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- To improve the efficiency of solar power systems -
Development and Evaluation of the electromagnetic relay
for the partially shaded PV array
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Abstract

The output power of the partially shaded photovoltaic (PV) array is greatly reduced due to the blocking of the
direct sunlight, and the current difference between the shaded and illuminated PV modules. For increasing the
efficiency of the partially shaded PV array, a new configuration using an electromagnetic relay is proposed. This
configuration is mainly used for collecting all currents of the shaded modules using the contacts of the electromagnetic
relay. Therefore, the shaded modules in the new configuration delivered more output power with creating only one
peak on the PV array characteristic for proper and simple functioning of the maximum power tracker. The simulation
and experimental data validate the effectiveness of the new configuration for the power recovery of the partially
shaded PV array using only an electromagnetic relay.
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Fig.1 PV array under partial shading by building
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Fig.2 Diffuse solar radiation vs. global solar radiation
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Fig.6  Electromagnetic relay MM4XB type
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Fig.7 Principle of detecting method for partial shading
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Fig.9 Schematic diagram of I-V characteristics of
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Fig.12  Array characteristics during the partial shading
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Fig.15 PV array with shading sheet of 33% transmittance
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Fig.16 Experimental array characteristics without the
Shade-Relay during the partial shading condition
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Fig.17 Experimental array characteristics with the Shade-
Relay during the partial shading condition
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Table 1 Simulated and measured power of the partially-shaded PV array

Fl ERICEAWEME > 2 L—3 3 N LA HAEENM
Ideal Simulated with coil resistance | Experiment

Power generation of unshaded PV array 858W 858W 378W
Limit power generation of partially shaded 1920W 439W 186W
PV array - Pl

Power loss without Shade-Relay : Pc 140W 131W 74.TW
Power loss of Shade-Relay : Pr ow 20.4W 3.04W
Percentage of Power Recovered : (Pec— Pr)/Pc 100.0% 84.4% 95.9%
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