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DC Arc Fault Detection Method Based on Weighted Differential Current
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Abstract: To solve the problems of low accuracy and poor universality of traditional arc fault
detection methods in the LV DC system, a new DC arc fault detection method based on weighted
differential current is proposed in this paper. Firstly, a DC experimental platform was set up for
the high frequency characteristic tests of serial DC arc fault. And its characteristic frequency
bands were extracted as 20 —30 kHz, 40 —50 kHz and 55— 65 kHz by fast Fourier transform.
The influence of electrode materials and load types on arc characteristic frequency was studied,
which show it does not change with electrode material and load type. Then the maximum
amplitude, I,.., sum of amplitude, I, and standard deviation of amplitude, I,y in the three
characteristic frequency bands were taken as characteristic parameters. Based on the double
weighted difference of characteristic frequency bands and characteristic parameters of the arc
current, the criterion of DC arc fault detection is whether the difference result is greater than the

threshold value 0.5 Finally, the validity of the proposed method was verified in the LV DC
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system and photovoltaic system. The results show that the proposed method can accurately

distinguish the normal operation of the system, such as switch action and sudden load change,

overcome the instability of traditional single frequency-band and single index detection methods,

effectively detect DC arc faults, and improve the detection accuracy. Its universality is verified in

photovoltaic systems. Moreover, it can play a crucial role in ensuring safe and stable operation of

LV DC systems.

Keywords: low voltage DC system; photovoltaic system; arc fault; arc detection; weighted dif-

ferential current
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Fig. 1 Diagram of arc generator

SIS R AN K] 2 PR B R IR AR A R G
Al Sk Al B O LR L R 240 VR
A ] LR B R R T R B R (1.6 mm) AN A 3 5 i
75 71 2% H B BEL{R (112.60. 8.30. 8.20.5.15.2,13. 5
Q) > B (8] ¢ H, g 4L, R P 22 4 R K T o Fl IR




#
&

TEIS I ] 28« T A 2 3 FL VA 194 L I R ARG T T vk 143

IR A2 B

e s

P2 U IR S T

Fig. 2 Circuit diagram of DC source experiment
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Table 1 Parameters of DC arc experimental instruments
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Fig. 3 Arc current waveform of different amplitudes
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Fig. 6 Flow chart of detection method

3.2 LIRIGIE

(D ASTR] [l 6 H 30 4% 1 . ) FH A A T )y 3k 36 £
AR A 2 H L 1% [ B R A, 24 [ B L R IR 2 A
WK Z 20 A BF RN ZE R AR 2 PR, s IR T
SE 1 (R . A% H B AL R B R 2 A o O R %
G 7 3 %o R IR R A AT R T R T 2 SR oK T
WIHA R AR L KRGS 2 g 100 %%, B AIE 1 K6 I 7 ¥ 1
IE

k2 FRE KB EABIET 0% R
Table 2 Test results under different load current amplitudes
90 425

2 A 4 A 8 A 12 A 16 A 20 A

W

5

R, 40 652 35070 40265 21606 22987 21 325
R., 63037 90171 76 942 49639 67 801 70 223
s 0.551 1.571 0.911 1.298 1.950 2.293

(DMK BRGERAE. 5 kW IR & 48 i ik 3% 1%

http: // zkxb. xjtu. edu. cn

NEEE 7 s . 2GR &R G i PR I R ORI T
PR R (MPPT) 43 530l 42 i o 38 3k 396 A5 25 42 A HL 9, LA
SRR 3 Fin . JGAR &R Ge 0 B A SIGE R AR TE
AN TR P B ARA 2 (8] . 7E 2.3 etk AR Z (8]
P R LU L IR PR A LB Dy 60 Q. HLSICHEL U
WG A 8 s . HL IICRE P AR R U R AR L
2 BRI R AE A B ol 0~10 kHz 1 65~75 kHz,

41

= 1 03
o Q| ok x S
: HuR En 2%
B -
MPPTii]

