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ZIBAEI= | 7| R x| A2 it SE

HVDC Cable %! T<xiljof| 2tot 246

Perspective on HVDC Cables and Accessories

WIE, 0l5i9l, 2EE | SHCHE chsiel AEHE 83

o

ot

Park Jae-Jun, Lee Bo-In, Kim Byoung-Jun | Joongbu University

BOF

ZIISH= XA B AlojLX || £t T2 |1 =2 M= J-IEH(mtemannal power trades)= new HVDC & AARIO| HAE| 0 IS JEFLITE
HVDC Cable& &4 'OI ’514_ 20| =2 Bix £ Sl s XA of| L K| S2(offshore renewable energy integration)oi] £ Q9 &2t SiCt

fggﬂftf%@ SHHO| HYDC H0|= 2 CHM|MZ (cables and accessories)S ZESIIASIC QD FHL &
_| Xiﬂ g/ 22t ,jﬁf%x_m FleloZ Olot S Aot A 2I+ =2 XLPE Extruded CableZt X (joints)of| HEZ|OX| 2 QT

—_

Abstract
With the increased use of renewable energy sources and international power trades, development of HVDC transmission systems have emerged.
In particular, HVDC cable has performed a major role for offshore renewable energy integration thanks to low power loss and high reliability
performance, In this article, we will discuss commercialization of HVDC cables and review various type of cables and accessories for HVDC
applications. In particular, the issue of inhomogeneous electric field distribution, which is caused by applied voltage, temperature dependance

and space charge accumulation, is explored.

1M E A= AR o AFE A FQ3E G410 7 aeEal glrk
e AREEE A8 WS viA(power transmission me-
1880t 9 A28 wihy|e W o 2 Thgeidl s dums)dle F 7 frel vk Yo R 84 e 4
OIS IS o] SHAC) A5 s Spielick 0 2 AREEE 1 24 79k 7Fe-H (naked conductor-based
T} Holl= A me0) 3 2w, ur A4AE] A8 A overhead lines) ¥} X8} 2 84 (underground and undersea) 4
<& Hls714] 1t T12]=(asynchronous AC grids) ZHe] A4 80 % AREE= AlolEoltk HVDCE HVAC Ao Hlsj 3
o 2 A/ eluA) B3tel] B 87} 7h458) W) ofeldt 7K e 7 glek
weko A GI7Eo] & TAYAE (HVDCO)EAL Ayt A7) A, HVDC AAE o ke 1.8 (bipolar lines vs three
23] 7k WH7)4(AC technology)oll Thah Bekloldd] & phase lines) ¥} F712] Ae] Agold o Wb ouj#] 42 %
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=4, 57181517 ok AC IES)Z 7He] 18 W 2 <A s}
TS B8 s SN 88 AC T1EIE (1 oF A
&5 WAsk= 71se] Atk

A, HVDC ¥ s5-0] ¢kd3] o] 7Fsstal Z12ar wh
21 Ag st} =38k VSC HVDC(Voltage source converter
HVDO)2] A#} gho]= A% 7]5(low voltage ride-through
capability) 2 A4 AAA] Eell B 25k s,

A, 114 3]%(fix corridor) @] 78-%; ] 9] HVDC %1% Al
2 S7hE B2 AR oAl RA, AlolE el B A
o= T4 Aol oJafl AIFhA] o, AC A A A A9
o} o] Ft 280l d(end stations) 2 F1F A4 (intermediate
points)ol|A] & BAH(reactive compensation) (71]0]E- =}Afjo]]

tfgho] dasHA] gtk

AC cables DC cables
+ Ohmic losses in conductor = Ohmic losses in conductor
» Induced losses in conductor -
+ Induced losses in sheath
= Induced losses in armouring
« Induced losses in neighbouring cables
« Cable current due to length

3 cables 2 cables

3

Waan Fitd Strens (Vi)
H

e o 3

VA HVDC Lioht

71211 ACand DC cable B[ [1].

(1)HVDC 7|2
19503l Dr, AU Lammel] &Jal] 2249t & o} wiu 7}
7k 21, 1970, Zol] English Electrici?} ASEAS] 28] Abo]z]
2~E] W8 (thyristor valve)7} 7l & &t} DC dg 742 o
Ajate] F e HR 3 HVDC 7142 F1s #ala)
224 A HA 2E Yol w=H, 259 HVDC ¥gh]

