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Experimental Studies for Disconnection Detection between PV Modules
by Using Earth Capacitance Measurement
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Abstract

The diagnosis and monitoring are effective to minimize the outage period and maximize the lifetime yield of PV
systems. The objective of this study is to develop the diagnostic technologies for PV systems, especially for the
arrays. Among the various methods for the diagnosis technologies, the electrical methods are the most promising
for installing into the power conditioners and for testing equipments. In this paper, we proposed the electrical
method for disconnection detection between PV modules in PV string, which is the earth capacitance measurement,

and showed the results of some fundamental experiments.

The earth capacitance of PV string is in proportion to the

module numbers, and is not affected by irradiation. These features resulted that the earth capacitance measurement
could detect the disconnection position between the modules without the effect of irradiation. Moreover, this
method could be applied not only to the string consist of the crystalline Si modules but also to the one consist of the

amorphous Si modules.
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Table 1. Performance degradation factors and failures

F1 PVTLAOWRBEKTERETRESER

part performance failures

degradation factors

cell thermal stress micro crack

rust by water increase in series resistance

uitraviolet degradation, discoloration

module assembling failure  open/short circuit

air/water bubble degradation of cover/sealant

cell mismatch hot spot

array  wiring mistake oper/short circuit
module mismatch ~ hot spot
partial shade hot spot
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Table 2. Failure detection methods

w2 WEBREITE

method descriptions

visual tarnish of cells/modules

thermal (IR) extraordinary heating (hot spot)
heating of by-pass diode

electrical I-V measurement (dark/illuminated)

transmittance line diagnosis

RF measurement
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Fig. 1 Disconnection detection in PV string
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Fig. 5 Earth capacitance with disconnection positions in

indoor experiments
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Fig. 6 Calculated disconnection positions in indoor experiments
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Table 3 Earth capacitance at different irradiations
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irradiation earth capacitance [nF]

Wim? Tp-C2 Tp-C4 Tp-C6 TpC8 Tp-Tn

800 1.0 1.8 27 35 4.5

240 1.0 1.8 27 35 4.5
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Fig. 9 Earth capacitance with disconnection positions in

outdoor experiments
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