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Proper Cable Arrangement Selection by Induced Voltage Evaluation of DC Cable in
AC/DC Hybrid Combined Transmission Systems

g0 54
(Yong-Dae Son - Jong-Beom Lee)

Abstract - Hybrid type combined transmission systems is being operated by AC and DC line at the same space will be
expanded instead of the overhead line. However, such hybrid type combined system has problem like the arrangement
selection of DC cable for effective system operation. In this paper, to select the proper arrangement of DC cable, induced
voltage of DC cable influenced by AC cable was analyzed in case of several type arrangement of DC cable. Such induced
voltage is in detailed analyzed not only in case of steady, but transient state. The arrangement which has the lowest induced
voltage is selected as the proper one. EMTP/ATPDraw is used for modeling and analysis of hybrid type combined transmission

system.
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CIeFsh 2oko] ¢t71 " Qs o]g Z2Esh| fleikls rrkst
Ag Edlo] AIRE &S00k Sith DC= ACo] HisH QFgAQl
Ho] ZhsohH, ZAIFQ SHOAE 45 A-e KAl Utk
SHATH SO HE|EY SREMA0] A= AC A=eF DC A=Y 4%
Zto] 71231 AZ8 (fundamental frequency coupling) $440]
9HS DC 2o gekg Fo] REAYE WHAZILE Ol DC A
e wdotA TE0] FA ZEoke |Q10] ETH3-6].

mEta] 2 =2okls 7€ AFEL A= stolEeEd 7t
SSTULAZE 7IHIOR oFF] AFAH0] gle ABHZRE X
stolEgIEY SEEXAS0] g WMA|ZoL HolA AE "
A8 A gt =7] d3EA Jdoinh 2 =29 #F
2 SloHEIE SR & AEASIA DC AZ7F AC A

o
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EERH At R EHolM gdEge HertE grleld
OlE o= DC Alojg9 Hjde Hdshz 20/t 2 =Rl
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MR ACKHZE 345kVE HZ5H0]
DCHZE AC 154kVE RS ]
DC +250kVE JFolES oflrh 5t ASSHAZRY| Wt
BoAe AHEE AX|510] DCOlA ACE HEFSIATHT], [8].
TS DC AolE Y HFE Qlstoire 7hsdol e oy
7o) CASEHE EFoH & AC AOIEERE = DC AOlEQ
CA RERYS HAMER SEAEolA 2R siMgozN A
AFQ FEAY o8k SHoA 71E ElESitial gride aid
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B2 =FoA ROz HAFs stolEgEy SSAASE, 7t
LMZO AL AC 18)41} DC 1819 FZA] AC 345kV, DC =+
250kVZ -5kt [4] Zols AA A8 FAkeE dojg
dEstelon, 7129 29 FERN 7S 200mzE AFE5H0]
45kmE TFESIICH

TSt AESSHAARE FE9 o] 400m ~ 480mE L9
Zol2 44dst0] 39kmZ oA AAl ASoIA9 AgE Q]
E4g 1HstuRt 2t 170l Zo] HIlE FICh

O% 12 slolHeEE SEEdAse EEt o FYrolth

-0 Op

AC 154kv DC +250kV

I8 1 sojEZEY SEErAE 8%
Fig. 1 Hybrid type combined transmission scheme

21 slO|HZEE 7HESdAR

09 22 slolHBty SSSAARA VIESSAAR0) 2E
TS e Z0JCh AC A2 ACSR 480mm’E, DCE= ACSR
480mm*S AFEsto] Pl BES AC 345kV 1514, LE&
DC 4250kV 13]X02 AX|SIAUCE AC 345kvE 71E0] o]
Al AFESHs AC FYolH, DC= AWMHEE AR50 ACY S/ &
U SARE A AFO £250kVE AASACL[5-6]

- o e

AC 345kV + 4 DC +250kV
128 @ Ne — 13|

y \
a7 2 slolEEEE ESHAR FErd
Fig. 2 Hybrid type overhead transmission tower

22 slolHB|EE XNESUNE

RNBLAZRE 71820 nRVIKZ stolEgE gejE 2438}
At RNEEFLARY AL ACE XLPE 2,000mm®0]1l, DCE MI

