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Abstract
Ultrasonic welding is a high-frequency joining
process that combines oscillatory mechanical
loading with local heat generation at the inter-
face of two parts. The coupled action of fric-
tional dissipation, visco-plastic deformation, and
temperature-dependent material softening gov-
erns weld quality, joining time, and the final resid-
ual stress state.

Source: https://www.nextpcb.com/blog/ultrasonic-welding

This thesis focuses on developing a thermo-
mechanical model for ultrasonic welding based
on Cattaneo’s hyperbolic heat conduction law,
which accounts for finite thermal wave propa-
gation velocity under rapid process transients.
Unlike the classical Fourier law, Cattaneo’s ap-
proach eliminates the paradox of infinite propaga-
tion speed and is better suited for high-frequency
welding conditions. The work combines the ther-
mal model with mechanical analysis to estimate

process-induced eigenstrain (thermal strain) evo-
lution and residual stresses during thewelding cy-
cle. The numerical implementation shall predict
temperature fields, thermal strains, and stress de-
velopment as functions of vibration amplitude,
contact pressure, frequency, and process time.
Model predictions will be compared with exper-
imental results, focusing on weld-zone tempera-
ture history, interface consolidation, and sensitiv-
ity of joint quality to key process parameters.

Task
Main goal: Develop a thermomechanical model
for ultrasonic welding 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 relevance for
high-frequency ultrasonic welding and com-
parison of Fourier vs. Cattaneo heat conduc-
tion models for ultrasonic welding scenar-
ios.

• Derivation of a coupled thermomechanical
model incorporating Cattaneo’s approach.

• Numerical implementation using finite ele-
ment method (FEM) with transient contact
and process loading.

• Parametric study and analysis for weld qual-
ity.
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