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Characteristics of partially shadowed serial PV module output

ZHAI Zai-teng, CHENG Xiao-fang, DING Jin-lei, ZHA Jun
(Department of Thermal Science and Energy Engineering , University of Science and Technology of China, Hefei 230027, China)

Abstract: Based on solar cell current equation and basic circuit theory, the branch output process of the
partially shadowed serial solar module with bypass diode was carefully analyzed. The physical output
process was divided into two phases: connection and disconnection of the bypass diode. Based on
theoretical deduction, the subsection function was applied to accurately describe partially shadowed serial
PV module current and power output characteristics. Finally the experiments were carried out for two
serial PV module current and power output under non-uniform illumination. The experimental results
demonstrate that the proposed method is correct and feasible: the subsection function can accurately
describe the current and power output of partial shadowing of serial PV module with bypass diode; the
single peak to power output curve, which is the basis of the traditional MPPT (maximum power point
tracking) , is also inexistent, so it is necessary to carry on improvement to the tracking method.
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Fig. 1 Serial branch model of PV module with bypass diode
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Fig. 2 Circuit model of serial PV module with bypass diode
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Tab. 1 Solar cells experimental data

V/V I/A V/V I/A \72% I/A
0 3. 66 20 1 35. 96 0.5
5 3. 64 25 1 36. 33 0.4
10 3.62 33.55 0.9 36. 67 0.3

12.5 3.41 34. 46 0.8 36. 99 0.2
15 2.6 35. 06 0.7 37.29 0.1

16. 8 1.5 35. 54 0.6 37.58 0
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Tab. 2 Solar cells electrical characteristic parameters

E 20
= Ipn/A Io/pA a Rs/Q
LR e
1 1. 00 0. 025 1. 035 0.75
2 3. 66 0. 025 1. 035 0.75
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Fig. 3 Experimental and theoretic IV curve

of serial PV module with bypass diode
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Fig. 4 Experimental and theoretic P-V curve of serial

PV module with bypass diode under non-uniform illumination
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