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Fig. 1 Artificially triggered lightning current measurement schematic
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Fig. 3 Unipolar precursor current pulse
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Table 1 Unipolar precursor current pulse waveform parameters of the artificial triggered lightning

PR A ik o I,/A Tio/ps S0/ (kA « ps™1) Tw/ps Q/uC Turw/ps

B HH 28 0.39 0.08 2.4 30 0.81

JUAA] -4 1 26 0. 33 0.06 2.3 27 0.73

P 1 i 22 13 0.25 0.07 0.7 12 0.38

R AH 131 1.75 0. 64 4.7 69 3.12

I /ME 13 0.08 0.01 1.0 8 0.16

E 24 0.32 0.06 2.4 29 0.75
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Table 2 Bipolar precursor current pulse waveform parameters of the artificial triggered lightning
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(a)simulation results of 0.2 mm copper wire, (b)simulation results of 0. 2 mm steel wire

i, R AR SR A i AT Y FRLRL IO L i 2 R T E
RV S e M S Y R T o AT A K B A A i AR T
T T A A [R] A B AR P oL AT K e A 401 £ 114 3 T8 R
0 FEL I 22 P A 1 UK A I v 2R T A 400 4 22 1) e
JE L IROE S B AR . 3R 3 R BUE 2

AU 2R TR LR BB IS 1 A IEE I 68 A,
ZY VG O TR 20 4 %, OB R 4 et ) 2
1.6 ps o ATECA 46 AL 300 Ak o fi /0 o 2 400 22 i i
TP VAL 26 AL PTE PRI (]2 2. 6 ps, A
FE A0 B A A HEL I K o B B



722 M OH A

il %27 &

®3 HRBUHEZR

Table 3 Simulated numerical results

B Bt M e
W 25 R B R W 2R L R
LA /A 28 69 68 25 26
YT F5 S0 F] / s 2.8 1.8 1.6 2.1 2.6
102 ~90% FFBf ] /ps 0.2 0.18 0.21 0.19 0.2
following lightning discharge processes and lower positive
4 Qljil:i/t\»léij‘i/t\; charge region. Atmos Res ,2015,161-162:52-56.
[2] 2R3k %, BV, 5. — IR Z Bl B 4R TN L 9 & s S 180
= ot e _ . BT % 242008, 19(4) :401-411.
2010—2014 SR M B AN T R IRB IR 1oy g s e bt A TR R B LA K
AT PRI G R IT NS A Sl A R 25 2 ARG/ SIS 35 - By BRI 45— Bk
28 N T ik 2 T P H O R 40 B A5 DR 4508 5 R4 2012,

1) jﬁgﬂ}ﬁEQ; T é/l k%ﬁ%%%@ gjz HTJ‘ ﬁmz’% I‘};] Eg [4] Edens H E,Eack K B, Eastvedt E M, et al. VHF lightning map-
%g{x % {}ﬁ Hﬂ‘( \{FF yg XU‘& 1@ :HI:? 7%4 7, J( %ﬁ *)% % %Rl 4 EH. 5'6 ping observations of a triggered lightning flash. Geophys Res Lett
N 2012,39(19) :1.19807 ,doi: 10. 1029/2012GL053666.

