of diaphragms, however, we

encourage the use of coated fabrics whenever
possible because of the dramatically improved
performance characteristics.   As you use this
manual we believe you’ll understand why.

Initial Considerations

Diaphragms come in many forms and are
made from a wide variety of materials.  This
manual covers only those diaphragms made
from elastomers, polymers with rubber-like
properties, and/or a natural or synthetic rein-
forcing material.  Selecting the right material
for the need is only part of the equation.  The
diaphragm’s shape and manufacturing process
are equally important.
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1. What is the device’s basic function 
(i.e. regulator, pump, etc)?

2. What are the environmental conditions 
(i.e., temperature, moisture, etc)?

3. What fluid will contact the diaphragm?

4. What are the minimum and maximum 
pressure requirements?

5. Will there be pressure spikes 
or reversals?

6. How much stroke, and at what rate, 
will the device require?

7. How will the diaphragm device 
be assembled?

8. What style of flange will be needed 
(flat or beaded)?

There are basic questions to

answer whenever a diaphragm is

being designed. Before you begin,

ask the following:



This manual has been organized into three
main sections — Materials, Styles &
Constructions, and finally a miscellany of
Design Criteria.  For your convenience, the
manual includes a supply of Engineering &
Applications Data Forms and a Glossary of
Terms.

The Materials Section covers what’s available
and when to use specific materials.
Environmental conditions, especially chemical
contact (for the elastomer) and temperature
range (for both the fabric and elastomer), are
some of the most important factors you will
need to consider when making material selec-
tions for your diaphragm.  

Styles & Constructions provides you with
step-by-step instruction on how to select a par-
ticular shape or construction for your applica-
tion.  There are two basic constructions for
diaphragms:  flat and formed. Both flat and
formed diaphragms can be made with or with-
out a fabric reinforcement in a variety of thick-
nesses and styles.

The Design Criteria is a compendium of
information to consider when engineering a
diaphragm.  For example, What happens to a
diaphragm during stroking?  How to determine
diaphragm strength requirements?

As mentioned earlier, a supply of Engineering
& Application Data Sheets are included in this
manual.  Complete it for your own records, or
use it to fax information to our engineering
group.  

The Diaphragm Engineering and Design Manual is
intended to be used by engineers for the purpose of
developing new or improved rubber diaphragm designs
and evaluating material and/or process alternatives.  No
warranty is expressed or implied.  All efforts have been
made to provide comprehensive and accurate data.  Any
other use of The Diaphragm Engineering and Design
Manual is strictly prohibited without written permission
from Precision Industries Corporation. 
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Environmental conditions, especial-
ly chemical contact (for the elas-
tomer) and temperature range (for
both the fabric and the elastomer),
are some of the most important fac-
tors you will need to consider when
making material selections for your
diaphragm.  

This section outlines materials
used in diaphragm construction
and the advantages of each.  

P
r

e
c

i
s

i
o

n
 
I

n
d

u
s

t
r

i
e

s
 
C

o
r

p
o

r
a

t
i

o
n

 
D

i
a

p
h

r
a

g
m

 
E

n
g

i
n

e
e

r
i

n
g

 
&

 
D

e
s

i
g

n
 
M

a
n

u
a

l

Materials



The

Environment   

The environmental conditions, especially
chemical contact (for the elastomer) and tem-
perature range (for both the fabric and the elas-
tomer), are some of the most important factors
you will need to consider when making materi-
al selections for your diaphragm.

General chemical resistance and temperature
ranges can be gleaned from the following data
and the accompanying materials’ chart.  If nec-
essary, more specific data will be supplied by
Precision Industries Engineering Department.  

The Effects of Thermal

Conditioning

For the most part rubber compounds react in
a predictable manner.  As the temperature rises,
the chemical activity increases.  In terms of oil
and fuel resistance this means the materials
swell at a greater rate.  The flexibility of the
material also increases at elevated temperatures,
which can be advantageous if the membrane is
still capable of sealing. 

On the other hand, low temperature will not
necessarily reduce swelling, but will greatly
affect flexibility and response.  Therefore,
allowable changes in the response rate of the
device from room temperature to the lower
temperature limit must be considered.

Many rubber compounds achieve their flexi-
bility, especially low temperature flexibility,
from the addition of plasticizers.  Plasticizers
are substances that soften other substances
through solvent action.  Neoprenes and nitriles
are examples of plasticized rubbers.

An important point for consideration is the
effect of high temperature operations on the
low temperature functioning of the diaphragm.
High temperatures will volatilize the plasticizers
out of the rubber,  leaving the material with a
higher modulus (stiffness) requiring more ener-
gy to activate the diaphragm.  The loss of the

plasticizers can also cause the part to shrink
and will affect its fit, function and life.

To evaluate the material realistically all low
temperature testing should be done after high
temperature exposure.     

The Effects of Chemical

Conditioning

The chemicals diaphragms come in contact
with can also have the same general effect on
the rubber compounds as high temperatures —
they can extract the plasticizers.

Studies show that during use fuels, oils and
chemicals often act as a plasticizer, giving
greater flexibility to the elastomer at lower tem-
peratures.  However, when the chemical or fuel
evaporates, causing a dry-out condition, it is
often very difficult, if not impossible, to replas-
ticize the compound just by bringing it into
contact with the chemical or fuel.  Relying on
the absorbed chemicals or fuels to solve the low
temperature problem is not a recommended
practice and is discussed here for informational
purposes only.

General Purpose Compounds - 

Oil Resistant

Three rubber compounds are considered gen-
eral purpose diaphragm materials --
epichlorohydrin, nitrile and neoprene.  All are
oil resistant and widely used in the automotive
industry.

Epicholorohydrin (ECO)

ECO has an outstanding temperature range
surpassing both neoprene and nitrile.  It is
300°F material with a 50° advantage at the
upper end.  This is significant as it is established
in the automotive market for under-the-hood
applications.  The oil and fuel resistance equals
that of nitrile.

The low temperature properties -40°F are
unique in that the addition of plasticizers are
not required to achieve a low temperature flexi-
bility.  Therefore, thermal conditioning of ECO
has little effect on its flexibility.
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The Ozone and weathering properties are
equal to Neoprene.

The basic mode of failure for ECO is rever-
sion.  Reversion is a softening of the material to
the extent that rubber-like properties no longer
exist, the material reverts back to what it was
prior to vulcanization.  This happens when ECO
is exposed to elevated temperatures (over
300°F) for long periods of time.                        

Neoprene

This material is similar to nitrile rubber, it
can be compounded for the same service tem-
peratures.  It has inherent Ozone and weather-
ing properties without antioxidants. 

Nitrile (a/k/a NBR or Buna-N)

This material is perhaps one of the most
widely used diaphragm elastomers.  It is made

Butyl 

Ethylene-propylene  

Neoprene

Nitrile

Epichlorohydrin

Polyacrylate

Ethylene-acrylic

Silicone

Fluorosilicone

Fluorocarbon

Low permeation to many gases.
OK in vegetable oil and oxidating
chemicals.

Very good hot water, low pres-
sure steam and heat resistant.

Good oil, ozone and weather
resistance.  Good general purpose
materials.

Good general purpose oil and
fuel resistant material.

Similar to NBR with good
aging and wider temperature
range. Ozone resistant.

Oil and heat resistant to 350°F.
Good in transmission fluids.

Oil and heat resistant to 350°F.
Good in transmission fluids.
Better low temperature than
ACM.

Good dry heat resistance and
low temperature.  Good ozone
and weather resistance. 

Oil and fuel resistant. Wide
temperature range.

Oil and fuel resistant.  High
temperature resistance.

IR 

EP or EPDM

CR

NBR

ECO

ACM

EA or EAM

VMQ

FVMQ

FKM

BA

CA

BC or EB

BF, BG, BK or CH

CH or DH

DH, DF

CH

GE

FK

HK

NAME                                     ADVANTAGES                       ASTM 1418         ASTM D2000      

DESIGNATION      DESIGNATION

CCOOMMMMOONN RRUUBBBBEERR CCOOMMPPOOUUNNDDSS
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of two polymers:  butadiene and acrylonitrile.
The oil resistance and low temperature flexibili-
ty can be modified by adjusting the ratio of the
two polymers.  For example, increasing the per-
centage of butadiene will improve the low tem-
perature flexing, but will lessen the oil resis-
tance.  The reverse can also be true!  Increase
the acrylonitrile and the oil resistance improves,
but the low temperature resistance decreases.

Ozone and weathering resistance are weak
attributes of the material.  Certain antioxidants
can be added to aid in this situation.  This is not
necessarily a panacea as the addition of antioxi-
dants can then adversely affect other properties.

General Purpose Compounds -

Non-oil Resistant

Butyl

An outstanding characteristic of this material
is its low permeation rate of gasses.  This fea-
ture, however, can create problems in the mold-

ing process as it becomes difficult to eliminate
any trapped air or gas.  This problem can be
overcome with the proper venting in the mold
and various other manufacturing approaches.  

Ethylene Propylene (EP or EPDM)

This material has good heat resistance up to
300ºF.  It is often used in cold water, hot water
and low pressure steam applications.  EP is also
widely used with synthetic lubricants, automo-
tive brake fluids and engine coolants.

