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A bstract

The objection of this study is to develop a lightning warning
system based on the measurement of electric field intensity on the
ground level.

In this thesis, changes of the electric field intensity formed by
thunderclouds are theoretically described. Also two types of calibration
system, such as a cylindrical guard electrodes and a parallel-plate
electrodes, are proposed to determine the sensitivity and frequency
bandwidth of the lightning warning system.

In order to accomplish the high sensitive lightning warning system,
the principles and design rules of a rotation-type field mill are studied.

The lightning warning system consists of the rotation-type field mill



as an electric field sensor, an impedance changer, and a two-stage
amplifier.

The field mill is composed of two isolated electrode vanes, a
grounded stator and a rotor. The impedance changer necessary to
maximize the time-constant of the lightning warning system is
designed by using an operational amplifier(CA3130) with extremely
high input impedance of 15[TQ].

From the calibration experiment, the frequency bandwidth and the
sensitivity of the field mill are DC 200 [Hz] and 0.267 [mV/V/m],
respectively. Maximum resolution of the developed lightning warning
system is about 73[V/m], and can be measured the electric field
strength up to about 18.7 [kV/m]. For the purpose of measuring a
higher level of the electric field strength, the sensitivity can be
conveniently adjusted with a voltage divider in parallel connected to
the output of the impedance changer.

To ensure the sensing ability of the developed lightning warning
system in the actual situation, computer simulation using thundercloud
models was carried out, and the result showed that the system can
monitor the movement of thunderclouds within 6[km] from the

observation site.
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3.1 DC 56 [V]

motor )

3.1
Table 3.1 Specifications of the field mill

[mm]
a 110
b 190
()| c %4
( ) d 24
( ) e 92
()t 2
g 35
t 15
&S
CO = d = 7.84 [pF]
T = 1/60 = 0.0167 [sec]

wn
1

3.1x10°° [ m?]
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41 (4.1)

Table 4.1 The value of equation (4.1)'s inner term in parentheses

pNZ 4 75 11 145 18 215 25

1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002
1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002
55 | 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002| 1.00000002
65 | 1.00000017|1.00000017| 1.00000017| 1.00000017| 1.00000017 1.00000017| 1.00000017
75 | 1.00000114| 1.00000114| 1.00000114| 1.00000114| 1.00000114| 1.00000114| 1.00000114
85 | 1.00000555| 1.00000555| 1.00000555| 1.00000555| 1.00000555| 1.00000555| 1.00000555
95 | 1.00002192| 1.00002192| 1.00002192| 1.00002192| 1.00002192| 1.00002191| 1.00002191
105 |1.00007443|1.00007442| 1.00007442| 1.00007442| 1.00007441| 1.00007441| 1.00007440
115 | 1.00022389| 1.00022389| 1.00022388| 1.00022387 | 1.00022386| 1.00022384| 1.00022382
125 |1.00060922| 1.00060921| 1.00060918| 1.00060916 | 1.00060912| 1.00060908| 1.00060902

&

&

: [mm]

50 [mm] ,
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50 [kQ ] . 250 [mm]
25 [V]
100 [V/m]
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Fig. 44 Schematic diagram of the experimental apparatus
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Table 5.1 Performances of the system

DC 200 [HZ]

0.267 [mV/V/m]

73[V/Im] 187 [KV/m]

(Z'FM)

1.947 [sec]
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4.1

# include <stdioh>
# include <conioh>
# include <math.h>

double J1, J2, K1, K2;

double R1, R2, R3, R4;

double RAD1, RAD2, RAD3, RAD4;
double a, b, qqq;

float G, L, C;

float z[7] = {040, 0.75, 1.10, 145, 180, 2.15, 250},
float r = 35;

float PHI = 3.14159265;

main ()

{

inti,j;
G = 125;
L = 6.25;
C = 125;

clrscr ();

for(i=0 ; i<9 ; i++){
for(j=0 ; j<7 ; j++){
qqq = 256*24*24.,
a = 2*PHI*r/L;

b = 2*PHI*C/L;

J1 = 1-(a*a/ 4)+(a*a*a*a / 64)- (a*a*a*a*a*a) / (64*36)
+pow (a, 8) / qqg-pow (a, 10)/ 14745600;
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J2 = 1- (b*b / 4)+(b*b*b*b / 64)- (b*b*b*b*b*b) / (64*36)
+pow (a, 8) / qqqg-pow (b, 10) / 14745600;

RAD1 = sin((2*PHI*z[j]) / L*(PHI/ 180));
RAD2 = sin((PHI*G) / L*(PHI/ 180));
RAD3 = sin(4*PHI*z[j] / L*(PHI/ 180));
RAD4 = sin(2*PHI*G / L*(PHI/ 180));
R1 = (RAD1) / (2*PHI*Z[jJ/L);

R2 = (RAD2) / (PHI*G/L);
R3 = (RAD3) / (4*PHI*z[j]J/L);
R4 = (RAD4) / (2*PHI*G/L);

K1 = 2*J1*a/ (J2*b)*R1*R2 + 1;
K2 = 2*¥J1*2*al (J2*b*2)*R3*R4 + 1,
printf ("%8.8If ", K1);

}

printf ("\n");
r+=10;

}

getch();
}
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