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Transient identification method of lightning strokes based on the attenuation of signal
complexity for UHVDC transmission lines

QI Guogiang', WANG Zengping!, QIU Yutao?, YING Hong?, LAN Yijun*

(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources, North China Electric
Power University, Beijing 102206, China; 2. State Grid Zhejiang Electric Power Company Limited, Hangzhou 310007,
China; 3. Zhejiang Huayun Clean Energy Company Limited, Hangzhou 310008, China; 4. Maintenance Company of
State Grid Zhejiang Electric Power Company Limited, Hangzhou 310007, China)

Abstract: The high-frequency component caused by lightning strokes on UHVDC transmission lines is the main factor of
the mis-operation of travelling wave protection and transient protection. Due to the existence of fault current pathway to
the earth, when lightning strokes failures and the common earth faults occur on the transmission lines, the voltage
amplitude of the signal attenuates quickly, thus with a low signal complexity. While lightning strokes occur without
forming faults, there is no fault current pathway to the earth, the signal attenuates slower, thus with a high signal
complexity. Based on the wavelet transform analysis of the attenuation of voltage signal, this paper shows the ratio of
data-windows before and after the mutation moment to describe the change of signal complexity. With the combination of
high-frequency component content analysis of the voltage signal, the identification of lightning transient signal is
achieved, and the faulted line is selected by the energy relative entropy. Based on the model built on PSCAD/EMTDC, the
results show that the scheme identifies the transient signals effectively with less influence by the fault distance and the
transition resistance, etc.
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Fig. 1 Voltage waveforms from two poles when shielding

failure occurred with forming fault
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Table 1 Frequency components when shielding failure

occurred with forming fault
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Table 2 Frequency components when short

Wi /kHz % 1 ms %2 ms %5 3 ms circuit fault occurred
5~10 0.123 6 0.000 0 0.000 0 % /kHz % 1 ms %2 ms % 3 ms
2.5~5 0.078 2 0.000 1 0.000 0 5~10 0.148 0 0.000 0 0.000 0
1.25~2.5 0.0110 0.001 4 0.000 6 2.5~5 0.013 6 0.000 1 0.000 0
1.25~2.5 0.008 9 0.001 0 0.000 5
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Fig. 2 Signal’s complexity when shielding failure

occurred with forming fault
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Fig. 3 Voltage waveforms from two poles when

short circuit fault occurred
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Fig. 4 Signal’s complexity when short circuit fault occurred
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Fig. 5 Voltage waveforms from two poles when shielding

failure occurred without forming fault
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Table 3 Frequency components when shielding failure

occurred without forming fault

AR /kHz % 1ms %2 ms % 3 ms
5~10 0.6259 0.000 2 0.000 0
2.5~5 0.114 8 0.004 1 0.000 3

1.25~2.5 0.061 3 0.073 1 0.002 5
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Fig. 6 Signal’s complexity when shielding failure

occurred without forming fault
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Fig. 7 Voltage waveforms from two poles when back

striking occurred without forming fault
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Table 4 Frequency components when back striking

occurred without forming fault

M /kHz % 1ms 2 2 ms % 3 ms
5~10 3.874¢-4 1.794¢-4 1.835¢—-4
2.5~5 3.071e-4 8.508e-5 1.116e-4

1.25~2.5 7.160e-5 5.382¢-5 2.295¢-4
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Fig. 8 Signal’s complexity when back striking

occurred without forming fault
3 RAAE

3.1 EREBESIRA

AR LA 34T, /N A S0 220 i 2 245 5
ARPE, S E AN SRR A S AE R AR %1
I DA K o ) SRR EARU R E K 22 58, AT A
JRERG A, SRR s LU 2 i S R
Bty e A R R R B £ 5 R U1



7 [, 5

BT 5 SR BETE PRI v T ELU B P 2 e 7 P T AR O VA -5-

AV ERAEF Ay 20 kHz, & db4 /N,
B8 a=50, $Ko=1, ENE3 FIHER
G5 55 DX R ) /N 2 S A A

Hy

i+50 Jjt50
k=2 w ! 3w, ©)
i j

J+50 i+50

A ij il ZW 53 5 R DN BAT AT 5 I A

U Ja — /N o /N B i 2 R B8R % 20(6)
THE kAT LR IR A5 S AR 2007 J5 ™
AN T N R 2 BE AR AR R

TERLIN B SR I 2 2 7y, ASCEMESE S

u(t) AN, R AT B 1M S R A
A%, W& 6 Frontr 0.15 fiE; Zeth T4 53
ISR BRI, R RS R 1 T, S
A A R rL A I 3, B A AR
YERRLE 1 Ao BN, R EEIRE NG SR
AR S, st TR T (6) v & (EE
Ko M TR ARG S v 5 H RS s w(r)
A AR, AP ARSI 6 IR AR 5 AR,
R, a5 o P A5 5 AR R, Mo
FHA5 T (6) T k (ERAK.

