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Accurate measurement method of distribution network-to-ground capacitance

based on graded adjustment of grounding transformer windings

WU Lifang' ,BAI Hao*, OUYANG Jianna', YUAN Zhiyong®, LI Shan'

(1.Electric Power Science Research Institute, Guangxi Power Grid Co., Ltd., Nanning 530023, China;
2.Electric Power Seience Research Institute, CSG, Guangzhou 510663, China)

Abstract: The traditional measurement method of distribution network grounding capacitance is greatly affected by the
neutral grounding mode, and cannot eliminate the influence of harmonic elimination resistance and internal impedance
of voltage transformer on the measurement accuracy. For this reason, an accurate measurement method of
distribution network grounding capacitance that is not affected by the neutral point grounding mode is proposed. By u-
sing the Y//\ connection grounding transformer with tap connected externally to the distribution network, the zero
sequence voltage of the distribution network is ensured to change within the specified offset value by adjusting the
grounding tap of the high voltage side winding of the grounding transformer to a lower gear, and the required zero se-
quence voltage and current are measured to obtain the system grounding capacitance. The proposed method is simula-
ted and analyzed in PSCAD/EMTDC simulation environment. The analysis results show that the method has high
measurement accuracy. and the measurement process of grounding capacitance is safe, simple and economical.
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Figure 1 Accurate measurement principle of distribution

network-to-ground capacitance based on graded

adjustment of grounding transformer windings
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Figure 2 Accurate measurement process of distribution
network-to-ground capacitance based on graded

adjustment of grounding transformer windings
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Figure 3 Simulation of accurate measurement of ground

capacitance of distribution network based on graded

adjustment of grounding transformer windings
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Table 1 Measurement results of different grounding

parameters at A, gear of the neutral

point ungrounded system

i X Hi LA/ pF HAAHR 2 /
TR RIS %
1 2.800 2.798 0.071
2 5.700 5.703 0.053
3 10.000 10.004 0.040
4 18.000 18.031 0.072
5 25.000 25.035 0.140
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Figure 4 Zero-sequence voltage waveform of

neutral point ungrounded system
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Figure 5 Zero-sequence current waveform of the

~

grounding wire of the grounding transformer

tap of the neutral point ungrounded system
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Figure 6 Measurement of capacitance variation for

neutral point ungrounded system
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Table 1 Measurement results of different grounding

parameters at A, gear of the neutral grounding

via arc suppression coil system
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for neutral grounding via arc suppression coil system
Xof O g R b A R n 1 OO, ml ik
YR Sl /0 1) 0 e (R 3 A I8 A £ R A Sy
S DU REAS 30T My r, 25 1 RS B I o 4 R

3 4EE
G145 S5 1 e A 00 X Hb L 7 0 7 B T s 0

B 00 g gk A e B JE R B R R s U R e LA Y
S, LA KA G 1A T H T X b r 5 T 2 R

i 7 S5 O A T B T b AR R g Se A
A3 I TC R X G Ml E 2 ORS B O E r vk . R
e Fi, P B 422 1) A T A A o il Sk Y/ A FE A
AR R g o 8 A Lk b A R 2 — A = R 0 28 4 sk
F b, WCAR T R N R E PR O U A B0 O T 1R R
FEL R R 2 B O o AT A5 2810 T F DX P ) M R 2 . AE
PSCAD/EMTDC fjj E. ¥R 85 v 43 B B ik 17 Fir 428 J7 2%
e b SR T b ST B R A AR R A 0 o
e, FiL X)) b P 2, 3 MRS S I . 9F B Tl
1R g A e Sk He e AR R T R R
NRGBIT AR VP FL AN S & D&
R GG L R B AT SR VTR IR

S 3

(1] ZEMedr, BTl ) REGE IR LM AL 5t . R R L )
H AL 52009 : 34-36.

(2] BRT M, 2 5 00, 00 B0 55 0T S o e ot i AT R 28
e L) ] A I, 2020,37(5) :64-72
CHEN Zihui, MAI Ronghuan, NI Huihao, et al. Energy
efficiency analysis of transformers considering power
quality factors[ ] ]. Distribution &. Utilization, 2020, 37
(5):64-72.

(3] 1R Je . BRAH B, 58 3005 B0 B 1 P ol A b UH A B B

A% L Ak R AP A A LT . L ), 2021,54(8) ¢ 175-
181.
TAN Zhenlong, QIAN Xiangyi, CAIl Wenchang. Analysis
of relay protection for offshore wind power long-dis-
tance submarine cable transmission with high resistance
station[ ] ].Electric Power,2021,54(8):175-181.

4] ARBUCH X 45 8 BT R B LT CVT HL A U Y

WL R AR Uk (R R AR S5 1L 2020, 48
(20) :141-147.
DAI Shuangyin, LIU Shuming., ZHAO Qizhe, et al. A
harmonic voltage measurement method based on CVT
capacitor current[ J].Power System Protection and Con-
trol,2020,48(20) : 141-147.