AC/DC stolEZ|EY EZETASHAM DC 7Hol2 FE=XAHItol o
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E 1 AE #4
Table 1 Cable standard

HOIE Bl g 5
A} AC 345KV
ERIHA 2,000mm’
XLPE EEEEE 785mm
EARE 28.2mm
rSiely DC =+250kV
MI R HA 1,000mm?
Aolg A4 3.8mm
CRAA 18.35mm
HOIEE 0|85t RHEHEE SIAUTE MI AOlE2 =11 g
of AFEEA Aal, =UHEB AE - K AR)S HVDC AESAA
2o AFEE oo A= AY¥eE B =8o A9tk ¥ 1

2 Aol 7AE LERH ZiolTt.
ES AESSHAZ] mAEA 2 HE MY FA0R FH5I9H0
H, ACE EF AZHiER 78IRS, DC Aol HiE e AFzhil
g, =AY, =g, FZHE Wl 71R] CASER FHESHCE [7]
E5F ZF CASE & DC AOIEQ FIRE F 7IKZ vt & ofF
7HR19] B 02 FHISIATE CASE 12 ACSF DCE AFZHid
2 ol oM, CASE 29 ACE AZHHY, DC= SZHIEE, CASE
39 ACe AHHHY, DCe gz FEsiitt. mRgoz
CASE 404 ACE= AZHHY, DCe FZig= g5kl 18 3
2 ol Z CASEE AHolg Hi¥9] +EE LERH Zolth XIEER
MZO] AC 345kV Al0]E} DC +250kVe] OlAAZ= 1mZ &t
QCE T6t CASE 1~471R] olAAE= sL6HAl 7FdotALt.

CASE H 4 o4 Az
1
AC 345kV DC =+ 250kV
2
DC=250[kV]
1[m]
3
AC 345[kV]  DC=+ 250[kV]
4
AC 345[kV]  DC+250[kV]

% 3 CASEE AO|E Hig 4%
Fig. 3 Cable arrangement configuration according to CASE
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Fig. 4 Modeling of hybrid type combined transmission system

2.3 SIOIHZEY EFSHRE AS HEd

8 42 EMTP AMolk9 slolHelty SgEmM=z As
rUgs ostol Uer Aotk HEERARS F9 AC
345kV AFI DC AZ9l AL AC 154kV HYEE A
AC/DC ZHEE 0|88 DC +250kVE ZFdl= ZOE 3
Ch AHES] M7 889] Z2 2,000MVAZ AHE5ISICE[8]

ANEERLRY A2 AC JAEAI2 [T FEToIMe 724
He BRPAS AESlYon, dRAREE WEHIEA] Bils
AFESIILE AYFA 02 mi-st XESHAMAZE Fol|Ae] FA
= B "AE SIACL[T]

AC 345kVOllE= ¢S5 8R RO 1,598[A]7F S22 % HESHA
Tl Tt DCAZO] dtto] QIHEE AR50 ACE HEsIYo
I, ACOF SY5IA DC =+ 250kVOlME A&518RFO1 1,598[A17}
SEEE M5t

3. YYHEIA ACIE i) mE FEXY

slo|HE|E SEEAMZOIA AC 345kVQF DC £ 250kVE Q1
71eIRE B FAMEIA SlolERE AEE[AZS Hido
2 DCQl Positive?t Negative EARIONAQ FERGS A5}
AT} Z CASEE Higg T 7HK ARE W0l R4S

31 AAZWA(CASE 1-1) ALY LA

% 52 CASE 1-101 daZuide LiEhd Aol I8lal
DCOl AAZHNYE WollA] Positive =A@} Negative A2 IR
& WA F 7HKZ BRI

