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Transient State Analysis of Faults Caused by Lightning Surge in Distribution Line
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Abstract - This paper presents the voltage characteristics of the various faults after lightning surge hits the overhead
grounding wire close to the transformer's secondary side. Based on the modeled distribution system, the cases of the various
faults occurred by lightning surge are simulated using EMTP/ATPDraw and maximum overvoltage and RMS voltage according
to the distances from the transformer are investigated. As a result, it is seen that the voltage characteristics of faults caused
by lightning surge is different depending on the fault type and the voltage characteristics can be used to detect the fault

type caused by lightning surge.
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¥ 1 Heidler Type Model ¥&E3gt
Table 1 Parameter Value of Heidler Type Model

DATA Value
Amplitude (Z,/n) 56,000A
7 TE-6s
7 8E-5s

n 1
Starting Time 0.001s
Ending Time 0.002s
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Fig. 1 Characteristic Curve of Lightning Surge 2/70us, 56kA
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Table 2 Parameter Value of AC Source Model

DATA Value
Amplitude 125,740V
Frequency 60

Phase

Al
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Fig. 3 Output Voltage Waveform of Modeled Generator
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Table 3 Parameter Value of Saturable 3 Phase Model

- Prim. Sec. Tert.

U[V] 125,740 18,697 5,388
R[Ohm] 1 1 1
L [mh] 1 1 1
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Fig. 4 Primary Side Voltage Waveform of Modeled Transformer
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Table 4 Parameter Value of MOV Model

Current [A] Voltage [V]
180 57,500
254 58,000
358 58,500
503 59,000
706 59,500
987 60,000

1,912 61,000
3,664 62,000
6,949 63,000
13,048 64,000
17,813 64,500
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Fig. 6 The V-I Characteristic Curve of Modeled Lightning
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Table 5 Parameter Value of Distribution Line

an 214 [cm] =0) rShabSiEs

o uwa | ooz [m] [©/km]
7HERIA 0.13 0.39 14.8 0.899
AR 0.39 0.91 13.3 0.182
S48 0.225 0.675 12.1 0.301

OIEE A B HAKEE A (9)~Al 100 H8F 4 r}

o -

L= %H}Aﬁomogmrﬂ[mf[/m} 9
0.02413

Cc= T luF k] (10)
long

ro=4s" o 11
O71M De ATAR, r& JAA9 BXE, s &kA 45
ol 7l5tstA Het ATlE Qn|sitt.
3. AlEZ0lM ¥ Hm B4
31 Al R0 ME et
311 HAR] o]F 1Fo] LASIK] e FL
2dg # Ad=o] HMAE KYEde 2% Ad Hoikd

o J8i=Ze= O" syt Zth J"E0A Hole ZA"E WARIRZ
Qs vpEto] e W AYOl 7MY =2 FuvYde UE

54

90000
80000 \
70000 '\\_._\-.___*___’_—’
# o000 —— =
o]
3 50000 e
A }
0‘3- 40000 —m—BY
cat
17y 30000 =
V)
20000
10000
0
o 500 1000 1500 2000 2500
=HAAE2=2RHY A (m)

38 8 WAA o]F RE Al AZld Frhabder =
Fig. 8 Maximum Overvoltage Graph of No Fault After
Lightning Surge

0z

O] C& H} =2 Ftydete UERRITE Ol HA]
=l Al A0 AY, BY, CdwlR &7 UiEoIth
A7 7 AFezRE Holdss Fode: &

s ¢+ Atk

O

I re Nk
40

QX 3E
rlrijow
PO i
>

312 HAA] olF 14Xe ugo] Sds= 2

] soooo
4| 40000
30000 i
20000

10000 -

o 500 1000 1500 2000 2500

HAAEc=25HY A )

I8 9 AR o]F 14X Al Azl Fchpde dei=
Fig. 9 Maximum Overvoltage Graph of Single Line to

Ground Fault After Lightning Surge

ey © Aol HARZE fAEo] ugr] 1dXE 1g8o]
Hls 49 Avld Foide Jefxes 7 9o At O-lol
A Hole ZIAE 1dR= agol ddle 49 K= ugol
Aot AdoAE W] FolA Fojakdeto] 7tg Wor A
A 7Y ANECERE 500m He= HolA9 Fthutdede 7he

Hdy © Ad=ol HARZE fAEo] wlgr] 2dXE 1g80]
BYTH 49 Anld FUiaEY JEizs Y 103 Zrh 24K
g 1go] wdst A9 At 1go] dlst A, BYOAIS] F|Th
I 1R HiszotA 7] S0l 7he ©om AR



—— p)
—-—pY

———Ccit

[1] 5*‘30 IC;CO 15‘03 ZC;CO 25‘03
HAAZ L2 FEHY Ad(m)

38 10 HAA] o]F 24K Al A Fharder =

Fig. 10 Maximum Overvoltage Graph of Double Line to

Ground Fault After Lightning Surge

& NECERE 500m FH= XHoJA9 Ftjubaeo] 7td =t

g & 4 Uk

rr 4o

314 HMR] 0)F 3MX|E 1O WA= B

80000

70000 — —
#| 60000 //}\"\: ME—
L]] 50000

3t ——al
#| 40000
i) —m—8y
= 30000

] cd

o 500 1000 1500 2000 2500

HAAZCc2RHY A (m)

3% 11 HAX] o]F 3MRE Al AZlE Fthapder =
Fig. 11 Maximum Overvoltage Graph of Triple Line to
Ground Fault After Lightning Surge

ey # Aol HAMXZF {0 wFr] A g0l
LA 42 Anld oAt Teilze Oy 113 &k 34X
gt 1go] dlst 49 14dRE, 240K= AlQF HIszsHAl 11E 0]
S A, B, CHOIAS] Ftiabdeto] Welr] FolA 7he Wo
M HAAl 2 AFOZRE 500m FHiE XollAol Zthabagol
7V st g &€ 4 Atk

315 WA o) MzER 1) WS B9

Dy § Az HARZH fYE0] Wyl dziee ngol
WS F9 Al HrTEY JwEe 1Y 129 2ok WA
Al ol% Aetumo] WS Feo Iejmols Hel Mzitol
WYSHE Aol WAK S99 AEIMYl HomEgol 7t
SO 22 @ 4 Atk E8 AR of WAlS A, BY U]
AR RUNE & HOEE SR AR A0 ANE 2 5
RIck

=HAMXof ofgh BiMME DE Al B HE] ZA

Trans. KIEE. Vol. 65, No. 1, JAN, 2016

%] 60000 |
i;lll- 50000
] =AY
o‘{]‘ 0000 weeifien BA}
(v) 30000 cx
20000
10000
[+]

o] 500 1000 1500 2000 2500

HAHZHOZRHE A2l (m)

J8 12 HAR] o]z Azicker Al Al Foiipdet Jei=
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Fig. 13 Maximum Overvoltage Graph of Three Phase Short
Circuit Fault After Lightning Surge
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