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Series arc detection and protection on the DC side of string-type PVs
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Abstract: Aseries arc occurring on the DC side of a PV is the preliminary indication of fire provoked from PVs. For DC arc
status and fault problems, this paper contributes a DC series arc detection and protection scheme for string-type PVs
implemented with a grid-connected inverter. The scheme employs a high frequency signal of the arc as the fault characteristic
that is obtained from the filter capacitor in the PV string terminals of the inverter. The detecting algorithm is established
according to the sample entropy and the standard deviation of the arc signal. 2-stage protection criteria and a reclosing
strategy are proposed to improve reliability, and to satisfy the sample rate of the processor in the inverter. In line with the
constitution of the circuit and operating principle of the inverters, a modification strategy is proposed to fulfill arc protection
action. A platform is established for PV series arc testing. The proposed method can achieve reliable detection and protection,
and the effectiveness of the method is verified for many cases.
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Table 1 Main parameters of PV modules

HifE
e SeARZLLE ZAVHE
(Z hifiE) (32 A~4H14)

VB ThIW 255 8160
AR FL IV 30 480

[ ZEREERTTTLN 8.49 16.98
TRV 377 603.2
Joi i ELRA 9.014 18.028

SEG I 2 AR R B NI AR AR [ —
A~ DC/DC #.t, fAMHHBEE 16 Me R4, A
RN AKW; A EJER A C=470 uF. H4 I
RABSHBENE T AR BALE, BEIROLIR RS
BN SR Ek S Bk R . FIUR AR 2R AL
li] 52 it FH B, 7R i % 1 S — AR A, e gk
EhAe s, TER Ak (P . SRR
HAR AR IR FL . N T 7 (EALER A EL X, K
AR AH HR LI [ % R T AR 2 R FRL A i 3 e B R R
DAL RS, X LI AN F 25 S T IR TR T R AR
ALY & H R AR BR A Toll= i,
WA A%, AR5 PR3 B0 i R AE AR 28
SEHL, e N H TN PCL s KA -EXHE S

ATREIN S 087 . BB PCIEHE R R K RAESR Ny
10 kHz. 1 8 JySEi-1- & Ll .

4.2 IWERSHBESH
4.2.1 IEFIREE BIICRES G 5 0

3 X TE A R R I 1 A T S .
IR BRI A 1.5 cm, A IEH 5 H B L 4L
BB RS AR 908 9.3 A FT 6.1 A, RIS
PIRE LT A SCER R, R 9 Fis.

T EAEA
<l )

> 4 —0
PCI-%JA;%E _C)

Gl ‘ I Ay 2
b

m E )
[ |
PTG A

B 7 #MREGERBINLLFEE
Fig. 7 DC arc experiment platform for PVs

I
I
a

lu R, -
IF"L‘E:*“‘ Li |i’

El 8 HREXEE IS SIRIPRERRIZE

Fig. 8 Flow chart of series arc detection and protection

EHfE S
0.5 T T
<
20 Ao i e B
=
,05 1 L 1 1 1 1 1 1 L
0 100 200 300 400 500 600 700 800 900 1000

AT

/A

0 100 200 300 400 500 600 700 800 900 1000
ot

B9 ERSHRINSEELTEAERKER
Fig. 9 Capacitor current waveform under normal
and arc circumstances

DA AR AR R P B SR, BB A 6=0.2,
A5 5 BEAT B IE BT F 23 0l v B IR AR 5 A SIS
THIREARE  bRAEZE SR, 4R 2 s,
AL R I 5 R Rl A K T IE R RS, =&
FAZE 2 DR, AT 7 AT DA Rkl sl
[

*k2 EBESHBIMESHOMER
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