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Abstract

Additive manufacturing processes involve rapid
heating and cooling cycles that induce thermal
gradients and mechanical stresses. Accurate pre-
diction of residual stresses and distortions re-
quires advanced thermomechanical models that
capture the transient thermal behavior and sub-
sequent mechanical response.

Source: https://builtin.com/articles/additive-manufacturing

This thesis focuses on developing a thermome-
chanical model for additive manufacturing based
on Cattaneo’'s hyperbolic heat conduction law,
which accounts for finite thermal wave prop-
agation velocity. Unlike the classical Fourier
law, Cattaneo’s approach eliminates the paradox
of infinite propagation speed and provides im-
proved accuracy for processes with rapid ther-
mal transients. The work combines the ther-
mal model with mechanical analysis to estimate
process-induced eigenstrain (thermal strain) evo-
lution. The numerical implementation will predict
temperature fields, thermal strains, and residual

stress distribution for different process parame-
ters (scanning speed, laser power, material prop-
erties).

Task

Main goal: Develop a thermomechanical model
for additive manufacturing based on Cattaneo’s
heat conduction law and estimate process-
induced eigenstrains to predict residual stresses.

Work packages

* Literature review on Cattaneo’s hyperbolic
heat conduction law and its application to
transient processes.

« Comparison of Fourier vs. Cattaneo heat
conduction models for additive manufactur-
ing scenarios.

+ Derivation of the coupled thermomechanical
model incorporating Cattaneo’s approach.

+ Thermal model: solve hyperbolic heat equa-
tion with moving heat source and appropri-
ate relaxation times.

* Mechanical model: compute thermal strains
(eigenstrain) from temperature field and pre-
dict residual stresses.

* Numerical implementation using finite ele-
ment method (FEM).

« Analysis of eigenstrain distribution and
residual stress evolution during and after
manufacturing.
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