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1 INTRODUCTION 
 
Load amplitude control, analogous to engineering or 
nominal stress control is a method often employed 
when carrying out both uniaxial and biaxial testing 
on rubber components. This method generally al-
lows the load to be maintained easily within specific 
test limits throughout the duration of a fatigue test. 
However engineering stress does not accurately rep-
resent the behaviour of viscoelastic materials under 
load. Conversely, true (Cauchy) stress does accu-
rately represent their behaviour under load since its 
use acknowledges the large change in the deformed 
area of test samples. Despite this, using true stress as 
a control for fatigue testing is little used. Part of the 
reason for this is the complexity in successfully 
maintaining constant true stress amplitude limits 
throughout a fatigue test along with the fact that en-
gineering stress control is the norm in industry. 
When the viscoelastic behaviour of rubber is repre-
sented in engineering stress terms “the underlying 

material effects governing rubber mechanical behav-
iour are overlooked” (Charlton and Yang, 1994). To 
achieve constant true stress amplitude control the 
stretch ratio and the applied load acting on a sample 
must be monitored in real-time hence the maximum 
applied load is continuously adjusted to compensate 
for the changes in cross sectional area.  

In service rubber components are subjected to 
complex loading conditions. Uniaxial load test data 
is therefore often unrepresentative of actual compo-
nent behaviour. In order to obtain more accurate fa-
tigue life predictions for elastomers in complex load-
ing conditions, biaxial testing methods are 
necessary.  

Current biaxial tests machines, such as stretch 
frames, provide a simple biaxial test method. While 
stretch frames are particularly suitable for low 
stretch ratio tests, difficulties can arise where high 
stress ratios or high cycle fatigue tests are required, 
due to failure of the samples at the clamps rather 
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than in the gauge area (Charlton and Yang, 1994). If 
a requirement for true stress control is also consid-
ered, stretch frames become impractical for biaxial 
fatigue testing.  

Bubble inflation is ideal for carrying out equi-
biaxial fatigue tests with large stretch ratios and 
where large numbers of cycles are anticipated (Mur-
phy et al. 2003).  

While methods of true stress control are problem-
atic during fatigue tests (Mars et al. 2002), utilizing 
bubble inflation with the implementation of real time 
stretch ratio feedback control using charged couple 
device (CCD) cameras enables true stress fatigue 
control to be achieved (Dynamet system, Murphy et 
al, 2011). 

True (Cauchy) stress is extensively used in FEA 
calculations, but is normally inferred from engineer-
ing test data. The availability of direct true stress 
control fatigue data allows the verification of mod-
elled outputs based on true stress fatigue predictions. 

This paper presents results using true and engi-
neering stress control to allow comparison of fatigue 
tests carried out in each case. As well as being con-
sidered as a fundamental requirement of dynamic 
testing of rubber, the comparison was undertaken to 
establish if using constant true (Cauchy) stress am-
plitude as a control parameter for fatigue tests may 
lend itself to using the maximum principle Cauchy 
(true) stress as a fatigue life predictor. Doing so may 
also lead to a decrease in the number of tests re-
quired to obtain a credible value for the fatigue 
strength of a material. (Flamm et al, 2003)     

2 BACKGROUND 
 
The Dynamet system, previously reported (Murphy 
et al, 2009, 2011), a test system which uses the bub-
ble inflation method to subject elastomers to equi-
biaxial loading. Fatigue tests can be carried out us-
ing engineering stress, true stress, stretch ratio, vol-
ume or pressure control limits.  

When carrying out fatigue tests between defined 
stress limits, these limits must be specified in either 
true stress or engineering stress. In the case of biaxi-
al deformation and hence bubble inflation. The rela-
tionship between engineering and true stress is: 

 

σeng = (σtrue)/(λ)               (1) 

 

where λ represents the stretch ratio in the direc-
tion of the applied load. For the bubble inflation case 
stress can be expressed as: 

 

σeng = P(r/2to)·λ (2) 

and 
 

σtrue = P(r/2to)·λ2              (3) 
 

where P is pressure, r is the radius of curvature of 
the inflated membrane and to is the original thickness 
of the material. (Murphy et al, 2009, Mott et al 2003, 
Javořik, Dvořàk, 2007)  

3 MATERIAL AND METHODS 

EPDM rubber of 70 Shore A hardness, cross-linked 
with sulphur and containing low activity carbon 
black was used in this investigation. The test sam-
ples consisted of 50mm diameter, 1.6mm thick 
EPDM discs inflated through a 38mm orifice using 
an inflation fluid that would  not induce swelling in 
the test samples (Jerrams et al, 2008). 

During testing, samples were clamped at their pe-
riphery, inflated to a maximum upper stress and de-
flated to a stress of zero repeatedly until failure oc-
curred. 

All samples were preconditioned before testing. 
Preconditioning was achieved by cycling each sam-
ples six times to the maximum stress control limit. 
After these cycles, each sample was unloaded and 
the stretch ratio was reset to a value of one. Precon-
ditioning in this way is especially useful in the bub-
ble inflation case as the set caused by the precondi-
tioning cycles eliminates difficulties of initial radius 
values approaching infinity. Two studies were car-
ried out for the EPDM sample set:  

A first set of samples were cyclically loaded to a 
constant maximum engineering stress until failure 
occurred. 

A second set of samples were cyclically loaded to 
a constant maximum true (Cauchy) stress until fail-
ure occurred. This was achieved by reducing the ap-
plied load in a regulated procedure to maintain a 
constant upper true stress as the stretch ratio in-
creased during accumulated cycles. 

