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Analysis on Induced Lightning of a 22.9kV-Y Distribution Line
Using a Reduced Model

AR AT = Qg w0 g g A
(Jeom-Sik Kim * Do-Young Kim * Yong-Beom Park * Sin-Won Kwon - Kyung-Suk Gil)

Abstract - This study fabricated a simulation facility which reduced the structure of a current distribution line to 50:1 in
order to analyze the induced lightning shielding effect of a 22.9kV-Y distribution line according to ground resistance
capacity, grounding locations, etc. When installing an overhead ground wire, the standard for grounding a distribution line
with a current of 22.9kV-Y requires that ground resistance in common use with the neutral line be maintained less than
50Qevery 200m span. The reduced line for simulation had 7 electric poles and induced lightning was applied to the ground
plane 2m apart from the line in a direction perpendicular to it using an impulse generator. If induced voltage occurred in
the line and induced current flowed through the line due to the applied current, the induced voltage and current of the ‘A’
phase were measured respectively using an oscilloscope. When all 7 electric poles were grounded with a ground resistance
of less than 50%Q respectively, the combined resistance of the line was 7.4%. When an average current of 230A was
applied, the average induced voltage and current measured were 1,052V and 13.8A, respectively. Under the same conditions,
when the number of grounding locations was reduced, the combined resistance as well as induced voltage and current
showed a tendency to increase. When all 7 electric poles were grounded with a ground resistance of less than 1002, the
combined resistance of the line was 14.9Q2. When an average current of 236A was applied, the average induced voltage
and current of the ‘A’phase calculated were 1,068V and 15.6A, respectively. That is, in this case, only the combined
resistance was greater than when all 7 electrical poles were grounded, and the induced voltage and current were reduced.
Therefore, it is thought that even though ground resistance is slightly higher under a construction environment with the
same conditions, it is advantageous to ground all electric poles to ensure system safety.
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Fig. 1 Electric pole size and equipment space applied to
the transmission line
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Fig. 2 Overhead ground wire installed for the transmission
line and its grounding criteria
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Table 1 Reduction ratio of the overhead line for the reduced
simulation test
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Fig. 3 Spacing for electric poles and major equipment configured
for the reduced simulation test
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Fig. 4 Arangement of electric poles configured for the reduced
simulation test
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Fig. 5 Photograph of the impulse generator used for the
simulation test
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Fig. 6 Photograph of the transmission line for which the
reduced simulation test was performed (50:1)
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Table 2 Test conditions of the transmission line for the reduced
simulation test
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Table 3 Measured value when 7 reduced electric poles were
grounded with a ground resistance of less than 5092
respectively (Case 1)

AT | o AT | ol | A=%4

No | 1Al | ag vl | A% (Al | A% [9]
1 224 941 2.8

2 231 1,130 16.2

3 216 962 13.8

4 218 810 11.4

5 240 1,310 18.0

6 232 990 13.2

7 254 1,240 19.2

8 224 950 11.4

9 220 931 12.4

107 220 1,080 13.6

11 228 1,160 14.2 7.4
12 240 1,160 16.9

13 252 1,290 18.2

14 240 1,250 16.2

15 250 1,220 17.6

16 219 910 11.6

17 224 980 12.8

18 224 970 13.0

19 228 959 12.2

20 206 792 11.2
B 230 1,052 13.8
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Table 4 Measured value when one electric pole is grounded with a FEAY 2 fFEHdFE
ground resistance of less than 50Q (Case 2) stAl @ Ao R I T 50Q0]5tE dF JfAnt
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S %g %%8 g‘l“% Table 6 Measured value when 7 reduced electric poles were
10 240 1.120 13.5 grounded with a ground resistance of less than 1002
1112 Sé% }%88 %gg 36.8 respectively (Case 4)
13 258 1.330 20.8 No | WHE [ FEAY | wEAar | A=98
14 230 1,070 12.4 I[A] AN [V] A% [A] A3 [Q]
}(55 328 18330 %0(2) 1 248 1,270 18.6
, 0. 2 240 1,050 16.2
17 230 983 16.0 3 254 1,380 20.6
18 245 1,250 18.0 4 244 1,220 17.8
19 234 1,070 14.2 5 238 1,130 16.0
20 236 1,200 14.6 6 244 1,210 17.8
At 242 1,166 16.4 7 234 1,170 16.6
8 221 890 13.1
- . _ ) 9 228 830 12.2
H 5 H2E OF 2HAE 22 50Q olstE T AlBsRE 10 296 970 14.4
ufel &3 ZHCase 3) 11 226 912 12.6 14.9
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Table 7 Measured value when one €electric pole is grounded with a
ground resistance of less than 1002 (Case 5)

VM | LAY | AR | AEREA
No 1(A) A ) | A% O | "9 (9]
1 232 1.260 16.8
2 260 1.530 21.6
3 252 1.270 16.4
4 248 1.320 16.2
5 222 840 11.9
6 224 1,000 12.8
7 233 1,020 13.2
8 236 1.150 14.7
9 240 1.090 14.8
10 239 1.260 16.0
11 226 970 12.4 56
12 229 1.040 14.6
13 248 1.260 17.4
14 236 1.360 16.8
15 252 1.570 19.6
16 236 1.320 16.6
17 230 949 12.6
18 242 1,340 17.2
19 242 1.470 18.4
20 240 1.190 14.4
A1 238 1.210 12.6
E 8 =4 MFE IaE 22t 100Q 05tR HX| AlZ
M el £X ZtCase 6)

Table 8 Measured value when 2 reduced electric poles were
grounded with a ground resistance of less than 1002
respectively (Case 6)

T | ol | fede | A=A

No 1[A] A% V] | A% (Al | A9 [9]

1 220 1,140 11.6
2 228 1,090 12.6
3 234 1,520 16.4
4 244 1,610 15.6
5 230 1,490 15.6
6 240 1,380 14.6
7 242 1,720 18.8
8 228 1,440 16.0
9 241 1,370 16.2

10 230 1,380 15.4

11 226 1,170 11.8 36.4

12 238 1,450 16.8

13 234 1,330 13.6

14 242 1,540 16.0

15 227 1,330 13.2

16 220 1,190 14.2

17 226 1,110 13.0

18 240 1,720 17.0

19 242 1,780 18.4

20 228 969 11.2

I 233 1,386 14.9
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Fig. 7 Induced voltage and induced current that is measured
in reduction simulation
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