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Research on on-line detection method and device for full-circuit series arc fault
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Abstract: To improve the detection efficiency and accuracy of series arc fault (SAF) in low-voltage alternating current power system,
this study takes industrial motor distribution circuits as the object, constructs datasets through arc fault experiments, and designs a
lightweight SAF identification model based on MobileViT architecture. The model uses lightweight convolution modules and transformer
modules to extract local and global features from the current signal respectively, and uses the unfold-transformer-fold mechanism and
global average pooling to achieve parameter and complexity reduction. Further, the TensorRT inference optimizer and engine are used to
deploy and optimize the model, which significantly improves the inference speed of the model in embedded devices, and based on this,
the full-circuit SAF on-line detection device is developed. The detection device has flexible deployment characteristics: when installed at
the front end of the frequency converter, it can simultaneously monitor the SAF of the front and back end of the frequency converter. It
can also achieve precise monitoring of the SAF of the back end when installed at the back end. The test results show that the average
runtime of the device is less than 0. 874 ms, and the accuracy is above 97. 20% , which can meet the requirements of IEC62606 standard
and industrial scenarios. In addition, the comparison experiments show that the device is superior to the existing arc fault detector
products and can provide a reference for the development of industrial arc fault circuit breakers.
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Fig. 1 SAF experimental platform
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Fig.2 The time-domain waveform of the A-phase current signal
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data samples into two-dimensional matrices
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3.2 FSDD ByMHEEITEME

R TR SAF AT RET | & A L SR BT K 1)
P, A B R 4 T 22 EL & S A R RO AR
T R AP B, PR, AHIFGT #E TMFCL 28 #6119
AREEFT T F 4T T R/ SR, =S %% T FSDD 78
AL L S A e R i 3 SIS S A S R A L 1 R B
[P I 5 7 b b F S e R 00 7 AT T P g
Xt

1) MR A

k4 Fos WA £ 838500 5 4, BHEE 4 1
DR & A, 53 TE F 2% 0 B i T 15 15,17 .19 Fl
15~19 A P #47, T, ~T, Ty~T, M T ~T 5
fF FSDD R %% )53 1, T, ~ Ty AT, ~T,, &4 TF
FSDD SR %30 2, BARRUL, T, ~ T, &4, il
HEIRLT A R I 1 AR 048 i o, SAF KA SR AN A
TR T, ~T &M, R IR T A AHZR B 178
ARAS T, R AN A L, T, ~ T, &K, R
HIERIR AR LRI T A AR B A AR B 28 T s, T, ~
T 20T, I E AR A8 T A AR YA

BRI AR U o T, ~ Ty APF T U B R A
PIOr T A ARLR I B S0 A8 i . F2 IR 1L 13 B R S A
85 T ~Ty Ts~Tg Ty ~T, Ty~ Ty il Ty, ~Ty /%H:—F—?E
LBIE (ARSI B-TE R R4
B - R R -

F 4 P MRS T FSDD 115 5 RS AR %
M 10 kHz, BateAS i AR B E N 256,

x4 WRHE
Table 4 Test scheme

W& fREHIR/A BITIRE o
JIL CT %Z/EE{%
T,~T, 15.17.19.15~19 HI-1E% GIED -

Ts~Ty  15.17.19.15~19 JA-1IEH Ji it -

To~Ty,  15.17.19.15~19  HIRT-#fE GIE] GIE]
Ty~T, 15.17.19.15~19  Hif5-ifE TSty Jei ity

Ti;~Ty 15.17.19.15~19  JEJ5-ikpE )5 J55 Vi

2) PUINTERE 5 S RE I X
TET, T, T, Ty FIT,, AT, 40 kSl ab 3
P AR BT IR R] EAT 1 000 YCH A2 0 4, JF 418 1t
T HAF a7 ) 2521 3% 5 s,
% 5 FSDD KISERPEREIR 4R
Table 5 The real-time performance test results of FSDD
YA TR ]/ ms

MREI “hammm maaR (mey AT
T, 0. 14 0.732 0.872
Ts 0. 14 0.734 0.874
Ty 0. 14 0.732 0.872
T, 0.14 0.732 0. 872
T, 0. 14 0.731 0.871

GSIFE T, ~ Ty 2 F 451855 T 1 000 IR FSDD fy%k
P Bt (BRI AFNet) 19702845538, I 4i ¢ 1155 FSDD
TEAS IR PE T BOERG R 45 2R U158 6 i,
% 6 FSDD HyiR 5l aeliK 45 R
Table 6 The identification performance
test results of FSDD

M2 BITIRAS W=/ %
T, ~T, Hi-1E 98.00.99. 00.,99. 80 ,99. 40
Ty~ Ty J&-1E% 100. 00.,100. 00, 100. 00 ,100. 00
Ty~Ty, AT 99. 80.,98. 40,97. 80.,99. 20
Ti3~Tis S5 - 99. 40.,99. 40 ,98. 40.,99. 80
Ty;~Ty J& I - 97.20.98.40.97. 60 .97. 80