Specialty Elastomers

Ethylene-acrylic

Ethylene/acrylic compound are used in auto-
motive applications such as boots, grommets,
seals, etc. where their very good flex, ozone
resistance and high-temperature properties
combines with fairly good low-temperature
characteristics and oil resistance.  The good
dampening characteristics of ethylene-acrylic
elastomers make it well-suited for vibration

Butyl

Ethylene-propylene

Neoprene

Nitrile

Epichlorohydrin

Poly-acrylate

Ethylene-acrylic

Silicone

Fluorosilicone

Fluorocarbon

-20oF to +212oF

-40oF to +350oF

-40oF to +250oF

-65oF to +250oF

-40oF to +300oF

0oF to +350oF

-20oF to +350oF

-80oF to +425oF

-65oF to +375oF

-10oF to +400oF

Poor

Poor

Good 60% swell

Very Good 10 to 
40% swell

Very Good 
30% swell

Very Good 
30% swell
Very Good 
30% Swell

Fair 
80% swell
Excellent 
10% swell

Excellent 
10% swell

0.37

9

14

.46 to 1.1

0.7

1.5

No Data

17

50 

0.32

NAME                                          TYPICAL                                OIL(1)                          AIR (2)                        OZONE           WEATHER

TEMPERATURE                 RESISTANCE          PERMEABILITY           RESISTANCE  RESISTANCE

SERVICE RANGE 

Excellent

Excellent

Good

Fair

Good

Excellent

Very

Good

Excellent 

Excellent

Excellent

Very

Good

Very

Good

Poor (3)

Good

Very

Good

Very

Good

NOTES:  (1) Oil Test: ASTM #3 oil, 70 hours @ 70C
(2) Air Permeation X 10 8 cm 3+CM 2/CM/SEC/Atmos@ 77F
(3) This result is for straight nitrile.  
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Key Properties of Common Compounds



mounts, pads, isolators and so forth.

Fluorosilicone

This material has many desirable properties
with the exception of economy.  It excels in
high temperature resistance to fuels and oils.
Because of fluorosilicone’s inherent low tem-
perature properties, after being soaked in fuel it
does not shrink during “dry-out.”  

Ozone and weathering are also outstanding
features.  Like silicone, fluorosilicone is avail-
able in various colors.

Fluorocarbon

Fluorocarbons have the highest chemical
resistance of today’s elastomers.  In fuels and
oils they also have the lowest volume swell.
Because of its chemical resistance, fluorocar-
bons are rapidly becoming the elastomer of
choice in the fuel application field.

Its stability at elevated temperatures is excel-
lent.  Unfortunately, its low temperature flexi-
bility is poor which can cause problems in
overall diaphragm function, especially in appli-
cations where extreme temperature fluctuations
are expected, such as automotive under-the-
hood applications during northern winter
months.  The addition of plasticizers to increase
the low temperature flexibility does little good.
In an effort to cure this problem, fluorocarbon
manufacturers have produced a line of com-
pounds with improved low temperature flexi-
bility.  They have recommended service lows
from -10 to 20ºF.  These elastomers should not
be considered a cure-all for low temperature
applications.  The performance of these elas-
tomers depends greatly on the conditions of the
application.

Polyacrylate

Historically, conventional acrylic elastomers
have been successfully utilized in a wide variety
of critical automotive seal applications.  These
include automatic-transmission seals, valve-
stem seals, crankshaft seals, pinion seals and
oil-pan seals.  The newer, more versatile types
are also gaining rapid acceptance in other
mechanical-goods applications such as hose,

tubing, electrical-cable jacketing, rolls and
belting.
Silicone

Silicone is often used when a broad tempera-
ture range is expected.  It has natural low tem-
perature flexibility and does not require the
addition of plasticizers.  Silicone is not fuel or
oil resistant, however, it does exhibit moderate
chemical resistance.  It can be compounded for
low hysteresis (low rolling resistance) where
exceptionally flexible diaphragms are required.
Silicone is usually furnished colored as it does
not require carbon black for reinforcement.  

Fabrics

Fabric is the strength member in a fabric
reinforced diaphragm.  The covering elastomer
brings little additional strength to the
diaphragm.  Its primary function is to seal.
Therefore, use the same care when choosing a
fabric as you do when choosing an elastomer.  

The first consideration is the environmental
conditions your diaphragm will be exposed to,
including:  temperature range, chemical expo-
sure, cycle rate and pressure, etc.  This infor-
mation is important for Precision Industries’
Engineers to determine the best type and style of
fabric for your application.

Cotton

Cotton is used to some extent when more
give is required and/or bulk is needed to make
thicker cross-sections.

Fiberglass

Glass fabrics are available and used, but gen-
erally not recommended for diaphragms
because they can be extremely brittle.  As the
diaphragm functions, the glass fabric in the
flexing area of the diaphragm abrades on itself
and turns to powder, which then renders the
glass fabric non-productive.

Nomex and Kevlar

Nomex and Kevlar (registered trademarks of 
DuPont) are of the aramid family and related to
nylon.  Both can be used in extremely high tem-
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perature applications.  Kevlar is unique because
of its extremely high tensile strength, but this
strength also makes it difficult to process and
hard to cut.  Nomex and Kevlar are premium
materials commanding premium prices.

Nylon and Polyester

Nylon and polyester fabrics are used for the
majority of diaphragm applications.  These fab-
rics are available in a variety of woven and
knitted styles.  Woven styles are normally used
for shallow draw and/or high pressure
diaphragms.  Knits, because of their high-
stretch capabilities, are used primarily for deep
drawn diaphragms and because of their lower
strength capabilities, for diaphragms with low
to moderate pressure requirements.

Coated Fabrics

We have been discussing the elastomers and
supporting fabrics as separate components.
Many of these components are brought together
in a coated fabric form.  The main advantage of
a coated fabric is the fabric is pre-coated on
both sides before being cut, or formed into a
diaphragm.  This two-sided coating gives excel-
lent protection to the reinforcing fabric.

Coated fabric materials have an edge when
used in very thin materials such as .005” to
.012” thicknesses.  They are used in applica-
tions requiring very sensitive materials such as
gas appliance controls, regulators, pressure
reducers and valves, etc.  Diaphragms for these
purposes have to respond to differentials in the 
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A blank space means Not Rated or insufficient data is available.

General Chemical Resistance to Some Common Chemicals

Nitrile      Ethylene-        Fluoro-    Neoprene        Poly-           Butyl          Fluoro-       Silicone  Epichloro -   Ethylene 

propylene       carbon                             acrylate                            silicone                            hydrin           acrylic

Air

Alcohols (General)

Antifreeze

Brake Fluid

Butane

Citric Acid

Diesel Oil

Fruit Juice

Gasoline, Automotive

Hydraulic Oil (Petro)

Natural Gas

Salt Water

A

B

A

A

A

A

A

A

A

A

A

A

C

A

A

C

A

A

A

B

A

A

B

A

A

A

B

A

A

A

B

B

B

C

B

C

A

B

A

A

A

B

B

C

B

B

C

C

C

C

A

B

C

A

B

B

B

B

B

A

C

C

B

C

B

B

A

C

A

B

B

B

A

B

C

A

C

B

B

Elastomer

Chemical



neighborhood of 2” to 3” of water pressure.
Many pneumatic controls fall into this category.

When low volume parts are needed, coated
fabrics may be too expensive.  Since the coating
process requires minimum yardage to make
running the equipment worthwhile, diaphragm
users will often have to order more material
than they could possibly use.  And compound-
ing this situation, sometimes the fabric/elas-
tomer combination desired is not always readily
available.

Precision Industries is always researching
ways to make coated fabrics more available to
the average user.  We will steer applications
towards existing material combinations or find
multiple users for a material we develop.

When considering coated fabric be mindful of
their limited forming depths.  A limited amount
of rubber coating on each side is the problem.
Keeping the fabric in the center of the
diaphragm cross section may require special
forming techniques.  With the limited coating
the size of sealing beads is often very limited,
pages 21-22 covers design solutions.

The Diaphragm Engineering and Design Manual is
intended to be used by engineers for the purpose of
developing new or improved rubber diaphragm designs
and evaluating material and/or process alternatives.  No
warranty is expressed or implied.  All efforts have been
made to provide comprehensive and accurate data.  Any
other use of The Diaphragm Engineering and Design
Manual is strictly prohibited without written permission
from Precision Industries Corporation.
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Cotton

Nylon

Polyester

Nomex*

Kevlar*

Fiberglass

D

B 

C

B 

A

A+

C

B**

A

B

B

A

D

C

B

A

A

A

350oF

300oF

350oF

375/400oF

375/400oF

500oF+

FABRICS - GENERAL CHARACTERISTICS

TENSILE STRENGTHMOISTURE RiINCE                  MATERIAL                   Tensil e                     Moisture                      Heat                    MAXIMUM OPERATING        

Strength                  Resistance              Resistance                 TEMPERATURE 

NOTES: A is the highest possible ranking within a category.
*=Registered DuPont trademark
**=Hot water and steam hydrolyzes nylon



There are two basic constructions
for diaphragms:  flat and formed.
Both flat and formed diaphragms
can be made with or without a fab-
ric reinforcement in a variety of
thicknesses and styles.  

ALSO COPY ABOUT LAY-UP VS.
COATED FABRIC SHOULD BE
PLACED HERE.  

