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Nowadays, many advanced 3D finite element models are available in modern commercial 

FEM codes. These elements are suitable for simple as well as for coupled physical problems. 

But models containing composite or Functionally Graded Materials (FGMs) need to be 

modelled using relatively very fine mesh of these classic elements. 

 

The aim of the paper is focused on the derivation process of FEM equations for new link 

finite element used for calculation of coupled electro-thermal and thermo-electric problems 

like Joule heating, Seebeck, Peltier and Thomson effect where FGM material properties of the 

link element are considered. 

 

The derivation of FEM equations is based on semi-analytical calculation [1] of static 

differential equations describing two-way coupled electro-thermal problem [2]: 

 

 

 

 

considering also governing equations for electric and thermal fields. Iterative procedure is 

used for calculation static results. 

 

Two nodal 1D link element has two degrees of freedom – electric voltage and temperature. 

All the inputs described by functions (like material properties) must have polynomial form or 

need to be converted into that form. 

 

The most important benefit of our new approach is efficiency of our approach, i.e. just only 

one new link element is necessary for calculation of coupled thermal-electric problems for 

whole FGM link. 
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