A - B s S

LPATSE #IA e
BoR i FHEHRU X MEEA

RPN 2 il SN

T T

& &=

19994 64



LPATSE #I A et

BB REBRW H MEEM

i e LEE AL G o= fRHI S

19994 64

el TE LB HS R

[S7IW )

AL HR F
% 8 F
% 8 F

RPN 2 il SN
19994 6H



Prediction of Lightning Damages
and Maintenance of Distribution Line

Equipments Using LPATS

Tae-Ik Kim

(Supervised by professor Se-Ho Kim)

A THESIS SUBMITED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING

DEPARTMENT OF ELECTRONIC AND ELECTRICAL
ENGINEERING
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

1999. 6.



LIST OF TABLES -+ eoeeeeeerressesesieeieteieietistesie ettt ettt eas et sse s vi
LIST OF FIGURES - eoeeeeeseeenienentinint sttt bbb vii
QUMMARY -++veveeverreereereetertentesientit ettt ettt ettt b e s bbb e ae bbb b e b e bbb en e e abestens Vil
I ,\-] % ............................................................................................................................... 1
T TR TR U e L 3
1. HH;‘Q_J‘\-_]EQ] 34331\01-;]. q-ﬂ;néﬂ% .......................................................... 3
2. Wl AT AAEH W S TPR A ] e 4
3. HH%’j’éH] 5:]-;5]1 s‘:]_%]- ...................................................................................... 6
1] _t,'_]zl_':‘tz-ll)‘n_xél i %_1;._;]7‘;-]_%} __:;:_g_;“)‘n_} ............................................... 10
1 LPATS .............................................................................................................. 10
2 5—,]2_1;&1[ /}_zél SE T TTEN ceeeeee 12
3. = ;‘q_c?:} FEELAAF e 13
V. sjAAY] s 24 AEgo]d @ AZFLE s 16
1. HHZ‘j’éH] }4-;5]1 _‘}_f-__/}:} *]%ﬂ]olﬁ .............................................................. 16
2. ZAEFITEE e 29



25

VI.

26

27

H]

30

ar

A

o
N

1

(1/25000,

31

34

e D SO

ﬂmo
o

|

a7 ] ] 3

2.

=2
=



Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

LIST OF TABLES

1 Occupation rate Of lightning CULrTENt ~ororrrrerrrrrerereenn, 4

2 Rated voltage and impulse withstanding

voltage of distribution line equipments «---ocoooeeereeereeeeeen: 5

3 Fault statistics classified by cause

and year in national region ......................................................... 7

4 Fault statistics classified by cause

5 Statistics for Fault of distribution equipments

due to lightning in national region ........................................ 8

6 statistics for Fault of distribution equipments

due to lightning in Cheju .............................................................. 9
7 Result of sample calculation o 14
8 lighting-induced voltage in parameter changes - 15

9 Examples of lightning point and equipment

damage in Cheju - 18
10 Display of lightning point and

lightning_induced voltage fOf type 1 ................................... 20

,Vi,



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LIST OF FIGURES

1 Diagram of statistics for Fault of distribution
equipments due to lightning in Cheju ........................................ 9
2 LPATS Configuration ................................................................................... 11

3 Display screen of lightning location

5 Lighting-induced voltage magnitude
Of Condition 2’4’8 ..................................................................................... 14

6 Lighting-induced voltage magnitude

of Condition 1’3’7 ..................................................................................... 14
7 Flow chart for lighting damage simulation o 16
8 Voltage waveforms classified by position -, 21

9 Results of lightning-induced voltage calculation
for type ) IR T P T P PP PP PP P PTPPPTPPPIPPPPPPPPPPPPPPPPPPPPRPRPP PSPPSR PRI 21
10 Application system for prediction of lightning

damages and maintenance of distribution equipments - 24

- Vil —



SUMMARY

Lightning is the major cause of outages on distribution and transmission
systems in lightning-prone areas. In this paper, we analyze the damage modes
of distribution equipments by lightning and calculate the lightning-induced
voltage by using the analysis program, Also, it is developed the program
that shows the exact lightning position on the route map of the distribution
line in the Cheju district. In the calculation of lightning-induced voltage,
it is used the various parameters obtained by LPATS being operated in KEPCO
from 1995, Based on the lightning-induced voltage and the exact lightning
position acquired by the developed program, we can predict the extent of
damages in distribution systems. The result in this paper is very useful in
finding fault location by lightning and performing rapid outage recovery

and maintenance of distribution line equipments,

Key words : Lightning-induced wvoltage, Distribution 1line, LPATS,

Prediction of lighting damages
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Table 2. Rated voltage and impulse withstanding voltage
of distribution line equipments
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Table 3. Fault statistics classified by cause in national region

]