Styles & 

Constructions
Advantages 

Coated Fabrics

Lay-Up

Lay-Up

Coated Fabrics

Disadvantages

Thin sensitive cross-sections

Two-side coating protects fabric from 
attack and wear 

Two-side coating can withstand 
pressure reversals

Balance coating

Lower tooling costs

Excellent laminating capability 

Flat cuts
Higher Adhesion Between Rubber &
Fabric

Deep draw capabilities

Material available in small lots

Excellent bead & feature formation

Typically lower piece pricing

Costs of parts can be higher for low
volume parts.

Availability of materials

Minimum material runs

Limited coating thickness can 
reduce bead and feature size

Unbalanced coated

Can not handle pressure reversals

Generally higher tooling costs
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Diaphragm

Constructions
There are two basic constructions for

diaphragms:  flat and formed.  Both flat
diaphragms and formed diaphragms can be
made with or without a fabric reinforcement, in
a variety of thicknesses, and in a variety of
styles.  It is the Precision Industries goal to
develop the parts as stress-free as possible by
managing the stresses through careful design.

Fabric Reinforced

Diaphragms

Why is fabric used as a reinforcing agent?
What purpose does fabric serve when incorpo-
rated in a diaphragm?  

Fabrics are soft and pliable and can be help-
ful in the forming and shaping of diaphragms.
In addition to being capable of high degrees of
flexing, fabrics also serve as a carrier for the
rubber coating.

Advantages of fabric reinforced

diaphragms

The fabric can be considered the backbone of
the diaphragm.  It is the load carrying member.
In that capacity it assumes the tension in the
sidewalls.  In case of the non-supported
diaphragm, the rubber is constantly under ten-
sion as the pressure is applied.  The physical
properties of rubber deteriorates at a more
rapid rate when under tension.  This would be
particularly so at elevated temperatures.  The
rubber coating is under stress just being
involved with the rolling and flexing action.  

Failures of reinforced diaphragms usually
start with a small hole in the rubber coating
and eventually a fracture in the fabric develops.
Leakage would start out slow but would not be
catastrophic.  On the other hand, homogeneous
parts have a tendency to rip once a small hole
or defect is present in the material.  This type of
failure sends no warning.

Another advantage of reinforced diaphragms

is they can be made thinner in the flexing area
and handle higher pressures than homogeneous
parts.

The decision to use or not use a fabric rein-
forcement rests largely on the expected system
pressures (minimum, nominal and maximum).
If very low pressures are expected, 10 psi or
less, then the use of nonreinforced diaphragms
may be possible.  However, just because it may
be possible to leave out the fabric, doesn’t mean
you should in every case.

Under pressure non-reinforced diaphragms
can stretch quite a bit before they transfer
movement to the system.  If this presents a
problem fabric should be added to improve
response time as well as diaphragm strength.
Certain diaphragm shapes can also be difficult
to reinforce.  (More information on this subject
is covered in the Molded Diaphragm Styles por-
tion of this manual pages 12-13 ).

Thicker Isn’t Always Better

“If a little is good, a lot must be better!”  Well
not always, and especially not when it comes to
diaphragm thickness.  Many engineers have
tried to overcome high pressure by adding more
thickness.  This is especially true with non-rein-
forced diaphragms and diaphragms used in
some pumps.

While it may be advisable to use a thicker
product in some applications, the design rule is,
“as thin as safely possible.”  Thinner
diaphragms roll easier as less energy is
absorbed resulting in a lower hysteresis.  The
more rolling resistance your diaphragm sees,
the greater the likelihood for early failure.
Thinner is also more responsive.  

Flat Diaphragms

In general, flat diaphragms are the most
unencumbered and simplest to use.  From a
manufacturing standpoint it is merely punching
out a part from a flat sheet of material.  There is
no further fabricating work involved.  Because
of the minimal amount of labor and tooling,
there are often economical advantages to using
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this style of diaphragm.

When to Use A Flat Diaphragm

Many factors determine if a flat diaphragm is
practical.  First is the stroke requirements of the
application.  Flat diaphragms do not have long
stroke capability.  Depending on size, rein-
forced flat diaphragm stroke capabilities may
range from a few thousandths of an inch to not
much more than an inch.  Non-reinforced ver-
sions may be somewhat greater due to their
ability to stretch.  In fact, for a flat diaphragm
to function properly it should be bloused, or
bagged, during assembly to make material
available for stroking.  If this is not done prop-
erly, catastrophic problems can occur, please
refer to The Trampoline Syndrome on page 11.
Whether or not a flat diaphragm can be
bloused without forming severe wrinkles is
another important factor in deciding if this style
of diaphragm is right for your application.  The
magnitude and concentration of the wrinkles
will have an effect on the performance and life
of the part as well as the ability to seal the
flange area.

What has been described above relates to the
suppleness of the material and its ability to con-
form to a shape.  In the actual installation,
diaphragms are often assembled against a
spring loaded plate which blouses the material
in the center.  In some cases the material does
not pull-in uniformly, leaving an uneven
amount of material around the circumference
between the bore and the piston.  This variation
can cause erratic movement of the piston as
well as excessive material wear.  The unsup-
ported section of the diaphragm is referred to as
the web or working area.  (A web area as wide
as possible can allow a flat diaphragm more
stroke capability.  The material is able to
accommodate the assembly blousing with little
or no wrinkles).

Wider web widths are less able to handle
higher pressures.  Some of the pressure han-
dling limitation can be minimized with stronger
fabrics.  However, stronger fabrics often mean
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The style of diaphragm will depend upon
the required stroke and available working
width within the device.  The convolution
width and stroke are directly related to each
other in function.  The working area of the
diaphragm is defined by the bore diameter,
minus the piston diameter, divided by two.

Flat Diaphragms

Flat diaphragms work best when the
working area is limited to a 12º angle of
deflection as measured from the clamping
flange (bore) to the piston at full stroke.

Convoluted Diaphragms

For best results, the overall height of a
convoluted diaphragm should not exceed
one-half of the width of the working area.
In other words, the radius of curvature
would be equal to, or greater than, one-half
of the working area.  The clamping flange
would normally be in the same plane as the
piston.  The maximum stroke works out to be
2.13 times the working area.

Drop Center Diaphragm

This design covers the maximum stroke
recommended for a diaphragm and still sat-
isfy the parameters for maximum service life.
The stroke limit would be 3.7 times the
width of the working area.

Shallow (Dished) and Deep Draw

(Top Hat) Diaphragms

These styles are versatile and can be man-
ufactured for long stroke requirements.  A
rule of thumb for maximum recommended
stroke length is to keep the height of the
diaphragm less than, or equal to, the diame-
ter of the bore.  While these styles offer
longer strokes, there are inherent service
problems and are covered in the Molded
Diaphragms portion of the manual, pages
12-13.

Diaphragm Styles

A Quick Guide to Determining Which Style
of Diaphragm Is Right For Your Application



thicker material cross sections, and remember,
thicker is not always better.
Designing For Stroke

The expected half stroke, the part of the
stroke that’s above or below the neutral plane
of the flange of a flat diaphragm, can be deter-
mined by limiting the angle of deflection
between the flange plane and the piston assem-
bly to 12º (Fig. #D1).  The minimum web width
should not be less than 1/8”.  The maximum
stroke capability of the diaphragm would then
be twice the deflection from the flange plane.
Due to the wide variety of applications this is
not a hard and fast rule, but merely a starting

point.  (When designing any diaphragm, one
half of the stroke should be above the flange
plane, and one-half before the flange plane, this
will allow judicious use of the material).

Fig #D1

Creating slack or blouse material in a flat
diaphragm can be handled in a couple of ways.
In the case of bolted flange mountings, the bolt
circle can be slightly larger in the diaphragm
than on the housing.  If the part is round and
crimped at the OD, the diaphragm should be
made larger than the OD.  The example to the
left explains how.

This same approach would be followed to
find the minimum bolt circle diameter needed if
you plan to use a bolted flange to capture your
diaphragm OD.

The Trampoline Syndrome

This phenomenon is typical of a diaphragm
stretched during assembly instead of being
bloused.  What results is a bouncing or spring
type of action.  More energy is required to start
the stroke.  During the return stroke energy is
returned to the system.  In all but a few cases
this type of diaphragm interference is unwanted
and should be avoided.

Flat Diaphragms-Closing

Comments

Rubber under stress most often reacts by tak-
ing a set which is almost always accompanied
by some stretching.  Often, when removing a
diaphragm after use the diaphragm will have
formed a convolution.  This change results in a
lessening of the energy required to activate the
diaphragm, and can change the effective area
resulting in set point changes.  If there is con-
cern that these kind of changes are going to
present problems on instruments or control
devices, it may be best to start with a formed
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An applications’ engineer has deter-
mined the need for a flat diaphragm with
an OD of 5”, a bore of 4”, and a piston of
3” (from Fig. #D1).  This configuration
yields a web width (bore-piston)/2) of
.500.”  Assembly will be via a crimped
flange.

To determine how much material to be
added to the OD for blousing during
assembly, the engineer uses the following
formula:

M (Material Required) = 2x (S-[web

width]), where S2 = (half stroke)2 + (web

width)2

M = 2x(2-.500), S2 = (.106)2+(.500)2

M = 2x (S - .500), S = .511
M = 2x (.511 - .500) = .022”

The minimum tolerance for the
diaphragm OD would be 5.022”.
Additional dimensional tolerance should
be added to determine the nominal and
maximum dimensions.

designing for stroke

example



diaphragm.  These will be discussed in our next
section, Design Criteria pages 14-23.