I 2= CASE 1-19] SiA1Z3olth CASE 1-19] aiA Zijoj
A g 4 Y=0| Positive A AL HIZ @7 1Y (b)oll H]
dl =2 fEddo]l HASICE MY (@9 A< I e
0] C6, C7 TZIolAl 10.89kV7IAl A&sh Zg & 4 QUr) Est
HiY (h)Q] €6, C7 FIHoIA 10.85kVe] F TR eto] drls)
ALt HHHe v, 07 HIsssAE, (0)9] IR (@9
HIGO] The &2 RENYS SAAHTH

o1, Negative TAIOIAE Z4 10.94kVolAl ZTh 11.06kV7IA]
FEAo] LA
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] SERE]

AC 345[kV] DC #+250[kV]

1[m]

(b)

AC 345[kv] DC +250[kV]

I8 5 7 (CASE 1-D2 #EE
Fig. 5 Block diagram of the regular triangle arrangement
(CASE 1-1)

CASE 1-10l4 HI¥ (a),(b)olAE AYEE QARE 71ECRE
RO Zol7t HojE4E REAYo] Assh=d], olEdt o]g
= NEAR0 Wthlo] Ha}t oA dalshs it o8] &
¢ A50] QOIQl ZIoF AlRELY,

Ean
[S)

¥ 2 CASE 1-19 A =AY
Table 2 Conductor induced voltage in CASE 1-1

Positive Al AHkV] Negative =4 FeH[kV]

QIR (@) (b) QIR (a) (b)

C/H 10.81 10.78 C/H 1094 | 11.05
C1 10.83 108 c1 1096 | 11.06
C2 10.85 10.81 C2 1098 | 11.02
C3 10.86 10.84 3 1099 | 11.03
c4 10.88 10.84 c4 11 11.05
c5 10.88 10.84 c5 11.01 11.05
6 10.89 10.85 6 11.01 11.05
c7 10.89 10.85 C7 11.01 11.05
o] 10.88 10.84 s 11 11.05
C9 10.87 10.84 C9 11 11.04




3.2 $EWIY(CASE 1-2) 220 LAY

18 6S CASE 1-201 £xuigS LlER Aoltt. 187 DC
o] 4=Zlui oA Positive A9} Negative EHQ QXS H
SIA T 7Kz EFSIACH
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3.3 $HHIY(CASE 1-3) B9 QLAY
" 72 CASE 1-391 +Zuide UER Zlolth DCOl -8

i WollA] Positive A9 Negative T=AQ QRS HIIAA
= 7IRZ BRI

& W O14AE
(@) =
AC 345[kV] DC +250[kV]
1[m]
(b)
AC 345[kV] DC +£250[kV]

J¥ 6 $8HIY(CASE 1-2)9] 4%
Fig. 6 Block diagram of the vertical arrangement (CASE
1-2)

T 32 CASE 1-29 3slAZJloItE. CASE 1-29] Z$
Positive EAOIA= HIE (@0l HISH HiE (b7t REFYO]
ZA LAEIACE Tt BEREAYY AL HYE (@2 12.13kV,
HY ()€ 12.02kV7} BPABIALCT. Negative A= HIY (a),(b)

& HIgt ggko] LETE 0]t o] KEFYS] Ago] H
oA gt olge 449 A7 s9s ROl
Positive@} Negative© QIX|7} WalslE FETLALHO FL7H0]
SHEE 0] REFC Ago] Hixstt 208 AMREL =AY R
CRAYS F4 11.79kVOIA FT 12.04kV7HR] ASste AS ¢

+ AT

¥ 3 CASE 1-29 T=A L&Y
Table 3 Conductor induced voltage in CASE 1-2

o|AAe]

AC 345[kV] DC =+250[kV]

1[m]

(b)

AC 345[kV]

I8 7 A (CASE 1-3)9] #+4%
Fig. 7 Block diagram of the horizontal arrangement (CASE
1-3)

