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Abstr act

Cyclic stressstrain respongs of ultra high moleaular weight polyethylene (UHMWPE) are
investigated unde different load control modes. Uniaxial and biaxial experiments are condwcted
unde strain and stress controlled load reversals. One of the unified state variable models,
Viscoplasticity Based Overstress (VBO) modd for pdymers [1] is used to simulate the recored
cyclic respones of UHMWPE. Themodd does not indude any yield surface and loading and
unloading conditions Apart from many existing work in theliterature, material parameters for VBO
are degermined using the genetic agorithm (GA) optimization piocedure which is constituted using
MATLAB Genetic Algorithm and Dired Search Toobox.

Themoplastics like ultra high moleaular weight pdyethylene (UHMWPE) have bean used
for a wide variety of applicaions such as geas, unlubricaed beaing, seds and in the field of
biomedanics dueto biocompdibility. Accurate prediction of stresses and debrmation in service
conditionsis esentia to the designer and finite element andyzer.

1. Experiments

For undestanding the material behavior of UHMWPE unde cyclic loading and evaluding a
constiutive modd for simulating cyclic responss, a set of material experiments unde stress and
strain controlled, unixia loading cycles are conduded. Tububr, dogbone shgped spedmens are
macdhined from UHMWPE solid rods for conduding these tests The strain-controlled unixial
experiments involved monobnic loading upto 40%strain and cyclic loading with vaiousstrain-
amplitudes. In boh cases the prescribed loading rate is kept consent at 0.1%second. Recorded
axia stressstrain response from a cyclic strain-controlled experiment with 3% amplitude cycle is
shown in Fig. 1. Stable hysteresis loop respons is demonstated by UHMWPE in this figure. The
uniaxial stresscontrolled cyclic experiments were condwted by pescribing vaious stress
amplitudes and means, and loading rates. Respong from such an experiment with the amplitude
stress 12.5MPaprescribed at a rate of 0.77 MPd seand is shown in Fig. 2. As the mean stress
prescribed in this experiment is zero, noaxia strain ratcheting is obtained. However, after ten such
cycles when mean stressis incressed to a honzeo value axia strain ratcheting is obtained (not
shown).

2. Modeling

Cyclic behavior of UHMWPE in different grades and crosslinking hes been the objed of
many reseaches in thefield of biomedanics. Expeimental studies have shown tha strain softening
is obsrved dueto the morphology changes [2]. Even thoughthere are some experimental studiesin
theliterature, there are not many paers deding with modding d cyclic behavior of UHMWPE due
to the difficulty of simulating viscous effeds. In this work, VBO is used for modding cyclic
behavior of UHMWPE. Thery consistsof two tensor values state variables, equilibrium and
kinematic stress and a scdar isotropic stress Flow law is given in Eq.1.Indastic strain rate is
fundion of overstresswhich isthe differencebetween Cauchy and equilibrium stresses (0 = s— Q).
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where s and g are the deviatoric part of the Cauchy (g) and he equilibrium stess G) tersor,
respedively. The equilibrium stress G) is nonlinea, rate-independenand hysteretic. Its evolution
equaionin devatoric formis gven a:
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where k is the deviatoric kinematic stress, which is the reposiory for the modding of the
Bauschinge effed. A is he isotropic stress, rate independeincontibution to the stress, which is
resporsible for modding hardening or softering. The evolution equaion for the kinematic stress n
deviatoric form is,

k =" 3)
where E, =iEtand E isthe tangent modulus.
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For more information éboutmodel, see Dusunceliand Colak [3].

3. Results
Simulation and experimental results of fully reversed symmetic cyclic loading unde strain
and gresscontrol modesis depicted in Fig.1 and 2
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Fig.1 Strain controlled uniaxial loading at the ~ Fig.2 Stresscontrolled uniaxial loading at the
strain rateof 1.E-3/s. stress ateof 0.77MPass.
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