PPlleeaassee nnoottee:  Some relaxation or sagging of the
fabric diaphragm may occur during flex condi-
tioning or cycling.  This is very important to
manufacturers  of regulators and other devices
with critical set points.  The set points could
drift until the fabric is broken in.  Precision
Industries Engineers suggest diaphragms for
these types of applications be exercised before
set points are established.

To circumvent the pre-bag/trampoline syn-
drome, some inventive engineers have taken
extreme approaches to diaphragm design.  In
one instance an automotive fuel systems com-
pany designed an elliptical diaphragm so that

when it was pushed into the hardware, the
flange would be smooth, round and ready for
assembly.

Molded or Formed

Diaphragms

Many of the problems associated with flat
diaphragms can be overcome by using a molded
or formed diaphragm.  The primary advantage
of formed diaphragms are their marked perfor-
mance versatility over the flat diaphragms.
They command a premium price and usually
tooling is required.  However, the additional
cost is often offset by the ease of assembly and

minimal rework to bring the device into work-
ing specification.  

The several types of molded diaphragms are
listed below in general order of stroke capabili-
ty (minimum to maximum):

A.  Shallow Draw, Dish or (Pie Pan) Style:

Fig. #D2

As the name implies, this style looks very
much like a pie pan.  Shallow draw diaphragms
are used for strokes just beyond the range of
flat diaphragms.  The advantage here is easier
assembly and non-prebagging.

B.  Convoluted Style:

Fig. #D3

This style also has stroke capabilities just
beyond flat diaphragms.  Convoluted
diaphragms are best known for their respon-
siveness and are well suited to applications
requiring stable set points such as regulators.
Convoluted styles exhibit very low hysteresis.

C.  Drop Center:

Fig. #D4

Drop center diaphragms are convoluted
diaphragms with a deeper center draw.  This
style has all the advantages of the convoluted
style with longer stroke capability.  Drop center
styles can also be easier to assemble than con-
voluted styles particularly if a return spring or
some other hardware limitation doesn’t allow
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A. Keep the web area as wide as possible.
B. Provide enough material slack in the  

diaphragm.
C. Whenever possible use a thinner 

and/or a more flexible material.
D. Keep the stroke requirements as small 

as possible.

Many factors influence the 

success of a flat diaphragm

application.  To extend diaphragm

life keep the following four 

criteria in mind as you design

your diaphragm expectancy:



the piston surface and the flange to be on the
same plane during assembly.

D.  Deep Draw or “Top Hat” Style:

Deep draw diaphragms have the longest
strokes available.  Their stroke capabilities are
only limited by their height to bore ratio (which
for best results should not exceed 1:1) and the
chosen reinforcing fabric’s ability to be con-
formed to the necessary shape. Before assembly,
deep draw diaphragms must be convoluted so

Fig. #D5

they will roll properly.  Deep draws can occa-
sionally invert in the convolution area.  This
problem can be controlled by tapered pistons
and curved lip retainer plates that match the
diaphragm sidewall angle that locks the piston
and radii of the diaphragm to the hardware.

Each style can be made with or without:
A.  Fabric
B.  Sealing Beads, ID and OD
C.  Gasketing

Each of these options will be discussed in the
Design Criteria Chapter of this manual.

Most of the molded styles with some excep-
tions, notably the deep draw, can be made from
many of the coated fabric styles available.  For
deep draw styles it is often necessary to produce
these parts from the lay-up method.  

Lay-up is a construction where the chosen
fabric and elastomer are brought together at the

mold to form the finished part.  The down side
to this type of construction is the fabric has 90
to 95% of the elastomer on one side and only
5% to 10% on the other.  By their very con-
struction, lay-up diaphragms are designed to be
used with pressure on the rubber side only.
Pressure reversals, or pressure on the fabric
side, tend to blow the rubber off the fabric
causing a failure due to the limited adhesion of
the rubber to fabric mechanical bond.
Occasional momentary pressure spikes may not
be a problem, but consistently repeated ones
will.  Coated fabric negates this issue, but draw
depths can result in limited stroke lengths.  

Precision Industries Engineering Department
can help you with a solution to this challenge.

The Diaphragm Engineering and Design Manual is
intended to be used by engineers for the purpose of
developing new or improved rubber diaphragm designs
and evaluating material and/or process alternatives.  No
warranty is expressed or implied.  All efforts have been
made to provide comprehensive and accurate data.  Any
other use of The Diaphragm Engineering and Design
Manual is strictly prohibited without written permission
from Precision Industries Corporation.
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“Top Hat” Diaphragm before
being positioned into its
convoluted state for assem-
bly – see below

Tapered Piston.
Taper to match
sidewall angle.

Curved Lip Retainer Plate



This section covers a variety of
diaphragm engineering design 
criteria.

What happens to a diaphragm
during stroking?  

How to determine diaphragm
strength requirements?  

What are appropriate diaphragm
dimensional tolerances and 
stresses?  

How to maximize diaphragm 
performance with its mating parts.    

A review of how to design a
diaphragm for maximum 
performance.  
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Design 

Criteria



The Dynamics

of a

Diaphragm

It is a good idea to review the dynamics of a
diaphragm and what happens during stroking.
These comments will be confined to a
diaphragm with fabric reinforcement activated
by means of a pressure differential and operates
without a 180º convolution throughout its
stroke.

Sidewall Action

Drawing #D6
shows the cross sec-
tion of the web area in
three positions.  Please
note that point A is an
arbitrary position on
the web sidewall,
selected for illustra-
tion.  The B and C
positions are in the
same place in the web,
but they have changed
position within the
convolution.  The posi-
tion change is due to
the rolling action of
the convolution.  The
diameter of the convo-
lution moves inward
on the upstroke, and
outward on the return
stroke.  Pressure
shapes the web mov-

ing within the confines of the piston and bore.
The configuration of the curve closely resem-
bles a curve generated by a catenary, regardless
of its previous molded shape.  

During the positive stroke the material,
rolling away from the piston, is in an expansion
mode.  The fabric reinforcement controls any
radial stretching.  On the return stroke, the

material is rolling toward the piston.  In this
mode the material will compress as it is moving
into a smaller diameter.  The differences in cir-
cumference of both positions will be an indica-
tion of how much material will either have to
be squeezed or folded over to conform to the
space between the piston and sidewall.

The concern is the constricting forces which
cause radial creases on the sidewall.  Known as
the molded position, the effect of these stresses
can be negated if,  when molded, the initial
shape of the diaphragm is at the bottom of the
stroke.  With the diaphragm molded in this
position, the material on the inner wall will be
returning to its original shape on the return
stroke.

On the up stroke the full pressure is across
the web stretching the material.  However, on
the return stroke, the pressure drops off and the
energy in the spring becomes the dominating
force returning the piston.  Often, there may
not be sufficient pressure across the diaphragm
to prevent wrinkles.  In cases like this, the
wrinkles can become creases and creases can
become failure points.  This is especially impor-
tant in very light pressure applications.  This
phenomenon is referred to as cornering because
of the fold or seam that forms at the failure
point. 

The Piston Action & Material

Dynamics

A piston does not usually travel at right
angles to the axis unless it is well guided.
Sometimes, at slow strokes, the pistons may
actually appear to wobble.  During rapid
stroking, the wobble can become disruptive or
even a destructive oscillation as one side of the
piston tips during its travel.  Positive linear
stroking of the piston will lead to better system
function and longer diaphragm life.
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Fig. #D6

UP STROKE

MID STROKE

DOWN STROKE



The yarn geometry refers to the type of
weave, yarn count, and construction of the
yarns.  These characteristics are inherent to any
woven fabric.  Most fabrics used for
diaphragms are square woven, (they have the
same number of threads in the warp direction
as is in the fill direction).  The yarns also have
the same construction and weight.  

Fig. #D14

Diaphragms have a circular working area.
Four positions within the working area will
have yarns running in a radial direction from
the center.  Fabric being stressed in the direc-

tion of these yarns will exhibit little or no
stretch.  In sections half way between the four
quadrants, the yarns are on the diagonal or bias
of the fabric.  With stress on the bias, (Refer to
Fig. #D14), yarns want to divert in the direc-
tion of the stress.  They become skewed to each
other and the fabric elongates in the direction
of the bias.  Conversely, the straight threads
within the fabric will appear to shrink.  In an
application the diaphragm OD is held secure.
The shortening in the straight threads is, there-
fore, not evident with the diaphragm in place,
but the distortion in the bias direction is evident
as the material becomes bunched.  The amount
of elongation in the  diaphragm sidewall will be
directly related to the angular change between
the yarns. 

A flat cut reinforced diaphragm will react as
indicated above with the application of stress.
Sections of the working area will react and
respond differently to the pressure differential.
The section with the yarns skewed will appear
to bulge producing a slack delaying the
response to the piston.  On the other hand the
section with the yarns still at right angles will
act immediately upon the piston.

In case of a molded diaphragm, the yarns
become more distorted as the material is drawn
into shape and the condition described above
will become more pronounced.  Little can be
done about this condition.  However,
diaphragms with generous radii will support an
easy rolling action and the wobble should not
create any harmful effects on the diaphragm.