I 4= CASE 1-39 asiAZolrt. Positive ERIO] AL &
et Wi @8 HiEb)7t Hlissst des Holal lou, Hitgt
o HYg mie Tk Xjorh Ehdsit) Hig (29 Hige
12.10kV, HiE (b)) 12.01kVe| Hwglo] LIERATE ojof] Hig (a)ol
HIgl0] HIE (7} BrEoR A2 gaks e g & 4+

Negative TR0 A< REAYO S5 Z2 IA EASHA
LA Th4 xjolE Holal rh Hig (b9 2% Aoge A
TZH0] 12kVOl4 ROl WAskA] Gt olof Hisl HiY
(a2 QYHEHE 7IECE CMAE 12kVOlY FEFYO] By
SIAl 31 RO, €5 FIHRH 12kV O] RLEAo] Wsrt.

E 4 CASE 1-39 TAH QuR¢
Table 4 Conductor induced voltage in CASE 1-3

Positive =4 A [kV] Negative T=A] A [kV]

Positive =& A [kV] Negative TA| HHkV]

QIR (a) (b) QIR (a) (b) QIR (a) (b) QIR (a) (b)
C/H 11.98 11.9 C/H 11.85 11.79 C/H 11.95 11.88 C/H 11.83 11.75
C1 12.03 11.94 C1 11.9 11.84 C1 12 11.93 C1 11.88 11.81
C2 12.08 11.98 C2 11.93 11.89 C2 12.05 11.97 C2 11.92 11.85
C3 1212 12.01 C3 11.97 11.93 C3 12.09 12 C3 11.95 11.89
C4 12.15 12.03 C4 11.99 11.97 Cc4 12.12 12.02 C4 11.98 11.93
Cb 12.17 12.04 Cb 12.01 12 Ch 12.15 12.05 Ch 12.01 11.95
C6 12.19 12.06 C6 12.03 12.02 C6 12.15 12.05 C6 12.02 11.97
ol 12.2 12.08 C7 12.04 12.02 CT 12.16 12.06 cT 12.02 11.97
C8 12.2 12.07 C8 12.03 12.02 C8 12.16 12.06 C8 12.03 11.97
C9 12.18 12.07 C9 12.02 12.01 C9 12.16 12.05 C9 12.01 11.97

AC/DC stolEZ|EY EZETASHAM DC 7Hol2 FE=XAHItol o
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34 NZMIG(CASE 1-4) A0 LA

7181 82 CASE 1-491 AZHi¥S LERH Zolt}. T18]a1 DC
O] =AY oA Positive T=AIQF Negative LAIS WHIIAIA
T X2 BRIk

& ol O] 4 A
(a)
AC 345[kV] DC +250[kV]
1[m]
(b)
AC 345[kV] DC £250[kV]

I8 8 FZHY(CASE 1-4)9] #+48%
Fig. 8 Block diagram of the right angle arrangement(CASE
1-4)

I 5% CASE 1-49] siAZAmolt}. CASE 1-49] Positive T
A2 HE @l vish HE o 2 SEAY0] FA HHiE
S & & AT Negative E=x19] 29 HI€ @ol Histo] g
(b7t FERYO] =A HsiTt

[EFYOl HAZS Positive AROIA HIG (@9 Z
10.87kV, HIY (09 AL 11.05kVEA] HEQ] xjol7} HA85h
QF 4= QIth SHH, Positive}l Negative K29 AL ¥ (a),(b)
7} HISSS A Hols Ag € ¢ UEd], 09 &2 olfs
i (@, MUAA 849 {X7F S9st fIXlol Al
Positive@} Negative@Q] Qx|7} WalstiE R FANC] F171H0]
PO A0 AYS FAISHA WA= ZOZ ALRHL

(=)
e
=1
=

¥ 5 CASE 1-49 TA {EAY
Table 5 Conductor induced voltage in CASE 1-4

Positive =A ALHV] Negative T=A| AH[V]

4. MAEjOlA A0S g WE F=dg

SIOHEIE SEESAMARM ZISSHALARS] AYEE 7+
AL HAE QAUIAIA HEy s & DC Aol Hido] wE
Positive?t Negative ZAIOIAC] SEAYLS SiAsHATE 24
CASEHZ Hide F 71K 422 WL # 62 YWAX £
= LR Zojth

