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Fig.1. Location of the obsewation’ sites.

Table 1. Distances from the lightning current
observation site to the electromagnetic field
-observation sites.

Site Name Distance [1m)] Site Name. § -Distance [m]
A 57,301 D1 ] 70,329
B 12,610 2 74,388
C 31,878 El 98,975
F. 129,544 E2 107,496

Table 2. Specifications of the measurement systems.

Site Name G A,B,F C,D* E*
Measurement target Current | Electromagnetic field
Vertical resolution [bit] 12 12 12
Sampling interval[ps/Sample] 0.1 0.1 0.1
Recordable length [kwords] 12,582 1,048 262
Pre-trigger length [kwords] 786 114 16
Maximum vertical range +150fk A]| +0.6[A/m]| £0.6[A/m]
Recorded time length [ms] 1258.2 104.8 262
Frequency characteristics |0 IIHZMF_\I'Z 350Hz~600kHz

* Site DI and E1 were respectively moved to site D2 and E2 in Jan.,2016.

Table 3. Measured negative lightning current data.

Case Occurred time Peak Current
No. Date Time lkA]
2014/12/16 21:48:53 -30.5
2. 2016/02/16 11:20:03 ~33.6.

TIZERT D £ 9 ITERE LTe, R OAHAD
FEdl A 2 — VOB, B HUR 0.180, C HiR
0.063, D1 #1155 0.030, E1 #1/5 0.021 [A/m] TH 5,
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Fig.2. Measured current waveform and measured
magnetic field waveforms at the observation sites
associated with Case No.1 stroke. Y means maximum
value of the vertical scale for each site as follows; Site
B:0.180, C:0.063, D1:0.030, E1:0.021 [A/m].
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Fig.3. Measured current waveform and measured
magnetic field waveforms at the observation sites
associated with Case No.2 stroke. Y means maximum
value of the vertical scale for each site as follows; Site
B:0.200, C:0.069, D2:0.028, E2:0.020, F:0.018 [A/m].
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Table 4. Mathematical representation of lightning return stroke models.
Category Method Mathematlcal representation
R [ e
Transmission | MTLE Iires (@) = 10, £ = 2/v) - exp(=2/4) é éi;;elghf: as a parameter reptesents exponential current
Litie type . : ] ' Tisa mﬁ? constant and A, is height as parameters represent
zfvy Ap
MTLD | lyup (2 £) = 1(0, 2~ 2/v) - [1 —exp (_t_/f ' _)] (1—z/Hy) .(7;-2,?: Iﬁfﬂgfltto;? grilghmmg channel as a parameter represent
i linear cutrent decay.
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Thundercloud

(a) TL type (b) TL type(downward)
" 'Fig.5. Schematic illustration of TL type models.
v is propagation speed of lightning stroke current. -
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Fig.7. Test current waveform (il), calculated magnetic
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waveforms from cHt with each TL type model
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Table 5. Most suitable values for each model's parameters in reproducubnllty of calculated magnetlc field waveforms W|th

the formula (1) to the measured ones.

Most suitable values Values of the parameters
) CaseNo.1 ) Case No.2 ‘ for each model
Model - Propagation speed of Height of Propagation speed of Height of ' A, Ap, [m] T
lightning current: lightning channeél: lightning current: Lightning channel: for MTLE MTLD for MTLD
) v [m/ps] hlm] . ' v [m/ps] h [m] models _ thodel
T TIL 170 ’ 500 180 700 -

MTLE 220 800 230 1100 =h -
MTLD 220 1000 230 ) 1300 . 50 . 03
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L7z, CHUSORER % Fig8 iomd, Zhik, S5
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OMFB % BV CEHE LT3 ﬁﬁ%ﬂmlmm
ThH5b, MAEE D, ml ZREESHRTET
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THEEBETT /T SFB % AV A BRUE
MR D Tehl 1%, FHEFERBFER Lo le 2T
IBWTC, 5K ml ZFETE TS, MFBE
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HTORMNZERIIMRIND 2, Fig8 DL 1T,
757075 LIZIEER->TRIIBEOTRL
HET TR,
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Table 6. Results of reproducibility judgement in calculations of lightning current waveforms using magnetic field waveforms.

