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Lightning interference identification method based on voltage traveling wave waveform
characteristics for flexible DC transmission lines

WANG Yanting, MO Wenbin, BAI Mingyuan, LIANG Dong, JIA Rong
(School of Electrical Engineering, Xi’an University of Technology, Xi’an 710054, China)

Abstract: The speed requirement for the main protection of the MMC-HVDC system is extremely high. The introduction
of a large number of high-frequency transient signals after the line is disturbed by lightning strikes can easily lead to
misoperation of line protection. To solve this problem, this paper first analyzes the characteristics of a line voltage
traveling wave after lightning strike according to the propagation law of traveling waves. The characteristic difference
between lightning disturbance and fault is obtained. When lightning disturbance occurs, the polarity of the wave head
does not change after the voltage traveling waves is reflected by the line boundary during the transient process, and the
time interval between the traveling waves head and the line boundary is large; when the lightning fault occurs, the polarity
of the voltage traveling waves changes after being reflected by the fault point, and the time interval between the traveling
waves head and the line boundary is small. Then, based on voltage traveling waveform features, a lightning interference
identification method combining long and short windows is proposed. Finally, the proposed method is validated using
PSCAD/EMTDC electromagnetic transient simulation software. The results show that the proposed lightning interference
identification scheme can quickly, reliably, and accurately identify lightning interference and fault conditions, independent
of the location of lightning strikes, line parameters, lightning current parameters, and noises.
This work is supported by the Postdoctoral Science Foundation of China (No. 2021M690126).
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Fig. 3 Refraction and reflection diagram of voltage traveling wave
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Fig. 4 Traveling waves lattice diagram under lightning disturbance
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Table 2 Verification results of lightning interference and fault at different distances
o ik B 25 /km C A Rl S n 6, m F R W ANBR i /ms
S Tk -84.3 1 — — A 1.7
2 S2k [ ~269.2 4 — — B 1.7
T T 298.6 1 — — C 1.7
T b 3225 9 — — D 1.7
T2k TR -39.5 1 — — A 1.7
100 S5 [ -112.1 3 — — B 1.7
T Tk 246.7 1 — — C 1.7
BT [ 282.2 3 — — D 1.7
S5 T -32.5 1 — — A 1.7
150 T2k b -123.8 2 56.7 — B 1.7
T T 257.6 1 — — C 1.7
JE T i 270.4 2 42.8 — D 1.7
T2k Tk -414 1 — — A 1.7
200 S2k [ -118.4 2 58.9 — B 1.7
& T T4 234.0 1 — — C 1.7
T b 197.6 2 43.7 — D 1.7
T2k TR -24.2 2 -41.5 2 A 2.3
300 T4 W p -135.7 2 -60.2 3 B 23
T Tk 89.8 2 -48.4 2 C 2.3
& T [ 251.0 2 -54.0 3 D 23
S T -15.1 2 -41.8 2 A 23
250 T2 b -81.1 2 -35.2 3 B 2.3
T T 147.4 2 -47.4 2 C 23
T Wb 263.8 2 -48.4 3 D 23
T2 Tk -12.3 2 -41.2 2 A 2.3
200 S5 [ -47.0 3 — — B 1.7
T T4 163.5 2 -61.3 2 C 2.3
BT [ 224.7 3 — — D 1.7
S5 T -11.9 2 -69.6 2 A 2.3
470 S W -72.3 4 — — B 1.7
T T 101.0 2 -90.3 2 C 23
&0 A 149.5 3 — — D 1.7

4.4 REFRBEREERF0E

B B 0 AR S H0h 1.2/50 us, N
T8 UF R AR B )l g SR sz e, 4y il A
2.6/50 us F1 5/100 ps 15 FFAE I FEATIOAE . 00IE
SERNFR 3 MK 4 s, FI 4S5 R AR

