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A Proposal for Equivalent Circuit
Between PV Module/String and the Ground (2)
- An improvement on high-frequency components

and data analysis under the outdoor condition -
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Abstract

In the previous paper, author has proposed an equivalent circuit between PV module/string and the ground which

consists of one resistance and multiple RC-components, and it was also described that at least two of them had higher

attenuation frequency than 1Hz. In this paper, some new results obtained from further experiments and discussion are

shown as follows: four RC-components which had high attenuation frequency were found, i.e. ~50kHz, ~10°Hz,

~10%2Hz, ~10'Hz, respectively. Under rain condition, on the other hand, their attenuation frequencies and resistances

decreased and their capacitance increased very much. These four RC-components affect risk of electrical shock. A

preliminary-stage discussion on the electrical shock, which was based on the estimates of the RC-components obtained

under both no-rain and rain conditions, pointed out that the risk of electrical shock drastically increase under rain

condition.
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Fig.1 Configuration of experiment discussed in this paper.
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Fig.2 An equivalent circuit model

between PV module and the ground
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Table 1 Effective frequency of LPF used in this experiment.

Effective frequency of LPF
(w") [kHz]
24 41.3 (‘fast”)
227 4.37 | (“middle”)
1820 0.547 |  (“slow”)
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Table 2 Three kinds of PV modules used for the experiment.

Panasonic  Toshiba  Kyocera
Type mc-Si(HIT) mc-Si pc-Si
Pumax [W] 238.1 250 242
Vem [V] 43.4 30.95 29.8
Ipm [A] 5.5 8.07 8.13
Voc [V] 52.2 37.9 36.9
Isc [A] 5.85 8.62 8.80
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Fig.3 Transitions of vy, + vy, with the different LPFs.

(Weather condition: No rain)
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Fig.4 Parameter fitting results of v,, + v,, measurements
for the Panasonic PV module string.

(Weather condition: No rain)
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Table 3 Estimates of RC-components of each the PV module

string. (Weather condition: No rain)

Panasonic Toshiba Kyocera
Ry, [kQ] 3.1 2.3 1.5
Cq1[nF] 6.2 59 10
a1 [kHz] 52 61 49
Rz ,[MQ] 1.3 4.5 1.5
Cq2[nF] 0.18 0.088 0.32
g,z [kHz] 4.4 2.6 2.1
R; 3[MQ] 15 18 5.1
Cg3[nF] 0.32 0.35 0.59
a3 [Hz] 213 162 334
R; 4 [MQ] 50 51 25
Cg4[nF] 1.7 1.7 3.0
a4 [Hz] 12 11 13
Ry [MQ] 115 148 102
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Fig.5 Transition of vy, + vy, for the Panasonic PV module

string under rain and no-rain condition.
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Fig.6 Parameter fitting result of v,, + v, measurements
for the Panasonic PV module string.
(Weather condition: Rain)
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Fig.7 Estimates of human body current in(t)

for the Panasonic PV module string.
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Fig.8 Estimates of human body current
for the Panasonic PV array under rain condition.

(p: number of parallel strings)
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A Proposal for Equivalent Circuit Between PV Module/String and the Ground (2)
- An improvement on high-frequency components and data analysis under the outdoor condition -
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