4 RESULTS  

As a basis for comparison, tests were carried out 
where the material was loaded to an initial true (and 
engineering) stress, with thereafter one set of sam-
ples being maintained at constant true stress for sub-
sequent cycles and the other being subjected to re-
peated constant engineering stress cycles. The test 
results shown in figure 1 are for samples subjected 
to constant true stress control, while figure 2 illus-
trates the expected reduction in engineering stress 
values during the test. Similarly, samples subjected 
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stress control is employed, the number of cycles ob-
tained during a fatigue test is a function of the max-
imum true stress applied. This is despite the fact that 
the loading history in both cases is very different 
(Mars, et al. 2004). 

Hence, it appears that for these materials and the 
test methods used here, engineering stress control 
data can be used to produce a satisfactory represen-
tation of fatigue behaviour during constant true 
stress control. However engineering stress control 
offers no ability to limit the maximum true stress 
applied to a sample throughout a test. This presents a 
difficulty if it is required that a certain maximum 
true stress is not exceeded or if it is stipulated that a 
failure occurs at a defined true stress value. Engi-
neering stress control is not suitable in this case as 
the maximum true stress will either not reach or will 
exceed the desired limit. This is clearly not ideal if 
true stress is the controlling parameter which is to be 
investigated. To obtain similar fatigue lives between 
both methods, a higher value of true stress must be 
applied in the initial cycle for constant true stress 
control than that for engineering stress control. 

6 CONCLUSIONS 

Constant true stress amplitude control equi-biaxial 
fatigue data can be obtained using the bubble infla-
tion method (Dynamet). The fatigue life data ob-
tained in these tests appears to be reliable; however 
the results can also be reasonably accurately inferred 
from constant engineering control tests. An ad-
vantage of true stress control is that every sample 
will fail at the specified true stress limit, whereas 
this is usually only achievable in engineering stress 
control following extensive trial testing to establish 
the equivalent engineering failure stress. Both meth-
ods appear to be consistent in terms of fatigue pre-
diction despite differing loading histories.  

7 PROPOSED FURTHER WORK 

Further tests are required encompassing a range of 
materials and stress amplitudes to establish if the re-
sults shown here are fully representative of the fa-
tigue resistance of rubber-like materials. A compari-
son of accumulated dynamic stored energy 
throughout the test cycles should also be made to de-
termine if the use of the dynamic stored energy crite-
rion as a fatigue predictor for rubber would be ap-
propriate (Alshuth, et al. 2002). Also the test 
equipment is to be upgraded to record cumulative 
dynamic stored energy to determine the relationship 
between values achieved with each control method 
and their associated fatigue lives.  

 

8 REFERENCES 

Alshuth, T., Abraham, F., Jerrams, S. 2002 “Parameter De-
pendence of the Fatigue Properties of Elastomer Products”, 
Rubber Chemistry and Technology, 75, No. 4, pp. 635-642 

Charlton, D.J, Yang, J. 1994 “A review of methods to Charac-
terise Rubber Elastic Behaviour for the use in Finite Ele-
ment Analysis”, Rubber Chemistry and Technology, 67, No. 
3, pp. 481-503 

Flamm, M., Steinweger, T., Weltin, U. 2003 “A method for de-
termining equi-biaxial fatigue in elastomers.” 3rd European 
Conference on Constitutive Models for Rubber (ECCMR), 
2003, London, England 

Mars, W.V., Fatemi, A. 2002 “A literature survey on fatigue 
analysis approaches for rubber”, International Journal of Fa-
tigue, 24, pp. 949-961 

Mars, W.V., Fatemi, A. 2004 “FACTORS THAT AFFECT 
THE FATIGUE LIFE OF RUBBER: A LITURATURE 
SURVEY”, Rubber Chemistry and Technology, 77, No. 3, 
pp. 391-412 

Murphy, N., Spratt, C., Ronan, S., Jerrams, S., Johannknecht, 
R. 2003 “A method for determining equi-biaxial fatigue in 
elastomers.” 3rd European Conference on Constitutive 
Models for Rubber (ECCMR), 2003, London, England 

Murphy, N., Hanley, J., Jerrams, S. 2009 “The Effect of Pre-
Stressing on the Equi-Biaxial Fatigue Life of EPDM” 6th 
European Conference on Constitutive Models for Rubber 
(ECCMR), 2009, Dresden, Germany 

Murphy, N., Hanley, J., Jerrams, S. 2011 “The Effect of Pre-
Stressing on the Equi-Biaxial Fatigue Life of EPDM” 7th 
European Conference on Constitutive Models for Rubber 
(ECCMR), 2011, Dublin, Ireland 

Mott, P., Roland, C. M., Hassan, S. 2003 “Strains in an Inflated 
Rubber Sheet”, Rubber Chemistry and Technology, 76, No. 
2, pp. 326-333 

Javořik, J., Dvořàk, Z. 2007 “Equi-biaxial Test of Elastomers”, 
KGK Kautschuk Gummi Kunststoffe, September 2007, 
pp.456-459  

Jerrams, S., Hanley, J., Murphy, N., Ali, H. 2008 “Equi-Biaxial 
Fatigue of Elastomers: The Effect of Oil Swelling on Fa-
tigue Life”, Rubber Chemistry and Technology Journal, Vol 
81, No. 4, pp 638-649 

 


	The Equi-Biaxial Fatigue Characteristics of EPDM under True (Cauchy) Stress Control Conditions
	Recommended Citation

	Microsoft Word - ref091-Johnson

