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Estimation of lightning charges by ELF network observations

Tomomi NARITA

Abstract:

Cloud-to-ground strokes with a large charge transfer are known to damage the overhead ground wire
in various locations in Japan. Despite requirement to identify promptly the possible damages after lightning
strokes, the remote estimation of the charge amount lowers to the ground is technically difficult in general.
Recently Extremely Low Frequency (ELF) radiations associated with intensive lightning strokes have been
used as one of the effective tools to estimate lightning charge moment and transfer even 1000 km away from
the lightning location. In this paper we focus on the two lightning strokes with damages in the overhead wire
identified by Lightning Location System (LLS) operated by Tokyo Electric Power Company (TEPCO). Amount
of charge transfers for these two events were derived by the continuous ELF transient measurement in
Moshiri Hokkaido operated by The University of Electro-Communications (UEC). The estimated charge
transfer values were compared with those estimated from the condition of melting overhead wires. The
amount of charge transfer from ELF measurement for the two lightning strokes were 350 C and 320 C, while
relevant charge transfer values estimated from melting wires were 256 C and 162 C respectively. The ratio of
lightning charge transfer values estimated from the melted condition of overhead wire to ELF transient was
ranging from 0.5 to 0.7. Therefore we conclude that estimating the charge transfer value for intensive
lightning by using ELF transient technique is an effective tool to identify and estimate the possible damages
of overhead group wires remotely.
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Fig.2. Electric and magnetic antenna
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Fig.3. Vertical electric field waveforms (UT)

Fig.6. Magnetic hodogram of the ELF
transient originated from the same lightning
source
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Fig.4. Horizontally magnetic field waveforms
(North-South component) (UT)

Fig.7. Lightning location of event No. 1 by LLS
and arrival direction of ELF transient observed at
Moshiri
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Fig.5. Horizontally magnetic field waveforms
(East-West component)(UT)
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Fig.8. Vertical electric field waveforms (UT)

Fig.11. Magnetic hodogram of the ELF
transient originated from the same lightning
source
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Fig.9 Horizontally magnetic field
waveforms
(North-South component) (UT)

Fig.12. Lightning location of event No. 2 by
LLS and arrival direction of ELF transient
observed at Moshiri
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Fig.10. Horizontally magnetic field waveforms
(East-West component)(UT)
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Table.2. Relationship the charges melted wires and the charges by ELF

N [Transmission |Charges LLS ELF '[I'i]me-lag CELP /
1i s
o. | e frorlr}c q Time (JST) | Peak Time (JST) | Charges C{me%ted
mee (hh:mm:ss) | Current | (hh:mm:ss) Wres
wire
1 | 66kV A-line 2006.12.27 2006.12.27 511 Ckm
350 C 01:52:59.85 | +50kA | 01:52.59.859 | /2 km= +0.003 | 0.73
56 5 256 C 9
2 | 66kV 2007.7.30 2007.7.30 809 Ckm
B-line 320 C 09:49:18.62 | +20kA | 09:49:18.627 | /5 km= +0.005 | 0.51
20 0 162 C 0
X [N
4. F&H

KB EAPE D BEIC X DLRZEHRR OSBRI
SWTC, ELF# N5 o= v N OB BB
BAHE L, TOKE, Table2 (TR T &8V, &
HENOHEE LI-ERED 0.5~0.7 DS TR
LD EEMR LT, LES ELF IZ X 2 &M &
OHEETIENE, LLS & OMAE DRI L 0 BEZE iR
DOFEHEHEEICTHTH 5 TREM SRR S iz,

TR A RITTRT,

(DEBEOEEIZL > THEEB L7 2 FHOLRZEHITR
& ELF OERHIGE R % Lol U BB AT B OHEE O mTREN:
LT,

QAR E DHEE Lz BB ar®loxf LC, ELF &
BRI HHEE LT B &I, 0.56~0.7FTHo7=,
BAEOTRREE L UIEEEN OHEE SN I-ER &
DIESHE, EBHEOE S NEEHCRRICL > TE
b3z 8, EROFTEIIEENDHSLZ L, Ko
HER, MPREOEBERENEZOND,

AtRlE, TIZEB % FE A T A CORE FE DIRGE M OV
b, BEEERA~OIEAFIEIC OV TR ZED TV
X720,

(DT. Narita, H. Ohta, E. Zaima, M. Ishii : ” Case
Study on Double - Circuit Lightning Faust of UHV
Transmission Line”, IEE of Japan Trans. Power &

Energy, Vol.133, No.8, pp.685-689 (2013) (in
Japanese)

(2)H. Yamaguchi, F. Minoura, A. Matsumoto, T.
Narita, H. Ohta, T. Ohtaka, M. Iwata, Y. Goda, K.
Nagano, T. Tsuji, T. Ogawa, M.
Watabe, “"Development of Lightning-resistant
Composite Fiber Optic Overhead Ground Wire”,
2015 National Convention Record, IEE Japan,
No.7-084 (2015) (in Japanese)

