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Abstract
Simulations of the thermally-induced residual stresses and birefringence in freely quenched plates of polycarbonate

were performed by using the linear viscoelastic and photoviscoelastic constitutive equations for the mechanical and
optical properties, respectively, and the first order rate equation for volume relaxation. The predictions for the
birefringence showed good agreement with experimental measurements. However, for initial temperature close to the

glass transition temperature, some differences existed around the surface layer. Based on the simulation, the influences of

various cooling conditions on the residual stress and birefringence in plates were investigated. The residual stress and

birefringence increased with increasing initial temperature, decreasing coolant temperature and increasing heat transfer

coefficient of coolants.
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Fig. 1 Master curve of the shear modulus with the
reference temperature of 147.5 °C
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Fig. 2 Master curve of the strain-optical coefficient
with the reference temperature of 147.5 °C
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Fig. 3 Temperature dependence of the shift factor for

the shear modulus and strain-optical coefficient
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Fig. 4 Predicted(lines) and measured(symbols) residual
birefringence distribution along the thickness
direction of plates quenched into water from
different initial temperatures to 25°C
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Fig. 5 Predicted(lines) and measured(symbols) residual

birefringence distribution along the thickness
direction of plates quenched into water from
different initial temperatures to 60 °C
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Fig. 6 Predicted(lines) and measured(symbols) residual

birefringence distribution along the thickness
direction of plates quenched into silicone oil
from different initial temperatures to 25°C
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Fig. 7 Predicted residual stress distribution of plates
quenched into water from different initial
temperatures to 25°C and 60 °C
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Fig. 8 Predicted residual stress distribution of plates
quenched into silicone oil and water at

quenching temperature of 25°C
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Fig.10 (a) Predicted transient stress profiles in plates
quenched from 175°C to 25°C water. (b)
Magnified view of (a) to show the negative
stresses in the core at the initial stage of
quenching
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