
12/6/23, 11:13 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1721408157&eid=2-s2.0-85174493808&sort=&clicked… 1/4

Documents

Beroual, S., Hrairi, M., Yatim, N.M., Dawood, M.S.I.S.

Solar cell micro crack detection technique using electromechanical impedance and finite element analysis
(2023) Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, . 

DOI: 10.1177/09544062231198776

Department of Mechanical and Aerospace Engineering, Faculty of Engineering, International Islamic University Malaysia,
Kuala Lumpur, Malaysia

Abstract
Electromechanical impedance (EMI) is one of the modern techniques employed in the field of structural health monitoring
(SHM) and has witnessed a great expansion in many domains due to its ability to ensure continuous monitoring and high
reliability with a lower cost. Hence, the purpose of this study is to investigate the effectiveness of EMI in monitoring and
detecting pre-existing cracks in the silicon layer of the photovoltaic (PV) solar cells. Indeed, a detailed finite element analysis
(FEA) on the effect of piezoelectric lead zirconate titanate (PZT) patch shape on the EMI of crystalline-silicon (c-Si) layer of
the PV solar cells were performed. The typical structure (c-Si + PZT) of different scenarios were stimulated by giving a lower
voltage and high frequency as input data to extract the EMI signature as an explainable output result. Different models were
investigated based on PZT patch types and crack position in the silicon layer. The results indicate that the EMI technique is
effective in detecting crack, even in its incipient stage. The analysis suggests using a higher frequency range (350–650 kHz)
for characterizing damage with an invisible depth due to the higher sensitivity of the EMI technique in this specific frequency.
© IMechE 2023.
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