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Detection and localization of photovoltaic DC arc faults based on
multi-information collaboration
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Abstract: Aiming at the issue of arc fault detection and localization in photovoltaic arrays, particularly in large-scale photovoltaic
systems, this study constructs equivalent circuit models of arc faults under diverse operational scenarios to analyze voltage and current
characteristic differences induced by arc faults of distinct locations and varying types. Based on the typical fault characteristics observed
in Photovoltaic string-side operations, this study establishes a detection criterion integrating characteristic frequency band energy ratios
and differences between the mean values. Furthermore, leveraging the distinct fault signatures of busbar-side faults, a detection criterion
combining voltage mean values and differences from the means is established. Finally, by synergistically utilizing multivariate information
from both string currents and busbar voltages, an loT-based strategy for direct current arc fault detection and localization in photovoltaic
systems is proposed. The method proposed in this paper not only achieves fault detection but also accurately identifies fault types and
determines the fault segments. This method exhibits good anti-interference capabilities, effectively distinguishing between non-fault
conditions such as shadow occlusion. Experimental results demonstrate that this method significantly outperforms traditional single-feature
detection methods. It represents a novel approach to implementing arc fault detection through Internet of Things technologies.
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Fig. 1 Arc voltage waveform diagram
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Fig. 2 Equivalent circuit for series arc faults within strings
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Fig. 3  Photovoltaic volt-ampere characteristic curve
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Fig.5 Equivalent circuit for parallel arc faults within a string
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process of electrical quantities during an arc
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Fig.7 Equivalent circuit for parallel arc faults between strings
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state process of electrical quantities during arc faults
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1.4 EERHEEINHIEITERFES T

WAL 9 Fros , 21 R e A= A HR T I0 L SIGA e J e
1 ORI S IR TR VR TR BT OC &R R A FL I
FEEAD 5 7 2w B R TEIFIROC R BT w, =u,, =u, .
FH T 20 H b B R S A AE AR R R L i, AN 2B
TE AR BT 6, PRAEANAE | IR PR i S (i
BT AR ] 10 B 7R S0 H AT 23 A, BT L OISR AL
A RH 7., AR/INTTT £ 2680 H BHL R BELAELASOR IR i, KT 4
SR BRI 0, AR GARAR 2Rtk i 2, I AC
[ EARAR TAE S T E@A, B 11 iRk & 3 e
FFER R I R B ) PR FL i L R R R B
1.5 B&BEEINHETERFES T

W 12 frs, YEREZAM & A B E IR B I, 2 %
rh ER IR A HICEE IR S IR R R A L AR R P BH
T » FEPEAEAE /N, DR ER B FRL 0 R BB/ N, T ey, =
i, X RIS R uyy, WREHOE/N, M uy =0, +
i, X Z +uy (Z RERFEEHAT) |, B OGRSt i e w AT
AR, MRAESCARAR e Rt it £, BEB S AR A TAE S5 47 T
BB, u,, B4 R EOBRE R i P R TR
IR | A B g A0 4, (L fL SIS e 1 67 BELARR e
WAL I R AR A T R ARG

i) B

0

z
_é_

P

q.

T

_I_______EAD_”_:___AA

gz(’)
<

i
B — R

Hl

HH2

PO o IR bt 9 Al o 5 L P
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faults in the whole string
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Fig. 13 Equivalent circuit for parallel arc faults at busbars
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Fig. 18 Voltage waveforms for different types

of arc faults on the busbar
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Fig.20 Voltage and current waveforms during shadow masking
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Schematic diagram of direct current side arc fault

monitoring principle of photovoltaic system
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