X HE, 3L K o Sy LA
2")“ P o LM 10% 90 %1 S (5] R A7 e, 4. A T k% b |75 5 S 1
B DK ol L, i ’ 0 LRI P HRAE . )P0 23R . 2012.61(3) :553-560.
1076 ~90 5 BERE B IY JEJE e R A BE AR IR ML (o) paman. 6% 5 98B0 o 55 A T30, Ly, Lk
JFE B LA - 3408 43 93 2 26 A, 0. 33 piss 0. 058 kA « 2 R £ 2000 1-12.
ps s 2.3 pss 27 pCy 0. 73 pus AU ik b AH B 19 (7] BRI R, R JE st S5 AL . 2003 : 289-292.
WIH B LT 67 As 0. 24 ps. 0. 250 KA » (8] (2. B 3K LT 55, — K% 4h X B % o 22 A o
ps 'y 2,05 ps, 54 pCy 0.70 ps, R MR 4], 2010,21(1) £ 95-100.
3) %?1?%%1‘;‘;?& ,E%‘éﬁ]ﬁ%ﬁ ‘L‘JE/\*H Iﬁ] EI/\J$ [9] Wll‘leAll J L.Dav1f I.)‘/\A,Laroche P. {\n expen‘memAal study of
N e —_ o . positive leaders initiating rocket-triggered lightning. Azmos
AR P L L Ik i A ADL A £k S T A R A I TR S L Res.1999.51(3) . 189-219.
*&l@yﬁjj’k i, ﬁﬁ*ﬁ :}u ﬂij 238 Jjé_‘ﬁ %IS E(J Eﬁ Y}ﬁ {)iﬂ:/; IE?E $‘ [10] Horii K. Experiment of Artificial Lightning Triggered with Rock-
*&‘@ ’ *ﬁ?ﬂéﬁ%%uimu%% ttiﬁfﬁf‘j& o et. Mem Fac Eng.Nagoya Univ Japan,1982,34.:77-112.
A B ﬂjﬁ;&ﬁéfﬁi{‘ﬁ*ﬁ S RO P R 2 B R U DK [11] Biagi CJ,Jordan D M,Uman M A, et al. High-speed video ob-
‘{pl] E{J% 1 /I\m%ﬁﬂ‘ ﬁEJtE ﬂﬂ Biagi %[12] };’mﬁ% , Hﬂ Tﬁ%ls servations of rocket-and-wire initiated lightning. Geophys Res
F:/EE E/‘J EE?}ItLHﬂ‘( ‘{ﬁpﬁﬁﬁ%ﬁfi%ﬂ' E,:J *H IEJ*&‘@ E’{IH?T( ‘{FF)FHE Lett ,2009,36(15) : L15801,doi:10. 1029/2009(}1‘038525.
. .. N 12 Biagi C J,Uman M A, Hill ] D,et al. Transi Ises
B A B A R A B R G e Do O MU Il Transient cuptens s
& 40 . N Q N ~ in rocket-extended wires used to trigger lightning. Journal o f
/fgifﬁu /32 EKJ fl:vj‘ Iﬁfm?ﬂ,% E‘é R BE‘T}LZ: VAL, 2 Eﬁi& Geophysical Research : Atmospheres (1984 —2012),2012,117
F SRR AR S R G Y % R R A RO B (D7) D07205 ,doi; 10. 1029/2011JD016161.
MENE R WIS R, XS T B [13] Biagi C J.Uman M A.Hill J D,et al. Observations of the ini-
EI/‘J [[]Eﬁ%)ﬁ;’é E]/(J 2.6 /fi"qi , /ﬁ%ﬁ%@% *y\ éﬁ%)@ﬁéﬂ} tial,upward propagating, positive leader steps in a rocket and
E/ﬂ\ﬁE T zlgjc E"J Tﬁ {l)-"J EE ﬂ:,’ﬂﬂ oy E/‘J fl,%‘ri F‘ﬂ?ﬁ'@fﬁi’[ﬁ% wire triggered lightning discharge. Geophys Res Lett ,2011,38
(24):1.24809,doi:10. 1029/2011GL.049944.
e LB P B I 55 76 1 2 45 S L5 . I :
jﬁ'\SH‘?L tth*ﬁ?& {H 77?9_:‘; Tﬁ: %ii ET H? i’)( sg:‘ ?‘ﬁ [14] Lalande P, Bondiou-Clergerie A, Laroche P, et al. Leader proper-
Xf@ﬁﬁﬁ%ﬁ%{mu iu E](J EE‘YJIL{BZﬂ:}m ﬁbﬁﬁéﬁﬂ:@ﬁ]ﬁ ties determined with triggered lightning techniques. Jouwrnal of
%IS Eﬁ,?ﬁ/ﬂiﬁﬁ ’ %E\ %% E'f_gﬁ é£ ]ﬁ% ] %EF@ ﬁﬁ jﬂl Geophysical Research : Atmospheres (1984 — 2012), 1998, 103
FL 7 A 1 L I K v Ay R (D12):14109-14115.
ORI ANE R S e T AE B E O M [15] Jiang R,Qie X,Wang C,et al. Propagating features of upward
T MAL X R G )R I 45 BHF e BT 1 B OF A4 3 R 56 59 K positive leaders in the initial stage of rocket-triggered light-
i*%‘:o ning. Atmos Res ,2013,129:90-96.
[16] Zhang Y.Yang S.Lu W,et al. Experiments of artificially trig-

2 % x

[1] Zhang Y.Zhang Y J,Zheng D,et al. Preliminary breakdown,

gered lightning and its application in Conghua, Guangdong,

China. Atmos Res,2014,135-136(1) :330-343.



