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Power electronic modules transform the electrical grid current with respect to the need of the motor,
and are key components of numerous electrical systems. Power modules are made of an assembly of
multiple materials with different constitutive properties (Fig. 1). The self-heating of the chip by Joule’s
effect and the difference of thermal expansion coefficients generate thermal stresses leading to crack
propagation. In return, the crack modifies the module behavior by increasing electrical and thermal
resistances. Cracks ultimately lead to module failure [1]. The accurate modeling of the electro-thermo-
mechanical module behavior is of paramount importance to predicting the module lifetime. However,
multiple uncertainty sources decrease the reliability of lifetime models. Uncertainty quantification
studies need to evaluate the lifetime model a high number of times and thus require a reduced model.

In this work, we developed a reduced-order model based on the Proper Generalized Decomposition
(PGD) [2, 3| to obtain an explicit representation of the solution with respect to space, time, and
design parameters. The considered types of design parameters are material properties and geometric
parameters. The studied model is a realistic industrial model that requires commercial finite element
software, ANSYS. PyAnsys python packages are used to work interactively with ANSYS and to develop
a non-intrusive approach to build the reduced model. To solve the multi-physics problem, a specific
method has been developed. First, a strongly coupled electro-thermal problem is solved using an
iterative method in which the crack length is parametrized. Then, the mechanical problem is solved
in which the temperature field is the input. The crack length evolution, modeled with a cohesive zone
model, is then obtained from the mechanical solution.
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Figure 1: IGBT power electronic module and schematic representation of its components.