6 MR FA
Table 6 Lightning surge conditions

=4 8 =

HA™R 100kA
HHuy 9 £% Heidler 2/70ps

AR aE A 4000

41 BAZMIYA(CASE 2-1) A9 SER

ZHEAA HAA DC ARO] REAYE FiE (@ 2
(byoll tiall sdstAct. fedet 2= 3 71 LTk

Positive A9 FEASE Wi ()9 HE
ot dgkg Holal Qltt By g wid
HE 286.34kVE SHEERACH

O]9} Z0] Positive OlAl= HIEQ] HSof AEglo] HZo] Q1
7tele A% HIoH REAYo] 2dsie e & 4 Atk
Negative T=A9] A9E KA TE A @2 (b7 H
=0t dgkg HAr o9t 22 912 Positivele X9t Negative
TAC HE @ 9 EA FIXE HSIAL FETAH
J7t0] SEEO] HZAHO] QIUIEAE ARolE HISSE Feo] d
M= 202 AIFHECH

==

i
=<
I

)

e}

T 7 CASE 2-19] A A
Table 7 Conductor induced voltage in CASE 2-1

Positive =4 A [kV] Negative T=A| A [kV]
QA (a) (b) AR (a) (b)

?IA (@) (b) 2R (a) (b) C/H | 29924 | 299.03 | C/H 29894 | 29917
C/H 10.83 10.82 C/H 11.02 10.98 c1 300.16 | 300.07 1 299.99 300.1
C1 1085 | 1084 | Cl 1105 | 1101 C2 | 20873 | 29788 | C2 29781 | 29869
C2 | 1087 | 1085 | C2 1107 | 1103

C3 10.88 10.87 C3 11.08 11.05
C4 10.89 10.87 C4 11.09 11.06

C5 10.9 10.89 Ch 11.1 11.07
C6 10.91 10.88 C6 11.1 11.07
C7 10.9 10.89 CT 11.1 11.07
C8 10.9 10.88 C8 11.09 11.06
C9 10.89 10.88 C9 11.08 11.05

C3 27614 | 275.05 C3 274.98 276.09
C4 278.14 279.1 C4 279.02 218.06
Ch 282.3 282.21 Cb 28211 282.2
C6 27756 | 278.22 C6 218.1 211743
cr 28561 | 286.19 Ccr 286.05 285.47
C8 290.85 | 291.02 C8 290.88 290.71
Cc9 27467 | 27467 9 274.56 274.55
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42 $RWS(CASE 2-2) A0 LAY

7REAAS] HZA] DC AR REANS +EHIEO) HiYE (), (b)
ol SiASIFCE RERY A= & 83 ZTh

CASE 2-291 SEHgo] A= HZo] 7IEAA HYsA
S AL Positive TAE WY (a),0b) & 2 xoj= HOK] &
RUATE T4 FLEAYO] 275.92kvolH, Foh LAYt 289.06kVE 4
FEAYW Ff FEFYLY A0l 13.14kVOILE Positive EAO]
A HE @o His] HE b7t fEdgol A LA
Negative =R 242 Y (2)9 BHEFEAS 279.70kVO] 1,
HIY (b)Q] BRESEAYY ZHe 279.92kVoltt SEARY] z}o]

A A Y @7 He fREAGS WATIE e ¢

L=
&
% Q.

z 8 CASE 2-29] TA SE&¢t
Table 8 Conductor induced voltage in CASE 2-2

Positive =R At [kV] Negative =4 A [kV]
QIR (a) (b) QIR (a) (b)
C/H 279.19 276.19 C/H 276.17 279.19
C1 280.82 284.08 C1 284.03 280.76
C2 286.34 289.06 C2 289 286.26
C3 282.55 282.54 C3 282.48 282.46
C4 279.47 279.65 C4 279.6 2779.45
Ch 279.61 276.64 Ch 276.58 2779.55
C6 277.15 275.92 C6 2'75.86 27711
c7 27717 27741 CT 277.34 27711
C8 279.18 278.713 C8 2'78.65 279.1
C9 2178.25 277.33 C9 277.24 278.19