‘93 §§ 428 11271 119 |168| 703 | 605 | 61 | 121 | 111 | 348 | 52 | 227 | 3070
‘94| » | 474 | 140 | 123 | 184 | 745 | 416 | 55 | 89 | 98 | 444 | 343 | 290 | 3401
95| " 424 11381101 |233| 732 | 214 | 22 | 50 | 45 | 375 | 318 | 217 | 2869
96 7 1697 1118 | 86 |145| 631 [ 301 | 25 | 25 | 30 | 382 | 292 | 174 | 2906
‘97| » [ 460 | 80 | 69 |200]| 544 | 93 | 17 | 27 | 43 | 314 | 253 | 133 | 2233
zﬁ 7 12059 | 465 | 397 | 697 | 2623 (1415|158 | 262 | 282 | 1488 | 940 | 824 [11610
=

fi 7 |17.7 4 3.4 6 | 23 |12.2|1.4]12.3|2.4]12.8]8.1[7.1] 100
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Table 4. Fault statistics classified by cause in Cheju
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Table 5. Statistics for fault of distribution equipments

due to lightning in national region

A= | 2 | A |7FSRAA] of#F |21 | Zi= 7] [ 2= 21| 71k | Al
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96 ” 39 3 45 8 12 12 26 | 145
‘97

" 74 2 40 16 11 30 27 | 200
S+ A " 267 9 231 89 74 117 | 143 | 930
3 le)
E;%“T ” 28.7 1 24.81 9.6 8 12.6 | 15.4 | 100




Table 6. Statistics for fault of distribution equipments

due to lightning in Cheju
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Fig.1 Diagram of statistics for fault of




distribution equipments due to lightning in Cheju

243l LPATSE widdZef goldiA &

tol 100222 HZAXE 0R=R

il

°

]

-

]

5171

°

ol

o Axso]

b A EARE AT e

R

k-3

4% £ Folt.

= x
=2

7t A HolA oW Helel EE A

7}

T 1995 F-&| LPATS

LPATS

°

]

o= 7hg el golA

244 U ds

1.
o

=K

of chulg 4 gch

1, 1998)

bl

i
B!
o
e

=|

17} A== o gt (

,10,



h 2953 I el =
T 6‘—'—\2:

Fig. 2ol LPATS2]

Fig. 3o] LPATSoA] 1997.7.16 16A] 49& 11

Z(AAF +11.6kA, 9% 33.5321, 7= 126.8644)0] AZH A =x| 2]

d2l9)A EAIEES Uehfac

%z e azA ¥E 2 B
Stroke
GPS
Antenna
Receiver
CA ¢
£47]
VIS LADS NETMON LWAS
S A A 71 5AH A I FATERER] B} T A

Fig.2 LPATS configuration

,11,



Ii & COCF | 20N oSO S (N el o T -0

Fig.3 Display screen of lightning location in Cheju
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5 = zd | 23 | 23 | 23 | 23 | 24 | 24| =4
T 1 2 3 4 5 6 7 8
Z 23 1 223 4
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Fig.5 Lighting-induced voltage magnitude of condition 2, 4, 8
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Table 8. Lighting-induced voltage in parameter changes

=AY [kV]

shefeet
Om 200m 400m 600m 800m 1000m

HAHE 100 172.8 129.2 111.4 105.3 101.9 94.3

[kA] 20 34.6 25.8 | 22.3 21.1 20. 4 18.9

T2} 1 229.4 162.8 139.4 132.4 128.9 120.8

[ sl 3 140. 9 107.7 | 93.2 88.1 84.0 77.3

o) 2 50 172.8 129.2 111.4 105.3 101.8 94.3

[ ps] 100 172.8 129.2 111.4 105.3 101.9 94.3

ARk 9 172.8 129.2 111.4 105.3 101.9 94.3

[mm] 7 172.8 129.2 111.4 105.3 101.9 94.3

50 248.7 162.8 145.4 140.0 135.9 128.2

SERE:

[m] 150 133.7 108.9 92.5 86.0 82.5 75.1
m

300 80.0 72.9 62.9 56.8 53.5 46.9
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Table 9. Examples of lightning point and

equipment damage in Cheju

O:ﬂ
. HAE T by | Exzt
'l(?l—ag OE]}\] 735— ‘?’]E (kA) %j(?:} Xo]_‘/;_ ;]}—i 7] E]-
(kV
‘97.7.16 . HJEH
1 33,5295 | 126.6041 | -33.4 |-137.3| =4 | ocor =75,
16:24 R
‘98.7. 15 e gy
2 | 0| 33.289 | 126.7461 | 20.9 | -85.8 | DlRics
3 | 98715033 0851 1266475 | 20.7 | 122.1 | )
g | BT 150 a5 660 | 196,749 | -27 |-111.0| » p
04:17
—LHO.E}—
5 | 98715\ 5309 | 1267402 | -21.7 | -89.2 | » , P.Trags
04:20
2170
6 9021',7?;115 33.3222 | 126.7041 | -23.2 | 95.4 | )
| F29288
1 3037] &
‘98.7. 15 =4 | ocR
7| Oiie | 33.2695 | 126.6533 | 25.1 |-103.2| T |
HH A LS
g | 98715 53 3095 | 196.708 | -17.5 | -71.9 | » p L:ﬁzoﬂﬂ
04:46 | 3% : : :
‘ A%,
9 | " 1°133.3007 | 126.6943 | -19.5 | -80.1 |, #lm| K5
D/L ©
10 ‘9085:74615 33,2832 | 126.7402 | -18.4 | -75.6 | p
98.4.23 | 33°25 " | 126°36 & ol =}
X} -