e A ORI v v A W sX(7) R TR
k>k,, (7
k<k,, (®)

TR AR (DI, BN Ged T E s WA

FIFR®), B T s w0, Rk
Bfs o AR LA LT, nrEEe kM S, ko, N 2.
1E 2.3 F 2.4 3 M FEmL b, AR P52 &5 5 i
TR ZESRHE, BOEAE SR E d1~d3 RE
e mmE ot ZE S, rdk— DR o o
R S R B s o (R T TSR BB SR 1 T 40 BB
BN, A e 2 e A S 2 E, ASCHL d1~d3
JOBERe = H 2 LR R, A s om0 an =8(9) -
n>k. )
X, n WEAGS di~d3 RIZRFT&ieE a0t
TR0, 23 X A (O) 5 R0 Ay 17 T8 e % A 55
R0, PO R T AT . X 2 R LR
A THAT O 1T, ATk, 4 100,
3.2 WIREHRIR A
FRAE DL B B A5 S T LUE H, K
A AORRE IS, W AR P 5 T 9 B A R e Az 2
eRrU s ARMEAR L R R AR RN Bl I IR A R A
Bhek s Lo DR, AR S, AR AN A
% HEL s AFDGE L5 B il r s 1 22 SR R PEE AN I o

HEE AN AR P AR AE Y45 5 e W M2 2 A 1) 22
SOl AN, TIPS Z [ e 20 ]
TR R, PR S Z IR ) RETE 7 A1 22 e i
/N

TEAR S e, () FUIE ARSI ZR v U, 1R fig B AH R
WL M, R u () MR U 1)
ReE AR A Mo ORGSRl g &
AHXT I 0 B AR Ay

Y= (10)
PR A AR, DR
V> Vea (11)

P LA L2 BT AR WA, 1 AR T AR R B B I
AR L PR a, (¢) FIE AR Al 2 H s U, 1) o AT 6 4
MR, SO s u_(6) RIS Ze i s U 1) R
A M AN, B R AR IE AR £ B W s M, KT
M5 MR AN BRI, MK, M, BN,
el M, N Mo IR SO #E 5 y (HAN 1. 4
WA ADE, TRBIN IER L SR, R A
BR 28 s W

ASCHTHRER) UHVDC 26346 87 F8 45 5 R0
ZPEE W 9 s,

| ST BEIRS mol i R |

v

‘ i m ‘

v

XA S AT N B AR IR
VN AT A

Rt T

VSR S /N A B
d1~d3 T Refit v 20 L Ao 151 5

TRy

N
[ 8 i i |

4
W |

BB A
9 BRI RIPEE

Fig. 9 Block diagram for the transient identification

of lightning strokes
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Table 5 Simulation result when shielding failure

occurred with forming fault

TTIEE/ARA W B /km k n [
300 3.926 88.496 IEH%
50 500 3.552 69.444 A%
1000 4.015 64.516 IR
300 4.090 63.694 1EM%
100 500 3.627 57.804 A%
1000 4.056 56.818 IEf%
300 4.157 50 IER%
150 500 3.771 44.843 1A%
1000 4.084 43.860 AR
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Table 6 Simulation result when back striking

occurred with forming fault

THEIEE/AA R B km k n WA
300 4.187 43.668 EAR
200 500 3.854 37.037 AR
1000 4.139 33.898 IEM%
300 4.209 38911 IEM%
250 500 3.856 32.895 IEM%
1000 4.245 25 EAR
300 4.224 36.496 EAR
300 500 3.847 28.902 1E%
1000 4.269 20.877 4
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Table 7 Simulation result when short circuit fault occurred

EPEHIH/Q bR B /km k n [
300 3.068 333.333 %
0 500 3.692 232.558 %
1000 3.927 227.273 IER%
300 3.002 250 IEH%
50 500 3.821 243.902 %

1000 3.926 185.185 IE%
300 2.983 243.902 IEH%
100 500 3.855 243.902 A%
1 000 3.962 149.254 IER%
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Table 8 Simulation result when shielding failure

occurred without forming fault

LR IRE /KA
R PR 25 /km 10 20 30
k k k
300 5.939 5.921 5.668
500 5.504 5.343 5.247
800 5.463 5.441 5.252
1000 5.988 5.947 5.640
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Table 9 Simulation result when back striking occurred

without forming fault

T L (B /KA

R PR 25 /km 50 100 140
k k k
300 0.994 0.990 1.124
500 0.991 1.127 1.224
800 0.977 0.994 1.115
1000 0.976 0.970 0.964
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Fig. 11 Voltage and current waveforms at the rectifier side
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