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This thesis describes the analysis of air terminal in lightning protection system. It
is the presentation of basic principle of lightning protection , estimation of lightning strike
probability and estimation of the shielding failure of air terminal. This new method gives
the effectiveness and fidelity of lightning protection system. The calculate function is not
interpolated from observed data but itis based on the statistical distribution of lightning
parameters and derives from the electrogeometrical model. It can be applied in varieties
type of air terminal. The calculation result shows that lightning rods arrangement is influence

with the protective efficiency. This method would be useful in lightning protection system

development.
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3.2 2aUBABIN15asnk ( Zone of Protection)
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3.2.2 35 Rolling Sphere
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maatld aalt 7]

P(i>1) = 1-¢(é1nILJ @)
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I

p(x<r1)
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. .4 . . - - a £ d
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4.3 AANNNWILUUBBIINWIUNIET (Ground flash density)

sanmadafrirluudasuTianelan dduandrenuld fuﬁ‘ué’nﬁm:maqﬁmmﬁm
Ui Tﬂu'lw.u?nmﬁﬁqnmqﬁua:ﬂ'nu%ug‘nﬁ‘[ammﬁaﬂ”adndam‘s”nmn MTIANMUNHIUUK
wsssmwanirimIedt Ground flash density 3zugaslumiigrasiwuierdaldaameflawas
(Strikelyear/km?) Tummdanamwiwingasiiriniu sl mnuiui leduidueiias (Thunderday
, TD) Lfluﬁ’aaﬁmmaaﬁﬁlumsmfi'uﬁa‘hﬂumtﬁhm’zLﬂﬂ:ﬁ?:uuﬂaaﬁ'uﬂﬂm 2]
AARLUNIIWARTNHINT B Ground flash density, Ng  IWiMaNTasn N uRMSALATD i
fn3sommsanldfiouluandronu Hawfl 1IEC 1024-1-1(1983) [11] éRgrunman Ground
flash densityl¥ laafizluyyaums fe

Ng = 0.04 Td1-25 = Strike/km2/year (10)
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sraumtilasnu FveInysuariein
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Twinasyuwes Bs e651-1982 lalimmlsmanmdwnihehaswuddestula 9 Miweldiiu
wmargulumafenszduresniilesiu lasfiena'line (11

N = Ng Ag 105 anll (11)

- . [ . -l o '
N Qs ddwanihiniageed
Ng fia 1 Ground flash density (stn'ke/year/kmz)

- A’ al & a 2 "’ A L g [ - Sl I ol - A’ -~ ol
Ae fie Wufmuyadueriagm?) Auiauyadvasrasiagimalife AunuTuuiuialand
-l P )
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fi1 Ag M ldRINANNT

A LW+ 2LH + 2WH +tH2  m?2 (12)

w fia ﬂ'zwn'i"lwaaﬁqﬁaa%’wn?ai'ﬂq.(m)
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Ra (m)
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N = Ng A() @il (15)
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Estimate Strike at Tower

Hieght of Tower (m.)

Initial Striking distance
Final Striking distance

Step of display

r

15.

25.

35.

45.

55.

65.

75.

85.

95.
105.
115.
125.
135.
145.
155.
165.
175.
185.
195.
205.
215.
225.
235.
245
255.
265.
275.
285.
295.
3065.
315.
325.
335.
345.
355.
365.
375.
385.
395.
405.
415.
425.
435.
445.
455,

Number

00
0o
00
00
00
0o
0a
0a
o0
00
00
oo
oo
00
0o
00
0o
00
00
00
0o
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0o
a0
a0
0o
0o

I

2.

5.

7.
10.
13.
17.
20.
23.
27.
.18
34,
.77
42.
46.
.74

31
38

50

54.
59.
63.
67.
71.
76.
80.
85.
89.
94 .
99.
103.
108.
113.
118.
123.
128.
132.
137.
142,
148.
153.
158.
.36
.55

163
168

173.
179.
184 .
189.
.95

194

of strike

74
19
90
81
a0
12
48
94
51

94

69
68

86
0s
30
60
96
38
84
36
92
53
19
89
63
42
24
11
01
96
94
95
00
09
21

77
02
30
61

44

46.
48.
50.
52.
54.
56.
58.
60,
61.
63.
64.
66.
67.
69.
70.
72.
73.
74.
76.
77.
78.
80.
81.
82.
83.
84.
.02
87.
.32
.44
90.
91.
g2.
93.
94.

0.0130569

86

88
89

Ra

14.
20.
24.
28.
31.
34.
37.
40.
42.
.72

14
00
49
28
62
64
42
00
43

90
99
99
92
77
57
31
0o
64
25
81
33
82
28
71
11
48
83
16
46
74
00
24
46
67
85

18

55
65
74
81
87

36

N

.0000027
.0000076
.0000123
.0000161
.0000189
.0000209
.0000222
.0000229
.0000232
.0000233
.0000231
.0000227
.0000222
.0000217
.0000210
.0000204
.0000197
.0000190
.0000184
.0000177
.0000170
.0000164
.0000158
.0000152
.0000146
.0000140
.0000135
.0000129
.0000124
.0000120
.0000115
.0000111
.0000106
.0000102
.0000099
.0000095
.0000091
.0000088
.a000085
.0000082
.0000079
.0000076
.0000073
.0000071
.0000068:
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strikes/year



Estimate

Hieght of Tawer (m.)
Initial Striking distance
Final Striking distance
Step of display

15.

25.

35.

45 .

55.

65.

75.

85.

95.
145.
115.
125.
135.
145.
155.
165.
175.
185.
195,
205.
215.
225.
235.
245 .
255.
265 .
275.
285.
295.
305.
315.
325.
335.
345.
355.
365.
375.
385.
395.
405.
415.
425.
435.
445.
455,

Number

00
00
00
00
00
00
00
0o
00
00
00
0o
og
0o
0g
00
00
00
00
00
ao
Qo
00
00
00
ao
0o
00
0o
oo
00
00
00
00
00
00
oo
00
00
00
00
00
Qo
0o
0o

I

2.

5.

7.
10.
13.
17.
20.
23.
27.
31.
34.
38.
42.
46 .
50.
54.
59.
63.
67.
71.
76.
80.
85.
89.
94,
99.
103.
108.
113.
118.
- 38k
128.
132,
137.
142.
148.
153.
158.
163.
168.
173.
179.
184.
189.
194.

123

of strike

74
19
g
81
90
12
48
94
51
18
94
77
69
68
74
86
05
30
60
36
38
84
36
92
53
19
89
63
42
24

01
96
94
35
00
09
21
36
55
77
02
30
61
95

Strike at Tower

15.
24 .
31.
37.
42.
46 .
0.
54.
58.
61.
bd.
67.
70.
73.

76

78.
81.

83
86

88.

90

92.
94.
96.

98

gl
102.
- 104.
106
108
110.
112.
114.
115
117.
119.
120.
122.
124 .

125

127.

128

130.
131.
133.

Ra

go
49
62
42
43
90
93
77
31
64
a1
g2
71
48
.16
74
24
.67
.02
32
.55
74
87
95
.99
00
96
88
77
63
45
25
02
.76
47
ie6
83
47
10
.70
28
.84
38
91
42

20
15
460
10

0.0250133

37
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N
.0000030
.0000114
.0000205
.0000282
.0000341
.0000383
.0000412
.0000429
.0000439
.0o0D442
.0000440
.0000435
.0000427
.0000418
.0000407
.0000395
.0000383
.0006370
.0000357
.0000345
.0000332
.0000320
.0000308
.0000297
.0000286
.0000275
.0000264
.0000254
.0000245
.0000235
.0000226
.0000218
.0000210
.0000202
.0000194
.0000187
.0000180
.0000174
.0000167
.0000161
.0000155
.0000150
.0000145
.0000139
.0000135

strike/year



Estinate Strike at Towver

‘Hieght of Tower (m.)