AR SCHE R B T IR A i R P A TR Sk
AR PR AN T RFAEEAT 200, R B2 H FIR K
TERIEEN, 5 B S, FIGAE T iX— 4518 .
4.5 FELEESHNENT

T AR T A A Z 2 ik S H e,
7£ PSCAD 2 B SCHR[2110 42 % S B0 AT 15 04, T

® 5 M 13 . MAZHESENRGET IR
Bk, SRR 6 i, FURAR eI, Bid
E RSB AN FRIA S FEMAT BBk AR AN 8]
FRAE,  ASSCHR M TR0 B BN 52 2 % 2 B
D7 RS R T IX — 4518
4.6 IRFREN D

FEREE BN A5 T HINAASFE 1 LL IR ey
FIERS, B0 0 B ) o e IR VA
SO, MRS RN 7 FroR. (EfEWE AR 20 dB
I, G R AR, RYITH I E TR
BT SR BRI S TP RE
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Table 3 Verification results of lightning current model with 2.6/50 ps
o i EE B /km [ EbA- A 2 n 5, m )50 45 L A B /ms
S48 Tk -35.6 1 — — A 1.7
100 T [ -111.0 3 — — B 1.7
AT REA 48.1 1 — — C 1.7
BETH [ 282.8 3 — — D 1.7
SE27 T -42.2 1 — — A 1.7
T4k [ -120.1 2 61.2 — B 1.7
20 AT T4 75.7 1 — — C 1.7
T i e 196.0 2 43.9 — D 1.7
T4 TR -24.7 2 -423 2 A 23
T4k B -183.3 2 -63.9 3 B 23
300 & T T 38.2 2 -6.9 2 C 2.3
T [ 252.0 2 -55.4 3 D 2.3
T Fk -12.6 2 -41.2 2 A 2.3
T4 i -51.1 3 — — B 1.7
0 & T T 27.1 2 -10.6 2 C 2.3
AT [ 224.4 3 — — D 1.7
4 FHERIERN 5/100 us BIEIFLER
Table 4 Verification results of lightning current model with 5/100 ps
‘e 7 5 /km CEibA Hi 4 n 5, m PAPIESES R ABHE % /ms
S5 T -24.9 1 — — A 1.7
T2k ek -94.5 3 — — B 1.7
10 T3 T 489 1 — — C 1.7
BT W 284.5 3 — — D 1.7
54 Tk -48.7 1 — — A 1.7
S5 [ -107.4 2 61.2 — B 1.7
20 T T 77.9 1 — — C 1.7
T3 [ 188.4 2 439 — D 1.7
52 Tk -26.1 2 -42.3 2 A 2.3
54 W ~149.4 2 ~78.4 3 B 23
30 BT FH 39.1 2 -7.9 2 C 23
BT ek 256.2 2 -65.5 3 D 2.3
T2k Tk -12.9 2 -41.2 2 A 23
200 52 W -64.7 3 — — B 1.7
& T T4 29.4 2 -12.3 2 C 23
BT [ 221.5 3 — — D 1.7
£5 FRZESY 4.7 RAESERFM
Table 5 Different lines parameters AIRBET TR T R TAT I L
— s EEU) R HIR I 5 AN 8UE B EAT N, REESR Dy 100 kHz.
Papehon 2 o T )5 AT 1 L SE AT AT M KA, 58
B M 5 L 2 B m 4 9 A FITFPEEAT BB SLRFE s RFFAIZ AR 2 Rk
i L 2 S5 3 T 19 B /m 29 28 SLAAARG I 45 B
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Fig. 13 Comparison of different line parameters
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Table 6 Verification results after modifying the line parameters
T EE B /km Cil A C it S n 5, m JI 5 25 R VU B i /ms
S T -42.9 1 — — A 1.7
100 S2k i -98.7 3 — — B 1.7
&I T 44.4 1 — — C 1.7
T [ 279.2 3 — — D 1.7
T4 T -33.6 1 — — A 1.7
200 S [ -102.0 2 39.5 — B 1.7
& T 73.3 1 — — C 1.7
AT [ 213.9 2 26.6 — D 1.7
S Tt -22.3 2 -42.2 2 A 23
300 Sk W -113.1 2 -35.2 3 B 23
T T 43.9 2 -6.0 2 C 2.3
BT [ 239.8 2 -59.4 3 D 2.3
S2 T -93 2 -31.9 2 A 23
400 S [ -87.4 3 — — B 1.7
&I T 21.0 2 -14.0 2 C 23
AT i 235.7 3 — — D 1.7

