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It is well known that imperfections in the thermal and electrical contacts between two surfaces substantially 
reduce the corresponding conductivities due to constriction of flux lines. This reduction is relevant in thermo-
electric devices since the thermocouples are soldered to solid Cu conductors at their ends using Sn-Pb.

The main objective of this work is to develop a simple but realistic model to incorporate the welding influence 
on the thermoelectric response. For this purpose, effective conductivities calculated with a series-parallel mod-
el replace those of the Sn-Pb material. Two advantages are achieved: physically, the temperature influence on 
material properties is directly conserved and numerically, it is not necessary to use complex contact algorithms.

To calculate the effective conductivities, two random parameters \eta and \psi with normal distributions are 
introduced. The former considers the percentage of welding material in contact and the latter the relative 
roughness of the welded areas. Finally, a newly defined overall quality parameter \bar{\eta}=\eta/\psi allows 
the direct calculation of the effective conductivities.

Using a 3D nonlinear elasto-thermoelectric finite element formulation developed by the authors, a parametric 
study on how the effective conductivities influence the thermoelectric response (fluxes, stresses) is presented. 
To this end, the classical distributions of cold face temperature and COP given by the manufactures are modi-
fied including probabilistic curves that take into account the influence of \bar{\eta}. In addition, the thermal 
stresses are studied taking advantage of the 3D multi-coupled formulation.

Finally, the threshold values of the contact parameters not to be surpassed during the manufacturing process 
are studied, reaching a compromise between the maximization of the contact conductivities and the minimiza-
tion of the difficulty and cost of the welding process.