Initial Striking distance
Final Striking distance

Step of display

r

15.
40.
65.
90.
115.
140.
165.
190.
215.
240.
265 .
290.
315.
340.
365.
390.
415
440.

00
00
0o
00
00
00
00
00
00
00
00
00
0o
0o
00
00
00
00

2.

9.
17.
25.
34.
44.
.86
65.
76.
87.
99.
.02
123.
135.
148.
160.
173.
186.

54

111

Number of strike

Estimate étrike at Tower

74
33
12
72
94
68

44
38
63
19

11
44
00
78
77
95

Hieght of Tower (m.)

Initial Striking distance
Final Striking distance

Step of display

xr

15.

50.

85.
120.
155,
190.
225.
260.
295,
330.
365.
400.
435.

00
00
00
00
00
00
00
00
00
00
00
00
00

Humber of strike

.74
12.
23.
36.
50.
65.
i
36 .

113.

130.

148.

165.

184.

33
34
85
74
44
84
86
42
48
00
95
30

15.
40.
60.
74.

87

97.
107.
116.
124
132.
140.
146,
153.
160.
166.
172.
177.
183.

Ra

00
00
00
83
.18
98
70
62
30
66
00
97
62
00
13
05
76
30

40
15
460
25

0.0457969

TP

50

84.
113.
135.
154.
172.
187.
201.
215.

228

240.
251 40 -

o
1]

00
.00
85
14
65
92
05
62
99
41
.04
(]

80
15
460
35

0.0770212

38
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N

.0000030
.0000328
.0000627
.0000761
.0000797
.0000780
.0000739
.0000687
.0000632
.0000579
.0000528
.0000481
.0000438
.0000399
.0000364
.0000332
.0000303
.0000277

O00C0O0000O0O0CO0O00D00O00O0O0O

strike/year

N
.0000030
.0000490
.0001031
.0001274
.00012940
.0001213
.0o01102
.0000986
.0000875
.0000774
.0000685
.0000606
.0000537

strike/year



[J ] J b [ b 4‘
5.4.2 msdszanasmaniifiasaiimwwiuin
o o v & ) ' P ' o &
_ muanhnBamensmlUiuA 1w euds 818 Overhead ground FBHFITINTTAUAUS
P ' . a o~ . & = o P . v o
lamafnezgnitiengs mydmduwiiimednhuuni fmanmaliaune 6 dmunldsu
& ] : ) “ o 8
i Tanen Equivalent Area n38 A, luuuuiiszuandislanuundninluunaas

Ra

el

A . -~ b .
zl.h’l 24 LUuIRas rm’mm@mﬂﬂﬁ'mmmumm

. . . J o« * : - - s 1 ) -
mImwiInTwsiiimgahuui srlsufenudamiiznnugn 100 Alaarsasas
<. X
anih i A lwuyufiesmlena

2Ry Lx 10 Km? (19)

Ae
L faanusivasmsania wihnduilawas

HEA

7
7
|

. I»

A 1 -l " - e
Jun 25 AunguyadyaIamsaIn

39



- P >
Waunu A, adluaumisn 16 azldidu

T,

N = Ng j’zLd_PRl(,)dr aviasllde 100 Km (20)
dr

T

Ng mnualiirinny 1 afsdeldaarTeflawmas
L mmualiiviny 100 Alawas

-l
L mldnnaumn o
fo e o o , o - -l -
Ry Wlwlsdiuiuanugammednh H uasszazien ¢ Samldanluaunsn 13 wie

aumm 14 1 H 1ﬁlﬂ"lﬂll 30 AT flr ﬂEllWD"J«] 15-400 LUAT
mammm'[ﬂu'lmaummasuma*’lﬂmmmuﬁﬁmnmammum’mu

N = 36 avidallde 100 Alaas

hWsatlea 100 Km

VU

2 2 42 62 82 102 122 142 162 182
AN (KA)

P e “ .
N 26 novinszuERAINEIBANG 30 LIRS

40



Estimate Strike at

Hieght of Line (m.)

Initial Striking distance
Final Striking distance

Step of display

15.
25.
35 .
45.
55.
65.
75.
85.
95 .

105.

115.

125.

135.

145.

155.

165.

175.

185

195

205 .

215 .

225

235

245

255 .

265 .

275 .

285 .

295 .

305 .

315

325.

335.

345

355 .

365

375

385

395 .

405 .

415

425

435.

445

455 .

0o
0o
00
00
00
00
00
00
00
0a
00
0o
0o
00
0a
0o
ao
00
00
131
0a
00
0o
00
0o
00
00
00
00
00
00
00
0o
(H1]
00
0a
0o
00
00
00
00
00
00
00
0o

Number of strike

.74
.19
.90
10.
13.
17.
20.
23.
27.
31.
34.
38.
42,
46 .
50.
54.
59.
63.
67.
1L
76.
80.
85.
89.
94.
99.
103.
108.
113.
118.
123.
128.
132.
137.
142.
148.
153.
158.
163.
168.
173.
179.
184.
189.
194.

81
90
12
48
94
51
18
94
77
69
68
74
86
05
30
60
36
38
84
36
92
53
19
89
63
42
24
11
01
96
94
85
oo
09
21
36
55
77
ge
30
61
95

Line

Ra

14.
20.
24.
28.
31.
34.
37.
40.
42.
44 .
46 .
48.
50.
52.
54.
56.
58.
60.
61.
63.
64.
66.
67.
69.
70.
72.
73.
74 .
76.
77 .
78,
80.
81.
82.
83.
84.
86.
87.
88§.
89.
3Q.
91.
92.
93.
94.

14
00
49
28
62
64
42
00
43
72
a0
99
99
92
77
57
31
0o
64
25
81
33
82
28
71
11
48
83
16
46
74
00
24
46
67
85
g2
18
32
44
55
65
74
81
87

10
15
460
10

16.5021511

41

N

.0126282
.0252841
.0335243
.0380100
.0399341
.0402204
.0394953
.0381680
.0365025
.0346681
.0327728
.0308849
.0290463
.0272821
.0256061
.0240247
.0225398
.0211501
.0198524
.0186425
.0175155
.0164663
.0154898
.0145809
.0137348
.0129468
.0122127
.0115283
.0108%900
.0102943
.0097379
.0092180
.0087317
.0082765
.0078502
.0074507
.0070759
.0067241
.0063937
.0060831
.0057910
.0055160
.0052569
.0050128
.0047825
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strike/year—-100km.



Estimate Strike at Line

Hieght of Line (m.)

Initial Striking distance
Final Striking distance
Step of display

b

15.

25.

35.

45.

55.

65.

75,

85.

95.
105.
115.
125.
135.
145.
155.
165.
175.
185.
195.
205.
215.
225.
235.
245.
255.
265.
275.
285.
295.
305.
315.
325.
335.
345.
355.
365.
375.
385.
395.
405.
415.
425.
435.
445,
455.

Number of strike

go
00
00
00
00
00
00
00
00
00
0o
0o
00
00
00
00
00
00
00
0o
00
00
00
00
00
00
0o
aa
00
00
00
00
00
00
00
00
0o
00
00
00
00
00
00
00
00

99

103.
108.
113.
118.
123.
128.
132.
137.
142.
.00
153.
158.
.36
168.
173.
179,
184.
189.
194.

