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A Proposal for Equivalent Circuit
Between PV Module/String and the Ground (3)
- Some conclusions based on one-year outdoor measurement and

a proposal of PV array design for preventing electrical shock -
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Abstract

To promote practical discussion on electrical risk of photovoltaic power generation plants such as fire and
electrical shock caused by decrease in insulation resistance between photovoltaic module/string and the ground, author
has proposed a new theory for the equivalent circuit of the photovoltaic module/string against the ground based on one-
year outdoor measurement with three kinds of photovoltaic modules. This equivalent circuit consists of seven RC-
components, each of which has different attenuation frequencies ranging from 10°Hz to 10-3Hz. The RC-component
with 10°Hz-frequency has extremely low resistance. On the other hand, the RC-component with 10-*Hz-frequency has
high resistance.

By applying both this equivalent circuit theory of PV module/string against the ground and the upper limit of
human body charge, author has also suggested a PV array design theory to prevent unexpected electrical shock
assuming wet condition. Maximum permissible number of strings in parallel is strongly restricted by square of number
of modules in series, in other words, system voltage. Therefore, high system voltage should not be recommended from
a viewpoint of electrical safety even though the high voltage has economical advantage for the photovoltaic power

generation plant.
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Table 1 Three kinds of PV modules used for the experiment

Panasonic  Toshiba  Kyocera
Type mc-Si(HIT)  mec-Si pc-Si
Puax [W] 238.1 250 242
Vem [V] 43.4 30.95 29.8
Ipm [A] 55 8.07 8.13
Voc [V] 52.2 37.9 36.9
Isc [A] 5.85 8.62 8.80
Dimension
Length [m] 1.58 1.65 1.66
Width [m] 0.812 0.901 0.990
Depth[mm)] 35 40 46

Journal of Japan Solar Energy Society

_36_

Fig.1 A front view of the glass-broken module

used in this experiment (Panasonic)
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Fig.2 An example of v, (t) + vp.(t) measurement and its

fitting result (module= Panasonic, no rain)
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Fig.3 Estimates of RC-components of the Panasonic PV module under various VH conditions (No Rain)
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Fig.4 Estimates of RC-components of each the PV modules (No Rain)
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R,;: Resistance against the Ground [MQ)/module]

Fig.5 Estimates of RC-components of the Panasonic PV module (glass-broken, no rain)
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A Proposal for Equivalent Circuit Between PV Module/String and the Ground (3)
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Fig.9 Estimated maximum permissible number of string in

parallel under various number of module in series
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