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Study on Grading Technology of DC-filter Capacitor Bank for HVYDC
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2. Guangxi University, Nanning 530000, China)
Abstract: In this paper, the influence of bench design on DC voltage distribution is studied on the basis of
bench structure of DC filter capacitor for HVDC, the relationship among the number of series segments,
leakage ratio and DC voltage non-uniform coefficient of capacitor shell connection elements is studied, and
the conclusion that the more the number of series segments of the elements, the more the non-uniform of
the DC voltage distribution is concluded; In combination with the characteristics of the capacitor unit, it is
concluded that the electric time constant of the capacitor is only a constant which is only related to pe and,
on the basis of above conclusion, the reasons for the unsatisfactory operation of the large - capacity DC
capacitor bank are analyzed, and the design recommendations for DC filter capacitor banks are given.
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Fig. 1 Outdoor multi-tower parallel structure (+800 kV)
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Table 1 Relationship between series segments n and leakage ratio & under different voltage

n 4 6 8 10
B=1.1 0.014 3 0.005 8 0.003 2 0.002 0
B=1.2 0.0250 0.0104 0.005 7 0.003 6
« B=1.3 0.033 3 0.014 1 0.007 7 0.004 9
B=14 0.0400 0.017 1 0.009 4 0.006 0
B=1.5 0.046 0 0.019 6 0.0109 0.006 9
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Fig. 6 Relationship between leakage ratio and series
segments

M1 AT RUR B I R B BB O, i
I ECI/ N e FEAIZIRE B O 13 MO0, 1E
n=4 I, ZORUE AN KT 3.3% il L, LA AR s
TEAHXS 25 55 5 024 n=8 I, 2R M tb A KT

IMERE o WA B, B2 B T 1 H3 R BRSO
JIN AT )T B AR T LU, 0 T UL 8 IO FL A A
Heiid , B HEH 2L

3 EE Y EREEROHN

AR LRI 25497 S0 A
TR 4 C = | R =p's LB
g |

d. S
T:R},C},:pﬁxé‘j=p8 (3)
J

J



2024 4F45 4 9] HUITHR i S TG $45%
R, =pelC, (4) 3) 4= RS FL 7 AR T A ] B TE) 3 40, e — 1

e S, AWARTEFR s o AARIEIA TSERE 5 p ot
[ B AR R BELR , Q- m & AR ALY B9 H
TR F/m,

LR IR XS T B R R RS BT,
FIREE FH o MR (3) AT L H, H 28 i A [ fg st ]
HRCS AR HBETCC , TR — A A R AR
PESEE KB HE R pe o HAAHBZ C K, I
{7 HR I BE 114 246 % P RS /N, 7588 1 247 b BEL gl
JIN, S5 S R T AR SR B R 5 1 R L B , R H
Zm AITARER A, R TR . O TR 2
RTINS BN R LI, MRS R B
B RO AN, JoF R BB AR 5] R B N, 11
T 5 ) ELIR UG U L A AR B R i Ay . X R
T LU T P2 A A A P RN SR ) 2 B
(4 S BT 8 B RE T SR A4 HE S AR I L D8 L R
i IR BRI o i, 381 PRSI R A

XFF TR EE p 298 1x10°Q - m,
& YR 2.2x8.85% 10" F/m, pe=10°x2.2x8.85x
1072 =194 700 s 5 X T2 7 I 14 SR PR s v JE, 1A
BHR S TRE—NEEEY, pe=194700 s; WY
At TR B B LR T 4 1k, & BB A G AR
T3k VH 1 2R D R AR R R BH 3R i — 25 R i, i)
FE RIS AR B T AR . B LA
[F1) A o A4 R BFL R X BT 3 B 0 L 28 A A B R R, B
A PE PRI

ST 57 L ik ) A FR e B 4 R AT 2] 52 i B 25
IRIBITINRREE , 5 ER BUE it , 4 0l 2 o i Bp IE Bt
FLAR K B 77 i o 91 a3 D L9 U I8 P A e i

T e T R AE U HR T P RE AR AR R 1 A 2%
AN
4 #EiE

1) 52 A ARk 2 5 A re 4 BRI o R R B
Bon, SEHWHBEEMSEEVIAL, n BRI
WK B 1 O P R A B BN 4 5] o HE R T L UE
WA RSB ET, NZ T % IR A R B AT
X} L 25 BT L R A3 BC R 52 )

2) 3t U L X L2 g B T P oo HR R B Y L
T HL R A BCSE M B R, R Sl A e e 4 T A R B B
BB Z g . G, T ORIES R RCR | %
2 LA MY N M S AR BT R TR B, DR UEAE B
T HL R AN 5] RBUSR G LT AR 2R s 7]
e

. 4 .