In summary, the material composition within
the working area varies due to the directional
nature of the yarns and skewing or distortion of
the yarns in the molding.  Therefore, each indi-
vidual section reacts differently to pressure
when being stroked.  This is much more pro-
nounced in large diaphragms and slow acting
devices.
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A. Yarn geometry within the fabric. 
B. Return spring not seated or not flat 

ground.
C. Insufficient bearing support of the 

piston rod.
D. Spring coil diameter too small for 

piston.
E. Piston height too low.  Does not sup-

port the diaphragm sidewall.
F. Too wide a web width.

Causes for 

Non-Linear Stroking

Undistorted Fabric
(“Threads” removed for clearity)

Distorted Fabric
(“Threads” removed for clearity)

Convolution

Bias



Effective Area - Diaphragm

Type Cylinders

For the purpose of this discussion, consider
any diaphragm operating device a cylinder.
This would include transducers, relief valves,
reducing valves, pressure switches and the like.

For all practical purposes the effective area of
a conventional cylinder is the area of the piston.
The clearance between the bore and piston is
usually small to contain a compression type
seal, i.e. o-ring, packing, etc.

By comparison, a much larger clearance is
required for a diaphragm type cylinder as this
clearance provides space for the active portion
of  the diaphragm, the convolution.  The
diaphragm bridges the gap between the hous-
ing and the piston and functions as a seal.

When a 180º convolution is formed, or if the
flange and piston are in the same plane, the
effective area is calculated by using the mid-
point diameter bounded by the piston and bore.

In the absence of the 180º convolution, the
effective area would vary from a maximum

defined by the bore diameter, to a minimum
bounded by the piston diameter.  In this case
the size of the piston, therefore, determines the
minimum effective area of the diaphragm.  The
area change occurs as the material is drawn
tight against the piston plate and housing.  At
this point there is no distinctive curve within
the web material.

Once, there was considerable emphasis on
using diaphragms to produce a constant effec-

tive area throughout the useful stroke. With the
addition of more convolution height and a nar-
rower piston and bore gap, 180º convolutions
could be accomplished.  This approach did not
produce the most durable parts as the rolling of
the material through tight radii at the top of the
convolution increases internal friction and rais-
es the potential for compression cracks.

In the final analysis, the maximum area
change that could be realized would be the dif-
ference in the area of the piston and the area of
the bore.  Tests on diaphragms with less than a
180º convolution, under light pressure, featured
measurable changes in effective diameters.
However, these same parts, showed no measur-
able change when higher pressures were intro-
duced as long as there was some semblance of a
curve in the web during travel, the higher pres-
sures overcame the internal resistance of the
material and formed a concentric convolution.
Once the web comes under tension, as it comes
to the top or bottom of its stroke, the effective
area changes rapidly.

The change in effective area, in terms of
changing energy requirements is minimal.  The
diaphragm is but one link in the chain that
involves energy usage.

Effects Of The Return Spring

In most applications a return spring is used
in conjunction with a diaphragm assembly.  A
typical assembly consists of a piston plate
attached to the diaphragm.  Initially, the spring
is compressed to effect a preload.  The compres-
sion of the spring creates a negative force
requiring a higher pressure to move the
diaphragm.  The influence of the spring greatly
reduces the net effective area of the diaphragm.
This change far exceeds anything achievable by
a diaphragm.  The energy stored within the
spring is responsible for the major share of the
hysteresis in the system.  This is especially true
on some very light pressure sensing devices
where hysteresis can become a major concern.

Mechanical friction in the system also con-
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Fig #D7

EFFECTIVE DIA.

EFFECTIVE DIA.

EFFECTIVE DIA.

UP STROKE
MID STROKE

DOWN STROKE



tributes to the energy requirements.  The rolling
friction and spring rate changes can effect the
system’s energy requirements.  With these vari-
ables factored in, the actual effective area is sig-
nificantly different from any changes that could
be contributed to the diaphragm alone.

The contention is it is best to design
diaphragms to maintain a 180º convolution
throughout their useful stroke.  Conversely,
practical applications often shows it is advanta-
geous to utilize diaphragms with wider web
sections and gentle radii to reduce stresses by
removing radial compression and easing the
rolling action.

Diaphragm Strength

Requirements

Determining diaphragm sidewall tension is a
complicated procedure.  Knowing the tension in
the flex area while the piston is in the transition
mode can get complicated and is beyond the
scope of this manual.  The tension will modu-
late while the diaphragm is moving from point
A to point B and to point C (Fig. #D6).

We have concentrated on the worst case sce-
nario which is when the diaphragm has
reached the end of its stroke and the material
stops the motion of the piston.(See Fig. #D8)

Considering the worst condition, the total
tension is made up of two components:

1)  The tension prompted by the pressure
acting upon the piston portion to the 
system.

2)  The tension generated by the pressure
acting on the web area.

In both cases the forces are translated to the
peripheral pounds per inch for each area and
then added together.  

Formula:
Total Tension 

= T =  .25P/COS A+(D1+(D2
2-D1

2)/D2) 

= Lb/in (of Bore Circumference)
Where:  
D1 = The piston diameter in inches

D2 = The bore diameter in inches

P = The pressure in PSI
A = The angle of the sidewall from the vertical

Note: A=Tan-1((D2-D1)/2)/h (the Height of the con-

volution at max stroke)
A positive stop (see Fig. #D9) should be

incorporated in the system design to prevent the
diaphragm from acting as a brake for the piston.

Examples Of Positives Stop

Fig. #D9

Residual Stresses

There are additional problems that come
under the mantle of stresses that are not design
problems. Such problems are encountered by
the fabricator of the diaphragms and can be
classified as residual stresses.

These stresses often manifest themselves as
distorted parts.  Some common causes are:

1.  Hot creased parts.
2.  Uneven draw of fabric in preforming

or molding.
3.  Old or nervy compound.

precision industries corporation diaphragm engineering & design manual                                             17

Fig. #D8



4.  Excessive precure time on coated fabric or
compound.

5.  Excessive post-curing of parts.
6.  Molded at too high a pressure, or mold 

overloaded with compound.
7.  Bad packaging.
8.  Undercure of the rubber.
It is up to the manufacturer to deal with

these issues, they need to be considered by all
parties as they are often a result of diaphragm
shape and the elastomer/fabric combination.

Tolerances

(A chart on page 19 provides a comprehensive look at
typical tolerances.)  

Due to the interplay between dimensional
tolerances and stresses (residual and otherwise),
our discussion would not be complete without a
quick overview of diaphragm tolerancing.

The first rule of thumb should be form, fit
and function, or:  1)  Is the final product the
right shape to do the job?  2)  Does it fit prop-
erly in the hardware without distortion?  3)
Does it function within the desired design para-
meters of the assembly?

There should be a clear understanding
between all involved as to acceptable dimen-
sions and how they are to be verified.

Diaphragms made via the lay-up process and
coated fabric diaphragms have differing toler-
ance requirements.  Both have their greatest
need in the height of the convolution, especially
those made from cured coated fabric.  When it
comes to cross sectional thickness, coated fab-
rics can generally hold tighter tolerances on
this and other closure related dimensions. 

The wide variety of situations and applica-
tions precludes a detailed discussion in dimen-
sional tolerancing of diaphragms.  The Precision
Industries Engineering and Quality
Departments will be happy to discuss all
options available for your intended application. 

The Care and Housing of

Diaphragms

Up to this point we have only been con-
cerned with the diaphragms themselves.  Our
discussion will now turn to the diaphragm's
mating parts.  These surrounding parts must be
compatible with the diaphragm, otherwise the
performance will suffer.  Allow the diaphragm
to operate in a place that is wide enough to
offer free movement.

All hardware that contacts the diaphragm
must be smooth, burr free, having matching
radii and supporting sidewalls.

Flange Mounting

There are two elements that should be con-
sidered as key conditions greatly influencing
the function and reliability of a diaphragm.
These elements are aside from the material
selection.  They are the geometry of the web
section and the housing design and assembly
method.  

The most common cause for diaphragm fail-
ure and poor performance can be attributed to
problems in the flange area.  The most impor-
tant consideration is not only the design of the
housing, but also the method of assembling the
diaphragm to the unit.  The basic problem
stems from the difficulty controlling the com-
pression on the material.  The rubber portion of
the material can only support a limited amount
of squeeze.  A seal cannot be maintained when
the loading exceeds the compression capabili-
ties of the material.

The problem, as with any gasket material, is
the difficulty in determining what the flange
loading should be.  The rubber portion of  the
diaphragm is the most sensitive to compression
loading.  The temperature and the resistance to
the fluid affect the set properties of the materi-
al.  To maintain a set, the loading capacity of
the material must not deteriorate.  Often a cut
and try method is required to arrive at the
amount of compression on the flange.
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ID/OD Trim Diameters and 
Hole Sizes

Concentricity

Convolution Height

Angular Relationship of Holes

Thickness

Piston and Bore Diameters

Bead Width

Bead Height

Trim Flash (Where Applicable)
If your requirements are not covered by this information, please contact the 

Precision Engineering Department for more information.

