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Modeling of thermorheologically complex
deformation of glassy polymers

L.C.A. van Breemen, L.E. Govaert and H.E.H. Meijer

Introduction

For the past years a constitutive model to describe glassy
polymer deformation has been developed [1,2]. In this model
the viscosity approach is thermorheologically simple, unfor-
tunately few polymers show this type of deformation. The
approach presented here extends the model to be used for
thermorheologically complex deformation. For thermorheo-
logical simple deformation , like Polycarbonate (PC), the rate
dependence of the yield drop remains constant, however for
thermorheological complex materials, such as polymethyl-
methacrylate (PMMA), there is a pronounced difference in
yield drop depending on strain rate [3]. An extensive vali-
dation of this new approach can be found in [4].

Model

The model is employed as two parallel parts, i.e. the part
describing the yield and strain softening o, and the other de-
scribing the strain hardening ..
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Figure 1 Left: True stress-strain curve Right: Mechanical analog.
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The plastic deformation rate tensor D, is related to the effec-
tive deviatoric stress tensor o¢ by a non-Newtonian flow rule
with an Eyring viscosity 7:
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Rheological complex viscosity
Where the old approach incorporates only the « process this
approach uses both the o and (3 processes, see left hand side
of figure 2.

n0a+3(5a) Hp _
=7 Uy + —""—"a, ..|exp|—|exp|SR
n= 1o, [ 7 o e8] 70| P p [SaR(7,)]
where
7 7
Qg, = — — and Qopyp = T0a+ﬂ_ .
sinh [L} sinh [ z }
Toa TOLv+/3

The summation of the two viscosity functions, as shown here,
is only allowed if the zero-viscosity 7, of the a process is
much larger then the zero-viscosity 7o, , of the a + 3. This
/department of mechanical engineering

summation of the two viscosity functions for PMMA is shown
in the right hand side of figure 2.
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Figure 2 Left: Yield stress versus strain rate Right: Viscosity versus
equivalent yield stress.

Characterization

The input parameters for the model are derived from uniaxial
compression tests. However for uniaxial compression sim-
ulations with different pressure dependence parameter (1)
values, identical simulation results will be obtained. To de-
termine the pressure dependence parameter (u) micro inden-
tation experiments were performed. A best fit is obtained for
0.13. The current thermal state (S,) is obtained by fitting the
true yield stress of the simulation to the experiment.
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Figure 3 Left: Uniaxial compression simulations show identical re-
sults for different u values Right: Pressure dependence parameter
1 determined via micro indentation.

Conclusions

O With this new approach vyield stresses for all strain
rates can be predicted.

O The pressure dependence can be determined using mi-
cro indentation.

Future work

O Extend the model for friction and wear simulations.
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