4.3 SHHlE(CASE 2-3) 229 SEA¢H

7IBAKG] HAg QUIEIRO, FERN] B 4 EHE] H
& (o), (Dol AL FEdet A= & 99 &k

SEHNEO] A Positive Exl= HIE @2 HIE (9] Rl
gt 28L77kV 9 28151kVOIL) O] & Hie] B Alo] g
0.26kVOIC} Positive TAl= HIY (@7} HIY (nECE REmeo] 2 A
g <5tk

Negative '=xI9] BRI Hig (29 B 281.45kVolal, Hig
(b} 281.73kVOILY. ole} Zo] BrAto] Rjo}t F HiFoix FX] &
Ll 1 o= & Hi¥o) QRIE Wasiols mej7klo] Ik SHA7)
Ao LAA7H FRJASI0IE F o= HOR] = 2102 ARGELE

44 RZWHE(CASE 2-4) B9 SEA¢H
7IEAMSG] HAE QBINOH, FEAN9

d (a),(oll Al ST GRSt = E 10
CASE 2-491 A% Positive =RIOIA= Wi (a),(b

B ooy

19
40
H1
>
115/
>4
S

AC/DC stolEZ|EY EZETASHAM DC 7Hol2 FE=XAHItol o
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¥ 9 CASE 2-39 LA SEAY

Table 9 Conductor induced voltage in CASE 2-3

Positive A A [kV] Negative A R [kV]
QA (a) (b) QIR (a) (b)
C/H | 28001 | 27694 | C/H 21692 | 27999
c1 28612 | 286.62 c1 28658 | 286.06
C2 29428 | 29511 c2 29506 | 294.22
3 284.1 285.5 3 28544 | 284.03
C4 28111 | 28087 C4 280.8 281.1
5 27926 | 278.23 c5 21817 | 279.22
C6 21797 | 27713 6 21709 | 277.95
o4 21764 | 278.02 c7 21794 | 27762
8 27882 | 27729 8 21721 | 27879
9 27836 | 279.37 c9 27929 | 27833

£ IA v @9 8%

29493kv =

276.93kVOICt,

HORTAYT HARTHEY) A9

i e}

b9

FhRERR0]

294.98kVO|1l FAREFS 276 55kVOICE Positive EAIC] vl

@ol Hlsty w9
Negative T=AI9] AF i @9 (09 HdRFE
2 281.20kVolt}, 0]9}
HoR AT &A1
g A

Z A7t EHsHA]

(ES RIS

2ol zopt A2 0]

B FEA0]

oL =
T T

yS[el=X

THT

o] IRE

e ¢ 5 Atk

281.11kV

S A0l olsto] HARIE Hedstols

OF AIEHCL

# 10 CASE 2-49] =7 KA
Table 10 Conductor induced voltage in CASE 2-4
Positive A A} [kV] Negative =7 ¢ [kV]
QIR (a) (b) QIR (a) (b)
C/H 279.13 276.55 C/H 276.54 279.14
C1 285.89 286.74 C1 286.7 285.83
C2 294.93 294.98 C2 294.93 294.86
C3 283.68 284.97 C3 284.91 283.61
C4 280.26 280.26 C4 280.23 280.26
C5 276.93 217.21 C5 277.18 276.92
C6 276.99 216.7 C6 2176.66 276.97
C7 2177.49 276.49 C7 276.45 27747
C8 2178.83 278.81 C8 218.76 218.8
C9 278.14 278.81 C9 2178.76 278.12
Ayl Mg 685
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CASE gl o4 Az]
1-1

AC 345[kV] DC #250[kV]
1-2

AC 345[kV]

1[m]

1-3

AC 345[kV] DC 4250 [kv]
1-4

AC 345[kV] DC =+250[kV]

