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The Photovoltaic (PV) modules are being utilized in novel and diverse ways in recent years.
Many experimental investigations are under development in which they are being designed to
be applied in extreme environments, e.g. on the wing surface of aircrafts [1] or on the facets of
building [2]. During these applications, PV modules undergo high wind loads. A PV module
consists of several solar cells. The most critical component of a solar cell is the brittle poly-
crystalline silicon wafer, which is prone to fracture even under moderate loads. The micro-
cracks in a silicon wafer deteriorate the capability of the solar cell reducing the production of
the electric current. The numerical analysis of the extent of such micro-cracks (at the crystal
level) in silicon wafers is, therefore, crucial to assess the potential electric yield of the PV
modules but also computationally expensive due to the high degree of anisotropy.

In order to reduce the computational costs, solar cells can be homogenized using effective
material properties of the representative volume element (RVE). By such a homogenization
approach, the degrees of freedom are reduced significantly, yielding a reduced-order model of
the PV modules [3]. Some methodologies were already proposed to determine such effective
material properties successfully for composite plates or laminas [4]. In this contribution, a
virtual framework is developed that incorporates these homogenization techniques in
combination with the finite element methods in ABAQUS/Implicit for efficient numerical
assessment of the PV module.

The framework homogenizes the elastic material properties of the polycrystalline
microstructure, as well as trans/intra-granular fracture for a complete silicon cell. The
homogenization of fracture subsequently yields damage parameters for the homogenized solar
cell. As a result, the framework provides a good basis for an accurate and computationally
efficient representation of the progressive failure in solar cells.
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