148

163

.74
.19
.90
10.
13.
17.
20.
23.
27.
31.
34.
38.
42.
46 .
S0.
54.
59.
63.
67.
71.
76.
80.
85.
89.
94 .
.19

81
a0
12
48
94
51
18
94
77
69
68
74
86
05
30
60
96
38
84
36
92
53

89
63
42
24
11
01
35
94
35

09
21

55
77
02
30
61
95

20
15
460
10

Ra

15.00
24.49
31.62
37.42
42.43
46.90
50.99
54.77
58.31
61.64
64.81
67.82
70.71
73.48
76.16
78.74
81.24
83.67
86.02
88.32
90.55
92.74
94 .87
96.95
98.99
101.00
102.96
104 .88
106.77
108.63
110. 45
112.25
114.02
115.76
117747
119.16
120.83
122.47
124.10
125.70
127.28
128.84
130.38
131.91
133.42

22.6194201

42

N

.0133942
.0309666
.0432796
.0502825
.0535772
.0544586
.0538230
.0522637
.0501679
.0477866
.0452822
.0427582
.0402800
.0378875
.0356038
.0334410
.0314038
.0294924
.0277036
.0260328
0244740
.0230208
.0216665
0204046
.0192287
.0181326
0171106
0161573
.0152675
.0144365
.0136600
.0129339
0122545
0116184
.0110223
10104634
.0099390
.0094466
.0089839
.0085489
.0081396
.0077542
.0073911
.0070488
.0067258

QQDODDDODDODDDDQDODDDODDDDOOQODDOODDDOQODDDDD

strike/year-100kn.



Estimate Strike at Line

Hieght of Line (m.)

Initial Striking distance
Final Striking distance

Step of display

r

‘15,
30.
45
60.
75.
90.

105.
120.
135.
150.
165.
180.
195.
210.
225
240.
255,
270.
285,
300.
315.
330.
‘345
360.
375.
390.
405.
420.
435.
450.

0o
00

.00

00
00
00
00
0o
00
ao
00
00
00
00

.00

00
00
00
00
00
ag
00
00
00
0o
a0
00
00
0o
00

1786

184.
192.

Number of strike

.74
.51
10.
15.
20.
25.
31.
36.
42.
48.
54.
61.
67.
74 .
80.
87.
94.
101.
108.
115.
123.
130.
137.
145.
153.
160.
le8.
.39

81
49
48
72
18
85
69
70
86
16
60
16
84
63
53
53
63
83
11
48
94
47
09
78
55

30
27

15.
30.
44,

56

66.
74 .
82.
89.
95.
101.
107.
113.
118.
123.
128.
132.
137.
141.
145.
149.
TS
157.
le6l.
164.
168.
172.
175.
178.
182.
185.

29.9473187

43

40
15
460
15

Ra

00
00
72
.57
33
83
46
44
92
98
70
14
32
29
06
66
11
42
60
67
62
48
25
92
52-
05
50
89
21
47

N

.0133942
.0401811
.0600990
.0686279
.0700177
.0678167
.0639248
.0593537
.0546385
.0500560
.0457417
.0417531
.0381053
.0347907
.0317%01
.02907%4
.0266327
.0244245
.0224306
.0206288
.0189988
.0175226
.0161838
.0149679
.0138620
.0128547
.0119360
.01109567
.0103289
.0096255

DODDODODDOODDDDDDDODDDODDQDOOO

strikes/year-100kn.



Estimate Strike at Line

Hieght of Line (m.)

Initial Striking distance
Final Striking distance

Step of display

r

15.
30.
45.
60.
75.
90.
105.
120.
135.
150.
165.
180.
195.
210.
225.
240.
255.
270.
285.
300.
315.
330.
345.
360.
375.
390.
405.
420.
435 .
450.

00
00
00
00
00
Qg
0o
00
00
00
00
00
0o
00
00
00
00
0g
00
00
ao
00
00
00
0o
00
00
00
00
00

Number of strike

.74
.51
10.
15.
20.
25.
31.
36.
42,
48.
54.
61.
67.
74 .
80.
87.
94 .
101.
108.
115.
123.
130.
137.
145.
153.
160.
168.
176.
184.
192.

81
49
48
72
18
85
69
70
86
16
60
15
84
63
53
53
63
83
11
48
94
47
09
78
55
39
30
27

15.
30.
45.
59.
70.
80.
89.
97.
104.
111.

118

124.
130.
136.
141.
146.
B8l |
156.
lel.
165.
170.
174.
178.
HSA
187.
191.
194.
198.
202.
206.

32.4089086

44

50
15
460
15

Ra

0o
00
i1]
16
71
62
44
47
88
80
.32
50
38
01
42
63
66
52
25
83
29
64
89
03
08
05
94
75
48
16

N

.0133942
.0401811
.0604735
.0717728
.0746391
.0730633
.0693361
.0646792
.0597449
.0548776
.0502513
.0459452
.0419900
.0383819
.0351063
.0321402
.0294578
.0270329
.0248404
.0228568
.0210606 ™
.0194322
.0179543
.0166111
.0153886
.0142746
.0132579
.0123287
.0114783
.0106989

OO0 OO00DOOOODODODOOO0OO0O0000D0O0

strike/year—100kn.
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& < v &
WuWanmulaaadi
Tomx
dp 2 -'
N = Ng 0.2 j SoV2H-H dr Tunsdi H < rpin (28)
H
N H

H Toay
Ng 0.2 (J.%r}lr.dr + J‘gr—pVZHr-Hz dr) lunstiH > Tmin (29)
Tuin H

lumsdnuiniazlfdn Ground flash density ¥y 1 aTsdamTAlawasdel]l anusves

-~ . J -~ 1 &
ATIUINANTUUNINY 100 Km.

AU sauiheirdadea 100 Alawas

(A7) Thesis . Eriksson IEEE CCITT
10 8.3838 5.5735 2.4605 5.0000
20 11.4797 8.4478 5.2378 10.0000
30 3.6007 10.7746 8.1488 15.0000
40 15.1937 12.8045 11.1500 20.0000
50 16.4441 14.6390 14,2203 25.0000
60 17.4522 16.3312 17.3466 30.0000
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0.00004
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0.00002

0 } f I t I
2 34 67 102 142 182
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NTZUENNEHN (KA) manirireel

10 0.0000448

20 0.0000652
50. 0.0000617

75 0.0000498
100 0.0000400
120 0.0000338
150 0.0000266
180 0.0000214
200 0.0000186
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Widht of
Lenght of
Hieght of

Calculate Strike at Building

Building (m)
Building (m)
Building (m)

Initial Striking distance

Final Striking distance

Step of display

r

15

25

35

45

55

65

75

85

95
105
115
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
275
285
295
305
315
325
335
345
355
365
375
385
395
405
415
425
435
445
455

10.
13.
17.
20.
23.
27.
31.
34.
38.
42.
.68
50.
.86
59.
63.
67.
1.
76.

46
54

80

94
103
113

137

142.
148.
.09
158.
163.
168.
173.
.02
184.
189.
194.

153

179

.74
.19
.90
81

30
12
48
94
51
18
94
77
69

74

05
30
60
96
38

.84
85.
89.
.53
99.
.89
108.
.42
118.
123.
128.
132.
.94

36
92

19
63

24
11
01
96

95
00

36
55
77

30
61
95

51

20
40
20
15
460
10

N

.0000067
.0000214
.0000360
.0000477
.0000562
.0000620
.0000657
.0000677
.0000685
.0000685
.0000677
.00006656
.0000650
.0000633
.0000614
.0000594
.0000573
.0000552
.0000532
.0000512
.0000492
.0000473
.0000454
.0000436
.0000419
.0000403
.0000387
.0000371
.0000357
.0000343
.0000329
.0000316
.0000304
.0000292
.0000281
.0000270
.0000260
.0000250
.0000241
.0000232
.0000223
.0000215
.6000208
.0000200
.0000193



Widht of Buildi
Lenght of Build
Hieght of Build

Calculate Strike at Building

ng (m)
ing (m)
ing (m)

Initial Striking distance

Final Striking distance

Step of display
r

15
25
35
45
55
65
75
85
95
105
1156
125
135
145
155
165
175
185
195
205
215
225
235
245
255
265
275
285
295
305
315
325
335
345
355
365
375
385
395
405
415
425
435
445
455

Number of strike

99

74
.19
.90
10.
13.
17.
20.
23.
27.
31,
4.
38.
42.
46 .
50
54 .
59.
63.
67.
71.
76 .
80.
85 .
89,
94 |
.19
103,
108.
113.
118.
g
128
132.
137.
. 142,
148.
153.
158.
163.
168.
173,
179.
184,
189.
194.

