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Operation Settling of Ground Fault Circuit Interruption in AC Distribution
System Including PV Systems.
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PV (Photovoltaic) system attracts attention as eco-friendly energy. Consumers installing the PV system
increase for eco-friendly energy, easy installation, and etc. and the unnecessary fault operations of the ground fault
circuit interrupter are reported from some consumers. Therefore, the fault operations are examined, and it is found
that the earth capacitance of the PV module causes the fault operation. This capacitance of the PV module is
measured, and these results make it clear that the earth capacitance is affected by the back sheet material of the PV
module. The authors present that the equation for the parallel plate capacitor can be applied to the calculation of the
earth capacitance by using these measurements. Furthermore, the optimum design method for the ground protection
of the PV system is obtained using this equation. This method is applied the practical PV system of consumer, and the

result verifies the validity of this design method.
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Table 1 Specifications of PV module
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Maker PV types Power{W] Width X Depth X Hight{mm]
A Polycrystal 70 778*%660*57
Polycrystal 43 526%652*54
Polycrystal 100 1300*540*36
B Monocrystal 84 1200*530*35
Monocrystal 130 1180*710*36
Microcrystalline 128 1009*141946
C Monocrystal 210 1580*81235
Polycrystal 2084 1480*98546
D Polycrystal 230 1658*994*46
Polycrystal 134 1230%790*36
Polycrystal 134 1250*800*36
E Microcrystalline 110 1240*1008*40
Amorphous 60 960%990*40
F CIGS 115 1417%791*37
CIGS 125 1417%791*37
G CIGS 85 1235%671*35
Monocrystal 52.5 1290*330*36
H Polycrystal 125 1160*800*36
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Fig. 1 Measurement of earth capacitance
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Table 2 Earth capacitance of PV module

Maker PV types Capacitance[nF]
A Polycrystal 02
Polycrystal 03
Polycrystal 1.5
B Monocrystal 04
Monocrystal 0.7
Microcrystalline 19
C Monocrystal 1.6
Polycrystal 04
D Polycrystal 0.5
Polycrystal 0.5
Polycrystal 04
E Microcrystalline 0.7
Amorphous 0.6
F CIGS 1.6
CIGS 1.6
G CIGS 15
Monocrystal 0.7
H Polycrystal 0.5

#3  RHHEEAREORIE & FHHREORE
Table 3 Error between measured and calculated values
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Capacitance[nF]
Maker PV types _ Ermor
Measurment Calculation [%o]
A Polycrystal 1.5 09 39.6
B Microcrystalline 19 19 0.5
C Monocrystal 1.6 14 182
F CIGS 1.6 1.5 29
CIGS 1.6 1.5 4.1
G CIGS 1.5 12 244
4x107 1
x Measured value O Calculated value
3x107 |
&
g 2x107 K
g x x LK
1x10° | g
0
0 500 1000 1500 2000 2500

Area of Module[mz]/Sectional hight of Module[m]
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Fig.3  Earth capacitance
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Table 4 Operational current of Leakage breaker

Standard No. Current value[A ]
IEC 60947-2 0.006,0.01,0.03,0.1,0.3,0.5,1,3,10,30
JISC 820122 0.005,0.006,0.01,0.015,0.03,0.05,0.1,02,0.3

05,1,3,5,10,20,30
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Fig. 5 Electrical installation model
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Table 5 Equipments of PV system

EquipJISment Outline

Main leakage breaker Operational of zero phase current : 0.1 A
400AF250AT Operational of time : 0.1 sec

Sub leakage breaker Operational of zero phase current : 0.03 A
S0AF/30AT Operational of time : 0.1 sec

Power conditioner Input voltage : DC 240 V
(PCS) Output capacity : 4 kW
Output voltage :AC202V+12V

Zero phase current Operational of zero phase current : 0.1 A
transformer of DC Operational of time : 0.2 sec
PV array CIGS 125 W X 32

W 1417 mm XD 791 mm X H 37 mm

MR OB i 2 L2 b DM 5, F£7-, Hesoiisiaz 25
WY, YRETEEEIT AH 3 B 6.6kV 60 Hz 852, —4H3 #i
210V300kVA 732 £, HAH 3 #1210-105 V 150 kVA ZEF453 3 &
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Fig. 6 Measured results ( a ) Voltage of neutral to earth. ( b ) Zero phase
current of main leakage breaker No.1.
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Table 6 Measured values
Maxmum value
Measured point of instantaneous RMS.
" [A]
[A]
Zero phase current of Main leakage
breaker 0285 0.084
Zero phase current of AC at PCSNol -1 0.018 0.006
Zero phase current of DC at PCSNol-1 0.007 0.003
FEarth current at PCSNol-1 0.007 0.003
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