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Triboelectric nanogenerators (TENG) transform mechanical energy into electrical energy
during cyclic contact between suitably chosen surfaces. They can be used as autonomous
harvesters of clean energy from various sources: from human motion to ocean waves [1].

We present a novel framework for coupling mechanical contact and electrostatics equa-
tions, permitting simulation of TENG with representative surface roughness. In the con-
tact stage, we solve the contact problem between a dielectric solid (with effective roughness
and elastic properties) and a rigid flat. This provides the real contact area morphology
which in turn defines the location of surface tribo-charges. In the separation stage, we
solve the electrostatics problem in the domain consisting of dielectric layers and the air
gap and compute the open-circuit voltage. The development is undertaken in MoFEM [2].

Obtained numerical results [3] show good agreement with both experimental observa-
tions and a simplified analytical solution [1]. At the same time, the developed coupled
finite-element framework permits extensions accounting for non-linear (e.g. viscoelastic)
material behaviour and/or adhesion between contacting layers. Moreover, the proposed
framework allows to consider heterogeneous materials and predict the effect of inclusions
in the dielectric layers, accelerating the optimisation and design of new TENG.
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