81

90

12
48
94
51
18
94
77
69
68

74 -

86
05
30
60
96
38
84
36
92
53

89
63
42
24
11
01
96
94
95
00
09
21
36
55
77
02
30
61
95

30
50
30
15
460
10

ODDOOOOOODDODOODOODODDDDD@OODOQDOOODQDOODOQDO

0.0378749
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N

.0000067
.0000214
.0000360
.0000477
.0000562
.0000620
.0000657
.0000677
.0000685
.0000685
.0000677
.0000666
.0000650
.0000633
.0000614
.0000594
.0000573
.0000552
.0000532
.0000512
.0000492
.0000473
.0000454
.0000436
.0000419
.0000403
.0000387
.0000371
.0000357
.0000343
.0000329
.0000316
.0000304
.0000292
.0000281
.0000270
.0000260
.0000250
.0000241
.0000232
.0000223
.0000215
.0000208
.0000200
.0000193

strike/year
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Calculate Transmission 1

Height of Earth line (n)
Height of Line (m)
Protection angle {degree)
Initial striking distance
Final striking distance
Step of display

Ground flash density

r I
15.00 2.74
20.00 3.92
25.00 5.19
30.00 6.561
35.00 7.90
40.00 9.33
45.00 10.81
50.00 12.33
55.00 13.90
60.00 15.49
65.00 17.12
70.00 18.78
75.00 20 .48
80.00 22.20
85.00 23.94
90.00 25.72
95.00 27 .51

100.00 29.34

Number of strike to Line
NHumber of strike to Earth Line
Efficeincy of Sheilding

ine Sheilding failuer

15
12
45
15
460
5

5

Wy unwan

Nf

.012705
.016178
.016534
.014497
.010835
.006177
.000990
.000000
.ggooo00
.gooooo
.000000
.000000
.000000
.000000
.9000000
.000000
.0god0o0
.000000

OO0 O0ODOOOOOOODOOODO

0.726648 strike/y-100knm
17.815708 strikes/y-100kn
95.7143 %
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Calculate Transmission line Sheilding failuer

Height of Earth line (m)
Height of Line (m)
Protection angle (degree)
Initial striking distance
Final striking distance
Step of display

Ground flash density

r I
15.00 2.74
20.00 3.92
25.00 5.19
30.00 6.51
35.00 7.90
40.00 9.33
45 .00 10.81
50.00 12.33
55.00 13.90
60.00 15.49
65.00 17.12
70.00 18.78
75.00 - 20.48
80.00 22.20
85.00 23.94
30.00 25.72
95.00 27.51

100.00 29.34
105.00 31.18
110.00 33.05
115.00 34.94
120.00 36.885
125.00 38.77
130.00 40.72
135.00 42 .69
140.00 44 .68
145.00 46 .68
150.00 48.70

Number of strike to Line
Number of strike to Earth Line
Efficeincy of Sheilding

60

[ N = fve Rum § an e N o= oo N cne N v e W Y oo con W s N com Y com o B o R v B o B o Y Y e e I e R e

20
16
45
15
4560
5

5

Nf

.014684
.021310
.024496
.024791
.022972
.019723
.015578
.010934
.006073
.001192
.000000
.000000
.000000
.000000
.000000
.000000
.oooooo
.agoagaoo
.000000
.0go0ao00
.000000
.000000
.000000
.000000
.boooco
.000000
.000000
.goo0coo

1.557746 strikesy-100kn
30.606756 strike y—100kn
94 . 7167 %



Calculate Transmission line Sheilding faiiuer

Height of Earth line {(m)
Height of Line (m)
Protection angle (degree)
Initial striking distance
Final striking distance
Step of display

Ground flash dersity

T I
15.090 2.7
20.00 3.92
25.00 5.19
30.00 6.51
35.00 7.90
40 .00 9.33
45.00 10.81
50.040 12.33
55.00 13.90
60.00 15.49
65.00 17.12
70.00 18.78
75.00 20.48
80.00 22.20
85.00 23.94
350.00 25.72
95.00 27 .51

100.00 29 .34
105.00 31.18
110.00 33.05
115.00 34 94
120.00 36.85
125.00 38.77
130.00 40.72
135.00 42.69
140.00 44 .68
145.00 46 .68
150.00 48.70
155.00 50.74
160.00 52.79

Humber of strike to Line
Number of strike to Earth Line
Efficeincy of Sheilding

LI N (R B T |

61

nonn
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25
21
45
15
200
5

5

Nf

.014684
.022445
.028776
.031773
.0321586
.030655
.027863
.024240
.020123
.015762
.011330
.006953
.002713
.000000
.0co000
.000000
.000008
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.060000
.000000

2.634200
42.085953
93.7118 %

strikes/y-100kn
strike/y-100kn



Calculate Transmission line Sheilding failuer

Height of Earth line (m)
Height of Line (m)
Protection angle (degree)
Initial striking distance
Final striking distance
Step of display

Ground flash density

r I
15.00 2.74
20.00 3.92
25.00 5.19
30.00 6.51
35.00 7.90
40.00 9.33
45.00 10.81
50.00 12.33
55.00 13.90
60.00 15.49
65.00 17.12
70.00 18.78
75.00 20.48
80.00 22.20
85.00 23.94
90.00 25.72
95 .00 27 .51

100.00 29.34
105.00 31.18
110.00 33.05
115.00 34.94
120.00 36.85
125.00 38.77
130.00 40.72

Number of strike to Line
Humber of strike to Earth Line
Efficeincy of Sheilding

LU T I ]

nun

62

[ B e B e o R o B o B e I e Y e e I e O o Y 0 3 e O o O B e 3 3 e Y Y o Y s

25
21
30
15
200
5

5

Nf

.007401
.011079
.013492
.012933
.010197
.006021
.000977
.600000
.000000
.000000
.000000
.000000
.gooooa
.0goaoo0
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.6ogooo

0.591479
42 .085953

98.5157

“

strike/y-100kmn
strike /y-100km
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3N 38 glwiTnadiavesauss 3 (NS

f1 x wldan

B4 £ cost(c/2r) - (36)
X1q = 90° - 1 + 61 @7
X = Rgq-rcosyq (38)

fy miden

Bo = cos(c,/2r) (39)
2 = 80° - B, + 6 (40)
y = Rao -rcosys 41)

f1z wleden
B3 = cos™(cy/21) (42)
z = Raa -rcosys (43)
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Calculate Three Phase Transmission line

Height of Earth line (m)
Height of Line 1 (m)
Height of Line 2 (m)

of Line 3 (m)
Horizontal distance from Earth line of line
Horizontal distance from Earth line of line
Horizontal distance from Earth line of line
Initial striking distance
Final striking distance

Height

Step of increase

Ground Flash density

15.
20.
25.
30.
35.
40.
45.
50.
55.
60.
65.
70
75
80.
85.
90.
95.
100.
105.
110.
115.
120

Number of strike per year of Line 1
Number of strike per year of Line 2

Number of strike per year of Line 3

00
00
00
00
00
00
0o
00
00
0a
00

.00
.00

0o
0o
oo
00
00
00
00
00

.00

.74
.92
.19
.51
.80
.33
.81
.33
.80
.49
.12
.78
.48
.20
.94
.72
.51
.34
.18
.05
.94
.85

OCO0DDOQOOOLODOODOOOOOO0DDOO0OOO

munnan

N1

.013219
.000000
.0g00000
.800000
.agoooo
.000000
.000000
.000000
.000000
.000000
.ogeooo00
.000000
.000000
.600000
.000000
.gogooao
.0ogoooa0
.aooooo
.000000
.000000
.0g000040
.ooo0oo0g

