ISSN 1975-8359(Print) / ISSN 2287-4364(0Online)
The Transactions of the Korean Institute of Electrical Engineers Vol. 64, No. 9, pp. 1288~1296, 2015
http://dx.doi.org/10.5370/KIEE.2015.64.9.1288

HVDCA|AH] AES 95t Triple-tuned TH AAEME o1
A Study on the Design of Triple-tuned Filter for Line Commutated Converter HVDC

M E HEs AR A F

(Seong-Doo Lee * Soon-Ho Choi + Chan-Ki Kim + HanJu Cha)

Abstract - The ac side current of a line commutated converter(LCC) high voltage direct current (HVDC) is characterized by
highly non-sinusoidal waveform. If the harmonic current is allowed to flow in the connected ac network, it may cause
unacceptable levels of distortion. Therefore, ac side filters are required as part of the total HVDC converter station, in order to
reduce the harmonic distortion of the ac side current and voltage to acceptably low levels. The ac filters are also employed to
compensate the requested reactive power because LCC HVDC also consume substantial reactive power. Among different types
of filters, triple-tuned filters have been widely utilized for HVDC system. This paper presents two design methods of
triple-tuned filter; equivalent method and parametric method. Using a parametric method, in particular this paper proposes a
design algorithm for a triple tuned filter. Finally, the performance of the design algorithm is evaluated for a 250kV HVDC
system in Jeju island. The results cleary demonstrate the effectiveness of proposed design method in harmonics reduction.
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Table 3 Filter parameters of 3/25/35 triple-tuned filter
using equivalent method

g3 A+ | c1 | L1 | €2 | L2 | C3 | L3
o/ T [wF] | [mH] | [wF] | [mH] | [wF] | [mH]
3.3271/28.777TAF | 558 | 166 | 251 | 253 | 432 | 196
187/28.777F | 508 | 54.0 | 249 | 87.0 | 825 | 100
33217267t | 550 | 1.62 | 1274 | 42.7 | 104 | 999.8
3.321AN/3457} | 550 | 2.85 | 1284 | 42.3 | 148 | 3976
20Rb/267k | 507 | 660 | 200 | 726 | 743 | 140
22R}/3457 | 507 | 1160 | 41.8 | 34.7 | 219 | 268
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SIGOM, I8 82 HVDC HIOIE WXL QIHESE ACK
AofAle] nxal ANEIE HOETH

I 49 OHHE 45, 534, RSYEAGS ol&d A
(B)g Sol FaNyHS FohH, 204[Mvar] 7t ECh

E 4 JZ-AZF HVDC A48 meiulE
Table 4 System parameters of Jeju-Jindo HVDC

ateta]E BFI5 CIHEE I=e
sz He 10~16 21~25 Degree
SHZ Hel 4.08~23.49 245~1758 | Degree
FRrAuEA 14.16~17.98 | 14.16~1621 Q
Het7| 2&F At 111 111 kVrms
Het7| 1A A 154 154 kVrms
Heby] ' Ol | -12.63~18.23 | -12.63~18.23 %
o XFAY SHFY : 20 ~ 200MW (Monopole?|&)
o HELE WAV AME @A 1 25%
o ACHES YR A/ESZ QA 1 1% / +1°
o ACHY HEHL] ¢ 139kV~164kV
CIHE ACAIEQ A=A FATEHS thall 5%9] At
HEES UHsio] A 9 S EHY BHRI8E2 51[Mvar]
2 E—Q StA Ik

d 8olAl FQ WM yFuk= 3}, 5AL, 11A}, 13X}, 23AL
25x} 35x} S0] HE Ag & 4 ATt oy A9l 1xutE
RASH] QalAl ofefet Zo] T EF9 triple-tuned HEIS A
ERSHICH
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Table 5 Filter parameters of 3/11/35 triple-tuned filter
using parametric method

HFAl 3/11/35A} triple-tuned ZEA

Case| 2RZFm a4 [c1]c2 [c3 | L1 L2 [L3
ny, =4 n,=19 539|773 | 2.12 | 565 | 5686 |9.17

B | n,,=335 n,=19 |554(24.19| 3.15 | 3.85 | 25.92 |6.17
C | m, =335 n,=245|553|2447|2.19 | 6.42 | 25.62 | 5.35
D | n,=335 n,=32 |5.53|24.65| 3.61 | 11.0 | 25.44 | 1.90

HVDCAIAE MZ2& 2[5t Triple-tuned ZEf AAH 4y A7

Trans. KIEE. Vol. 64, No. 9, SEP, 2015
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Fig. 10 Configuration of Jeju-Jindo HVDC AC Filter
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Table 6 Harmonic voltage distortion of 3/11/35 triple-tuned
filter according to dc power change

Case A | Case B | Case C | Case D
HVDCEE 8 [%]
10| 50100 | 10| 50| 100| 10| 50| 100| 10| 50 | 100
3 ]0.35/0.44/0.38 |0.35[0.44/0.38|0.35/0.43| 0.37{0.35/0.43|0.37
5 10.03|0.23|0.562(0.02]0.18]0.42]0.02/0.18| 0.4210.02/0.18/0.41
7 10.02/0.06/0.09]0.01{0.04] 0.07{0.01/0.04{0.07|0.01|0.04/0.07
11 ]0.21]0.48/0.55] 0.1 [0.22/ 0.25| 0.1 |0.22/ 0.26 |0.16|0.36|0.42
Dn | 13]0.03|0.13]0.23]0.03]0.12 0.23]0.03]0.12/ 0.22|0.03|0.12|0.21]
23 (0.12/0.13/0.160.12/0.13|0.16]0.13]0.14/ 0.17]0.12/0.13/0.16|
25 {0.01/0.11/0.04 {0.01{0.11{0.04]0.01{0.12/ 0.04|0.01/0.11/0.04]
35 [0.07]0.04]0.07 {0.04{0.02( 0.040.08{0.04] 0.08 |0.12/0.06/0.12,
37 [0.03]0.03| 0.1 {0.02/0.020.07|0.04/0.03|0.12{0.05/0.05/0.18
THD |0.4(0.7/09|04|0.6|0.7|0.4]0.6| 0.7 {0.4]0.6(0.8
TIF [11.316.8/21.3]9.0{13.1|15.8|11.514.4/ 19.6|14.4|16.3|25.4
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