(3)K. Michishita, S. Umehara, S. Kawamoto, K.
Maeda : ” Proposal of Simplified Method of
Analysis of Charge Transfer Associated with
Return Strokes”, IEE of Japan Trans. Power &
Energy, Vol.131, No.2, pp.238-239 (2011) (in
Japanese)

(AR =, T3 OB m e E FIEI T 20098,

TRARTHFL E 2 —, No.21, pp.2-5(2010)
(5)R. Seki, K. Michishita, T. Nakamura, K.
Makabe: ”A Discussion of Estimation of Charge
Transfer of Winter Lightning Stroke”, 2015
National Convention Record, IEE Japan,
No.7-097(2015) (in Japanese)

(6)M. Ishii, M. Saito, T.Miki, D.Tanaka, T. Shindo,
A. Asakawa, H.Motoyama, Y. Suzuhigashi, H.
Taguchi, “Observation of Lightning at Tokyo
Skytree”, 23rd International Lightning Detection

Conference(ILDC)(2014)

(Y. Hobara, N. Iwasaki, T. Hayashida, M.
Hayakawa, K. Ohta, and H. Fukunishi”




MM TRRFAAE o185 H15

Interreation between ELF Transients and
Tonospheric Disturbances in Association with
Sprites and Elves”, Geophys, Res.Lett., Vol.28,
pp.935-938(2001)

(8)Y. Hobara, T. Inoue, M. Hayakawa, K.
Shiokawa: “Deducing Locations and Charge
Moment Changes of Lightning Discharges by ELF
Network Observations in Japan”, IEE Japan PE,
Vol.133, No.12, pp.994-1000(2013)

(9)Y. Hobara, M. Hayakawa, E. Williams, R. Boldi
and E. Downes, “Location and Electrical
Properties of Sprite-producing Lightning from a
Single ELF Site, in Sprites”, Elves and Intense
Lightning Discharges. Ed. M. Fullekrug, E.A.
Mareev and M.dJ. Rycroft, NATO Science Series, II.
Mathematics, Physics and Chemistry 225,
Springer, p.398, (2006).

(10)Y. Hobara, N. Iwasaki, T. Hayashida, N.
Tsuchiya, E. R. Williams, M. Sera, Y. Ikegami, and
M. Hayakawa: "New ELF Observation Site in
Moshiri, Hokkaido Japan, and the Results of
Preliminary Data Analysis”, J.Atmos. Electr,
Vol.20, pp.99-109(2000)

(11)Y. Ando, P. Maltsev, A. Sukhynyuk, T. Goto, T.
Yamauchi, Y. Hobara, M. Sekiguchi, Y. Ikegami, M.
Sera, V. Korepanov, and M. Hayakawa, “New
ELF Observation System at Moshiri, Japan, and
Assessments of Acquired Data,”J. Atmos. Electr.,
25, 29-39(2005)

(12)E. Huang, E. Williams, R. Boldi, S. Heckman,
W. Lyons, M. Taylor, T. Nelson, and C. Wong:
“Criteria for Spites and Elves Based on Schumann
Resonance Observations”, J.Geophys.Res.,
Vol.104(D14), pp.16,943-16,964,
doi:10.1029/1999JD900139(1999)

(13)S. A. Cummer, W. A. Lyons and M. A. Stenley,
“Three Years of Lightning Impulse Charge
Moment Change Measurements in the United
States”, J. Geophys. Res., Vol.118, pp.5176-5189,
doi:10.1002/jgrd.50442(2013)

(14)R. Nakamura, Y. Hobara, K. Shiokawa, and
M.Hayakawa, “Deducing Locations and Charge
Moment Changes of Lightning Discharges by
ELF/LF”, Japan Geoscience Union Meeting 2013,
Makuhari, Japan(2013)

(15)K. Izumi, Y. Yamaguchi, Y. Kobarasawa, K.
Kimura, “Performance for Short-Circuit Currents
and D.C Arcs on Composite Fiber-Optic Overhead
Ground Wires(OPGW)”, CRIEPI Report,
685514,(1986) (in Japanese)

(16)K. Onozaki : "Lightning Observation System
at TEPCO”, Railway and Electrical Engineering,

Vol.14, No.8 , pp.9-13 (2003) (in Japanese)

(17N. Kitagawa, “Meteorological Aspects of
Winter Thunderclouds Along the Japan Sea Coast”,
TENKI, Vol.43, No.2, pp.7-17(1996) (in Japanese)



	17010135-0_011-017
	17010135-0_019-024
	17010135-0_025-037
	17010135-0_039-046
	17010135-0_047-056
	17010135-0_057-061_PDFMaker
	17010135-0_063-070
	17010135-0_071-081
	17010135-0_093-099
	17010135-0_101-104_PDFMaker
	17010135-0_105-114
	17010135-0_115-130
	17010135-0_131-146_14_PDFMaker
	空白ページ
	空白ページ
	空白ページ
	空白ページ