TTyyppiiccaall TToolleerraanncceess

+/-.005”
+/-.010”
+/-.015”
+/-.020”

.007” True Position

.010” True Position

.015” True Position

.020” True Position

+/-.015” per inch of height
(not to be less than +/-.015”)

+/-1/2°

+/-.002”
+/-.003”
+/-.004”
+/-.005”
+/-.006”
+/-.007”

+/-.010” per inch of diameter
(not to be less than +/-.010”
or greater than +/-.060”)

+/-.003”
+/-.004”
+/-.006”

+/-.005”
+/-.006”
+/-.008”

.025” x .025” max

.50” and below

.50 to 1.00”
1.01 to 3.00”
over 3.01”

1.00” and below
1.01 to 2.00”
2.01 to 4.00”
over 4.01”

.005 to .011”

.012 to .018”

.019 to .025”

.026 to .032”

.033 to .039”
over .039”

.062 to 187”

.188 to .250”
over .250”

.062 to .187”

.188 to .25”
over .250”

Range Tolerance



Various Crimped Flange Styles

Fig. #D10

Problem solving is often attempted by asking
for a heavier material.  The thinking is that
more is better.  While there will always be
exceptions, it is strongly suggested to use thin-
ner material.

If the flanges are held together by screws or
bolts, the torque will have to be determined in
order to produce the optimum flange loading.
With crimped sheet metal parts (See Fig.
#D10), the closing dies can be adjusted.  In
either case it is strongly suggested that exposure
tests, at temperatures and with the fluid
involved, be conducted to establish optimum
loading.  

Also of concern is the amount of material
that extrudes into the web area.  The extrusion
forms a thicker “bead-like” cross-section just
inside the bore diameter which is a major flex
area.  With the addition of the “bead,” or thick-
er cross section, the material will be vulnerable
to flex failure.  Soft materials tend to extrude
more easily.  On the other hand, firm materials
exhibit a higher modulus of elasticity which,
while not easily extruded, can affect the flex
resistance of the material.  A trade-off or com-
promise would be in order.  Testing will
increase your confidence level.

Flange Mounting - 

Large Diameters

In this section the discussion will cover flange
mounting of diaphragms with large diameters.

Often, these devices are made from cast metal
housings that require machining.  Bolts are the
usual fastening method.  The bolt diameters
have to be considered as they will add to the
flange width.

The unit loading requirements do not change
with the width or size of the flange.  However,
the total loading increases dramatically as the
area under the flange increases.  The bolt size
and the spacing can be determined by testing
the sealing requirements of the material. 

It is not our intention to detail the method of
calculating the bolt requirements, only to point
out what is involved.  This method can get com-
plicated and several factors have to be taken
into consideration.  A gasket design manual
details the methods of obtaining flange load-
ings.  To avoid duplicating material found in a
gasket design manual, we will highlight some of
the problems that can occur with bolt type
installations.
Items are listed in order of frequency of

problem occurrences.

1)  Bending of the material in the flange
between the bolts.  Correction can usually be
made by adding more bolts thus reducing the
distance between them.  Increasing the thick-
ness in the flange material will reduce the
amount of distortion.

2)  Distortion of the flange material around
the bolt holes.  Lightweight sheet-metal designs
lend themselves to this type of distortion.  This
is usually caused by excessive force applied to
the bolts.  Lightening up on the torque on the
bolts and/or increasing the thickness in the
flange material will help.

3)  Non-parallel Flanges (Cocking or
Warpage).  Often caused by uneven bolt loads.
Bolt tightening should be done sequentially uni-
formly loading the flange prior to final tighten-
ing.  Warped flanges can also become a major
problem and often can be overcome by uniform
bolt loading.  On the other hand, the surfaces
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might have to be machined to bring them into
parallel.  Plastic housings and covers are very
apt to exhibit warpage as the molding opera-
tions tends  to create depressions in certain
areas due to varying wall thicknesses.

4)  Surface Roughness. In most cases the
commercial finishes should not present sealing
problems.  However, an exceptionally hard
material might not conform to the rough sur-
face.  Another option would involve heating the
material enough to soften it so as to conform to
the flange surfaces. Other considerations would
include a slightly thicker or softer material.

Fig. #D11

The physical properties of the material can-
not be ignored as it not only serves as a gasket,
but also as flexible barrier. Careful attention to
design features and methods of installations can
often avoid material compromises.

There are types of diaphragms, which are
made from thin coated fabric, that incorporate
a fibrous gasket material bonded to the flange.
Precision Industries specializes in this bonded
gasket construction.  A typical construction is
shown in Fig. #D11.

Gasket materials are available in Rubber,
Cork/Rubber, Cork Composition, Cellulose/
Rubber and High Performance Fiber/Rubber.
Not only can this style of construction improve
the sealability of the diaphragm, it can help
reduce assembly costs by eliminating multiple
suppliers and components.

Flange Sealing With Beads

Beaded diaphragms have been available to
the designer for some time and are widely used.

Our discussion here will center mainly on the
beads used to seal the flange.  Beads offer many
advantages over flat flanges.

Beaded diaphragms became popular with the
advent of molded plastic hardware.  In fact,
beaded diaphragms became almost a necessity. 

Plastic parts present unique challenges in
realizing effective seals.  Surfaces are apt to be
wavy with depressions due to non-uniform
thickness.  Upon cooling, the plastic material
shrinks.  The shrinkage is not always uniform.
Under these conditions, flat flanged diaphragms
often do not have enough material thickness to
compensate for the irregularities of the housing
material.  Machining the plastic parts to remove
irregularities is not practical and defeats the
purpose of using plastic.

The second challenge to flange sealing with
plastic hardware involves the high coefficient of
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Fig. #D12

1. Provides for a more even draw of the
fabric onto the diaphragm.  While smoothing
out possible wrinkles, it also aids in keeping
the fabric in place within the part.

2. Provides for a positive location of the
part in the trim die, which controls the con-
centricity.

3. Provides for back pressure in the mold
to allow positive flow of the rubber and
flushes out trapped gasses in the bead.

The advantages of tear drop

beads are as follows:

Laminated Gasket

O-Ring Bead
Least Desirable

High Void Potential
Poor Flash Location For Trim

“D” Bead - Over
Most Common Style
Some Void Potential

Good Flash Location For Trim

“D” Bead - Under
Difficult Flash Location

for Trim
Some Void Potential

Tear Drop - Over
Better Void Resistance

Difficult Flash Location for Trim

Tear Drop - Under
Better Void Resistance

Better Flash Location for Trim

Diaphragm Convolution



expansion and contraction of the plastic materi-
als.  At temperature extremes, the materials
change dimensionally and possibly even in
shape.  All these factors become part of the seal-
ing equation.  Add in the thermal and fluid
effects on the rubber compound and sealing
issues become very involved.

The obvious solution is to add a bead to the
flange area of the diaphragm.  The bead would
function as an O-ring.  The bead, having a
small contact surface, can affect a seal with
high unit loading and low strain on the unit
itself.

The primary function of the beads is to seal
the diaphragm to the housing.  Some feel that
the bead renders a degree of confidence in pre-
venting diaphragm pull-out.  Pull-outs are gen-
erally the result of over clamping, crushing and
adhesion failure.

The beads should be placed on the pressure
side of the diaphragm thus enabling the pres-
sure to assist in sealing the bead.

Bead Profile

While the most common bead forms are cir-
cular or D shaped, we recommend bead design
known as The Tear Drop.  This design provides
for the flange point to be above or below the
flange plane, unlike the circular which flashes
in the middle, or the D bead which flashes at
the bottom.  Fig. #D12 shows some of the typi-
cal styles.  Other styles can be made depending
on overall diaphragm style and construction.
Please consult with the Precision Industries
Engineering Department for further details.

Bead & Groove Design:

Beads can vary in size and shape to provide
for special conditions.  Adjustments to the bead
shop or the groove design may be required to
compensate for the stock flow due to compres-
sion and environment swell.

We recommend a 30% compression on the
bead as a starting point.  Higher compression
would be required for higher modulus com-

pounds.  Beads should fit snugly against the
outer wall of the bead groove.

Rubber does not change in volume but flows
when compressed and it will assume the shape
of the bead groove. Rubber swell would be a
factor when determining the bead groove ID.
The rubber must be contained within the
groove and not allowed to extrude into the
working area.

There might be a concern that the diaphragm
will pull out under these conditions.  It is highly
unlikely if the diaphragm is not pulled taut.  A
clearance must be maintained between the
groove lip and the diaphragm allowing the
pressure to assist in sealing around the bead.

A Typical Bead Groove Configuration 

Fig #D13

Determining the Size 

of the Piston

We have assumed that the effective diameter is
the piston diameter rather than midpoint
between the bore and the piston (as others may
do).  This approach will partially compensate
for the energy loss due to internal friction with-
in the system itself.  It also eliminates some of
the messy issues associated with a fluctuating
effective area.  (Refer to pages  14-15).

In determining the amount of force the
diaphragm will have to tolerate, consider return
springs and other pressures that have to be
overcome.  These forces must be added to the
primary requirements.  Spring loading can be
worked out knowing the rate and calculating
the load at full stroke.  Other pressures may
have to be measured or estimated.  If there are
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Controlled
Squeeze Diaphragm

Flash

.002 “Non-Crush” Gap at Full Close

= That Portion of the Bead
that fills the Groove Void



severe size restrictions on the diaphragm, the
working pressure may have to be increased or
the spring force requirement reduced.

Determining the Width of the

Working Zone

Width of Work Zone = Total Stroke x 26%

The relationship of the width of the working
zone and the stroke is of prime importance.
The ratio has been worked out to minimize
stresses in fabrication and diaphragm function.  