2
1
1
1

1

0
7
4
1

5

150

Total Number of strike per year
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OO0O0OODO0DO0O00O0000000ODDO0OO0DOOO0OD

5
5

N2

.000000
.000000
.gooooo
.000000
.000000
.000000
.000000
.000000
.000000
.aooo000
.000000
.000000
.000000
.000000
.000000
.000000
.0ooo0o
.000000
.000000
.000000
.000000
.0oooo0

WA
Emna Yo oY
282
Mt st
monou
WWw

N3

.000000
.000000
.000000
.600000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.0o00090
.0o0000
.000000
.000000
.000000
.000000
.0g00000
.000000

OO0 0O0OOQO0O0OOOOOO00O0DOOODOO0O0D

0.108253 ~100km
100.00 X%
0.000000 ~100km
0.00 X%
0.000000 ~100km
0.00 %

0.108259



Calculate Three Phase Transmission line

Height of Earth line (m)
Height of Line 1 (m)
Height of Line 2 (m)

of Line 3 (mn)

Height

Horizontal distance from Eaxrth line of line 1 (m)
Horizontal distance from Earth line of line 2 (m)
Horizontal distance from Earth line of line 3 (m)
Initial striking distance
Final striking distance

Step of increase

Ground Flash density

15.
20.
25.
30.
35.
40.
45 .
50.
55.
60.
65.
70.
75.
80.
85.
80.
95.
100.
105.
110.
115.
120.
125.
130.

r

0o
0o
ao
00
00
0o
00
00
0o
00
0o
00
00
0o
0q
00
00
o0
00

0o
oo
00
00

00"

.74
.92
.19
.51
.90
.33
.81
.33
.90
.49
.12
.78
.48
.20
.94
.72
.51
.34
.18
.05
.94
.85
.77
.72

OO0 OO0O0O00000O0O0O0LOOOOOOOOOD

o non

N1

.012611
.019235
.025451
.030998
.035799
.000000
.0006000
.000000
.ggoooa
.000000
.000000
.000000
.000000
.000600
.000000
.000000
.000000
.000000
.000000
.gogoao
.000000
.oooooo0
.000000
.00g0000

3
2
2
2

1

1]
7
4
1

5

150

= e e B e Y e J e o 3 o Y s ) e e Y e Y v Y e Y e Y e s 3 I v B e o0 N o Y e

5
5

N2

.002232
.002808
.003161
.003348
.000000
.000000
.000000
.000000
.000000
.000000
.oooo0o00
.000000
.000000
.oogooco
.000000
.pooooo0
.000000
.0opoooo
.000000
.000000
.000000
.000000
.000000
.000000

Number of strike per year of Line 1

Number of strike per year of Line 2

Number of strike per year of Line 3

Total Number of strike per year

68

nwu
[T~ 1]

N3

.003007
.004447
.004758
.002324
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.0oo0o00
.000000
.000000
.000000
.000000
.goooo0
.000000
.000000
.agoooo
.000000
.000000
.000000
.6oogo0

1.172464 ~100km
83.05 %
0.107760 ~100kn
7.63 %
0.131600 ~100kn
9.32 %

1.411824
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Calculate Three Phase Transmission line

Height of Earth line (m)
Height of Line 1 (m)
Height of Line 2 (m)
Height of Line 3 (m)
Horizontal distance from Earth line of line 1 (m)
Horizontal distance from Earth line of line 2 (n)
Horizontal distance from Earth line of line 3 (m)
Initial striking distance
Final striking distance

Step of increase

Ground Flash density

15.
17.
19.
21.
23.
25.
27.
29.
31.
33.
35.
37.
39.
41.
43.
45.
47,
49.
51.
53.
55.
57.
59.

00
0o
0o
00
00
00
0o
0o
00
0o

00 -

00
00
0a
00
00
0g
00
00
00
00
00
00

DO ~I10 O8O U b o W WM

H

.74
.20
.68
.17
.67
.19
.71
.24
.79
.34
.90
.47
.04
.62
.22
.81
.42
.03
.64
.27
.90
.53
.17

o= R R e e e B o B o B ot Y s B e 3 e B e Y s I o B e I o T o B s O o I e I e W

N1

.014391
.017515
.020632
.023696
.026677
.029552
.032306
.034%30
.037417
.039765
.041975
.044047
.0gogo0o
.000000
.000000
.000000
.0ooooo0
.0o0000
.000000
.000000
.000000
.0poooo
.oggooo

4
3
3
2

1
6

O000C0000000OOODOOO000O0DODDDOO0O

0
6
2
8

S
0
2
5

N2

.000000
.oaoagoao
.000000
.000000
.000000
.000000
.00g0000
.000000
.000000
.000000
.000000
.0ogoo0o00
.000000
.009000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

Numnber of strike per year of Line 1

Humbexr of strike per year of Line 2

Humber of strike per year of Line 3

Total Number of strike per vear

69

N
o e f

N3

.000298
.000293
.000285
.000275
.000263
.000251
.000239
.000170
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.00o0000
.000000
.000000
.000000
.000000
.00go00

== e} e e Y R s Y ot Y o T s o 3 o Y e Y e o I e I e e Y e Y s o o Y o

1.408850 ~100km
99.45 %
0.000000 ~100km
0.00 x
0.007766 ~100km
0.55 X%

1.416615
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AH(r) = LW - 2R L - 2(RaW - 2Ry) (44-1)

A(r) LW - 2R L - 2R W + 4R, (44-2)

- A P .
Adr) fiD Wuhauyad wihsiluannues
w a8 anunirasams whaniduaaes

L @Aa enugivesanans niigluiues

UszinudtmTTadanmal e lagdiuinnsums

1,
Nf Ng I%E—Af(r) dr 106 a¥idal (45)

Tuia

1 L dfuiniu 46-muas W IhAu 20 @S A7 ground flash density iy 1 ATIABT-km2
:u:ﬂﬁd'\a:‘.ﬂuﬁ'ﬁ’ 15 - 460 LUAT mmgmmd"zﬁ'xdaﬁ'uﬁ'xﬁ'u 0.1 WAT MMM TTadauIna?

1dvinu 0.0040 aTvdail
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Af(r) z LW - 4RW - 2R L+ 8R,2 (46)
LAZATUI AN ITRARNIMAIINANNNT 45

J * [ & 1 e [ el I J
Wadwisdmiassuman lasilddautsdns 9 milauiuluuuu A sansadwindaims
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Ag(r) 2 LW - 4R W - 4R L-+ 16R42 (47)
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Af(r) = LW - 6RW - 4R L + 24R 42 (48)

A () 1 W [] Lad 1] - . 1
Wasmmadmiasauma lasiiddudsds 9 mleunuluuuy A manTasiwiuenI
Fadaumal latviniu 0.00050 aTsiall
- - \‘: “ g . 8 I e I3 -l :: [
'lumnaanmmmmaaﬂﬂugﬂuunlmu FUNUANUMINEFULASTUTUVIFDIUNUY L1TU
- [ v A ad s ) P S O o &
2N TUNNAIANNADIMITITHENUUAANHT AaN9IRANLUU A TILHAUNTNRTINAN UastndInng
LY - “ o ' f ~ . ol
anulaaanisnn fisnvesAnaugIvasdiidei T TR T L R R AT R DY £at Vel

b 1] o A
ua:aﬂmwg’mmmmmhm mga

74



P ‘ “ e o, o
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AUFIVIAIN Nudanihdeih

(131@7) A B c D
0.1 0.006320 0.004738 0.002010 0.001553
0.2 0.004017 0.002688 0.000705 0.000505
0.3 0.002778 0.001716 0.000295 0.000199
0.4 0.002017 0.001168 0.000131 0.000083
0.5 0.001512 0.000828 |  0.000057 0.000034
0.6 0.001160 0.000605 0.000022 0.000012
0.7 0.000906 0.000451 0.000006 0.000003