BT ER Z G e S B A o T A

Fig. 7 Photovoltaic system experiment circuit

%3 5 kW btk 2 g5k
Table 3 Parameters of 5 kW photovoltaic system

TS| S8 e
i i K% /W 305
RIFELAE/V 33
RIS /A 9. 24
SRR TR HLE/V 40. 2
S/ A 9. 94
ek K A fL R/ V 600
JEAR B Kk A L/ A 211
R A U PR/ V 23
B i A 2R/ He 50
L o R LR/ A 21.7
R IR/ W 4 990
L. KkE#E /kHz 200
R REEIFE] /s 5

HIAS SCHE S ARG I J5 12 0 5 kW LR R GEA
[e] 37 5 v OICA BE EATAGL N . ok e B H A DB AR A
Z A E A R A ARG 10 Y AR I £ 2R 4
9 BN o i Ty ¥ AT RAHERR X 73 1E H R A5 S BT
R R3S 100 0 BRI i 05 vk X DG AR 2R 46 1
I P, IS 0 ) A AT 28

(O ABRALMIF K ME . fERGIEF BITH




146 [N R N ¢ 55 56 45
8.5 TN o A HIZ A I Ty 2 % B 238 5 AR A 0 9 W L AT
Kl , 45 J vl 15 s=0. 135<C0. 5, A RE K H: 350 iy oy
el IR, G Bl A ) A 2 3 i [ B b 7 26 2 Bl F
SR ZN o AE S50 1] i I OC r T 1 1Bk ) [ (2% H, 3
75 | N — \ ST e Y v y
g T AT R A0 P 11 R 7 o ) % K 0 7 3k S0k AT A
i) 70k 12
11 F
6.5 0l ; \‘
9
6.0 1 1 1 1 1 1 < ‘
-1 0 1 2 3 4 5 ~
g 8
W /s B 1
7F i | |
(a) IR 2 4t v I A, 3 IR ‘ !
6| | \ i
307 — I |
— WYk 5r
2.5
4 1 1 1 1 1 1
o 0 1 2 3 4
207 e /s
< | . >
=15 Ca) 70 2 28 7% v i [
IE
1ol 1o — s
| — REREG
0.5 0.8
0.0 i 1 i l \‘ | 1 i 1 . 1 1 i : I 0.6
0o 10 20 30 4 50 60 70 80 90 100 iﬂ
$1% | kHz £,
(b) AR 2 ¢ v oI, i 491 3 5]
B8 Sk 28 S o o o LTS 0
Fig. 8 Arc current and its spectrum of PV system | ‘ I | I | ‘
0.0
= ER&ISIR e 15R&2TIR A 25R&3TIR 0 10 20 30 40 50 60 70 80 90 100
1.8+ : L_ﬁ;)l%&{;‘?fﬂ ¢ ATR&STR <« STR&THR Wi/ Kllz
M e e e et et e Cb) 1 A 0 P
= ) . ‘ V. P10 2 5 8 v A B LA S I
AN B A A i .
5124 Fig. 10 Load sudden change current and its spectrum
)
B0 o
=0.84 -
] 20
0.6
___________________________ B L5F
044 iEwmE
> > > > > > Lo
0.2 > > > >
0 1 2 3 4 5 6 7 8 9 10 11 <\C 0.5F
RIS ES
00 B I 1L 1l
B9 il oy vk A ke D 45 S &
Fig. 9 Repeated results of detection methods 051
-1.0 ‘
AT 6 22 %t B 4 56 725 T 5 30 1 31 2 I i ol 7 % e
A R I T i N R A X 3 1R Ol 5 L ISR . 0 ! 2 3 4
PSS — . I E] /s
B IFBEAE 0] % b i 10 Q i BH 2 3% L 1 3
(a) H 56 3 /E v it 141

