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CHARACTERIZATION OF THE FATIGUE BEHAVIOR OF TPU’S

J. Holzweber? , Z. Major 2

Summary: The fatigue behavior of different thermoplastic polyurethanes is disduss
compared to a cross-linked thermoset H-NBR elastomer. The chératien of the fatigue
behavior is of great interest for long-term properties under cyclic logdifihere is hardly
any fatigue data available for these new classes of materials. There areotwman ways

to describe the lifetime of an elastomer fatigue behavior. One method is thie dhtigue

test to generate the #tiler curve. The other approach is focused on fatigue crack growth
using the Tearing Energy or J-Integral concept. Displacement chhatf@yclic test were
performed and local strain based Whler curves were determined in tpisrpa
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1 Introduction

Thermoplastic Polyurethanes are random copolymers consist of amdusbfi segment which are forming
a two phase microstructure. The existence of the hard phase is very imtdortthe mechanical properties.
Because of their advantage in chemical resistance, abrasion, blotdsaarmcompatibility and their excellent
mechanical properties thermoplastic polyurethanes are a very esseotipla polyurethane products [1].
Thermoplastic elastomers are frequently used in harsh environmentdicosdnderlying high temperature
deviations and cyclic loading conditions [2, 3]. Even though many diftggetymer blends, graft and block
copolymers have already been characterized in case of fatigue fiespdPE’s are a rather new class of
materials which have not been widely studied up. So there is hardly anydataga available for these new
classes of materials. Even with modern test systems the characterizationfafighe behavior is still a
major challenge. Normally, fatigue tests are performed under force dledttoadings to get the classical
S-N or Wohler curve. In this research local strain basedhl®r curves (LSWC) have been created under
displacement controlled tensile loading using Diabolo specimens with a redunsesi section. There are
two different ways to calculate the real local strain at the notch tip. Whilenoaod is to measure the
deformation with an optical measurement system, the other uses finite elemdatisimwith an appropriate
material model for generating a calibration curve. The main methodology was:

¢ Displacement controlled tests with different amplitudes and measuremefits, of F.,;,, data
e Determination of Cycles-to-Failuréy, (see figure 3)

e Determination of local strain with FE and derivation of a local strain calibratiome and

e Construction of the local strain based strain baseihl&f curve.

This methodology is described and discussed in this paper.
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2 Experimental and selected results
2.1 Materials

For the first experiments four different thermoplastic polyurethanesdoas aromatic isocyanates and di-
ols, and one cross-linked thermoset H-NBR were selected. Due to tlosilent chemical resistance and
mechanical properties this materials typically are used for different deigiste 1 shows the Diabolo spec-
imen with his reduced cross section for the strain concentration. Thesialsgmecimens are turned from a
semi-finished casting product by DMH Dichtungs- und MaschinenhadaddiH, Traboch, Austria.
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Figure 1: Diabolo specimen

Figure 2: Signal form for the loading

2.2 Displacement controlled test

All fatigue tests were run on a servo hydraulic testing system (992550 Damper Station, MTS Systems
GmbH, Berlin, D) with an extra designed clamping device in the laboratory ofrtbitute of Polymer
Product Engineering at the Johannes Kepler University, Linz.
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As mentioned before, the tests were conducted under cyclical displaceamtrolled tensile loading in
an ambient temperature of ab@x°C. Which means the strain rati®.-ratio (1) was kept constant at 1
and the frequency of the sine wave wi&dz during all test runs.

2.3 Determination of Cycles-to-Failure

During each test-run the hysteresis and the maximum and minimum load \Blugd,F,..., , were recorded
continuously. The failure criterion was the ultimate fracture of the specimasedBon figure 3 the number
of the cycle-to-failure Ny was determined. This experiment was repeated with different amplitudesgs lo
as enough points are created to design thi#ghMt curve. Figure 3 is also a good example to show the three
different areas: The softening phase at the beginning of the cyclyiade(t ~ 1000), the stationary phase
where nearly no change of the hysteresis or maximum load occurs andrtteeyd phase in which the final
rupture takes place{last2000 cycles).

The area inside the hysteresis is the energy absorbed per unit of vofuheernaterial. This is mostly
dissipated into heat. Figure 4 shows how the stress or load level is rellytieglincrease of the cycle number.
In general the hysteresis loop depends on material composition, additisidsading rate. A small hysteresis
loop also indicates a good compatibility or adhesion between the differesépha bigger hysteresis loop
usually leads to earlier fatigue failure. [4]
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Figure 3: Determination of cycles to failure Figure 4: Hysteresis loops TPU3

2.4 Determination of local strain with FE

To create the local strain baseddler curve it is necessary to know about the real local strains. Trere

a finite element simulation with Abaqui12 was performed to describe the local strain situation in the
notch tip of the Diabolo specimen. For this simulation an appropriate hyperetsatérial model was used.
The required data were generated with different uniaxial or biaxialléetests. Furthermore, in Figure 5
a calibration curve was created to calculate the global displacement intol ati@éa. The details of these
simulations are described by Pichler [5]. This curve was used for th&tremtion of the local strain based
Wohler curve in figure 6.¢(, — Ny).
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Figure 5: Local strain to global discplacement calibration curve

2.5 Local strain based Wohler curve, LSWC

In figure 6 the local strain baseddhler curves for the investigated materials are presented. As it is shown
in this figure, the TPu2 and the filled TPu-SL nearly have the same fatiguevibelaa the cross-linked

46



X1I1*" Youth Symposium on Experimental Solid Mechanics, Jurié 29uly 2, D&tin, Czech Republic

thermoset H-NBR elastomer. Notably is that TPu2 and TPu3 showing an dimezst fatigue behavior in
contrast to the other materials. Definitely, TPu3 displayed the best fatidwevibe The precision of the
LSWC highly depends on the quality of the material model and the FE simulation.
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Figure 6: Local strain based d¥ler curve

3 Conclusion and Outlook

Displacement controlled tests can be performed very easily using a mogtinauhc system. Future work
is focusing on a comparison between displacement controlled and fartelbed tests as well as the devel-
opment of an energy controlled cyclic test for elastomer and thermoplagtiolar components. The other
side of research will be concentrated on the most common failure type tidpeefarack growth (FCG), with
the comparison between the Tearing Energy and the J-Integral con€bptinal step will be the application
of both theories (LSWC and FCG) on a real component.
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