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There are standard ASTM, ISO, and
DIN procedures for conducting most of
the tests on rubber materials. It is
important to follow these procedures
carefully in conducting tests if uniform
results are to be obtained. For instan-
ce, in pulling specimens to find tensile
strength, elongation and modulus values,
ASTM method D412 requires a uniform
rate of pull of 20 inches (500 mm) per
minute. In a test, tensile strength can
be found to decrease 5% when the
pulling speed is reduced to 2 inches
per minute, and a decrease of 30%
when the speed is reduced to 0.2
inches per minute.

Test Specimens

ASTM test methods include descrip-
tion of standard specimens for each
test. Often two or more specimens are
permitted, but results from the different
specimens will seldom agree. The way
that properties vary with the size of the
specimen is not consistent. For instan-
ce, as the cross section increases,
nitrile O-rings produce lower values of
tensile strength, elongation, and com-
pression set. Likewise, ethylene propy-
lene O-rings produce a similar pattern
for tensile and elongation values but
not for compression set. 
In Fluorocarbon compounds, only the
elongation changes.
In fluid immersion tests, O-rings with a
smaller cross section can be found to
swell more than larger O-rings, while in
explosive decompression tests the
smaller cross sections will have better
resistance to high pressure gas.
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How to properly deal with Hardness
and Compression Set

Hardness Testing is the easiest test
to carry out on O-rings, but a proper
interpretation of the hardness may be
difficult. The hardness commonly men-
tioned in the various data sheets refers
to the standard measuring method by
DIN or ASTM. This means that the test
has been carried out on a standard
slab of .08 inch (2 mm) or a button of
.5 inch (12 mm) thickness. O-ring hard-
ness measurements differ from meas-
urements on slabs. In addition, the
value per each individual O-ring cross
section will vary as well: a small cross
section of e.g. .08 inch (2 mm) will give
higher values than a crosssection of
.275 inch (7 mm) for the same 
compound.

To make it even more complex, a dis-
tinction must be made between the
two measuring standards: Shore A and
IRHD. IRHD is more and more being
used for O-rings. Measuring results of
both methods may differ. It is peculiar
that the difference depends on the
kind of rubber. HNBR will show more
deviations than FKM.

What conclusion should consequently
be made? With a view to the applica-
tion, hardness is a parameter of relati-
vely minor importance. The service life
of an O-ring will not drastically be
changed by a small difference in hard-
ness. Please also note that data sheets
always state ±5 points on IRHD or
Shore A values.
It is recommended that when testing
hardness, testing methods should
always be the same (same equipment,
same specimen). In these circumstan-
ces a comparison is useful.

Hardness Shore A readings taken on
actual O-rings are notoriously variable
because O-rings do not have flat sur-
face and operators will vary in the
accuracy with which they apply the
indenter to the crown of the O-ring, 
the point that gives the best reliable
reading. Therefore it is better to order
compression set buttons from the
same batch as the O-ring for the hard-
ness test.

As to compression set it should be
observed that one should carefully
watch the information in the data
sheet. In most cases the compression
set stated has been measured on a
slab or a button. This gives totally dif-
ferent values than measurements on
actual O-rings. O-rings will show diffe-
rent values depending on the thickness
of the sample. Small crosssections will
give a higher value than large cross-
sections. The NBR and EPDM com-
pression set values are commonly sta-
ted at 100°C (212°F ); for EPDM PC at
150°C (300°F) and for VMQ and FKM
at 200°C (390°F).
The lower the values, generally the
better the sealing performance. See
also the calculations of service life in
which this subject is discussed exten-
sively.
Compression set of the standard
ERIKS O-rings is measured on an 
O-ring with a crosssection of .139 inch
(3.53 mm). Consequently all qualities
can be compared.

Changes in Environment
Changes in a fluid medium can occur
due to the effect of heat and contami-
nants during service so that a rubber
that is virtually unaffected by new fluid
may deteriorate in the same fluid after
it has been used for a certain time. For
this reason it is sometimes better to
run tests in used fluids.

Aging
Deterioration with time or aging relates
to the nature of the bonds in the rub-
ber molecules.  Three principle types
of chemical reactions are associated
with aging.
• Cracking. The molecular bonds are

cut, dividing the molecular chain into
smaller segments. Ozone, ultraviolet
light, and radiation cause degrada-
tion of this type.

•  Cross linking. An oxidation process
whereby additional intermolecular
bonds are formed. This process may
be a regenerative one. Heat and oxi-
gen are principle causes of this type
of attack.

• Modification of side groups. 
A change in the molecular complex
due to chemical reaction. Moisture,
for example, could promote this acti-
vity.

