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Shozo NAKAMURA *, Takaaki TANAKA ** and Kento KIMURA **

(Received Aug. 18, 2008)

Abstract

This paper is intended as a proposal for a simplified evaluation equation that simply
predicts the warp deformation behavior arising when the thermal load was given to
a viscoelastic laminated beam consisting of epoxy resin and FR-4 substrate. The
validity of the equation was verified by comparing its solution with the exact solution
based on linear viscoelastic theory and the experimental values. The proposed
simplified evaluation equation is composed of the glass transition temperature, the
rubber transition temperature, the elastic modulus and the linear thermal expansion
coefficient of the component material. In this study, it was clarified that the warp
deformation behavior of the viscoelastic laminated beam could be simply predicted
by using the proposed simplified evaluation equation where the elastic modulus is
divided into three regions such as glassy state, leathery state and rubbery state.

Key words: warp deformation, viscoelasticity, linear viscoelastic theory, numerical
analysis, laminated beam, epoxy resin
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Fig.1 Shape and dimensions of laminated beam.
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Fig.2 Viscoelastic properties and mechanical model.
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Fig.3 Calculation routine of warp deformation.
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Table 1 Thermal and mechanical characteristics of constructive materials.
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Fig.4 Master curve of relaxation modulus for epoxy resin.
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