FH2R 5 AL A RIS, ot A BT H (1) - 1
ZATHFEIEE R 0. 14 ms, B S AT AR 1) - 3538 4 7 s [B) 7
0.731~0.734 ms, Pk, FSDD ¢ i — ¥R W, i 20 3 Ak 7
34 S0 AT R AE 0. 871 ~0. 874 ms,

6 Al AL, T, ~T, £ MHER KLY CT T
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TMFCL £k [ Y 25 451 2% 7 5 B, FSDD 9 3% 41 R i 55 4
2.00%, Ts~Tg ZAFRIHERFERYY CT LT TMFCL £
PR A AR AR B IS A, FSDD AYiRIR K 0%, T, ~T,, &1
FIMER R A IS CT FI SAF & E #8900 T TMFCL £k #%
B AR AT o I i B, FSDD 1 P #2562, 20% Ty ~
T FRAFAIUER RIS CT i T TMFCL & % ) 728 43
HS I SAF & AE 38 07 F A0 #8 J5 i i, FSDD 1) s 42 %
N 1.60%., T, ~T, FIFHHERFEHAY CT Fl SAF
KAELRINITF TMFCL 4 % 1Y A8 351 4% 5 it B, FSDD 1) s
R = R 2. 80%

IR RIIIGIE R L2 T2 1 B2 2, FSDD 78
TMFCL 2% % 1 22 Fhiz 7 T 00 N # EL & 55 e O HERf R 3%
TR R IR AR R LA AR RIS Tk B, R e
J52 1 B, FSDD REAE 8 i >R H2 A5 5 117 v ) FEL VA 5 55

RGN HH A8 A0 2 FiT S i 3t A ) SATF ;24 R e 2% 5
2 i, FSDD B 1 R A AR 4% I I (1 FL S 1 5 S IR AS:
T H AR B0 I i & A2 1Y SAF

3) 15 HL I A 287 i X

FE B LR BB A TARAS Ab T WA - 8« i J -
5 I - B (BPAE Ty T FT, 3 R TT )
PRI P KR = A E SR B R I % AFDD- T 1 AFDD-
I/ Rt 52, T 1 P RE X i,

PLAFDD- T 4], B4t e s, 4nE 8(b)
iR B AFDD- 1 A TMFCL &%, 3520 BIAE T, T, F
T,, 5 TR EE 7 E 25 K SAF i, IR I g R A
105 AFDD- 1l FSDD #9428 v 2505 i g B[], 353
HOF R 2 nt ), 5 AFDD-T1 74 % L i R A5 40 [ O
2N B RN T PR,

%7 FSDD 55 A IMEERN BT L 45 R

Table 7 The comparison results between FSDD and commercial arc fault detectors

Sk 4 KBRS FIGHEI ] (ms)
FSDD AFDD- | AFDD- I FSDD AFDD- | AFDD- I
Ty 25 25 25 66. 80 993.77 929. 47
T 25 0 58.37 - -
Ty, 25 0 63.08 - -

M%7 Al g, X T, 24 T A 25 IR SAF S,
FSDD 5 f FHER M 25 24 52 8L T 78 ke . X 3R B, FSDD
FIE AR 2% —FF, HLa5 RAF 1Y SAF A, tesh,
FSDD (-3 4B T[] (A L 66. 80 ms ) 841 T 7 44
MERAY X R H BT SF Lt e ae, X T T, &
Y 25 YR SAF 4k, FSDD SZ3E T 58 4k, i Ra
PRIES W HE R ECR 0, X R W, FSDD BEAS {3 1 >R 4
AT R O LI A 5, S BT A A 2 i v A o
B9 SAF B[R HAG I , [R I, FSDD 76 A6 I 9 Bl 7 1 5 L
e, ®F T, 44 FH) 25 K SAF ZF, FSDD 528 T
FEARH . X, FSDD REMSIE 1 R AL AR 5 v 1Y) FL
AR, SC B0 AR M0 4% J5 Ui SAF A AR I, R i,
FSDD H& 50 RIG B %46 07 X,

A TEC62606 i, 75 400 V HiE L T, G 73
FLU A 32,16 F1 10 A B, HL BR800 14 45 1 7 - Bk (1]
AR BT 0.12.,0. 15 F10. 25 s A4 FSDD %%
BRI R GETHas R, HAE T, (T, AT, &0 T A K i
B[] AN #E 3 95. 60 ms, Kk, FSDD AE#% 1 & TEC62606
FRUEMER

