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Verification of Underground Distribution Line Modeling with Field Test
TR @ - R ET W
(Chang-Sub Yun * Jong-Beom Lee - Jae-Bong Lee - Byong-Suk Kim)

Abstract - This paper described the verification of modeling technique of underground distribution line from

comparison between field test and simulation. It needs more exact transient phenomenon analysis model to establish
lightning protection of underground distribution line. Although, there were a lot of transient phenomenon researches,
nobody could has verified the confidence of modeling from field tests in interior until now. So, simulation model verified
field test is needed to analyse transient phenomenon of underground distribution system. The examination must be
accomplished in many different condition before suggesting these verified analysis model. In this paper, the conditions
were examined and the various data results on the different line composition was compared with the EMTP simulation,
when the lightning impulse test was accomplished at underground distribution line. Also the value between field test and
simulation was very closed and the method of modeling has demonstrated confidence, when the method is used to
analyse domestic transient phenomenon of underground distribution.

Key Words @ Underground distribution system, EMTP, Cable, Modeling, Field test.
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Fig. 2.1 Underground distribution line for testing
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Table 2.1 Performance of impulse voltage generator

Performance Value
Total Charging Voltage 600kV  30k]J
Wave Shape 1.2/50 us , Standard Impulse
6 Stages of 1 uF - 100 kV
Charging Capacitors ag_ © “
Capacitors
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Fig. 2.2 Standard lightning impulse generator
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Fig. 2.3 Voltage comparison between test and simulation
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Table 2.2 Characteristic of underground distribution cable
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Fig. 2.4 EMTP Model of underground distribution cable
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Fig. 2.5 Voltage according to frequency

AZMAANEE mdYy| YsHE AoEE FAHs
B8 %, A3 BAo] FosA Yook dvt m
ABALE Adsy] 4% SErga A2AF T2a
dE E49 WIAH =H&, vFEAE vsHE F&
gg = A Hol gtk AFuAAE BT
A AdA e FAERL MR A FLsHA ALHTh

FAE ogd HAELE EMTPE 3 Axlsta

.
i
A

AZujAA o g EAg Adsy] AT dvEas o=

M AE PatE L S 2T 9 AolEe A
G BHYMEAE 4 (1), @ X Hdu

r= B+ jul) (C+jul) =a+js @

. R+ jwL)

= @

71 A,

ro ARE

o B

B : A%

Z: ERAUAI (A L)

Wi TS

LFEFE A= wl> R wC>» G o|BE g 4 (3)~
6)7 Zeo] Hefol it

_r_.
r—2—Z-+gw\/LC (3)

2003



ERBERLEE 568 1258 2007F 128
7= VI @

=1/VI[C (A%&x) )

o 7] A,
p: AEE

[ Fa5

p: AIEAE

D : Flo|E =A< 9 5ulA

Yok e F5E 2 AoE g Vi(t) A
Aol AAPE ), A zE AP o3y AY V, &=
A, AR g 1P9AY FFEA FH DA 2
o} Hrth

Ve =exp(—oazx) « Vilt— VICz) )
A} Zo] AES A AY rHE JAFF MA=R
B A

oz VICawd AAFe) vehin A%e
BAAS ax wHzH 9

p=
B GPE Loz DFHAFE 2417 A Bk ol
¢ 724 %S DB/AmE THSHE ofd 4 (8) 2 (98 o
vehd % qlo
DB/km =~ 20logexp(— ax)] (8)
POWERout VOLTAGEvout
*DB=10Log 5 5mmmn ~ 2018 ~yorTacEn
Vit,onz)

=20Log )

Vi(t)

£ 23 Fo5d XSuf™A S EMTP HF¢
Table 2.3 EMTP parameters of underground distribution
cable by frequency

f[Hz] | Rilohm/m] |Z[ohm]| vIm/s] DB/km
60 870940E-05 | 25765 | 111.86 | 1.46806E-02
1k 1.95374E-04 | 19.856 | 144.73 | 4.27324E-02
100k | 1.93144E-03 | 17.686 | 162.67 | 4.74284E-01
500k | 4.30926E-03 | 17.546 | 16397 1.06660E+00
1M 6.09104E-03 | 17513 | 164.28 1.51046E+00
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Fig. 2.6 Voltage of underground distribution cable
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Table 2.3 Characteristic of ACSR
o R AZmm] | ANAT
- FAGAA | FEUE | | [Q/km]
A=A | ACSR 160mr 18.2 7.8 0.182
ZFAA ACSR 95mr 135 45 0.301
7F&A A | ACSR 32mr 7.8 2.6 0.899
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Fig. 2.7 Geometry arrangement of ACSR in riser pole
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Table 2.4 Peak voltage in case of lightning impulse applied
from cable
Z o ™ 2HkV)
CASE VG | EMTP
IVG-Cable 0 30.09 29.4
IVG-Cable 0-1 20.15 20.2
IVG-Cable 0-2 20.21 20.5
IVG-Cable 0-3 16.79 16.87
IVG-Cable 0-1-2 15.69 15.73
IVG-Cable 0-1//0-2 15.37 15.55
IVG-Cable 0-1//0-3 13.11 13.34
IVG-Cable 0-3-4 12.08 11.34
N EMTP

b
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Fig. 2.9 Peak voltage in case of lightning impulse applied
from cable
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Table 2.5 Peak voltage in case of lightning impulse applied
from overhead line

55 = H HkV)

CASE

VG EMTP
IVG-ACSR 22m-Cable 0 33.71 3291
IVG-ACSR 22m-Cable 0-1 21.31 20.83
IVG-ACSR 22m-Cable 0-2 21.44 20.83
IVG-ACSR 22m-Cable 0-3 17.63 17.08
IVG-ACSR 22m-Cable 0-1-2 16.21 16.04
IVG-ACSR 22m-Cable 0-1//0-2 16.08 15.62
IVG-ACSR 22m-Cable 0-1//0-3 13.95 13.54
IWVG-ACSR 22m-Cable 0-3-4 12.46 12.924]
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Fig. 2.10 Peak voltage in case of lightning impulse applied
from overhead line
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