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Prediction and Analysis of Electrical Environmental Characteristics under £500kV HVDC
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Abstract - Since Korea has a small land area, it is expected to construct the conductor return type with neutral wire in the

case of +

500kV HVDC double bipole transmission line. Therefore, in order to apply + 500kV HVDC double bipole transmission

line with neutral wire in Korea, it is necessary to develop technology for insulation and environmental designs. In this study,
radio interference, audible noise, electric field and ion current density according to the polarity arrangement were compared
and assessed in the *500kV HVDC double bipole transmission line with the conductor return method. And the optimum
configuration of HVDC double bipole transmission line was determined from the viewpoint of electrical environment.
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Fig. 1 Electrical environmental interference scheme of HVDC
transmission line

2. A71gEE& Bt
2.1 A71EEEE B ANEA

HVDC +500kV Double BipoleQ] A7|SHARSIE HIlstr] ¢

554 Copyright © The Korean Institute of Electrical Engineers
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Sff 19 29k Zol 471K JEHS] FHiR] Hete aiHoiict. Eot
ATA WA A S T2 TAA 2 [AYeEEs g9Ui
Ag 1 1o Ueden, ofxt R0 mE A=28d £He ®
20] LIERH ZAAE Rd=E A9 fAkStL 57H40] oF 15mol
A 25m=z HIKEL AT|etEEs] BrlE fIsh AL Matlab
70€ 7IEOE OFOFLL ol2g HGIK|] L= Deutsch’s
assumptionO] OFd ITon-couplingE 11843t ZFHAA QL O]2dE
se ALkl AuidrEAe offjet Ztt.

o
N E:—M 1)
€
JE=p**E ()
+
N N L &)
e
o F o AREA pt 1 Y/g W e
€ 1 RS JE /g oledRur
Ko /g o2 ol R : A Ae
e AR A} e =1.602x10 P C
#1 Bi-pole ( ;tz__Bi:E_o_If #1 Bi-pole #2 Bi-pole
+o o+ +e o
- .- —® o+
_______________ /l
(a) HE+) 530d (b) THZHEH (S=H1)
#1 Bi-pole | #2 Bi-pole | #1 Bi-polg
e °- -o—1—o+
] i s #2 Bi-pole
+@ o+ e+
(© HE(-) 53dg @ SEEE) s29d

8 2 Double bipoleQ] ZHIA]
Fig. 2 Pole configuration of double bipole

2.2 AegEs) gut Adtdat

(H=gollA Y= A2 SREAE (-)F-0] Hs) A
717 AW AIEAIRNol Z47] miRo] EMI  (Electromagnetic
Interference)®] FQ WAL (HFGoAS] FAZLE WHO
CLI6] AF7ISESHARY (H=4 FoA HdEle AZ2L &8
4 e &322 (=45 Bt 3A vE] g ()34
& ZFot B ZZ2U 43 H e #gsge 58 2 3

7¥oh= Zi0] URFEOILE whetk] HVDC 28149 SHMZS] =nf

ol

+500kV HVDC 23| &TMZo| M7|&H

m

Moo

S

r
i
%0
o8l
AN

Trans. KIEE. Vol. 67, No. 4, APR, 2018

AE g O HFde ()FEED KWL e Hixlshs
Z0] A= A5 B 2t gd oA 2EolA Relsict E=ot
HEEEARNM Argddgdol dge Nl 718 Fad Q
ae EAFHEACY] ol &4 =9 EAEHEAYE Hord
e ddor dAske 2o S35l

Pt

#1500 kv SRHAE SAAE 2 HriRA
Table 1 500 kV Transmission line conductor specification and
assessment condition

Conductor specification Value
Pole/Neutral conductor diameter, [mm] 30.40
Pole/Neutral subconductor spacing, [cm] 40
Pole number of subconductor 6 B
Neutral number of subconductor 4B
Vertical height of microphone, [m] 15
Vertical height of RI antenna, [m] 2
Frequency at which radio interference are to 05
be calculated, [MHz]
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Table 2 500 kV double bipole tower configuration
#1 Bipole, [m] #2 Bipole, [m]

AR | SR | BEd | 4R | sF | S84
Eatu: |
7] IP;j_ -123 | -128 | -133 | 123 | 128 | 133
2| &%
WEIR) 2o | 65 | 21 | as3s | 365 | 21 | 483
A7 | T8 g3g | -sss | -038 | 838 | 888 | 938
e ) ) ) ) ) i
Mt =
vel g}g 355 21 4706 | 355 | 21 | 47.06
21
o ;;g -897 | -946 | -11.1 | 897 | 946 | 111
M=
WE | gm | % 21 45 3B | 21 45
2~19