0.8 0.000717 0.000341 0.000001 0

0.9 0.000574 0.000262 0 0

1 0.000463 0.000203 0 0
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Estinate sheilding failure of Lightning meshs at roof

Width of Building (m) = 20
Length of Building (m) = 40
Width of mesh (m) = 20
Length of mesh (m) = 40
Heigth of mesh (m) = 0.2
Initial striking distance = 12
Final striking distance = 300
Ground flash density = 5
Step of display = 10
r I Nf
12.00 2.07 0.00000981
22.00 4.42 0.00001426
32.00 7.06 0.00001432
42.00 9.92 0.00001277
52.00 12.95 0.00001085
62.00 16.14 0.00000900
72.00 19.4¢6 0.00000738
82.00 22.89 0.00000601
92.00 26.43 0.00000487
102.00 30.07 0.00000394
112.00 33.80 0.00000318
122 .00 37.61 0.00000255
132.00 41 .51 0.00000205
142.00 45 .47 0.00000163
152.00 49 51 0.00000130
162.00 53.62 0.00000102
172.00 57.79 0.00000079
182.00 62.01 0.00000061
192.00 66.30 0.00000046
202.00 70.65 0.00000034
212 .00 75.05 0.00000024
222.00 79.50 0.00000016
232.00 84 .00 0.00000009
242 .00 88.55 0.00000004
252.00 93.14 0.00000000
262.00 97.79 0.00000000
272 .00 102 .47 0.00000000
282.00 107.21 0.00000000
292.00 111.98 0.00000000
Number of strike per year = 0.002073056
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Estinmate sheilding failure of Lightning meshs at roof

Width of Building (m) = 20
Length of Building (m) = 40
Width of mesh (m) = 10
Length of mesh (m) = 20
Heigth of mesh (n) = 0.2
Initial striking distance = 12
Final striking distance = 250
Ground flash density = 5
Step of display = 10
o I Nf
12.00 2.07 0.00000620
22.00 4.42 0.00000683
32.00 7.06 0.00000498
42 .00 8.92 0.000002%1
52.00 12.85 0.00000125
62.00 16.14 0.00000006
72.00 19.46 0.00000000
82.00 22.89 0.00000000
92.00 26.43 0.00000000
102.00 30.07 0.00000000
112.00 33.80 0.00000000
122 .00 37.61 0.00000000
132.00 41 .51 0.00000000
142 .00 45 .47 0.00000000
152.00 49.51 0.00000000
162 .00 53.62 0.00000000
172.00 57.79 0.00000000
182.00 62.01 0.00000000
182.00 66.30 0.00060000
202 .00 70.865 0.00000000
212.00 75.05 0.00000000
222 .00 79.50 0.00000000
232.00 84.00 0.00000000-
242 .00 88.55 0.00000000
Number of strike per year = 0.0003%9212

78



Estimate sheilding failure of Lightning meshs at roof

Width of Building (n) = 20
Length of Building (m) = 40
Width of mesh (m) = 10
Length of mesh (m) = 10
Heigth of mesh (m) = 0.1
Initial striking distance = 12
Final striking distance = 200
Ground flash density = 5
Step of display = 5
r I Nf

12.00 2.07 0.00000672

17.00 3.20 0.0000079¢6

22.00 4.42 0.00000803

27.00 5.71 0.00000747

32.00 7.086 0.00000663

37.00 8.47 0.00000571

42 .00 9.92 0.00000481

47 .00 11.42 0.00000399

52.00 12.95 0.00000326

§7.00 14.53 0.00000263

£2.00 16.14 0.00000209

67.00 17.78 0.00000164

72.00 19.46 0.00000127

77.00 21.16 0.00000096

82.00 22.89 0.00000071

87.00 24 .65 0.00000052

92.00 26 .43 0.00000036

97.00 28.24 0.00000024

102.00 30.07 0.00000015

107.00 31.93 0.00000009

112.00 33.80 0.00000004

117.00 35.70 0.00000001

122.00 37.61 0.00000000

127 .00 39.55 0.00000000

132.00 41.51 0.00000000

137.00 43 .48 0.00000000

142 .00 45 .47 0.00000000

147 .00 47 .48 0.00000000

152.00 49 .51 0.00000000

157.00 51.56 0.000060000

162 .00 53.62 0.00000000

167 .00 55.69 0.00000000

172.00 57.79 Q.o00000000

177 .00 59.89 0.00000000

182.00 62.01 0.00000000

187.00 64.15 0.00000000

192.00 66.30 0.00000000

197 .00 68.47 0.00000000

Number of strike per year = 0.00062417
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Estimate sheilding failure of Lightning meshs at roof

Width of Building (m) = 20
Length of Building (m) = 40
Width of mesh (m) = 5
Length of mesh (m) = 10
Heigth of mesh (m) = 0.01
Initial striking distance = 12
Final striking distance = 400
Ground flash density = 5
Step of display = 10
r I Nf
12.00 2.07 0.00001021
22.00 4.42 0.00001515
32.00 7.06 0.00001549
42.00 9.92 0.00001407
52.00 12.985 0.00001216
62.00 16.14 0.00001028
72.00 19.46 0.00000859
82.00 22.89 0.00000714
92.00 26.43 0.00000592
102.00 30.07 0.00000490
112.00 33.80 0.00000405
122.00 37.61 0.00000335
132.00 41 .51 0.00000278
142 .00 45 .47 0.00000230
152.400 49 .51 0.00000190
162.00 53.62 0.00000157
172.00 57.79 0.00000129
182 .00 62.01 0.00000106
192.00 66.30 0.00000087
202.00 70.65 0.00000071
212.00 75.05 0.00000058
222.00 79.50 0.00000046
232.00 84.00 0.00000037
242 .00 88.55 0.00000029
252.00 93.14 0.00000022
262.00 97.79 0.00000017
272.00 102.47 0.00000012
282.00 107.21 0.00000008
292.00 111.98 0.00000005
302.00 116.79 0.00000002
312.00 121.65 0.00000000
322.00 126.54 0.00000G00
332.00 131 .47 0.000060000
342 .00 136.44 0.00000000
352.00 141 .44 0.00000000
362.00 146.48 0.00000000
372 .00 151.56 g.00000000
382.00 156.67 0.00000000
392.00 161.81 0.00000000
Number of strike per year = 0.002440386
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Estimate shielding failure lightning rods type E

Width of Building (m) = 20

Length of Building (m) = 40

Height of Rod(m)} = 5

Initial striking distance = 12

Final striking distance = 120

Step of display = 4

Ground flash density = 5

r I Ra Nf

12.00 2.07 9.75 0.00000883
16.00 2.97 11.62 0.00001123
20.00 3.92 13.23 0.00001279
24 .00 4.93 14.66 0.00001352
28.00 5.98 15.97 0.00001367
32.00 7.06 17.18 0.00001344
36.00 8.18 18.30 0.00001294
40.00 9.33 19.36 0.00001229
44 .00 10.51 20.37 0.00000078
48.00 11.72 21.33 0.00000019
52.00 12.95 22.25 0.00000000
56.00 14.21 23.13 0.00000000
60.00 15.49 23.98 0.00000000
64 .00 16.79 24.80 0.00000000
68.00 18.12 25.59 0.00000000
72.00 19.46 26.36 0.00000000
76.00 20.82 27 .11 0.00000000
80.00 22.20 27 .84 0.00000000

Number of strike per year = 0.00078398

Estimate shielding failure lightning rods type F

Width of Building (m) = 20
Length of Building (m) = 40
Height of Rod(m} = 4
Initial striking distance = 12
Final striking distance = 100
Step of display = 4
Ground flash density = 10
r I Ra Nf
12.00 2.07 8.94 0.00001046
16.00 2.97 106.58 0.00000559
20.00 3.92 12.00 0.00000221
24 .00 4.93 13.27 0.00000039
28 .00 5.98 14 .42 0.00000000
32.00 7.06 15.493 0.00000000
36.00 g8.18 16.49 0.0000000C0
40.00 9.33 17.44 0.00000000
Number of strike per year = 0.0001104857
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MAAUIN 1.

