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A Study on the Development of a Lightning Warning System
Using a Field Mill and a Loop Antenna

by Su - Yeon, Choi

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

This thesis deals with the development of a lightning warning
system which can predict the possibility of lightning strike and the
position of lightning discharge. Lightning warning system plays an
important role in protecting human life and other facilities from
lightning strikes. The system uses the electric field intensity at the
ground as a parameter to warn the possibility of lightning strike. A
planar-shutter type electric field mill (EFM) with a rotating-vanes is
studied to measure the electric field intensity.

Calibration of the developed EFM was performed in a vertically



symmetrical arrangement which consists of two-parallel round plates
to form homogeneous electrical fields. The sensitivity of the EFM was
adjusted to 0.15[V/kV/ml, and this covers the ranges from 200 [V/ml]
to 20 [kV/m]. After the calibration, the field mill was installed on the
roof of a building to measure the changes of electric field intensity
caused by thunderclouds.

The position of lightning discharges is useful information to know
the movement and the activity of thunderclouds. Electric field
component produced by lightning discharge is detected by the
configuration of a whip antenna and a narrow-band resonance
amplifier with 300 [kHz] center frequency. Magnetic field waveform is
detected by a crossed-loop coil and an integral amplifier. Frequency
bandwidth of the circuit ranges from 5 [kHz] to 1.2 [MHz].

The polarity of lightning discharges is discriminated by electric field
component. After fixing the polarity, we can calculate the direction and
distance of lightning discharge by the peak and the zero-cross time of
the detected magnetic field waveform.

From the field test on the ground, it was confirmed that the
system has the good performance necessary for the measurement of

electric field and the position of lightning discharges.
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Fig. 2.6 Principle of the LLP
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a= ————"" [mm?] (3.2)
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Fig. 3.3 Photograph of the EFM
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AUy Qv H2g Aw Frage sdN dHANE 42 5
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2xz99 =Yg Lo WA WA (Maxwell equation)s 7
2 t}_]_—]ﬂ-[%]_

B

__foeB_ . d®
f LE- dL = f N dA = (3.7)
ANM, E: AAL A7, B: AFDE, dL: FE9 wiZol,

dA: X vAWH, ¢ FZE B3}

rr
R
_>|~l_,
Apx

u

=~

4‘0’8 (
dt

a9 34 F23Y AVNH S =

Fig. 34 Electrical equivalent circuit of loop coil

Frade YitE AAF FZE FAEIIE A
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7h vk FZzde AH tiste] ALEE B[W/m’]7t Fdstha 7}

A, FEadY AL Al SE A4S fuF o e g

d=DB+A [M] (3.9)

a9 349 U 7233%
Law, KVL)d] ¢}3st4

®

9] A 2% & (Kirchhoff's Voltage

V= Lj—t[ + BRI V] (3.10)

2 28% F A%, 468 ~ABIo 2R

dB dr
o = LRI R4 (3.11)

o BAL ATt weF RIS Ld—IO]

I=—=+«— [4] (3.12)
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I=—-—+B [A] (3.13)

7} QojAm, AAALGL Y T E YusteE & vlFeA @k 1
g A ZFe

(3.14)

Au AAGH] dig FZIY FHAGL AR

2 AHEEe AuFso) wH st

ftlo
A

NEAYN 27 Do oo ¥ AFAE FradY 2HAY

Q7198 19 359 2ol =28 AAs A

Whip Ant. )
—
Polarity
Detector INTD
N —
.
IE\}_‘\ Palarity M
EV Ampg Detectar INT
N 0/ S
Loop Ant Peak
Detector AD0 C
) L Feak
Amp Detector ADT
——
Peak U
Detector AD2
—
P—
o Peak
2= Amp Detector AD3
A— e

a9 35 AAA HEIE
Fig. 3.5 Electromagnetic detection circuit
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A5AE3I 2 Whiptal S X388t dASAHI =29 LoopstalvuE
X33 AASAIZE FAEY. Whipetdlvye 5232 9 S49d
IJ2E Fotd WALAATE Y S-S #HEHSY, LoopdHYE AESFE7V]

2 Peak Detector® TAH AATAFHY Hdgts ST 89 A
AATE S MCUAA Hxd AXEA ¢ngdFs 3 A7 AR
1o 2 AYE AEIY. 2 I 2oAM A A 23S LoopdlEE 1Y 363
Zo.

a9 36 Fx3I 2 AR
Fig. 3.6 Photograph of the loop circuit
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321 A2A AA%A

Hpdol ofste] st AAA AP 54L ezt I3 F
FHUAAA ] A ZE, A 1A A F Bilge] eHgE 59 v
el el 2y BAE 7AW, o] o]&sto 2

