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Introduction

e Glass transition
— Transform of liquid glass melt to solid-like glass state with cooling
— Occur around glass transition temperature T,
— Dramatic viscosity increasing
— Material property changes: thermal expansion, heat capacity, ...

e Characterized by two viscoelastic relaxation phenomena
— Structural relaxation

Time-dependent intermolecular rearrangement change (volume, thermal
expansion, ...) due to temperature change

— Stress relaxation
Time-dependent change in dimensions due to applied loadings
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Stress Relaxation

»
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Stress, MPa

Paoint Graph: Stress tensor, xy component (MPa)
Point Graph: exp(-(t-0.001)/1e-1)*G inst*C.5[mmwidth*(t>=0.001)*1e-6
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Structural Relaxation

 Fictive temperature and Tool’s equation (A.Q. Tool)

dT, _T-T, =1 J@
dt A

o, Liquid CTE
e Thermal strain

dt «, Glass CTE

e Shift function

O =exp

shift function

H[ 1 X 1—X) Tool-Narayanaswamy (TN)
T T

Williams-Landel-Ferry (WLF)
C2 + (T _Tref ) shift function
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Temperature In %
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, distribution in  T(r)
Numerical Example thickness m( %)
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COMSOL Implementation

e Physics

— Solid mechanics module - displacement and stress
* Linear viscoelastic material added for stress relaxation

— Domain ODE for fictive temperature
P "~ Structural relaxation

— Domain ODE for thermal strain

« Use “Equation View” to update thermal strain and shift function

R R

4 %= Solid Mechanics (solid) :
YD Linear Elastic Material 1 Name Expression

S Axial Symmetry 1 solid. Tdiff solid.T-solid.Tref
'S Free 1 % solid.eth1l
2 Initial Values 1 !, solid.eth12 0
g Linear Viscoelastic Material 1 . solid.ethl3 0
4 O3 Thermal Effects 1 i solid.eth2?
i Equation View %\ solid.eth23 0
;' Equation View % solid.eth33

=] Symmétry 1 solid.alphall 1

4 1}

Update thermal strain for stress calculation
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~ Variables

MName Expressian
solid.alpha32 i}
solid.alphal3 0
solid.alpha23 a
solid.alpha33 1

% solid.shiftWLF shift_func{myT_var,myTf)
solid.Clwlf 17.44
solid.C2wilf 51.6[K]
solid. Twif 293.15[K]

4 111

User defined shift function
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Results

» Quter surface
cools faster than
inner surface, ends
up with higher
fictive temperature
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Results

* Inner surface is in
compression and
outer surface in
tension at first; they
switch sign later.

* Tensile stress at
inner surface and
compressive stress
at outer surface in
the end.
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Conclusions

« Demonstrated framework of viscoelastic material model
Implementation in COMSOL 4.3b, including both stress relaxation

and structural relaxation, user defined shift function.

* Applicable for various glass viscoelastic simulations with multi-
physics: solid mechanics module, heat transfer module, ...

CORNING | © 2014 Corning Incorporated | 12






	��Implementation of a Viscoelastic �Material Model to Simulate �Relaxation in Glass Transition
	Corning Incorporated
	Outline
	Introduction
	Stress Relaxation
	Structural Relaxation
	Numerical Example
	COMSOL Implementation
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Conclusions
	Slide Number 13