SR RS EA KB E R pe . BRAAREATTH C
R, 7 L 1 X T W BEL A /) g s A 5
Ko TEIEAT BTGB A 2 R BT, %58
O35 AL AX A AR

4 TEF AR BRI &, W% e 538 Y

WAL R BT BLAE TS NGR) AT, DLORIE L A 4%

BATTHR E] HL A BT S A AR L B AR

S 3Lk

(1] #RTER A TR B M. et v ) Tl it
1982.

(2] BmiA. & B i TREEOR M. Je st e E L g
ikt 2004.

[3] SCHILLING J, BOENIG H, GORDON M, et al. Operating
experience of the united states national high magnetic field
laboratory longpulse magnet[J]. IEEE Transactions on Ap-
plied Superconductivity ,2000, 10(1) : 526-529.

[4] MANKOSKI J J. High voltage sub - nanosecond dielectric
breakdown|D]. USA : Texas Tech University, 1997.

[5] MIURA N, KIDO G, HERLACH F, ET AL. High magnetic
field science and technology[M]. New York: World scientific
Publishing Co., Ltd.,2003.

[6] SAMAR JANA, MUKHERJEE R K. Generation and mea-
surement of pulsed high magnetic field[J]. Journal of Mag-
netic Materials,2000,21 (4):234-242.

(7] BSETF. Bk i R G0 A S 3 SRt . ) vy
HLJ) TR, 2002(2),21(4) :56-58.

ZHAO Yuanping. Harmonic hazard of DC transmission sys-
tem and the controlling measures|J]. Guangxi Electric Power,
2002(2),21(4):56-58.

(8] i, BEAR . ELRIE D AR AR COANF PR P 171
GUAM AT HL TR, 2014(1) :17-19.

LAI Hao, HONG Lezhou. Operation analysis of DC filter
capacitor C, unbalance protection []J]. Electrical technolo-
2y,2014(1):17-19.

(9] Wotse, Foilesi. 244 B TR EA DB H A5 a2 AT
HEORAP). W AR5 D0 A=, 2015, 36(1) : 77-80.
YANG Guijun, LU Haiying. Imbalance protection of DC
filter capacitor bank in Xing’ an HVDC project[J]. Power
Capacitor & Reactive Power Compensation, 2015, 36 (1):
77-80.

(107 380bR, XRG4 78 F U TP AL 8 Pl 25 e ol 11
FORIFERTSE(]]. = R LAY, 2013,49(4) : 71-75.

ZUO Qianglin, DENG Guangzhao. Study on the technic
problems of DC filter for Qing- tibet DC project[J]. High
Voltage Apparatus [J]. 2013,49(4) : 71-75.

(11 e 5mobR, Eh 2 5. 4 g s vt i v L D v ipl v 2 e 4

BT TRD AT SE[C /2009 4 e He i it HOR [ PRz B8



2024 4F45 4 3 ZBRML,F HVDC B IS A fe 2 HOR A (e 21480
AR, trics and Electrical Insulation, 2005, 12(5) : 1043-1059.

(128038, A0 5imobk. o vy R EL VAL Pl P B DR 2 et T
[RIRHHIEFEC] /72006 47 o i LB AR [ PR 25 0GR 30

(13 1WA 3C. R e T LU i v, 4 B 248 2% 1 1 AR AR e P
2 D] I AR R, 2015.

(14175 /5 — ek b T P it DX 2 i 15 728 v il 24

G0 H U H AR RS SR LR AR
2004,28(12):13-17.
SU Zhiyi, LIU Yansheng. Comparison of natural contami-
nants accumulated on surfaces of suspension and post insu-
lators with DC and AC stress in Northern China’ s inland
areas[J]. Power System Technology,2004,28(12):13-17.

(15 X8, INGEAE. o IR EL R G PRk B B 5 2 5 1 RO RS
PEWFFEL)]. 425 b1 K, 2016,49(6) :51-61.

LIU Hui,SUN Jiaxiang. Pollution accumulation characteris-
tic analysis on composite insulators for HVDC transmission
line[J]. Insulation Materials,2016,49( 6):51-61.

(16 ] i s T i P 28 8 P B U8 D Pl 28 e B PP P B2 il
HLZ5 %% : GB/T 20993—2012 [S]. 2012.