I8 9 CASE ¥ F&ug

Fig. 9 The optimal arrangement according to CASE

5. AolE WY 4d

5.1 AAAEIAl CASEE AF wid

GHJEolA 2 CASEYE Hido] mE Fede duE Sdl

¥ 11 CASE® Positive =AO] SEAY
Table 11 Positive voltage induced in a conductor according

to CASE
Positive =& A [kV]
QR CASE1-1 | CASE 1-2 | CASE 1-3 | CASE 1-4
C/H 10.81 119 11.88 10.82
C1 10.83 11.94 11.93 10.84
C2 10.85 11.98 11.97 10.85
C3 10.86 12.01 12 10.87
C4 10.88 12.03 12.02 10.87
Ch 10.88 12.04 12.05 10.89
C6 10.89 12.06 12.05 10.88
C7 10.89 12.08 12.06 10.89
C8 10.88 12.07 12.06 10.88
C9 10.87 12.07 12.05 10.88

686

HEHOR 7t CasEdz frdgdo) A Wi A M

T} CASE 1-12 Hig (3), CASE 1-2= 1 (b), CASE 1-32 Wi (b)
2131 CASE 1-42 Hid ()OIt} O LIERNE 18 99 ZtTh

5.2 HAAEIAl CASEY HIE HImEA

B 112 CASE 1-1 ~ CASE 1-47HK|9] Positive Al K%
ere LERA AHolt) &4 10.81kVOlAl EHth 12.08kVZIA] &
E&JOI QST T8 BreEdYo A9 CASEH 4
0.86kVOIA] ZT 12.02kV7IA] HHAISICE SEAQt0] W HiY
8 c SE 1-191 AaZujdolct,

F 125 CASE 1-1 ~ CASE 1-47MK9] Negative TAl K=
ALAS UERA Zolth H4A 10.94kVollA Fo 12.02kV7HKIQ)
FEReto] dAsHIC

ESE HAZES F4 10.99kVOIAl F o 11.91kVZIR] 2285k
on, |EAY0] He HiFES CASE 1-1¢1 Fikzhjdolct
CASE 1-1, CASE 1-2, CASE 1-3, CASE 1-49] B3 REA¢t

O] FARIAl LIERA o= AolEt g9 IRIE MEsiole T
Ao Z7KA mEtoz 0l5l0] Be gEkS Hix] @ AOR AR
|y

a}

¥ 12 CASE Y Negative TA|Q SR}
Table 12 Negative voltage induced in a conductor according
to CASE

Negative =4 A [kV]

QX | CASE 1-1 | CASE 1-2 | CASE 1-3 | CASE 1-4
C/H 10.94 11.79 1175 10.98
c1 10.96 11.84 11.81 11.01
c2 10.98 11.89 11.85 11.03
C3 10.99 11.93 11.89 11.05
C4 11 11.97 11.93 11.06
C5 11.01 12 11.95 11.07
6 11.01 12.02 11.97 11.07
o 11.01 12.02 11.97 11.07
8 11 12.02 11.97 11.06
9 11 12.01 11.97 11.05

5.3 MZAEAA] CASEH HF Hid

2 OI7IA] Zh CASEE HiQol w2 frret ZuE Sd FERe
2 7} CASE HE |L8gio] W wijigd Al CASE 2-12 Hid (a),
CASE 2-2= HI¥ (2), CASE 2-32 HI¥ () 2111 CASE 2-42 Hidd
(@Ot O]E LR I3 100+ 2tk



CASE H ¢ o4 A=)
2-1 1[m]
AC 345[kV] DC #250[kV]
2-2
AC 345[kV] DC +250[kV]
2-3 1[m]
AC 345[kV]  DC =+250[kV]
2-4
AC 345[kV] DC +250[kV]

% 10 CASE ¥ W2 Al H&ujY
Fig. 10 Optimal arrangement at lightning according to CASE