Tisunsaft g lunrsauIos

- -~ -~ x
Trunruilslumrs aluinafinusi WousnluTunts Bodand C Version 2.00

/*** Program calculate Strike at Tower ***/
#include <stdio.h>
#include <conio.h>
#include <math.h>

float h,rkt,si,sfs,i;
double ra,ne,nt,dp,ar ;

main()
{

printf ("\n Calculate Strike at Tower\n");
printf ("\n Hieght of Tower(m.) = ");
scanf ("%f",&h);
printf (" Initial Striking distance = = ");
scanf ("%f", &si);
printf (" Final Striking distance = ");
scanf ("%f",&sf);
printf (" Step of display ="
scanf ("%f",&s);
printf ("\n T I ");
printf (" Ra N\n");

nt = 0; ne = 0; kt=si;
for (r=si;r<=sf;r=r+0.5)
{
if(b>=r)ra=r;
if (h<r) ra = sqrt(2*h*r-pow(h,2));
dp = 0.4087/r * exp(-0.5249*pow(log(1/96),2));
ar = 22/7*pow(ra,2)*pow(10,-6) ;
ne = dp*ar;
nt = nt+ne ;
if (r==kt)

{
1=pow(r/6.7,1.25) ;
pontf("  %6.2f ".1);
printf(" %6.2f ".i);
printf(" %6.2f " ra);
printf(" %10.7f \n",ne);
kt=kt+s;
}
}
printf (" \n Number of strike =  %10.7f strike/year" ,nt);
getch();
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/*** Program calculate Strike at Line ***/
#include <stdio.h>
#include <conio.h>
#include <math.h>

float h,rkt,si,sfs,i;
double ra,nent.dp,ar ;

main()

{
printf ("\n Estimate Strike at Line \n");
printf ("n Hieght of Line (m.) = ")
scanf ("%f",&h);
printf (" Initial Striking distance = ");
scanf ("%f",&st);
printf (" Final Striking distance = "),
scanf ("%f",&sf);
printf (" Step of display = ")
scanf ("%f",&s);
printf ("o r I ");

printf (" Ra N\n");
nt = 0; ne = 0; kt=si;
for (r=si;r<=sf;r=r+0.5

{ .
if(h>=r)ra=r;
if (h<r) ra = sqrt(2*h*r-pow(h,2)); .
dp = 0.4087/r * exp(-0.5249*pow(log(1/96),2));
ar =2%*ra*0.1 ;
ne = dp*ar;
nt = nt+ne ;
if (=kt)
{
i=pow(1/6.7,1.25) ;
printf (" %6.2f ".1);
prntf (" %6.2f ".i);
prntf ("  %6.2f " ra);
printf (" %10.7f\n",ne);
kt=kt+s;
h
}
printf (" \n Number of strike =  %10.7f strike/year-100km." ,at),
getch();
}
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/*** Program calculate Strike at Building ***/
#include <stdio.h>
#include <conio.h>
#include <math.h>

float a,b.h,rkt,si,sEs,i;
double ranentdp,ar;

main()
{
printf (" Calculate Strike at Building \n");
printf (" Widht of Building = ");
scanf ("%f",&a);
printf (" Lenght of Building = ")
scanf ("%f",&h);
printf (" Hieght of Building = ")

scanf ("%f",&h);

printf (" Initial Striking distance
scanf ("%f",&si);

printf (" Final Striking distance = ");
scanf ("%f",&sf);

printf (" Step of display i\ &
scanf ("%f",&s);

printf ("\n r I N\n");
nt = 0; ne = 0; kt=si;

for (r=si;r<=sf;r=r+0.5)

it
3
e

-

{
if(h>=r)ra=r;
if (h<r) ra= sqrt(2*h*r-pow(h,2));
dp = 0.4087/r * exp(-0.5249*pow(log(1/96),2));
ar = (2*ra+a)*(2*ra+b)*pow(10,-6) ;
ne = dp*ar;
nt = nt+ne ;
i=pow(1/6.7,1.25) ;
if (==kt)
{
printf (" %4.0f "1);
printf (" %6.2f ".i);
printf ("  %10.7f \n",ne);
kt=kt+s;
}
}
printf ("n Number of strike = %10.7f strike/year” ,nt);
getch ();
}
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/*** Program calculate Transmission Line protection ***/ ‘
/*** Earth line and one Wire line ***/

#include <stdio.h>
#include <conio.h>
#include <math.h>

float ahe,hlrirfy,upard,s,ngagl,ag2,d;
double ar,r,rl,ra,dp,ne,ntk,1t,pc,pb,c,ia,ef,nlns,nsh,rh,ah,nh,al ;

main()

{
clrser();
printf ("  Calculate Transmission line Sheilding failuer \n\n");
prntf (" Height of Earthline(m) = ");

scanf ("%f",&he);

printf (" Height of Line (m) = ")
scanf ("%f",&hl);

printf (" Protection angle (degree) = ");
scanf ("%f",&pa);

printf (" Initial striking distance 3 $)F
scanf ("%f",&ri);

printf (" Final striking distance = ")
scanf ("%f",&rf);

printf (" Step of display = "
scanf ("%f",&s);

printf (" Ground flash density =W/ 55

scanf ("%f",&ng);

a=he-hl ; 1d =3.141/180 ;
¢ = a/cos(pa*rd) ;
nt = 0; ns = 0; nsh = 0; rt = ri;

printf (" T I Nwn");
for (k=ri;k<=rf;k=k+0.5)
{

ia = pow((k/6.7),1.25);
dp = 0.4087/k * exp(-0.5249*pow(log(k/96),2));
if (he>=k)rth=k;
if (he<k) rh = sqrt(2*he*k-pow(he,2));
if (h>=k) 1l =k;
if (hl<k) rl = sqrt(2*h1*k-pow(hl,2));
pb = acos(c/(2*k)) ; pc = (90*rd)-pb+(pa*rd) ;
y =k*cos(pc) ;ra=1l-y;
if (ra<0)ra=0;
ar=ra*0.1; al=rl*0.1; ah=rh*0.1;
ne = ng*dp*ar;
nl =ng*dp*al ;
nh = ng*dp*ah ;
if (l=rt)
{
printf (" %6.2f " k);
printf ("  %6.2f ",ia);
printf (" %10.6f\n",ne); rt =rt+s ;
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}

nt =nt+ne ; ns=ns+nl; nsh =nsh+nh ;

}
ef = ns/(nt+ns)*100 ;

printf ("\n\n Number of strike to Line = %]11.6f\n",nt);
printf (" Number of strike to Earth Line = %12.6f\n",nsh);
printf (" Efficeincy of Sheilding =  %8.4f\n"ef);
getch O;

}

/*** Program calculate Transmission Line protection ***/
/*** Three lines and one Earth line ***/

#include <stdio.h>
#include <conio.h>
#include <math.h>

float al,a2,a3,hehl,h2 h3,b1,b2,b3,ri,rfkp km,yl,y2,y3,urd,s,ng ;
double arl,ar2,ar3,r3,12,rl ral,ra2,ra3,dp,ne,nel,ne2,ne3,ntl,nt2,nt3,ntt,
k,t,c1,c2,c3,ia,pa1,pa2,pa3,pb1,pb2,pb3,‘pc1,ch,pc3,rt1,rr2,rt3;

main()
{
clrscr();
printf (" Calculate Three Phase Transmission line \n");
printf (" Height of Earth line (m) = "); .