All mechanisms by which rubber dete-
riorates with time are attributable to
environmental conditions. Selection
and application of O-rings to provide
acceptable service life is the main 
subject of this handbook.
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Service life of an O-ring

Calculations of Service Life
For calculating the service life of 
O-rings ERIKS makes the assumption
that the sealing life of an O-ring is zero,
once the compression set has reached
100%. This indicates that the rubber
has practically no elasticity and that
the sealing force has become minimal
so that leakage can easily develop. 
The best method to determine these
values is to carry out "long-term" tests
at a certain temperature under a cer-
tain pressure in a certain media. This is
generally done in air, being the most
receptive to aging. Field tests have
shown that within the same polymer-
name service life can vary widely e.g.
1000 to 6000 hours. Several compounds
have been field tested by ERIKS for
thousands of hours to determine the
time at which the leakage occurs
under specified conditions.
As mentioned before, the service life of
O-rings depend on both the formula-
tion quality and the product quality.
The formulation quality indicates the
maximum properties of the compound.
This quality is generally tested on each
batch. The product quality strongly
depends on the production process
control. 

Life Tests
The extensive tests which preceded
the determination of the O-ring service
life have enabled ERIKS to give an
indication of service life by means of
short term tests i.e. life time tests. 
A service life test is a laboratory proce-
dure used to determine the amount
and duration of the resistance of an
article to a specific set of destructive
forces or conditions. Today, it is possi-
ble to perform these tests under the
same conditions as those prevailing in
many actual situations. In this way a
picture of the service life of the seal
can be achieved. 

NBR compound Compound A Compound B Compound C
At 140°F (60°C) 65.000 hr (6.5 yr.) 48.000 hr (4.8 yr.) 40.000 hr (4 yr.)
At 175°F (80°C) 17.000 hr (1.7 yr.) 10.000 hr (1 yr.) 9.500 hr (11 m.)
At 212°F (100°C) 3.000 hr (4 m.)  1.900 hr (2.3 m.) 1.800 hr (9 wk)
At 257°F (125°C) 740 hr (4 wk.) 500 hr (18 d.) 450 hr (16 d.)

* Consult ERIKS for other lifetime tests.

Please observe that service life varies
depending on the cross section and
the temperature. The latest, most
state-of-the-art computer programs
can now predict these service life
graphs by each individual cross section.
This chapter gives an example of the
results of life time tests according ISO
815 for different NBR compounds:  A,
B, and C, 70° shore O-rings with cross
section .139 inch (3,53mm). This shows
that different NBR-70 compounds give
different life times.
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Life tests on 70° shore O-rings with a cross section of .139 inch (3,53 mm) in a sulphur
cured EPDM and a peroxide cured EPDM give the following values. These values
show the large difference in results between the two curing systems.

EPDM compound Sulphur cured Peroxide cured
At 140°F (60°C) 100.000 hr (10 yr.) 1000.000 hr (100 yr.)
At  175°F (80°C) 52.000 hr (5.2 yr.) 250.000 hr ( 25 yr.)
At  212°F (100°C) 8.500 hr (10 m.) 34.000 hr ( 3.4 yr.)

Factors for small c.s. .070 inch (1,78 mm) For large c.s. .275 inch (6,99 mm)
At 175°F (80°C)   : x 0.75 : x 1.80
At 212°F (100°C) : x 0.65 : x 1.60
At 257°F (125°C) : x 0.65 : x 1.50

Generally, in air, the service life for NBR 70° O-rings at 100°C (212°F)  in the various
compounds range from 2000 to 3000 hours. EPDM O-rings at 100°C (212°F) sulphur
cured or peroxide cured range from 8.500 to 34.000 hours, depending on the comp-
ound. Other Eriks O-ring compound life test results are available. Please contact an
ERIKS representative for more information.

These test results give the number of expected hours,  during which the compression
set reaches (100%) when tested in air. When testing in oils, the service life is conside-
rably higher (not for EPDM). 
Warm air can be a very aggressive environment for rubber.

Since the interpretation of this data requires some explanation, please contact an
ERIKS representative for more information.

Extra service for O-rings

In addition to test procedures specified by ERIKS, there are also different 
possibilities for specific quality assurance systems:

• compression set testing
• hardness control following Shore A or IRHD
• surface control to Sortenmerkmal S (surface defect control)
• specific measurement to special tolerances
• special surface control
• tear strength test
• tensile strength test
• ozone testing
• lifetime testing
• chemical resistance tests
• infrared spectroscopy
• TGA-analysis
• FDA migration test
• TOC analysis
• FEA calculations