A dngZe ¥ 319 Jepp o

=
i
ot
2
f
5|

*x 31 HAWH AXNEAR dndF

Table 3.1 Algorithm for lightning position

%A Case INTO (R=4) Case INT1 (33 4)
1 ADO>AD1 & ADZ2>AD3 ADO<AD1 & ADZ<AD3
AL |2 ADO>AD1 & AD2Z2<AD3 ADO<KAD] & ADZ2>AD3
1[‘?_*
o 3 ADO<AD] & ADZ<AD3 ADO>AD1 & AD2Z2>AD3
4 ADO<AD] & AD2>AD3 ADO>ADI & AD2<AD3
AD, AD.
-1 2 -1 3
tan a1 Do tan yl D1
AD. AD.
-1 3 1 2
up tan l Do tan 1 D1
9
AD. AD.
z} 1 3 —1 2
tan yl D1 tan 1 Do
-1 ADQ - ADJ
tan
AD1 AD0
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2 JEHe YEun or, 3NN} #EAHo R BojAS
= 9

Azt o) golx= AL wolgd

B [Wh/nt']

50 100
Time [us]

0

a9 37 Aol wE WAl W3}

Fig. 3.7 Changes of magnetic field waveform as a function of distance

& AAe dshe 29 2504 AR uheh ol A=A 2l
EZ UevE HREEE HAY F Jdod, HARHeERH D
A Aol M A7 FARl o Al AL AA L A7l o

& AZhd Wshe e o] Ao E Y £ gl

1 dM 1 &M
M 7T ; + ] (3.15)
4me, D 4mecD dt Ame,c™ D dt
Mo . dM Mo M
[ : (3.16)

= +
AnD? dt dmeD -~ gp?
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REelm, 4 GI5)% 4 (169 wWAY Fe& YAgEow, o
298 Yo SE As%HoAE duAels, AR AH W
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DA FRH O B AAA Hu, Uoix F& FAG 5 Uk 2
AN AAE ZAsE FAA Qo] F2 tehtm, AALNA
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At
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[km] olHel A =Ho] |21 Wi 9 20% A (1)¥ D> H,
2710 WEHR ooz 4 315)E FYsA 2A €k 100 km]
olgel Aol WAPEC A= YEE, 10~100 [km]e)
ARolA 24T Aol AAA AA AYolA BE JEo] Tety

o] Uerd Aolth,

- 28 -



33 ARAFA

i T n Siren

(l

u|n ‘
=2
@]
C

AC

Display

a9 38 ARFAX A
Fig. 3.8 Configuration of the alarm system
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RARA 233N R PARA SHFANA BEHE dolHE AR
Ao Fa5 0] FRAC], deolE S AN BUHY L ApAwe 7]
52 #9919 382 2 FAHL ekl ACE dold #el ¢ A

o€ A% MCU< 39, PC R Aoldlse FRFAAE o] Foj

p

331 & AAx

Ast7] s LCDY Backlight’del7F A Zdt) o5 =7
5 z# ¥ (Low, Standard, High)d 39 A7t do] dA&
o AEgE FAHR2Y HAR #Hdd wep FAHE HolEY AR

- 29 -



gl oiE ddstn WAstdSs EYehd, wdside] 2¥E A
73

BaA, A7HAG dolgAdH AaEs

SHA Eo. mdstddA Arbdde FEE R A, Aol
o A4, EFM9 gAdEz 2 FALHE, 29 39Mh)g 22 AlEx
FE7E HE A" WERS ¢

EAAYNE FAE HolH 9 lengthet BCC(Block Check Code)
E &U3t9q AAoA BRule HolEHTE WolEolil, FAIHE H ol
El7} H7Z 2o Warning EE Alert Feld W Atd A4 A%
g A AdaE dHPHE AHstd e 11 39(0)¢ 2o

(_eoweron )

System Initialization

LCD Initialize

System Diagnosis

[

EEPROM Read

LCD backlight Check
Alarm State Check

I
System Check

[
Data State Check

I
LCD Drawing

[
(@ AA AH2:=
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(b) A7AE AlE 2

EFM State Store

Stroke Coordinates
Store
Alarm History Add.

Electrical Strength
Alarm History Add.

End time Store
- Y

() T4 Aldx

a9 39 ARAAA A
Fig. 3.9 Operation of the alarm system

_31_



re

=rdMe HARE A% FFvEHE I AXAAY A7)
AEH e AT AR W] dAsE HA¥HezsY HAR ol

< X 329 #eo] 2AsAH

Rid 32 H7ZE®R #Hd
Table 3.2 Lightning warning level

Status AAY M7} [V/m]
SENEG:
Change High Std. Low
4000 3000 1000 5 [min]
4500 3500 1200 3 [min]
Warning
5000 4000 1500 0
10~25 [km] ¥b2 o H3d A 0
5000 4000 1500 3 [min]
3000 5000 2000 20 [s]
Alert
9000 7000 2200 0
10 [km] ¥+4 W HAdd LA 0
Alert to .
. 4000 3000 1500 5 [min]
Warning
Alert or 1000 1000 1000 10 [min]
Warning to
Normal 25[km] ¥+ W HHd 2 & A 10 [min]
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NO