It is preferred that when working out the
stroke that one half of the stroke be above the
flange plane, and the other half below the
flange, which will optimize the material usage.

Transition Radii

The transition radii are the radii that define
the shape of the web area of the diaphragm by
connecting it to the flange and the piston.  For
all practical purposes both the exit and
entrance radii should be the same.  In any case,
these radii should be 1/4 of the width of the
web width and should never be less than .015”. 

The corresponding radii on the hardware
must also be the same as those on the
diaphragm.  These radii must be as smooth as
possible with no tool marks or burrs.

The Diaphragm Engineering and Design Manual is
intended to be used by engineers for the purpose of
developing new or  improved rubber diaphragm designs
and evaluating material and/or process alternatives.  No
warranty is expressed or implied.  All efforts have been
made to provide comprehensive and accurate data.  Any
other use of The Diaphragm Engineering and Design
Manual is strictly prohibited without written permission
from Precision Industries Corporation.
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Precision Industries

Engineering

staff

This Design Manual has been a goal of the Precision
Industries engineering staff for quite some time.  

We have kept notes, refined techniques, developed
innovative designs and solutions to diaphragm chal-
lenges, and generally brain-stormed about the need and
creation of a useful, working manual for Precision
Industries customers.  

This manual is the culmination of efforts of the entire
staff of Precision Industries, Inc. However, three Precision
engineers are responsible for the majority of this docu-
ment and the creativity, engineering skill and dogged
pursuit of solutions to customer challenges.

GGlleennnn TThhoommaass,, EEnnggiinneeeerriinngg DDiirreeccttoorr

Glenn is a native Bostonian who earned a
BSMET degree with honors from the University
of Massachusetts at Lowell.   

More than 15 years of his professional engi-
neering experience has been concentrated in
the manufacture of diaphragms, diaphragm
controls, coated fabric and gaskets.    

Glenn has been with Precision Industries
since 1990 and is a member of The Society of
Automotive Engineering (SAE), The Wisconsin
Rubber Group and has had special training in
SPC and Basic Rubber Technology.

Those of you who have worked with Glenn
know he thrives on challenge and won’t give up
until a solution is found.  Easy to work with and
highly skilled, Glenn Thomas is a valuable asset
to your design team.

RRoobbeerrtt AA.. WWiittttee,, CCoonnssuullttaanntt

Perhaps the most experienced diaphragm
engineer in the country, Bob Witte, has worked
with the Precision Industries team to create this
manual.  

Bob has nearly 40 years of application engi-
neering of diaphragms, seals, packings and
highly-technical rubber products experience.
There simply hasn’t been a diaphragm engi-

neering challenge he hasn’t seen, nor met.  

Bob earned his BS Degree in Mechanical
Engineering from Syracuse University in 1948
and possesses a Certificate in Rubber
Technology from the American Chemical
Society and is a Life Member of SAE.

GGeerraalldd MMiilllleerr,, VViiccee PPrreessiiddeenntt--TTeecchhnniiccaall SSeerrvviicceess

Jerry has been working with diaphragms
since 1965.  

He has designed diaphragm production
equipment along with the complex tooling nec-
essary for diaphragm manufacture.  He is con-
sidered a leading expert in coated-fabric
diaphragm design and engineering.  

In 1986, he started Precision Industries
Corporation.  Since its beginning, Jerry has
helped guide the company’s exceptional
growth, including a major expansion of the
company’s production facilities and staffing.   

Jerry, along with Glenn and Bob represent
decades of diaphragm design and engineering
experience.  Their experience, expertise, dedi-
cation and skills are included in this manual.
We offer this manual as a service and encour-
age you to contact the Precision Industries
Engineering Department for consultation on all
of your diaphragm needs.

Thank you.
PPrreecciissiioonn IInndduussttrriieess CCoorrppoorraattiioonn TTeeaamm
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This as the name implies is several
pages of fill-in-the-blank forms.
These forms, hopefully, will be used
to give Precision the opportunity
for business.

The form asks several questions to
provide our Engineering
Department with information to
assist in the analysis of the cus-
tomer’s application.  Where possi-
ble, Precision would like prints, lay-
outs or sketches of the proposed
installation.  
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GGlloossssaarryy ooff

TTeerrmmss 

AAbbrraassiioonn ---- The wearing away of a mater-
ial surface through friction.  Particles become
detached through a combined cutting, shearing
and tearing action.  

AAddhheessiioonn ---- The clinging or sticking of two
material surfaces to one another.  In rubber
parlance, the strength of bond or union
between two rubber surfaces or plies, cured or
uncured.  The bond between a cured rubber
surface and a non-rubber surface, i.e. metal, or
fabric.

AAggiinngg ---- A progressive change in the
chemical and physical properties of rubber,
especially vulcanized rubber, usually marked by
deterioration.  Aging may be retarded by the
use of antioxidants.

AAnnttiiooxxiiddaanntt ---- A substance which inhibits
or retards oxidation and certain other kinds of
aging.  Some antioxidants cause staining or dis-
coloration of the rubber compound on exposure
to light.

BBeeaadd && GGrroooovvee ---- The bead is a raised
rubber ridge around a portion of the
diaphragm (usually and ID hole or the OD
trim) for the purposes of enhancing the seal.
The groove is that portion of the hardware that
accepts the bead and compresses it for the seal.

BBiiaass ooff tthhee FFaabbrriicc ---- The direction 45o

to the weave of the fabric.

BBlleeeeddtthhrroouugghh ---- Refers to the movement
of fabric toward the pressure side of the
diaphragm, during the molding operation.

BBlloooomm ---- The coating or efflorescence of
sulfur, wax or other ingredients of vulcanized
rubber, which may gradually appear on the
surface of some rubber articles.  Bloom depends
on the solubility of the substance in the rubber.

BBoonnddiinngg AAggeennttss ---- Substances or mix-

tures of substances that are used for attaching
rubber to metal, fabrics or other substrates.  

CChheecckkiinngg ---- The development of minute
surface fissures as a result of exposing rubber
articles to sunlight, generally accelerated by
bending or stretching.

CChheemmiiccaall RReessiissttaannccee ---- The resistance
offered by elastomer products to physical or
chemical reactions as a result of contact with or
immersion in, various solvents, acids, alkalies,
salts, etc.

CCooeeffffiicciieenntt ooff EExxppaannssiioonn ---- The
coefficient of linear expansion is the ratio of the
change in length per degree to the length at 0°

Celsius.  The coefficient of surface expansion is
two times the linear coefficient.  The coefficient
of volume expansion (for solids) is three times
the linear coefficient.  

CCoommppoouunndd ---- (1)In chemistry, it is the
material resulting from the chemical union of
two or more elements in definite proportions
and in which the properties of the individual
elements have disappeared.  (2) In rubber man-
ufacturing, it is the composition or formula of
stock, the ingredients of which, however, may
not all be chemically combined and is therefore
more of a physical mixture.  

CCoommpprreessssiioonn SSeett ---- The residual
decrease in thickness of a test specimen mea-
sured 30 minutes after removal from a suitable
loading device in which the specimen has been
subjected for a definite time to compressive
deformation under specified conditions of load
application and temperature.  Method A mea-
sures compression set of vulcanized rubber
under constant load.  American Testing and
Safety Materials (ASTM) Method B employs
constant deflection.  

CCoonnvvoolluuttiioonn WWiiddtthh ----  The distance
between  the inside diameter of the bore and
the outside diameter of the piston.

CCoorrnneerriinngg ----  A fold or gathering of
material within the convolution.  This can be
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caused by the fabric weave, hardware, or
diaphragm shape or slack material.  Cornering
normally results in failures that look like cuts
that are perpendicular to the flange.  

DDiissppeerrssee ---- To cause particles or molecules
of matter to separate and become uniformly
scattered throughout a medium.   In a rubber
compound, the particles of compounding ingre-
dients are dispersed in the rubber.  In latex,
rubber globules are dispersed in an aqueous
medium.

DDrryy OOuutt ---- The condition of the rubber
after a chemical soak.

DDuurroommeetteerr ---- Hardness of the cured rub-
ber.  Normally shown in Shore A numbers with
a +/-5 point tolerance.

EEffffeeccttiivvee AArreeaa ---- The area of the
diaphragm the pressure acts on.  This area nor-
mally comprises the piston diameter + one con-
volution width.

EEllaassttoommeerr ---- For the purposes of this
manual elastomer is used interchangeably with
compound.

EEllaassttiicciittyy ---- A property of an material
which makes it tend to recover its original
dimensions after removal of the force which
deforms it.

EEllaassttiicc MMoodduulluuss ---- The value of the
load (in pounds per square inch of original
cross-section), required to give an intermediate
elongation is usually called the modulus at that
elongation.  The expression used is modulus at
300% elongation.  Tensile-stress observations of
this sort are exceedingly useful in characteriz-
ing a particular compound, since by indicating
the position and shape of the stress curve,  they
show the relative toughness of the rubber.

EElloonnggaattiioonn ---- In the physical testing of
rubber, the increase in length of  a test-piece
when stretched, usually expressed as a percent-
age  of the original length.  For example, a 1”
piece stretched to 6” has an elongation of

500%.  Elongation at break - the elongation of
a test-piece at the moment of rupture, usually
expressed as percentage of the original length.