T,.T,, T, %&£ T FSDD I AFDD 7= i i R 7
BN 10 s, B 10 d 4 Skt i | R g
AR HLINHL A5 5 (Z06) (i FSDD 19 CT RAERY HL I
i (B f) FSDD MBS 5 (4 (0) L AFDD 7= i 142
BE S (WEM) , T EIR I, FSDD 2 i ik B R A 5|
BN I O SR RS S, T AFDD R R A

B IES | E AT Nk B (E S, B’ 10
B FEBA AT SAF HE %4 5 FSDD 5 AFDD
77 i RS 22 ] A ] ) B

4) fE A AR 5 8 2 I A F R A PERE I

itk —A B AE FSDD fPERE T SEE 52 g 1, 7
AR T, T, AT, KETFHREMK, 5507 T,.T,
T, 500 F ¥ SAF ZAEZRHEA B AHZ K LI == SAF,
JEGEIT FSDD (CREE A MHLTAE ) 111 000 IR/ 2RE5 R
SEIRZEW],FSDD 78 Lk 3 Rl BT B SAF 50 i 1 >R
43514 96. 70% 94. 80% Fl 93.30%, T, T, Ml T, 5
T B ALK & SAF I I A FHZE 3 v O Bde R AS &
11 iR,

FIH Chroma 6590 %Y AJ Za F A2 ik FLUEL, 7™ 26 R 1S
PR IR BTN 12 FiR . ARG AR URCR X R A i
JEE R 8 iy IR, I BIAE T, T, 1T, 5T
it 1000 ¥k FSDD W43 2255, 45 R, 7RI I FL Ui
BIE A F, FSDD 1Y #E 1 2% 53 ] 85.40% , 81. 60% Fil
80. 90% ; TE IS I HL IR IIE B N, FSDD H9THE# 2 70 51 Hy
89.20% ,82. 80% Fl 82.30% .,

LR 5T HT R FSDD E H AR 8 N 52 A48 4548
TR —E e, AFHEZER R, AT
PEF AP RE TR E O 3, X I Bt FSDD X &2 44
T AT A R TR as ), R, ] i — 25 2 T
FSDD 7£ AR BE 2% 1k 5 A BAR L B 4518 T A2 1Lk
F1 W AE R 5 S 5T A EE T )
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Fig. 12 Diagram of harmonic power supply waveform

3.3 5MA SAF A ENT L

MHEHI RN G4 7 ] LA B R HER % 3 A D7 T, 4
FSDD Fifii Il AFNet 53F SVM ARG 5 361 36F
CNN ARG 735 HEAT X L, 25 SR N6 8 TR, % 8
R A IR I 4T I )2 8 5 TensorRT Al 5 78
Jetson nano FN A5 1), VAR R ATAh B O BUHE 4R 2 1.2
7Y Dataset2 .

&8 AFNet FIE &N 75 iEHIXT L &R
Table 8 The comparison results between AFNet
and other detection methods

Wik Z5 i)/ MB A )/ ms HER /%
PSO-SVM [12) 6.93 26.97 75.70
HCCNN (¢ 0.11 0.12 96. 54
ArcNet L8 0.85 0.55 99. 12
AFNet 2.37 0.73 99.28

f5% 8 A 41, PSO-SVM F1 HCCNN (915 1] v A < 4
i, Jo & PSO-SVM, Hixfi LAl /2 SAF Rl 75k, B4R
ArcNet 1932 47 33 B F P — 28 (B H o 6 R K T AFNet,
PRI R SCHE H 1Y) AFNet JE IR BT AT | B8 4380 2 31l itk
ATV A R SEH RN SAF

4 & g

ASCHE T —FhFH T Tl e S ALEC B 2R B 1Y SAF
UM R E LA B A W R 4518

1) 42 T 3T MobileViT M52 &8 2% SAF 15 5B
5P SAF (AR FL | 2 A TR f 6% B 4 b B B
P IR B A, L8 B 2 ) M SR I B G 92 Ak P B L 32
AT, AR AR AN & P17,

2) B4 UL R S ik A SO SRS A L B T
SAF FELRKG IS B %38 B B W Fh e 28 7 X BEg o
By SEAS 1 S U TMFCL 4R 6 1 R OIS, A AR
A s T S, 12420 I S G I 2 A5 8 i e e A A
SAF; M2 AR AR Rt I S ), 122255 2 o A A 0 728 491 ot
Jadm R A SAF, AR, Z2Miaf7 T T xR EF
LRI AR ST SR R T i SAF AR SRAE 97. 20% LA I,
58— YR EAE AL 5 50 BT (14 - B 5[] AS B 3L 0. 874 ms,
RS RIAS 3T 95. 60 ms s AEHAMAH & A= SAF ], 2088
HTFRHER R AR T 93. 30% ; 78 Z i B LT, %23
B ) SAF FUIMER R AL T 80.90% , 14255 & HE M i i
TEC62606 FRifEZLR , IF AT LA A A A Tl B I I s U
’ts%,
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