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Abstract: Photovoltaic cells have been widely used in desert areas and other solar-rich environments due to the relatively high
solar energy to electricity conversion efficiency. Under the long-term dust impact condition in the desert dust environment, the
internal structures of photovoltaic cells are prone to damage, resulting in a significant deterioration of photoelectric conversion
efficiency. Therefore, it is of great significance to understand the photoelectric response of photovoltaic cells subjected to
massive particles impact. Firstly, a millimeter-scale high-speed particle impact experimental method was developed based on
split Hopkinson pressure bar (SHPB) facility. The experimental results showed that the damage of the photovoltaic cell was
mainly caused by the first impact, leading to the damage characteristics including shear microcracking, brittle fracture and
delamination. Then, the critical stresses corresponding to the three failure modes were analyzed in terms of the initial impact
kinetic energy. The first failure mode assumes that high-speed particles behave as fluids, so impulsive compressive stresses are
used in the model. The damage in the second failure mode comes from high contact stresses on the impacted surface. The

damage in the third mode of failure comes from bending stresses. The photovoltaic performance degradation of the
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photovoltaic cells after impact under different particle velocities, diameters, and number densities were investigated, showing
that the photoelectric conversion efficiency of the photovoltaic cells decreased significantly with the increase of the particle
size, the impact velocity, and the number density. Finally, a damage-induced photovoltaic performance degradation (DPPD)
model under sand and gravel impact conditions is established to quantitatively describe the influence of impact parameters on
the photovoltaic conversion efficiency, in which the two-dimensional damage factor D is proposed to represent the average
damage level of the damaged area. The results of the DPPD model are in agreement with the experimental results, validating
the applicability of the model for predicting accurately the photovoltaic cell photovoltaic performance under massive sand and
gravel impact environment.

Keywords: photovoltaic cell; massive-particle impact; photoelectric conversion efficiency; conversion efficiency degradation
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Fig. 1 Schematic diagram of a polysilicon photovoltaic cell
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Fig. 2 Schematic diagram of massive-particles impacting photovoltaic cells
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Fig. 3 Impact history of particles on the photovoltaic cell (N=15, v=65 m/s, =3 mm)
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Fig. 4 Damage characterization of photovoltaic cells
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Fig. 5 [I-V test circuit diagram Fig. 6 Typical electrical output curves of photovoltaic cells
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Fig. 7 Photovoltaic cell damage characterization versus particle impact velocity (experimental data and DPPD model fitting results)
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