EEmmbbrriittttlleemmeenntt ---- A rubber compound
becoming brittle during low or high tempera-
ture exposure or in the process of aging.

EExxeerrcciisseedd ----  Broken-In - Example:  A
regulator diaphragm that is exercised prior to
final set point adjustment will likely not drift or
have to be reset prior to shipment.

FFaabbrriicc DDrriifftt --- See Bleedthrough.

FFiilllleerr ---- Any compounding material, usual-
ly in powder form, added to rubber in a sub-
stantial volume to improve quality or lower
cost.  

FFllaasshh ---- The excess material left behind as
a result of the molding or trimming operations.

FFlleexx FFaaiilluurree ---- Any failure due to
improper flexing of the diaphragm.  This can
result from improper diaphragm or hardware
design, assembly problems or incorrect material
choices.

FFlleexxiinngg AArreeaa ---- Same as the “convolu-
tion Width.”

GGaasskkeettiinngg ---- Cellulose, fibre, cork and
rubber combinations added to the diaphragm
for the purpose of enhancing its sealing proper-
ties.

GGllaassss TTeemmppeerraattuurree ---- The temperature
when a rubber becomes glass-like.  A more
recent name for Second Order Transition Point.

HHaarrddnneessss ---- See Durometer.

HHyysstteerreessiiss ---- As used in physics, the lag-
ging of the effect in a body when the force act-
ing on it is changed.

KKnniitt ---- A fabric style that allows for higher
bore-to-height convolution ratios.  This type of
fabric is typically not as strong as equally thick
woven fabrics.
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LLaayy--UUpp ---- The process of producing a
diaphragm in which the rubber is laminated to
the reinforcing fabric in the molding operation.
Rubber coverage is typically greater on one side
than the other.

LLooaaddiinngg ---- Refers to the amount of pres-
sure exerted on the diaphragm surface to
achieve a seal.

MMiillll ---- A machine consisting of two adja-
cent, heavy, chilled iron rolls set horizontally,
and which count rotate at dissimilar speeds (i.e.
upper surfaces rotate), used for the mechanical
working of rubber.  

MMiixxiinngg ---- The process of incorporating the
ingredients of a rubber compound into the rub-
ber, usually done on a mixing mill or in an
internal mixer.  

MMoodduulluuss ---- SSeeee EEllaassttiicc MMoodduulluuss

MMoooonneeyy VViissccoommeetteerr ---- The plasticity
of raw rubber or unvulcanized rubber com-
pounds.  

OOiill RReessiissttaannccee ---- Ability to withstand
swelling by a specified oily liquid for specified
time and temperature, expressed as percentage
swelling or volume increase of specimen.  Oil
Resistance -- as applies to vulcanized elastomer
compositions:  resistance to change in size and
shape and resistance to loss in physical
(mechanical) properties due to contacts with or
immersion in an oil.  

OOppttiimmuumm CCuurree ---- The physical properties
of a rubber compound vulcanized at a given
temperature for increasing periods of time
undergo continuous change.  For example, ten-
sile strength may rise to a maximum, continue
on a plateau, and then decline, whereas break-
ing elongation may continuously decrease.
Therefore, it is impossible to choose any one
time of cure at whichever property will be at its
optimum.  Hence, optimum cure is a compro-
mise and may be considered as that time
required to obtain the combination of proper-
ties most desirable for the article under
consideration.  

OOvveerrccuurree ---- A state of excessive vulcan-
ization resulting from overstepping the opti-
mum cure, i.e. vulcanizing longer than neces-
sary to attain full development of physical
strength.  Manifested by softness or brittleness,
and impaired age resisting quality of the vul-
canizate.

OOxxiiddaattiioonn ---- Active oxygen degrades
organic materials.  This is called oxidation.
Rate of degradation will increase with rising
temperatures.

OOzzoonnee ---- An allotropic form of oxygen,
(03), produced by the action of electrical dis-
charges in air.  It is a gas with a characteristic
odor, and is a powerful oxidizing agent.
Rubber compounds in a stretched condition are
susceptible to the deteriorating action of ozone
in the atmosphere, which results in a cracked
condition.  

PPeerrmmeeaattiioonn ---- The ability of a fluid to pass
from one side of the diaphragm to the other.

PPeerrmmaanneenntt SSeett ---- The amount by which
an elastic material fails to return to its original
form after a deformation.  In the case of elonga-
tion, the difference between the length after
retraction and the original length, expressed as
a percentage of the original length is called the
permanent set.  Permanent set is dependent on
quality and type of rubber, degree and type of
filler loading, state of vulcanization, and
amount of deformation.

PPllaassttiicciizzeerr ---- A substance that softens or
plasticizes another substance through its solvent
action.

PPoollyymmeerr ---- A polymer is a very long chain
of units of monomers prepared by means of an
addition and/or a condensation polymerization.
The  units may be the same or different.  There
are copolymers, dipolymers, tri- or terpolymers,
quadripolymers, high polymers, etc.

PPoosstt CCuurriinngg ---- An extended curing cycle
after molding usually done to enhance the 
physical properties of the rubber.
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PPrreeccuurree ---- Typically done to coated fab-
rics.  This process leaves some molding proper-
ties in the material but allows the fabric to
remain better centered in the rubber coating
especially in “aggressive” convolution shapes.

PPrreeffoorrmmiinngg ---- Refers to the forming of
the fabric or the rubber to a specific shape
before molding.

PPrreessssuurree DDiiffffeerreennttiiaall ---- Many times
referred to as a “delta-P” this is the difference
in pressures from one side of the diaphragm to
the other.

PPrreessssuurree SSiiddee ooff tthhee DDiiaapphhrraaggmm --

On lay-up diaphragms this is typically on the
rubber side.  On coated fabric diaphragms this
is less of an issue, but is normally on the con-
cave side of the convolution.

PPrroocceessssiinngg AAiiddss ---- Waxes, low molecu-
lar weight polyethylene, metal soaps, petroleum
oils and other agents which dissolve or lubri-
cate rubbers, soften them and act as processing
aids.

PPuullll OOuutt((ss)) ---- The act of a portion of the
diaphragm pulling out from the hardware due
to a lack of clamping pressure or improper
design.  

RRaaddiiaall CCrreeaasseess ---- See Cornering.

RReeiinnffoorrcciinngg AAggeenntt ---- In rubber com-
pounding, a finely-divided substance or filler
which when properly dispersed in rubber pro-
duces improved physical properties in the vul-
canized product, i.e. greater energy of
resilience, greater resistance to abrasion, higher
modulus of elasticity and tensile strength.  

RReeppllaassttiicciizzee ---- The act of making a “dry”
rubber part soft again.  Normally refers to
diaphragms that contact gasoline intermittently.
Without fuel contact they can become dry and
stiff due to loss of oils but become soft and pli-
able again with fuel contact.

RReessiilliieennccee ---- The energy returned by vul-
canized rubber when it is suddenly released
from a state of strain or deformation.  

RReevveerrssiioonn ---- The softening of some vul-
canized rubbers when they are heated too long,
usually accompanied by an increase in extensi-
bility, a decreasing in tensile strength and a
lowering of the stress required to produce a
given elongation.  Extreme reversion may result
in tackiness; the rubbers “revert” to unvulcan-
ized, then to a non-polymeric condition.

RRhheeoollooggyy ---- The science of deformation
and flow of matter.  Deals with the laws of
plasticity, elasticity and viscosity and their con-
nections with paints, plastics, rubber, oils, glass,
cement, etc.

RRoolllliinngg AAccttiioonn ---- Refers to the way a
convolution moves during its cycling.

SSccoorrcchhiinngg ---- A term frequently used to
denote premature vulcanization of a rubber
compound occurring on a mill or calendar, or
in an extruder.  Same as burning or setting up.

SSeeaalliinngg BBeeaaddss ---- See Bead & Groove.

SSiiddeewwaallll ---- The flexing portion of the
diaphragm that connects the flange and the pis-
ton together.

SSttrriikkeetthhrroouugghh ---- Refers to the amount
of rubber on the non-pressure side of the
diaphragm.  Refers to the lay-up process to
achieve best possible mechanical adhesion of
fabric to rubber.  

SSttrrookkee ---- The total travelor movement the
diaphragm will be required to make.

TTeennssiillee SSttrreennggtthh ---- The capacity of a
material to resist a force tending to stretch it.
Ordinarily the term is used to denote the force
required to stretch a material to rupture, and is
known as breaking load, breaking stress, ulti-
mate tensile strength.  

TTrraannssiittiioonn RRaaddiiii ---- The radii that con-
nect the flange to the sidewall and the sidewall
to the piston portions of the diaphragm.
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UUnnddeerrccuurree ---- Degrees of cure less than
optimum.  May be evidenced by tackiness, logi-
ness (lack of snap or resilience), or inferior phys-
ical properties.

VVuullccaanniizziinngg AAggeenntt ---- Any material
which can produce in rubber the change in
physical properties known as vulcanization, such
as sulfur, polysulfides, organic polynitro deriva-
tives, peroxides and quinone dioximes.

WWeebb AArreeaa,, WWoorrkkiinngg AArreeaass,,

WWoorrkkiinngg ZZoonnee ----  See Convolution Width.

precision industries corporation diaphragm engineering & design manual                                                V