(5] SR, R B, 5K W0 5 , 55, — Fl i 4 4 b R 40 i 25 Wl UL
8 iR LT i i B2 58 R 2441, 2020, 35 (1) : 109-
114.

ZHANG Shan, LIANG Zhirui, ZHANG Lifang, et al. A
new capacitor current measurement method for reso-
nance grounding system[]J]. Journal of Electric Power

Science and Technology,2020,35(1):109-114.



114 A - T S SR S 4 2022 4F 9 1
(6] REREDE, 3K SCHE , 2 AT 9%, 45 o 3 O S 4 Wl G ) A FY) (12] FEE AR5 2R E 25— Fbobr Y A9 i 4 v i 7E 20
I R IR e BT [T ). e HL A8, 2020,56 (1) £ 148- RGBT B 53K ,2020,57(5) :142-147.

154. WANG Guoyou, XING Liang, LI Weixia, et al. A novel
SHENG Nengjin, ZHANG Wenjia, PENG Zhuyi, et al. design scheme for the online measurement system of
Research on the controllable series compensation device capacitance current[ ]J]. Electrical Measurement & In-
to improve the power flow problem of key transmission strumentation,2020,57(5) : 142-147.
Lines[ ] ]. High Voltage Apparatus, 2020, 56 (1):148- (137 JASK 98, k2 , X040 55 5 T =000 30 06 (0 10 rl ) v, 28 s
154. i R LT ] A 5 43R, 2017, 54(10) - 44-49.

[7] By ok T, BRI, 55, o P A S 432 b TiC P I Pl 25 Pl O ZHOU Qiukuan, YAO Jun, LIU Yan, et al. A new
TEL M &7 3k A ] 1 Bl 22 5 B R 42 ), 2008, 23 method to measure capacitance current in distribution
(2):66-71. network based on three-frequency method[]]. Electrical
LI Xinji,ZHANG Ping,CHEN Bo. et al.Capacitive cur- Measurement &. Instrumentation,2017,54(10) :44-49.
rent on-line measurement methods comparing for un- [14] M, B2 M AR 45 26 1 00 e B R 2% 19 Pk AN
earthed distribution systems[J]. Journal of Electric 2 Ml C PR OO X6 b 2 50 S R I B B R LT H R
Power Science and Technology,2008,23(2) :66-71. 2020,44(7) :2657-2664.

(8] F o rp TR 9 v 1 o3 e 7 U BEFE (D55 8 - ZHUO Chao,ZENG Xiangjun, YU Kun, et al. A novel
[E A 3l K2, 2010. real-time measurement technique of grounded parame-

(9] ERRZ, TR, KM JE, 55 0 H R 48 H 45 H U 10 T & ters of dual voltage transformers in neutral point un-
(] THRS5#E,2016,30(2):161-1624+177. grounded distribution networks[J]. Power System
WANG Qingjun. WANG Yiping.ZHU Shenglong.et al. Technology.2020,44(7) :2657-2664.
Measurement of capacitive current in distribution sys- (151 W #EE , sLAB A4 , &5 55 T B2 3 20 TR 8% 28 41 40 24 0 R
tem[ ] J.Engineering and Construction,2016,30(2) .161- T T B ) 3 Bl e e T R S AR B R 7k LT
162+4177. HLL A% 3R ,2020,40(5) : 1523-1534.

(10T B . 7 0% X it . T Pt 2 B P 2 o 0 0 it 32k L ZENG Xiangjun, ZHUO Chao, YU Kun, et al. A novel
(T &R o J1 4 AR ,2017,44(7) : 43-47. method of faults arc extinguishing and feeder protec-
ZHAO Xian, ZHANG Biao, LIU Hailong. Comparison tion based on voltage regulating intervention with
on frequently-used methods of capacitive current meas- grounding transformer winding taps for distribution
urement on power distribution lines[ ] ].Shandong Elec- networks[ ] ].Proceedings of the CSEE, 2020, 40 (5):
tric Power,2017,44(7) :43-47. 1523-1534.

(11] WM 5 SO, X 3K 55 T AR 50 ot 3 IR ) 4 75 (161 ZEP 30, WG4, 20l A, 46 iy F 52 AL i Fh 48 5 i P 17

A R S BT R L) ). ) &R 48 H 3l 4k, 2008, 32
(4):77-80.

ZENG Xiangjun, YI Wentao,LIU Zhanglei,et al. A no-
vel technique of capacitive current resonance measure-
ment with signal injected for distribution networks[]J].
Automation of Electric Power Systems, 2008, 32 (4) .

77-80.

BOEMEAR LG R[] KRVPHE T KM AR F
) ,2022,19(3) :104-121.

LI Zewen,ZENG Xiangjun, XIA Yixiang, et al. Review
of traveling wave fault location technology for high
voltage AC transmission lines[ ] ].Journal of Changsha
University of Science & Technology(Natural Science) ,

2022,19(3):104-121.