Event
ceurrenc

¥ 310 HAE AlEx
Fig. 3.10 Sequence of lightning alarm

S 7bsA e d®e Normal, Warning, Alert &2 EHF3Hon,
Alerto] @ W 7R 3t3, B Normale] § A dT AAAE <
AAZI7F A&HE Azl wit gde] A2RHD, Hud @A A
10 [km] olthE Alert, 25[km] ©JW+= Waming® 8 EFH9, 1 47
el 107 w<t HWde] gled HWHdor A% AEE A9
WA AA L A7 GEEFoZ st o] thE Afoe o HE
g HR2eY HAEE A&, FEAA FANEE TEjobd B FH
HE AN T AFANoR £330 B AR E4 u
2 HARY HiEs =
GAZ 2A 7hsstes AASATH. Adzdd g3 HAR TAVLE
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A Hdes ddstd, 19 3108 2 A E2Y FFE P
Stroke®] 7% Fart Warning, Near< Alert A El7} E™, Warning &
29 HEwisg A R 9L, Alerte® HEnisiyl @ o g7
23 RARI FAlo E8HA0. Alertol 4l NormalZ A7 A% 1
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4.1 AAA FAZA

ANAZ d= do YAtAAC e EHAY =, = AFAH Bt
E TPt AEAY FAL ¥ 410 B upel go] AA L
o] dojtx] ZEE A 500[mmle 9F FHES AFFol, 900 [mm]e]
T SR AAsta SR AEe] Fdol EFMS nAAIZAY. A% 4
#3 EFM AMAZF7He 4L 5579 [mm]Z F3 DC A #4%

AAAZS HAA ﬂ‘:}[%]'[%].

o
e

d

kit
o
$
(o,
e
2
L
e
tlo
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N
=
Pr‘—"
£
o

a8 41 ZAAY +A
Fig. 4.1 Configuration of the calibration system

EFM Z2132 dolE3 s7]1¢8 AM&EE MCUE 33[VI1e A

, 10[bit]e] HlolHHES X ER, AA SZEAE AT 20 kV/ml=
T3 ok 69[dB]Y 5oz HAINYL W, FEE 015[V/kV/m]o]
32[mV/bit]lel Eals L 1A, 28 428 JAMRAA =S W& EFMe

£9€o02 200[V/m]~20[kV/m]e] ALl EFMe &g EAdo] A
9402 Ui o
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Fig. 4.2 Output characteristic of the EFM
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Ast7h 2EHEA Yehte @, HEd olFoly Hue &)
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Output Voltage[V]
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a9 43 diAAA L 5A
Fig. 4.3 Measurement of the ground-level electric field
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4.2 BARAA FAZA
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e
Mo

[=}
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O 44 AA AEIRY FIa SH
Fig. 44 Frequency response of the magnetic field detection circuit
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< Mainizk o>

:Loop Coil E-W '

S:iiMax €1y 3.07Qu Rns (C1)  891.484nU
oo 0us Max (£2) ©0.313U Ans (C2) 112.750nU 160 0us
1, p
(21) E-W ;§§ = ’ﬁi
EHL 2:988 S << Nuln.‘-zk B

Lotg)p Coil E-WHI

Max (CLE: fdlaaay

Ems (CL)
-Hax-(C2)  2.033

172 .459mY
Rms «(C2)

1.815770

ioLoop Coll N-s 8%

Freq(C1) '5.991612kHz

160. Dus

(b) N-S 234

a9 45 AAARGY o

Fig. 45 Examples of magnetic field waveforms
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AAA Aze 28 9 463 2ol BAFSA EHF AN peak HE
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N7+

lo,

oz FAYM.
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(b) N-S #574
I9 46 AAAGY Hig 2 AL 3

Fig. 46 Measurement of the peak and the zero-cross time
of magnetic field waveform
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. 4.7 Examples of trigger by electric field
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Fig. 4.8 Examples of display
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43 A& AAAZY o4 nF

2 ERA NARE HARAsdoR 24T £ dE £ o
AAAE FoE ol $402RE Hyo] stk 1Y 229 =
& BdolA FHo AT A1 ANBIR AL FAFe &
W oddel s, Ag DA WAAA AT AAA WaE 4 259
A4 @NERY Bt gol AT F UL, A Q= Qp= Q=
Eo

Q Hp Hy

Epy= oe, (HP2+D2)3/2_ (HNZ —I—D2)3/2

[V/m] 4.1)

oA71M, dAS W= D7F S7keEA Rt BAHA HE=R, 77t
+ DAY AA wIe FHE, A DAY AA €HIe AH(+Ho=E
2. 4 dDe =43 st 9 499 4100 YEHATH 29 49%
Heo AatdF Q=40[Cldd Hen= wE Hy 3 HE £ 29 2ol
Ag&e AAMSE, 28 4102 18[kmle HEx=o & Hy 3 Hp
= LAM FL QE 30,50, 0[Cle® AHE&3 HAWHI}E RoFEr

i 41 Hy3 Hpe 29
Table 4.1 Model of Hy and Hp

Lol 1% [km] Hx [km] Hp [km]
9 3 7.5
12 4 10
18 6 15
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Fig. 4.9 Changes of electric field intensity
according to thundercloud altitude
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Fig. 410 Changes of electric field intensity according to
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