% 6 39

B BIAE L NS 2 T R ST TR e O K e BB TR A R B A A

[17]

[18]

[19]

[20]

[21]

[22]

WK A DA BAR T 55 2006—2011 4 JN L fih % N
B LU 0 0 N L R R4 . 2012, 23(5) :513-522.
Zheng D, Zhang Y,Lu W,et al. Characteristics of return stroke
currents of classical and altitude triggered lightning in GCOELD in
China. Atmos Res ,2013,129.67-78.

R TR BH K SO S R S M43 5 BIUREAE RAL 4
F. BE 52 4R 5 2015, 26 (4) 1 451-459.

BT B A, B, SR N T 81 B R IR kg
TR L. KRR ,2010,34(5) :937-946.
JAJTHR R A B S N i & DN R SR G AR
M J3 HEAFAE. TR 45 4, 2014, 25(3) £ 330-338.
A 5K B B S N DAl TN B M A Y S

[23]

[24]

[2

o]

YRR, AR R, 2013,24(4) :446-454.

VG . S A s DA R 0 3 A R A 4L 3 ) A Y
WF5E. BRI A PR R, 2013,

Rachidi F,Janischewskyj W, Hussein A M, et al. Current and
electromagnetic field associated with lightning-return strokes
to tall towers. IEEE Transactions on Electromagnetic Com-
patibility ,2001,43(3) :356-367.

Rachidi F, Rakov V' A, Nucci C A, et al. Effect of vertically ex-
tended strike object on the distribution of current along the light-
ning channel. Jowrnal of Geophysical Research: Atmospheres
(1984—2012),2002,107(D23) : ACL 16-1-ACL 16-6.



il %27 &

A
8
4

724 N H

Characteristics and Simulation of Artificially Triggered

Lightning Precursor Current Pulse

D2)3) D3)

Qian Yong P9 Chen Litwen” Lii Weitao”?
Zheng Dong”®  Chen Shaodong”” Yan Xu®»” Xu Liangtao”?
Y (Laboratory of Lightning Physics and Protection Engineering » State Key Laboratory of Severe Weather ,
Chinese Academy o f Meteorological Sciences, Beijing 100081)

Zhang Yang Zhang Yijun

? (Lightning Protection and Disaster Reduction Center of Xinjiang » Urumchi 830001)
2 (Guangzhou Field Experiment Site for Lightning Research and Testing » Guangzhou 510080)

Y (Lightning Protection Center of Guangdong Province, Guangzhou 510080)
Abstract

During summers from 2010 to 2014, two kinds of rocket are used for artificially triggered lightning ex-
periments in Guangzhou Field Experiment Site for Lightning Research and Testing. Based on the analysis
upon current data of 25 classical rocket-and-wire triggered lightings, it can be confirmed that the unipolar
precursor pulse is generated from the lightning triggered by copper wire, while the unipolar precursor
pulse is generated from the lightning triggered by steel wire. As for the unipolar precursor pulse, the geo-
metric mean (GM) values of peak current, rise time, duration of waveform and charge transfer are 26 A,
0.33 pss 2.3 ps and 27 pC, respectively. While for the bipolar precursor pulse, the corresponding values
are 67 A, 0.24 ps, 2.1 ps and 54 pC, respectively. The GM value of peak current for bipolar precursor
pulse is close to 2. 6 times that of the unipolar precursor pulse, however, GM values of duration and rise
time are similar. Furthermore, the channel base current waveforms generated from copper and steel line
are simulated by using the transmission line model. The simulated waveform is consistent with the ob-
served one. The channel base current waveforms exhibit a bipolar oscillation, which can be caused by the
obviously small characteristic impedance for copper wire than the grounding block. It is confirmed that the
two forms of current waveform are caused by the difference between characteristics impedance of transmis-
sion line and grounding system. Precursor pulses are known that can be attributed to the superposition be-
tween the channel top current pulses and the bottom reflected current pulses. The current flows into the
grounding system. If the characteristic impedance of transmission line doesn’t match with the characteris-
tic impedance of grounding system, the current will reflect at the connecting point between the transmis-
sion line and grounding system. With larger difference between the characteristic impedance of transmis-
sion line and grounding system, the reflection is more obvious. As a contrast, the characteristic impedance
of steel wire is close to that of grounding system, which leads to weak reflection. Therefore, the current at
the channel bottom generated from triggered lightning with steel wire is the same as the top current. The
current pulses generated by the upward leader initial discharge at the top of the transmission line are unipo-

lar. The conclusion is also verified by simulation results.

Key words: artificially triggered lightning; precursor pulse; characteristic parameters; simulation