Case Liilt;t:)lligg f‘ijeslgd“',“a;i‘ffgtjfn Caloulation csh‘;‘gtclg“f’; Judgement of reproducibility
No. | Model Q‘g‘;sggt‘.;‘;“ metbod caldlation | o B Site C SiteDlorD2 | Site Bl or B2 Site F
Caloulated SEB Ichl X ® X [ -
(cH) MFB Ieh2 °® ® e ® -
1L M d SEB Imhl X A—A X—X AN -
(mH) MFB Imh2 O A0 A—O A—A -
Calculated SFB Ichl X X X ® -
_ (D) MFB Ich2 ® ® ® ® -
Nol MITLE M d SFB Imhl X X X X=X AN -
(mH) MFB Imh2 @] A-O A—O A-A -
Calculated SFB Ichl X ® X ® -
Y MFB Tch2 ® ) ® ® -
MTLD
Measured SFB Imhl X - A—O X=X A-A -
(mH) MFB Tmh2 o} A0 A—0 A—A -
Calculated SFB Ichl X X ® ® e
(cH) MFB Ich2 ® ® e ® Y
™ Measured SFB Imh! X X=X A—0O A—O A—O
(mil) MFB' Imh2 ) A—=0O A0 A—0 A0
Calculated SFB Ichl X X o Y ®
(cH) MFB Tch2 o ® ® [ ] [ ]
No2 MTLE Measured SFB Tmhl X X=X A-0O A—O A-0O
(mH) MFB { Imh2 O A—=0 A0 A—0 ‘A-O
-Caleulated SFB Ichl X o o 0 ®
_(cH) MFB Ieh2 ® ® ® ® [
MTLD - .
. Measured SFB Imh1 X A0 ate) A—-O A—O
() MFB Tmh2 0 A0 NEYS) A-O A-O

The character ‘cH’ is used in substitution for a calculated magnetic field waveform using the measured current waveform (ml). The character ‘mH’ is
used in substitution for a measured magnetic field waveform. The substitution characters discerning calculation conditions of each current mean as -
follows; ‘Ich1” means that current waveforms in the line were calculated using ¢H by the SFB method, ‘Ich2’ means that current waveforms in the line
wete calculated using cH by the MFB method, *Imh1” means that current wayeforms in the line were calculated using mH by the SFB miethod, ‘Imh2”
means that current waveforms in the line were calculated using mH by the MFB method. The symbols in the reproducibility judgement columns mean
as follows; ‘e’ means excellent reproducibility, ‘0’ means good reproducibility less than 5% of error between the measured and calculated current peak
values, ‘A’ means bad reproducibility, ‘x” means divergence in calculation. The left side of *—° mark is a judgement about a current waveform calculated
by using the original measured magnetic field waveform. The right side of ‘— mark is a judgement about a current waveform calculated by using an
offset con'ected waveform from the original measured magnetic field waveform,
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Fig.8. Case No.1, by TL model, at site C: Measured
current waveform (ml)-and calculated current
waveforms (Ich1, Ich2) using magnetic field
waveforms {cH). Calculation methods are SFB and
MFB. Parameter values of TL model are shown in
Table 1 and Table 5.
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- Fig.9. Case No.1, at site B: Measured current
waveform (ml) and calculated current waveforms
(Ich2, Imh2) using magnetic waveforms (cH, mH).
Calculation method is MFB. Parameter values of the
?_trglke current models are shown in Table 1 and

able 5.
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Fig.10. Case No.2, at site B: Measured current
waveform (ml) and calculated current waveforms
(Ich2, Imh2) using magnetic waveforms (cH, mH).-
Calculation method is MFB. Parameter values of the
strolkeSCurrent models are shown in Table 1-and
Table 5.
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Fig.11. Case No.1, by TL. model: Measured current
waveform (ml) and calculated current waveforms -
(Imh2) using measured magnetic field waveforms
(mH: original or offset corrected). Calculation methods
are MFB. Parameter values of TL model are shown in
Table 1 and Table 5.
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Fig.12. Case No.2: Measured current waveform

- (ml) and calculated current waveforms using
magnetic field waveforms (cH, original or offset
corrected mH). Calculation methods are SFB and
MFB. Parameter values of the stroke current models
are shown in Table 1 and Table 5. -
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Fig.13. Case No.1, by TL model, at site C:. Measured
current waveform (mI) and calculated current .
waveforms (Imh1, Imh2)  using measured magnetic
field waveforms (mH) offset corrected. Calculation
methods are SFB and MFB. Parameter values of TL
model are shown in Table 1 and Table 5.
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Fig.14. Case No.3, by MTLE model: Measured and calculated current and magnetic field waveforms.
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