2. 2}l AFRSH(line commutated converterLCC) B &

Hy

2 2~H3k (current sourced converter:CSC) 7140)3F A9 A A

4

rE

SHvoltage sourced converterVSC)= -5 4= 9t} LOCE=
A A= Ak Alo] 7FsSE ARORAHE ARESHE R,

VSC(Voltage source converter)i= IGBT(insulated gate bipolar

>

transistors), GTO(gate turn-off thyristor) B+= IGCT (insulated
gate cate commutated thyristor) 2} 2= $Hd3] Ao} 7F53 4
A5 2913 A E ARG Fek AlolglAH 7R ICGE BRE
ap7] 91al 723k AC Al2wle] E a8tttk LCC HVDCOA 4:R]s)

o A2e RAseld B gl T 4E 2]t Bas)

I
AN R

Transformers Filters -+

Filters

‘7 Outdoor

Indoor \

2 HF AAHED|(CSCPE U= F2HHVDC [2].

HVDC-VSC

AC

IGBT valves

J213 HUAA BEH|(VSC)E 2= HVDC [2].

HA Z HE(PWM) 7I9HVSCoF 252 t% 2 VSC(MMC)
o] F 714 VSC EZZ A7} 9tk PWM 718k VSCGE= 199010
, MMC VSG= 2010110]) #1502 7-8-3}%] 31k
TVSC 7] 25 IGBT, GTO B IGCT9} -8 ¢H13] Ao 7}
SR AAE AR ATk EA SAJR w2 A9 SR 8
MMC VSC 7] 22} PWM 7[1FVSC 7] i8]0 VSC
HVDC efZe)Alo]de] =8 HME] 7)) H3Irt VSC HVDC

2
o
2
2
i)
32
Rl
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) v AR SRA0R W AofE 5

Shol A ALK QPR A& A 5 ek ERHE
2 W] A Phol 25 oMIES} AAH AC T

(2) HVDC Cable 88

HVDC A|A51e] 34 ZAufE] 7] ofelle 2]t AloleS
3% A ollA] TS 2FFste] Ash B a4 HVDC A
g TF A8k ANUAR g A 7HsARLel] g
Q371 719 AR Qs A AAE o R FEH T
7F 57K el e s 238 gl
20/20/20 E3%5 AP ] Slaf =3t Bl el ¥
7h S AR

1) 19903 2230 18} 2006744 &4 742~ i 7ha,

2) AR 7Fs eldA12] 2% Pl 2H]9] 355 20% Sk

3) oNAA] &8 20%
W TAE TheA 2 gAY Y
A(70km o3& AWk © 2 HVDC 4] Alo]Eo] o]&=3ic}
A% DC Ao & A A9 T3 EAlE Aelsta Ay +
8.9 5% STVl th-&ok Hl S vhgrlaie) vl-g- st
. 53k 2| AloTe- 7 vl wste] nk oige] | Azt

gt B 5= o]Fo] Sl

v

¢

T

2. HVDC Cable 12|11 Accessories

(1) 27| ChE ZAAAH

10

o](Multi-layer impregnated Kraft papers)7} 8 Az A}
¥t} 2 A AlolEell= F 7 el Atk
A WA {82 ol P

olEf] £ o dHS Ak flel Y o Aok o
2 Bt Fag ARE edw AfRIvt webA ol 9
AlolE2] Hfl A Hol= Alol5ol Tidk o 55 Al
71§18l 30~60kmel] E-faje}. F HA F42] ¢ AlolES wh
o} 3349 S Al ] S18) AlolEel e o] A9zl
o} whebA 49) 2 Wdd OF Alo|8-o 37} 3+ 47t 24
SHA] @ om o] 2207 o3t 79 Alo]E2] ol FAIRH
&= Itk OF Ao &-2- Alo1E2] el v e8] A= PPLP (Polypro-
pylene-laminated-Paper) & 4-8-5}0] 7|48 4= 9lom, 1 4

o} Zo] BT =2 DC B lEA s 7918k
Kraft paper

Polypropylene
film

PPLP

Kraft paper

T2 4 Layersof PPLP[3].