Table 9. (continued)
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HA | e w2 o,
FE |2 A |3 =8 = | F | AL | B2 ;];] 71 El

(kA) | (k) | (D/L)
12 | 335023%/ 12?;4,,5/ 21.7|-54.0 | 713 |oCCR 3‘-7?;12
13 gf;ﬁl 333033},/ 122;4,9/ -22.9|-60.7 | 7 y 3%“’1’2-;%?%
14 92135:7.121 33002:)‘?/ 12223,9/ -30.2 (-124.1| &a} | » AS A&
15 95133?351 33300223/ 123;35’/ -24.5(-80.9 | B& | » | ¥ mE
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Fig.8 Voltage waveforms classified by position

Main Data File :
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Transition Data File :
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C: \INDUCE\TRP\-5-3]1. TRP
NONAME , OUT

6

From: To: Type

Max
46507. 03
49675, 79
51033, 54
53737.16
62741. 14
88482. 66

Min
-486. 8193
-714.438
-577.9194
-473.851
-664. 5853
-1215.074

for type 1

AbsMax
46507. 03
49675.79
51033. 54
53737. 16
62741.14
88482. 66

Fig.9 Results of lightning-induced voltage calculation for type 1
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o B F 7328 Visual Basicl ZE oleje} Zo] ZMAIs}aitt.

/st @] 2 ZF Q1] wl Al Abssktekssksisioksgsokselolk /
/o 1002 =2 A8 - - /
secvalue = Array(10, 12.5, 15, 17.5, 20,

22.5, 25, 27.5, 30, 32 5, 35)
P —— 10252 6025 Axtste] w3} g /

For i = 0 To 10
temp = secvalue(i) / 60
minvalue(i) = 33 + temp

UEE E A 100RE, RS, 913 Fohdsl—/
=0 To 10
f minvalue(i) > invalue Then
outvaluel = minvalue(i - 1)
outvalue? = secvalue(i - 1)

R QLY R [ANLA AL Pl /
temp = (invalue - outvaluel ) * 110916
outvalue3 = Clnt(temp)

/st 3 2 Z7F Q1@ Wl A Abseteksksisioksgsioksstolsk /
fmm e 1002 =2] HJAFE g /
secvalue = Array(7.5, 10, 12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30

32.5, 35, 37.5, 40, 42, 5, 45, 47.5,50, 52.5, 55, 57.5)

e 10252 608 % Axtste] w3t &-------—-- / For
i=0To 20
temp = secvalue(i) / 60
minvalue(i) = 126 + temp

fomemne- QU g A 2A Ae] o] / temp
= (invalue - outvaluel) * 92916
outvalue3 = CInt(temp)

/ estosioloiootolo! sk 73 _,,]—_1}‘-_ Hﬁ_‘g_ ——,—‘6]—7] sieslestestestesienistesieostetesiteok
garr = Array(19, 20, 21, 19, 20, 21, 16, 17, 18,
16, 17, 18, 16, 17, 18, 3, 14, 15,
13, 14, 15, 13, 14, 15, 10, 11, 12,
10, 11, 12, 10, 11, 12, 10, 11, 12,
9, 7,8 9,7, 8,9, 4, 5 6,
, 6,4, 5 6, 1,2 31, 2 3)
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warray = Array(9,10, 0, 0, 5, 6, 7, 8, 9,
0, 3, 4, 5 0, 3, 4, 5, 0,
0, 0,6,7 8 0 2 3, 4,
10, 0, 0, 6, 7, 8, 0,3, 4,
2,0, 0, 0, 6,7 8,9, 3,
0, 2,0, 0 0 6,7 8, 0,
5, 0,1, 2, 0, 0, 4, 5, 6,
2, 3, 0)
JE— Y Fzef 9= AAUEE A2
AAE HISE F317] --
For i =0 To 19
For j = 0 To 2
If glist(i, j) = gyoungdo Then
For k = 0 To 3
If wlist(i, k) = wido Then
result = i + 1
allstp = 1
Exit For
End If
Next k
End If
If allstp = 1 Then Exit For
Next j
If allstp = 1 Then Exit For
Next I
oo Azts Wzel wE A% d9s]
Select Case result
Case 1: Place = "¢&"
Case 2: Place = "AloF
Case 3: Place = "Z44”
Case 4: Place = "&15}”
Case 5: Place = "H2”
Case 6: Place = "¥¢”
Case 7: Place = "2}xF
Case 8: Place = "¢|u]”
Case 9: Place = "A|F"
Case 10: Place = "2z}
Case 11: Place = "gtgjpat”
Case 12: Place = "X]3”
Case 13: Place = "3|4”
Case 14: Place = "&4"
Case 15: Place = "7}3”
Case 16: Place = "3gtgl”
Case 17: Place = "#]A]”
Case 18: Place = "E&”
Case 19: Place = "IAF
Case 20: Place = "F&7
End Select
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