27T QRAZZE 40 Q. ol H R KB B s 10 By

http: // zkxb. xjtu. edu. cn




%5 W G841 11 o 56 < B 1 A 22 43 P WAL 09 L VA i e e, A, Wy v 147
0.5 - - age DC system [J]. Proceedings of the CSEE, 2020,
— JPREAMER 40(18): 6015-6026.
0.4 ¢ [2] YAO Xiu, WANG Jin, SCHWEICKART D L. Re-
view and recent developments in DC arc fault detection
< 03] [C]// 2016 IEEE International Power Modulator and
goz _ High Voltage Conference (IPMHVC). Piscataway,
’ NJ, USA. IEEE, 2016. 467-472.
o1l (3] Zdpte, EHaE, b, 55 JoRFR G0 A i b ol il
FRAE w77 w98 ()], Em AL TR =4, 2016,
00 36(19): 5236-5244.
0 10 20 30 40 50 60 70 80 90 100 MOU Longhua. WANG Yijian. JIANG Wei. et al.
B | kHz Study on characteristics and detection method of DC
(b) FF 56 B/ 45 3% & arc fault for photovoltaic system [J]. Proceedings of
Bl11 JF a1 i S O 1 the CSEE, 2016, 36(19): 5236-5244.
Fig. 11 Switching action current and its spectrum (4] Hhve, s, s+, & S£hOeRB I 4E xR
GEECRE AT S5 RO 58 [T]. L AR ER . 2021, 40
13 s=0.18<C0. 5, WL, Tk T LIS BLIX 5y R 42 @) 1-10.
N B IE B BRSO kB YI Yang, LUO Yazi, ZHANG Ziyu, et al. Failure
analysis and protection scheme of centralized photovol-
4 é:l:t': -i’b taic power station convergence system [J]. Electric
% SC3E o % P R B A BT B Power Engineering Technology, 2021, 40(2). 1-10.
B T VL2 40 F 0 F Vo S Ry e o ) SRR R R TR AR UL A
LA T HEHEAT T IR 8 LR 4 Ok L P LRRUR 2018, ST 1
. . WU Shengjun, WANG Yixin, LI Qiang, et al. Re-
CL X AN ] I PR 72 2 L L Y 1 view of low voltage DC power supply technology [J].
VAL AT FET 5347 A 31 EL UL A 9 5 A 350 Electric Power Engineering Technology, 2018, 37(4) ;
20~30 kHz,40~50 kHz 1 55~65 kHz 3 i Bz » 18
AR AR 0 38 AN B ] (166 P (L PR AR b R 7 3 2 (6] BHWT, N, #HE, % 3LV R 2R
RIME Hh 0 i 7 v (D0, ) TR AR S 2020, 395)
(2) 2 7 35 7 XoF FL 370 0 A0 3 o 0 09T BE AR A 2 204-210.
EEHIAR 22 43 B T1 7 060 K T 3 L 43 K 4% R A YUAN Jihe, ZHANG Xi. HUANG Hu. et al. Multi-
B TN R AE 2 B AL 2 . T 4 E 50 B AL 22 4 source distribution network fault location method
B AR BB S SE B 0. 5 B P AR AR . K based on current sequence component [J]. Electric
Fi PR RERE X 40 1595 HL 9 5 9 2 28 A5 4 B 45 IE A Power Engineering Technology, 2020, 39 (5). 204-
f S T LA 351 B 46 A T 0 R oo
- i A " [7] RIZA ALVY SYAFI’T M H., PRASETYONO E,
AETE e TR AR T KHAFIDLI M K, et al. Real time series DC arc fault
(3 4 th f R 0 J5 25 A e AR AR G v it A7 S detection based on fast Fourier transform [C] // 2018
BEMS MET R Ik R g E: i AR IZE CIRE T A International Electronics Symposium on Engineering
I 7 3% B A Technology and Applications (IES-ETA ). Piscat-
away, NJ, USA. IEEE, 2018. 25-30.
S % 3k (8] XU, WhE, WAH. 5 HEEERSE P EHH
(1] REPR. BREEVL, WMES . . R B0 &R 4000 i ol IR I B LA I O ik i [T, W R HL 4%, 2015, 51
Ttk R R L R ST IR Rk (V] R LT (2): 24-29.
. 2020, 40(18): 6015-6026. LIU Yuan, JI Shengchang, ZHU Lingyu. et al. Char-
XIONG Qing, CHEN Weijiang, JI Shengchang, et al. acteristics and detection of DC arc in DC power system
Review of research progress on characteristics, detec- [J]. High Voltage Apparatus, 2015, 51(2): 24-29.
tion and localization approaches of fault arc in low volt- [9] YANG Jun, WANG Yukai. Identification and detec-

http: // zkxb. xjtu. edu. cn




148

[T S i

P

R

Eird i 56 %

[10]

[11]

[12]

[13]

(14]

[15]

(16]

[17]

tion of DC arc fault in photovoltaic power generation
system [ C]// 2020 International Conference on Intelli-
gent Transportation, Big Data & Smart City (ICIT-
BS). Piscataway, NJ, USA: IEEE, 2020. 440-444.
FITRIANTO M I, WAHJONO E, ANGGRIAWAN
D O, et al. Identification and protection of series DC
arc fault for photovoltaic systems based on fast Fourier
transform [C]//2019 International Electronics Sympo-
sium (IES). Piscataway, NJ, USA. IEEE, 2019.
159-163.

