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Study on coupling effect between lightning electromagnetic
field and unshielded multi-core cable

WANG Hao, CHEN Yazhou, WAN Haojiang, WANG Xiaojia
(Institute of Electrostatic and Electromagnetic Protection, Ordnance Engineering College, Shijiazhuang, Hebei 050003, China)

Abstract ; In order to investigate the terminating load voltage of the unshielded multi-core cable coupled with lightning electro-
magnetic pulse(LEMP), we simulate LEMP within the bounded-wave transmission line which is input with a lightning surge
signal produced by WU-800-type MARX generator and conduct the relevant experiments towards multi-core cable lines radiated
by LEMP. We can get the respond laws of induced voltage of the load by changing the length of unshielded multi-core cable,
angles between LEMP and cable, waveforms of LEMP as well as cable terminal loads including linear and non-linear loads.
Results show that the amplitude of induced voltage is mainly determined by rising part of electromagnetic field waveforms and
the pulse width has little effect on the induced voltage. The respond amplitude and the respond frequency are obviously affected
by the length of cable. The polarization direction of the electric field has a great impact on the amplitude of terminal response,
but it does not change the waveforms of the induced voltage. With the termination of test side increasing, the induced voltage is

gradually increased, but the load in the other side has no effect on the induced voltage.
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Fig. 2 Waveform of lightning electromagnetic pulse

Fig.3 Induced voltage waveform of unshielded

regulated by MARX generator multi-core cable
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Tab.1 Peak-peak induced voltage of cable terminal load under different waveforms
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Fig. 5 Induced voltage of the terminating load of multi-core cable at different angles
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Fig. 6 Induced voltage of the terminating load of multi-core cable with different length
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pulse with 10/200 ps waveform
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Fig.8 Induced voltage of the terminating load of the cable with different value of resistance
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Tab.2 Peak-peak induced voltage change of cable terminal load under

test with different value of terminal load not under test
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Fig. 9 Induced voltage change of terminals load under test with

different value of terminal load not under test
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Tab.3 Induced voltage calculation values and differential values of multi-core cable terminal load under test
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Fig. 10 Equivalent circuit of terminal load response for

unshielded multi-core cable under irradiation test

Z iR/ Q - MxHRE/%
SEMAE/V WHEE/V

8 0.31 0. 29 6

17 0.51 0.57 11.7
25 0. 83 0. 84 1.6
31 0.96 1 4.2
33 1.02 1.26 4.4
43 1.24 1. 34 8.3
45 1.48 1.39 6.1
47 1.49 1. 44 3.2
48 1.47 1.47 0.2

6 % iE

FIA L WU-800 2 MARX Y5 F1 5 H B B K e VR O Bk o R A A SR A0 8% , 64T T 3 W LR Ok v 3%
Xof 20 2 AR A B0 R PR, SN TR B BB O 5 B X R BRI R R . IR T E A B
BB 3 O R B KE VRS S W e M SR B L B B S AR AR B T TE AR IR AR R T A2 0 o £ AL A Rk
ML, AT — R E R KT 2 SR BB EEAEE T —E R, 200,587
PLTF 458 .

1) B BB W3 8 B R, WA B E , 2004 48 o 17 B SRRV F RO, T 37 B 4 Bk B
Xof £ i 473 % SRR L FE, P i A TG R M

2) 25 B 4 v 173 SRRV, H P W B B B S 48 5 R 3 0 1) I A G R T A /0, LB N W PR B ST 4 A IR
R,

DBERK LK A BB GX LB KBRS 7T LLE ARG B A5 2028 4 v 51 2000 B0 B IR BB
LA K R IMMAR R, B %K ERA AR, B E 20 40 /9 5 R FBON 39 B4 G B Z B, f=
¢/2L,

4) 24 22 T8 2k A i 3 e M B AR, R %o 32 T i 7 T S A8 — & A BEL B R R U, B2 U £ R R IR B R



L E %A R I X S0 AR A BN BT S 169

i 5

BT 3% O 5 P BELREA T 20 5 T 3 52 00 v 7 8% A 5 2 % 32 00 v 67 28R R N v T TE S 5 L. 24 25 85 4 1 3 £

B MEARAGB I B R R 32 00 i 03 80U P T 4 B 0 A

% % 3C ik /References:;
[1] WaEL, FL4z, 0, %. WHRSLNE RV, WAeR K2E2#4, 2011, 32(sup) :178-182.

(2]

[s]

(4]

(5]

£6]

7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[1s5]

[16]

(171

(18]

[19]
[20]

ZHENG Shengquan, HOU Dongyun, LI Ying, et al. Threatens of ship-flat electromagnetic pulse and it’s protection requirements[]J].
Journal of Hebei University of Science and Technology, 2011, 32(sup) :178-182.

HZig, B33, ERE. mdid ETREEXARLL FREBRSGIRIT]. Wt TR, 2012, 29(6): 347-351.

XIA Yunfeng, XIA Wenwen, FAN Songhai. Research on the exterior electric field of the ultra-high voltage post insulator under impulse
voltage[J]. Hebei Journal of Industrial Science and Technology, 2012, 29(6): 347-351.

FETC, BHRE. BRI N R R T]. WAtRE R A2, 2011, 32(sup) - 18-20.

TANG Ke, XIE Baojun. Research of lightning protection on field battle commanding car[J]. Journal of Hebei University of Science and
Technology, 2011, 32(sup): 18-20.