- W N e

L= T - - B - RS

1. Oil passage (25 mm @)
2. Copper conductor

4. Lead alloy sheath
5. Polysthylene jacket

(7 segmental, 3000 mm2) 6. Spacer
3. Insulation (t=22.5 mm) 7. Optical fiber units
Kraft: 0.5 mm 8. Bedding
PPLP : 19.5 mm 9. Armour, zinc wire
Kraft: 2.5 mm 10. Serving

Qverall diameter : Approx. 190 mm
Weight : Approx. 100 kg/m

1215 Construction of 500 kV DC PPLP oil-filled cable [4]
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@ Mass-Impregnated Cable
OF Ao &3} frAksHAl MI Ao 52| 5= AAA = FZEA|
(Kraft paper) o]t} 12]u} MI Alo]E-& thg-3} 72o] Aol

“«

A5y 9910] 5510 914 7] kel oz AT B

o] Y= Aoz AGoE 4= 9tk

17 6, I E -SA](1000kg/cmP)i= LHbs 0 72 7153 e
7 5AE 2Asl] S8l AelEe, o] 84)= 1T SlEtE
7IRF FHE R AFIHA ARl 3 Alo] 2 = Az

=
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1216 HVDC Ml cable.[5]

® Extruded DC Cable
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@ Gas Insulated Cable
2 o gl 7K
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i
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71219 Gasinsulted line used for HVDC systems [7].

® Superconducting Cable
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J12110 Typical structure of HTS DC cable [8].
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(2) HVDC Cable®| Accessories
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Prospect for permanent magnet technology in future

ASE CTOMY | HEEENE)
Donghwan KIM | CTO/president, SGI co., LTD
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Abstract

As the carbon neutrality policy for eco-friendly green growth has emerged as a global common issue, the exclusive dependence of strategic
materials such as rare earth on China has emerged as a serious issue, Over the past 10 years, there were many continuous development of eco-
friendly rare earth refining and rare earth magnet technology in Korea and it is expected that rare earth refining and rare earth permanent magnet

factories will be built in Korea soon,
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Recent advances in two-dimensional materials MXenes for
electromagnetic interference shielding
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Abstract

With the development of high-performance electronic devices, the problem and the need for shielding against electromagnetic waves generated
from electronic components are gradually increasing. Herein, we introduces a recent study on MXene, a two-dimensional nanosheet, for

electromagnetic wave shielding materials,
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Artificial intelligence to realize the power system digital twins

A | OFFCHStE RAZEN Hins

Jaesung Jung | Associate Professor, Department of Electrical and Computer Engineering, Ajou University

gll
Z|Z EAIRFEO| AL AP S0 telof| 2t TN A 2F0| SRt 220 g0] S2 1ot ULt SRR, A HHNAH 28 PHC 2 0
7O 2L YEE BIEOP (Ol SHAP EAHRICE T, D2 HAISC| P8Rl 23S Plofl HaAISI I HdASS 2RISR S0 1
SIEl AIE2fO[H0] 2150 IX[E ERl Vs e HE Haot At 2 #i= TS CIXE Bl 7|s 582 24010 24 7|82 =551 0|
E FHOP | 22t 21 QIS XIS 715 S AVHRITt

Abstract
As the penetration of distributed energy resources increases in the power system, the operation of power system is more and more complicated
and uncertain, However, the conventional way to operate the power system is not able to accommodate all infromation obtained from several
DERs. Therefore, for future power systems, it is necessary to apply digital twin technology that enables advanced simulation by synchronizing
virtual model with the physical power system model in real-time. For this purpose, this article introduces the artificial intelligence technology to

realize the power system digital twins,
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Abstract
Recently, it is required a long-distance ultra-high-voltage DC transmission with large-capacity power due to a sudden increase in global power
demand. And the International Electrotechnical Commission (IEC) and the International Council on Large Electric System (CIGRE) have played a
key role in developing new standards, For the HVDC systems, a breakdown phenomenon related to the space charge is a very important issue
due to a continuous and unidirectional electrical stress in insulating materials. In this article, we present several important results for the breakdown

mechanism in the HVDC insulation systems by use of a numerical approach.
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