LU Shibo, PHUNG B T, ZHANG Daming. A com-
prehensive review on DC arc faults and their diagnosis
methods in photovoltaic systems [J]. Renewable and
Sustainable Energy Reviews, 2018, 89. 88-98.

HAN Zhenggian, LUO Liwen, YAO Wei, et al. Re-
search on detection methods of arc fault in photovoltaic
DC systems [C] // 2020 8th International Conference
on Condition Monitoring and Diagnosis (CMD). Pisca-
taway, NJ, USA: IEEE, 2020. 58-61.

WANG Zekun, WANG Zhixin, SHEN Jiangming, et
al. An active method for detecting a DC arc fault in
photovoltaic systems [ C]//2020 5th International Con-
ference on Power and Renewable Energy (ICPRE).
Piscataway, NJ, USA: IEEE, 2020; 306-310.
WILKINSON D P. Potential arc fault detection and
suppression: US 9190836 [P]. 2014-10-11.

PARK H P, KIM M, JUNG J H, et al. Series DC arc
fault detection method for PV systems employing dif-

ferential power processing structure [J]. IEEE Trans-

actions on Power Electronics, 2021, 36 (9): 9787-
9795.
SHEKHAR A, RAMIREZ-ELIZONDO L, BAN-

Detection of series arcs

DYOPADHYAY S,

using load side voltage drop for protection of low volt-

et al.
age DC systems [J]. TEEE Transactions on Smart
Grid, 2018, 9(6) . 6288-6297.

SEO G S, KIM K A, LEE K C, et al. A new DC arc
fault detection method using DC system component

modeling and analysis in low frequency range [C] //

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

http: // zkxb. xjtu. edu. cn

2015 IEEE Applied Power Electronics Conference and
Exposition (APEC). Piscataway, NJ, USA. IEEE,
2015 2438-2444.

LU Qiwei, YE Zeyu, SU Mengmeng, et al. A DC se-
ries arc fault detection method using line current and
supply voltage [J]. TEEE Access, 2020, 8: 10134-
10146.

AHMADI M, SAMET H, GHANBARI T. A new
method for detecting series arc fault in photovoltaic
systems based on the blind-source separation [J].
IEEE Transactions on Industrial Electronics, 2020, 67
(6): 5041-50409.

KAVI M, MISHRA Y, VILATHGAMUWA M. DC
arc fault detection for grid-connected large-scale photo-
voltaic systems [J]. IEEE Journal of Photovoltaics,
2020, 10(5): 1489-1502.

PARK H P, CHAE S. DC series arc fault detection
algorithm for distributed energy resources using arc
fault impedance modeling [J]. IEEE Access, 2020, 8
179039-179046.

MIAO Wenchao, XU Qi, LAM K H, et al. DC arc-
fault detection based on empirical mode decomposition
of arc signatures and support vector machine [J].
IEEE Sensors Journal, 2021, 21(5), 7024-7033.
GAJULA K, HERRERA L. Detection and localization
of series arc faults in DC microgrids using Kalman fil-
ter [J]. TEEE Journal of Emerging and Selected Top-
ics in Power Electronics, 2021, 9(3): 2589-2596.
AMIRI A, SAMET H, GHANBARI T. Recurrence
plots based method for detecting series arc faults in
photovoltaic systems [ J/OL]. IEEE Transactions on
Industrial Electronics, 2021 [2021-10-20]. https: /
doi. org/10. 1109/ TIE. 2021. 3095819.

FLICKER J, JOHNSON ]J. Photovoltaic ground fault
detection recommendations for array safety and opera-

tion [J]. Solar Energy, 2016, 140 34-50.
(R FAE TH M)