F I, BRI YN, 7L, S5 T v AR 16 g e A R S A B AR (. BB R, 2012,28(2) < 16-21.

WANG Lin,CHEN Yazhou, WAN Haojiang, et al. Modelling and calculation of electromagnetic field of oblique discharge channel[]J].
Journal of Microwaves,2012,28(2) :16-21.

FEWEF, BRI, 7 UL, 55 LEMP %3 8] 32 3% 2R g B 4 A0 AR B9 [T, BB % ik, 2012, 28(6) : 16-21.

WANG Xiaojia, CHEN Yazhou, WAN Haojiang, et al. Calculation of LEMP’ s spatial expression and research on distribution laws[J].
Journal of Microwaves,2012,28(6) :16-21.

KM, XU BT , A3, S5, TR B DN 3 28 Ak K 3o A T v AT 2 BE A A WA RELT]. AR, 2012, 70(4) : 847-854.

ZHANG Qilin, LIU Mingyuan, YANG Jing, et al. Characteristics of the close leader/return stroke electric field change and its response
to the corresponding charge density along the lightning channel[J]. Acta Meteorologica Sinica, 2012,70(4) :847-854.
R4, B, RIFIM , 55, 6 W A K o0 2 28 v D R RS ONE [T, SO 5 RF 5, 2005,17(10) : 1539-1543.

REN Heming, ZHOU Bihua, YU Tongbin, et al. Coupling effects of LEMP on aerial multiconductor power lines[J]. High Power Laser
& Particle Beams, 2005,17(10) :1539-1543,

BRFH L, 7 AR, 2200, 45, LRI BB S PR R R B A R ], SRR, 2012,40(6): 1018-1024.

OUYANG Shuang, ZHANG Qilin, LI Ying, et al. Impact on lightning electromagnetic field propagation of soil electrical parameter vari-
ation induced by varying surface soil moistrue[J]. Meteorological Science and Technology, 2012,40(6): 1018-1024.

YANG Bo, ZHOU Bihua, CHEN Bin, et al. Numerical study of lightning-induced currents on buried cables and shield wire protection
method[J]. IEEE Transactions on Electromagnetic Compatibility, 2012, 54(2) :323-331.

REN Heming,ZHOU Bihua, RAKOV V A,et al. Analysis of lightning-induced voltages on overhead lines using a 2-D FDTD method and
agrawal coupling model[J]. IEEE Transactions on Electromagnetic Compatibility,2008,50(3) : 651-659.

TREMR, TRIEIR, ZEAR 0, S M B R A R MR AR W R S e B g [T]. AR, 2013, 71(2) £ 357-365.

ZHANG Qilin, ZHANG Yuanyuan, LI Dongshuai, et al. Effect of irregular terrain on propagation of lightning electromagnetic field[J].
Acta Meteorologica Sinica, 2013,71(2): 357-365.

ML, BA, KL % BT BLT M2 FEAEHK BIm BT BB SR TR, 2014, 26(7): 14,

YE Zhihong, LIAO Cheng, ZHANG Min, et al. Analysis of crosstalk responses of multiconductor transmission lines based on time
domain BLT equation[J]. High Power Laser & Particle Beams, 2014, 26(7) . 1-4.

KERE, B, k. SREEMABSWBTIZLT]. RPREER, 2014, 29(2): 377-384.

ZHANG Yuting, CAI Zhi, ZHANG Hua. Transient analysis of multiconductor transmission lines[J]. Chinese Journal of Radio Science,
2014, 29(2) . 377-384.

LM, XML, ZEF]. RS B MA MBS, mEBREER, 2013, 28(3): 572-576.

JI Weilin, LIU Zhongya, LI Li. Transient analysis of nonuniform multiconductor transmission lines [J]. Chinese Journal of Radio Sci-
ence,2013, 28(3):572-576.

WBEAR, BUOGHE, B, A AP B 410 0 BT 200, WKL AR 23R, 2007, 21(5): 410-413.

PAN Xiaodong, WEI Guanghui, REN Xinzhi. Simulation research on electric field distribution in bounded-wave simulator[J]. Journal of
Test and Measurement Technology, 2007, 21(5): 410-413.

AW, IR RASamE XM AL ba 54 RHMAEA, 19914 6-11.

Huang Zhixun. Parallelplate transmission line TEM-cell and application [J]. Optical Fiber and Electric Cable and Their Applications,
1991(4): 6-11.

B, P, B R R A R R B ST R S ST SR T ] SRR, 1994, 15(3): 167-174.

HUANG Zhixun, HE Tao. The quasi-static analysis and computation of the characteristic impedances on TEM transmission cell and giga-
hertz TEM cell[J]. ACTA Metrology Sinica, 1994, 15(3): 167-174.

WBR, BUOGH, B, ARBRUSE S SR E R T]. EMTR%EGBHR, 2006, 18(3): 15-17.

PAN Xiaodong, WEI Guanghui, REN Xinzhi. Simulation research on far field radiation of bounded-wave simulator[J]. Journal of Ord-
nance Engineering College, 2006, 18(3) . 15-17.

1IEC 61000-4-5. Surge Immunity Test[S].

WA R, Rk By b e RECRIMD. dba. EBy Tl i ik, 2013,

TAN Zhiliang. Electromagnetic Pulse Protection Theory and Technology[M]. Beijing:National Defense Industry Press, 2013.



	053.pdf
	054.pdf
	055.pdf
	056.pdf
	057.pdf
	058.pdf
	059.pdf