5.4 IFZAMEJA] CASEE HIg HIREA

T 132 CASE 2-1~CASE 2-47HK19] W& Al Positive TA &
SRS LER oItk R4 274.67kVOlA Z|H 300.16kV7EK] A4
of= g & & Uk Tt BHHOE CASE ¥ 4 279.97kVollA]
Z|h 286.34kV7HA] EPSITE WA |KERQ0] W Higde CASE
2-2Q1 S=Jajolrt,
¥ 13 CASE Y Positive TAQ SE&AY
Table 13 Positive voltage induced in a conductor according

to CASE

Positive =41 A [kV]

QIX] | CASE 2-1 | CASE 2-2 | CASE 2-3 | CASE 2-4
C/H 299.24 279.19 280.01 279.13
Cl1 300.16 280.82 286.12 285.89
C2 298.73 286.34 294.28 294.93
C3 276.14 282.55 284.1 283.68
C4 278.14 21947 281.11 280.26
Ch 282.3 279.61 279.26 276.93
C6 27156 27115 27197 276.99
C7 285.61 27717 27164 271749
C8 290.85 279.18 278.82 278.83
C9 274.67 278.25 278.36 278.14

AC/DC stolEZ|EY EZETASHAM DC 7Hol2 FE=XAHItol o
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I 14= CASE 2-1~CASE 2-471K]9] Negative LAl SEA
ot LIERH Z0T} F4 274.56kVOlAl F|Th 299.99kV7IR] A5}
Art w5t HAZS FA 279.70kVolA HTH 286.24kV7HA] dt
MEIR o, FEFQ0] W Hjde CASE 2-291 SZujdoltt.

z 14 CASE ¥ Negative TEAIO] SEXQ}
Table 14 Negative voltage induced in a conductor according

to CASE
Negative =4 AeHKkV]
QX | CASE 2-1 | CASE 2-2 | CASE 2-3 | CASE 2-4
C/H 298.94 276.17 276.92 276.54
C1 299.99 284.03 286.58 286.7
C2 297.81 289 295.06 294.93
C3 274.98 282.48 285.44 284.91
C4 279.02 279.6 280.8 280.23
C5 282.11 276.58 278.17 27718
C6 278.1 275.86 277.09 276.66
Cc7 286.05 277.34 27794 276.45
C8 290.88 278.65 277.21 278.76
C9 274.56 277.24 279.29 278.76
6.4 2

E =HojME= ACQ DC AZ7t E8E slolHE|E XNESA
AlZEollA ACAIOIES FAatzhid=2 F45to] 18skal DC Al
OlE9] HigE ofE 7IXZ Lol Bidsol e Positive T4
9 Negative A9 RERYAS HAMNES e QUIEIYs
ALZ L0 siAEIATk

(1) BEYERIA Positive EAI] B2 FEAY0] M W
HE CASE 1-191 A4ttt uidoln, Negative TAC] ZRT
CASE 1-191 A&z} vigolt]. Positive TAl 2 Negative T=A]
oA 718 ¥ RLEF0] Sdsty] wi2ol ol&FQl widolet

ESH CASE 1-291 =R}t CASE 1-391 $EHujgo A<
2 Qto] WASIT} HHH CASE 1-19Q1 AARZHIYo] Hls
FHHORE 27 w2 FEAYo] WA CASE 1-491 212}
e 9A] Positive?} Negative TAJOIA WE REAQ0] 2
Sl

(2) WEAEIA] Positive E=AO] AR FEAQO] 7FE W
Z1& CASE 2-291 A Y0IH, Negative =x19] BSLE CASE
2-201 <& Qolt} SR, AAAEIOIAS Positived] E=H| 9
Negative EAOIA =2 FEAQo] dASH] wjEol| o4& 0]
Hidolglal & 4 glrh

CASE 2-491 ZZHjEO] AL Positive =AI0IAlE= CASE 2-2
2 Aelst T CASES Hish BHAoR ue Rrmgo]
MBI} Negative EAIOIAME HFHOZ CASE 2-49Q1 ZZHio]
TIZ CASESO Hisl BrAoz W REeaidto] ghis)
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