scanf ("%f",&he);

printf (" Height of Line 1 (m) = ")
scanf ("%f",&h1);
printf (" Height of Line2(m) = ")

scanf ("%f",&h2);

printf (" Height of Line3 (m) = ");

scanf ("%f",&h3);

printf (" Horizontal distance from Earth line of line 1 (m) = "),
scanf ("%f",&b1);

printf (" Horizontal distance from Earth line of line 2 (m) = ");
scanf ("%f",&b2);

printf (" Horizontal distance from Earth line of line 3 (m) = ");
scanf ("%f",&b3);

printf (" Initial striking distance = "); scanf{"%f{",&ri);
printf (" Final striking distance = "); scanf{"%f",&rf);
printf (" Step of increase = "), scanf{"%f",&s);
printf (" Ground Flash density = "); scanf("%f",&ng);

rd =3.141/180 ;

al =he-hl ;a2 =hl1-h2 ; a3 =h2-h3;

cl = sqrt(pow(al,2)y+pow(bl,2)); pal =atan(bl/al);

c2 = sqrt(pow(a2,2)+pow((b2-b1),2)); pa2 = atan((b2-b1)/a2) ;
¢3 = sqrt(pow(a3,2)+pow((b3-b2),2)); pa3 = atan((b3-b2)/a3) ;
ntl = 0; nt2 = §; nt3 =0; ntt =0;
t=m;

for (k=ri;k<=rfk=k+0.5)
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ia = pow((k/6.7),1.25),
dp = 0.4087/k * exp(-0.5249*pow(log(k/96),2));
if (h3>=k) r3=k;
if (h3<k) 13 = sqrt(2*h3*k-pow(h3,2));
if (h2>=k) r2=k;
if (h2<k) r2 = sqrt(2*h2*k-pow(h2,2));
if(h1>=k) rl =k;
if (hi<k) rl=sqrt{2*h1*k-pow(hl,2));
pbl = acos(c1/(2*k)) ; pcl = (90*rd)-pbl+pal ;
yl =k*cos(pcl) ;
pb2 = acos(c2/(2*k)) ; pc2 = (90*rd)-pb2+pa2 ;
y2 =k*cos(pc2) ;
pb3 = acos(c3/(2*k)) ; pc3 = (90*rd)-pb3+pa3 ;
y3 =k*cos(pc3) ;
if (r1>=(y2+b2-bl))
ral =y2+b2-bl-yl; elseral =0;
if (r2>=(y3+b3-b2))
ra2 =y3+b3-b2-y2 ; elsera2 =0
ra3 =r3-y3;
if (ral<0) ral =0;
if (ra2<0) ra2 =0,
if (ra3<0) ra3 =0;
arl =ral*0.1 ; ar2 =ra2*0.1 ; ar3 =ra3*0.1 ;
nel =ng*dp*arl ;
ne2 =ng*dp*ar2 ;
ne3 = ng*dp*ar3 ;
ne = nel+ne2+ne3 ;
i{f (k=)
printf ("n  %6.2f %6.2f" k,ia);
printf (" %9.6f",nel);
prntf ("  %9.6f",ne2);
printf (" %9.6f",ne3); t =t+s;
}
ntl =ntl+nel;
nt2 = nt2+ne2;
nt3 = nt3+ne3;
ntt = nt1+nt2+nt3 ;

}

rt]l = ntl/ntt*100 ;

rt2 = nt2/ntt*100 ;

3 = nt3/ntt*100 ;

printf ("n\n Number of strike per year of Line 1 = %9.6f ",ntl);
printf ("n = %9.2f "1tl);

printf ("\n Number of strike per year of Line 2 = %9.6f ",nt2);
printf ("\n = 9%9.2f "1t2);

printf ("\n Number of strike per year of Line 3’ = %9.6f ",nt3);
printf ("n = %9.2f "rt3);
printf ("n\n Total Number of strike per year = %9.6f",ntt),
getch O;

}
/*** Program calculate Mesh Configuration ***/
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#include <stdio.h>
#include <conio.h>
#include <math.h>

float 1,w,lm,wm,ngh,ri,rfl kp.km,s,tu,rt,ab,i;
double ar,att,ra,ir,dp,ne,nt ;

main()

{ .
printf (" Estimate sheilding failure of Lightning meshs at roof \n\n");
printf (" Width of Building (m) = "
scanf ("%f",&w);
printf (" Length of Building(m) = ");
scanf ("%f",&l);
printf (" Width of mesh (m)
scanf ("%f",&wm);
printf (" Length of mesh (m)
scanf ("%f",&lm);
printf (" Heigth of mesh (m) =S -8
scanf ("%f",&h);
printf (" Initial striking distance = ");
scanf ("%f",&ri);
printf (" Final striking distance = ");
scanf ("%f",&rf);
printf (" Ground flash density = ")
scanf ("%f",&ng);
printf (" Step of display =");
scanf ("%f",&s);
nt=0; 1t =ri;
a=w/wm;
b=Vlm;
for (k=ri;k<=1f;k=k+0.5)
{

I il
= =
¥ i

dp = 0.4087/k * exp(-0.5249*pow(log(k/96),2));
ra = sqrt(2*h*k-pow(h,2));
= 2%a;
if (rr>=1/b|jr>=w/a) ar = 0;
else
ar = (I*w)-(2*b*w*ra)-(2*a*1*ra)+(4*a*b*pow(ra,2)) ;
ne = ng*dp*ar*pow(10,-6) ;
{if (k=rt)
i=pow((k/6.7),1.25);
printf (" %6.2f  "X);
prntf (" %6.2f ".i);
prntf (" %12.8f\n",ne);
t = k+s;
}

nt=nt+ne;

}
printf ("o Number of strike per year = %12.8f\n",nt);
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getch();

{*** Program calculate Lightning Rod configuration ***/
/**#* Four rods at corner ***/

#include <stdio.h>
#include <conio.h>
#include <math.h>

float a,b,av,bv,c,al,blhrifirtkingstu;
double ar,att,ra,dp,ne,nt ;
main()
{
clrser();
printf (" Calculate 4 rods at comer \n\n");
printf (" Width of Building (m) = ");
scanf ("%f",&a);
printf (" Length of Building (m) = "
scanf ("%f",&b);
printf (" Height of Rod(m) = ")
scanf ("%f",&h);
printf (" Initial striking distance = )
scanf ("%f",&ri);
printf (" Final striking distance = ");
scanf ("%f",&rf);
printf (" Step of display = ")
scanf ("%f",&s);
printf (" Ground flash density = ")
scanf ("%f",&ng);
av=a/2 ; bv=b/2;
¢ = sqrt(pow(av,2)+pow(bv,2)) ;
nt = 0; 1t = ri; printf("\n");
printf("a ")
printf (" I Nf \n");
if (bv>av) { bl=bv ; al=av ;}
if (bv<=av) { bl=av ; al=bv ;}

for (k=ri;k<=rf;k=k+0.5)
{
dp =0.4087/k * exp(-0.5249*pow(log(k/96),2));
if(h>=k)ra=k;
if (h<k) ra = sqrt(2*h*k-pow(h,2));
if (ra<=al)

{ ar = (a*b)~(3.142*pow(ra,2)); }
if{ ra>al && ra<=bl)
{ ar = (a*b)-2*(al*sqrt(pow(ra,2)-pow(al ,2)+(pow(al,2)*asin(al/ra)));

}
if (ra>bl && ra<c)

{ t = (al*sqrt(pow(ra,2)-pow(al,2)))Hb1 *sqrt(pow(ra,2)-pow(b1,2)));
u = pow(ra,2)*(asin(al/ra)-acos(b1/ra)) ;
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ar = (a*b)-(2*t-(2*u) ; }

if (ra>=c) ar=0;

ne = ng*dp*ar*pow(10,-6) ;
if (==t)

{

i=pow(k/6.7,1.25) ;

printf ("  %6.2f "kK);

printf (" %6.2f ",i);

printf (" %6.2f ",ra);

printf (" %12.8f\n",ne); rt =rt+s 1
nt = nt+ne;

} :
printf ("\n\n Number of strike per year = %]12.8f\n",nt);
getch();
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