DC filter capacitors and neutral bus surge capacitors for
HVDC transmission system : GB/T 20993—2012 [S]. 2012.

(17 Tt I, ARBRAS. ARX R RE K 2 0o 4 2 - 1t 8 H Wt 1)

ST R 4R, 2015,43(6) :51-53.
ZHANG Guowu, SHAO Kuiwei. Research on influence of
environmental relative humidity and salt equivalent insula-
tor surface density on leakage current of insulator({J]. Yun-
nan Electric Power,2015,43(6):51-53.

L1815k E % HE ik, 45, R Aa 21k i o it S5 TR R 1Y

RIS = R H AR ,2006,32(1) :40-41.
ZHANG Jianxing, LYU Fangcheng, et al. Relationships
among leakage current of insulators on HV lines, tempera-
ture and humility based on the grey relational analysis|J].
High Voltage Engineering,2006,32(1) :40-41.

L19 175 Ffe, E . 5 R 4 21tk v 5 AR IR T HE AR

KM PRI AR, 2012,38(4) :885-892.
FANG Chunhua, WANG Jianguo. Correlation analysis of
contaminative insulator leakage current environmental tem-
perature and humidity[J]. High Voltage Engineering,2012,
38(4):885-892.

(20 JiRXB . N Ti5mb a2z 1k v it R RE R O 2 Bk
FEFEID]. KV R IDHT R, 2008.

[21]DUBX,LIU Y. Frequency distribution of leakage current on
silicone rubber insulator in salt - fog environments[J]. IEEE
Transactions on Power Delivery,2009, 24(3):1458-1464.

[22] KUMOSA L, ARMENTROUT D, BENEDIKT B, et al. An
investigationof moisture and leakage currents in GRP com-

posite hollow cylinders[]J]. IEEE Transactions on Dielec-

[23]KARADY G. The effect of fog parameters on the testing of
artificially contaminated insulators in a fog chamber{]J]. IEEE
Transactions on Power Apparatus and Systems, 1975,94(2) :
378-387.

[24] KUMAGALI S. Influence of algal fouling on hydrophobicity
and leakage current on silicone rubber(]]. IEEE Transac-
tions on Dielectrics and Electrical Insulation, 2007, 14(5) :
1201-1206.

[25]SUNDARARAJAN R, GORUR R S. Dynamic arc modeling
of pollution flashover if insulators under DC voltage[J]. IEEE
Transactions on Electrical Insulation, 1993,26(2):209-218.

[26]PIAH M A M, DARUS A. Modeling leakage current and
electric field behavior of wet contaminated insulators[J].
IEEE Transactions on Power Delivery, 2004, 19 (1) :432-
433.

[271MAO Yingke, GUAN Zhicheng, WANG Liming, et al. Fre-
quency characters of leakage current on the surface of out-
door insulators in different relative humidity|C]// IEEE
Conference on Electrical Insulation and Dielectric Phenom-
ena. Kansas, USA . IEEE, 2006 :692-695.

[28 JOSSAMA E GOUDA,GHADA M AMER. Factors affecting
the leakage current bursts of high voltage polluted insula-
tors[C] // Universities Power Engineering Conference. Tain-
an,China:IEEE, 1999:114-117.

[29]ISAIAS RAMIREZ VAZQUEZ, JOSE LUIS FIERRO
CHAVEZ. Criteria for the diagnostic of polluted ceramic in-
sulators based on the leakage current monitoring technique
[C]/7 1999 Conference on Electrical Insulation and Dielec-
tric Phenomena. Austin, USA :[s.n.],1999:715-718.

(30275 XA, W , S5, LU il U I 0 o 4 i
HL IR IR)]. =L 4R, 2022,50(4) :31-34.

LI Rong, ZHAO Wei, YANG Chao, et al. Influence of har-
monics of DC ice melting device on MOA leakage current|J].
Yunnan Electric Power,2022,50(4):31-34.

(3115 48E. A5 HYR T 7 5 55 1k s i i S 0F
FElJ]. BEVRS LT, 2022:24-27.

LIANG Jiesheng. Surface electric field simulation and leak-
age current experimental study of composite insulators[J].
Energy and Electric Power,2022:24-27.

&I
ABH(1967—), B, EHA TN, KA F L H i

B TAE,

REF(1981—), B, HA LR, KARF LA LER

FRGHAR T,

FhRAT(2002—), 5, AF, BRI ) A kR B B ) TAR