TS| -113 | -118 | -123 | 113 | 11.8 | 123

Zg | &%
oA} 1| 7

e

35 21 45.25 35 21 45.25

— 21
ZoW | TS| 748 | -798 | -424 | 748 | 798 | 424

RE
ozt
V& _;L'L% 34.6 21 4542 34.6 21 45.42
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Table 3 Maximum surface voltage gradients according to

tower configuration of same positive polarity in upper
#1 Bipole [kV/cm] #2 Bipole [kV/cm]

AR S ShE AR

A1 ofAt 1™ 16.78 -17.04 -17.04 16.78

A7] ofAF v 16.77 -16.81 -16.81 16.77

A1 oA W& 17.17 -17.04 -17.04 17.17
E20 ofx} 1E 17.38 -1733 | -17.33 17.38
ZoH oAt v 17.07 -1691 | -16.91 17.07
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Fig. 3 Audible noise according to tower configuration of
same positive polarity in upper part
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Fig. 5 Electric field according to tower configuration of
same positive polarity in upper part
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Table 4 Maximum surface voltage gradients according to
tower configuration of same polarity in diagonal-

position

#1 Bipole #2 Bipole

[kV/cm] [kV/cm]
AR Sh Sh AR
A7] ofA}F T 17.79 -1756 17.56 -17.79
INZAIC N 1858 -18.27 18.27 -18.58
A7 oA W& 18.68 -18.25 1825 -18.68
ZoH oA 1A 18.35 -17.96 17.96 -18.35
En ofx} v 1891 -1869 | 1869 -1891
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Fig. 7 Audible noise according to tower configuration of

same polarity in diagonal-position
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Fig. 9 Electric field according to tower configuration of
same polarity in diagonal-position
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Table 5 Maximum surface voltage gradients according to
tower configuration of same negative polarity in

upper part

#1 Bipole #2 Bipole

[kV/cm] [kV/cm]
AR SHE ShE AR
A7) ofAt T -16.78 17.04 17.04 -16.78
A7) oA Vel -16.77 16.81 16.81 -16.77
A1 oA+ WE -17.17 17.04 17.04 -17.17
Zo of&t 1™ -17.38 | 17133 17.33 -17.38
EH oA+ Vel -17.07 16.91 1691 -17.07




7|85 =2X 67H 45 20184 4%

TetA] AR(-) SSHldE Z210 ofx} [#9] =AM BHEA 7}
7¥e A Ve T8 ARSEAARY (g0 dEL &
A Al EA9] 7] B AEAILO] (-)=8E0 A4 2ds

40 T -
— 22 vl
----- £ 1
P —-—x}7| va
= —--X}7] 1A
£ ¥ —-xuz
z
2 F S NS i
g N e S
2 30 ,,;;,-; = =
sl i N
e S
25

50 40 30 20 -10 0 10 20 30 40 50
Lateral Distance, m
I8 11 A7(-) samge A=2848 JIZ2U4LS
Fig. 11 Audible noise according to tower configuration of
same negative polarity in upper part

50 T T
1 —ga va
————— 220 17
g ] -3z ve
= 45— Z7] 1 pmny -
ER et T P S N SO
g ] A7 Rzl \ %
- 1 ¢ - N ™
i ¢ N
) A N
z g 27 N
£ P \ S
= ] A £
2 o351 4 pd N 3
147 A
7 N
1.7 3
30
50 -40 -30 -20 -10 0 10 20 30 40 50
Lateral Distance, m
J9 12 AR(-) sade A28l et efds

Fig. 12 Radio mterference according to tower configuration
of same negative polarity in upper part
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Table 6 Maximum surface voltage gradients according to

tower configuration of the same polarity in one-side

#1 Bipole [kV/cm] #2 Bipole [kV/cm]

AR SR SHE AR

A1 ofjAt 1 -1394 | -1372 | 1372 13.94
A7) oA Vel -15.36 -15.05 15.05 15.36
A7) iR W -15.17 -14.74 14.74 15.17
Ze|H ofAt I3 -14.23 -13.85 13.85 14.23
Ed0 oz vA -15.61 -15.39 15.39 1561
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Table 7 Electrical environmental interferences according to
the polarity arrangement under *500 kV HVDC
Double Bipole Transmission Line

TR gwe) | O | 4RO =

5= a0 | 0y | 52 s
ﬂﬁ%ﬁﬁ] 2419 | 1916 | 24.19 2059
O][%nf—frn %E 2510 | 2160 | 2040 2140
AR 0o |19 | 104 13.94
ii[d% A]i% 286 | 325 | 318 238
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