HHT, Vrdkaal ol B AT RS N
50 kHz )30 e S AR 3P BERLEY . 5 SRR AT R I
50 kHz J& R4 SR 3k 8 Frm. Jm 4 R 458 1
i, RO B E TR T ETLOER T
50 kHz FIRAEANR o

BV, N — D BRI
2 25 kHz, ) BLEE 5318 0 A BEAERR UL A T IR Sk
TR 5 S o PR SCHR H 1 77 72308 A T 50 kHZ
K UA L [RRFEAIR
4.8 5HEHMGEITEE

SCHR[S 13 (R 7R i TR A VR B AR P e 3

Jei 2 B4 B N AT U A WTMM S OMRE K /)
HF RS R AT AR IITEN T 75%
R o B LA 50% & i TS oL, R E
Hodle B RV AT se BRI, HORTE DA 40/3 Bl i oy
Bl 5 A 5 SCRR[STTERAR L, A B B AR

SCHR2514 1 — Fod e 3R B AR Gepad ik &% AT
SEVER T D T P0RB %, SR B AT B P E
JEERT 5 /NS AR A2 A 3 A2 15 R A A
PR AR ELE B R FSAT B Z A S — IR TR KL
e 5 R A T e, e N BB AR R AL R
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Table 7 Verification results under different signal-noise ratios
o AP B /km L E ! 5mELL/dB 3, n 3, m PARIESE S LM i B /ms
40 -41.4 1 - — A 1.7
T T 30 -41.4 1 — — A 1.7
20 -41.2 1 — — A 1.7
40 -118.4 2 58.9 — B 1.7
T e 30 -118.5 2 58.9 — B 1.7
20 -118.4 2 58.9 — B 1.7
200
40 234.0 1 — — C 1.7
T3 Fit 30 234.0 1 — — C 1.7
20 233.8 1 — — C 1.7
40 197.6 2 437 — D 1.7
PETH [ 30 197.6 2 438 — D 1.7
20 197.7 2 43.8 — D 1.7
40 -12.3 2 -41.2 2 A 2.3
T4 R 30 -12.3 2 -41.2 2 A 2.3
20 -12.4 2 -41.2 2 A 2.3
40 -47.0 3 — — B 1.7
T W p 30 -47.0 3 — — B 1.7
200 20 -472 3 — — B 1.7
40 163.5 2 -61.3 2 C 2.3
BT Tk 30 163.5 2 -61.3 2 C 2.3
20 163.5 2 -61.3 2 C 23
40 224.6 3 — — D 1.7
BT [ 30 224.6 3 — — D 1.7
20 224.6 3 — — D 1.7
R 8 NEIRFEESNERRGIEAR
Table 8 Verification results with different sampling frequencies
o 7B 5 /km H L E s 4 n 8, m PR e WUIER & /ms
Sk T -91.8 1 — — A 1.7
& e -78.8 3 — — B 1.7
10 T Tk 291.5 1 — — C 1.7
5 [ 313.6 3 — — D 1.7
T2k Tk -75.9 1 — — A 1.7
T2k [ -84.6 2 118.8 — B 1.7
20 B Al Tk 244.6 1 — — C 1.7
T [ 204.8 2 103.2 — D 1.7
T2k Tk -43.3 2 -141.8 2 A 2.3
T2k {5 -131.8 2 -119.3 3 B 2.3
0 PET5 T4t 88.8 2 -1423 2 C 23
T il 250.8 2 -71.8 4 D 23
& Tk -20.7 2 -107.1 2 A 23
T [ -30.4 3 — — B 1.7
400
BT T 186.8 2 -132.5 2 C 23
T [ 280.5 3 — — D 1.7
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