H45% W &/ L F O M Vol. 45 No. 11
2024 4E 11 H Chinese Journal of Scientific Instrument Nov. 2024

DOLI: 10. 19650/j. cnki. ¢jsi. J2413200

AR 0 25 12 19 35 Rz B 4E 4 Ak el SR B 5

= 28 B Fuai A, BB
(VU ZC R S T RE2ABE AR 611756)

 OE. T 10 kV e A R AR AR A | Y 2 ol e 2 R AN R 2R A TR A, 2 B A R I — A TR R A R A
AR R R HGHE AT SE , JOIEMER RO AR BB . P, AR SCHEAMRM AN BE Y T 00T, 42 10 3 T L 28 DD B 91 1 DU Sk i
LA A HE DT % 38 T8 DR S N AN R ) 1570 Pl 28 T B R A A8 A e et 45 SR A ), v, e 545 0 e Al R AURR B A 5,
AR 2 1R 2 ] B2 T e B P R S ), T e Sk S U SERR R 448 A il £, f s, TR L BRI S 067 & S A%
RSB B UELL R AR FIZ AR A @ R, Souess B U] 76 10 kV AT M2 25 46 B T AR 70 mm® 2546 F] 150 mm® B, %15 8K
P T AR B L B SR B R ) B AR R 25 O 2. 685% , T JE HL T3 HL R RS BR U | M T S0 1 3 B Ak
KGR ARG A R 5 B 00 I 5 AR i s SRRk e

RE4HES ., TM933.2 THS9 XHEARIRAD: A ERirEFRERE; 460. 40

Research on adaptive non-contact voltage measurement of
wire diameter in distribution network

Li Hao,Fu Ling,Li Hongyan, Ye Yongjie,Peng Yinke

(College of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: Due to the variety of cross-sectional areas in 10 kV distribution network lines, when the non-contact voltage device measures
the voltage of different line diameters, the line-electrode coupling capacitance becomes time-varying. This variation complicates the
determination of the voltage dividing ratio, making it difficult to accurately invert the line voltage. In this paper, under the condition that
the outer copper electrode is not grounded, the self-calibration method of dual-probe coupling capacitance based on the capacitance-
switching array is proposed. This method eliminates the influence of line-diameter variation on the measurement results by casting the
capacitance between the inner and outer copper electrodes of the dual-probe. Additionally, the sensitivity formula of each measured
voltage is derived to quantify the effect of measurement errors on the inverted line voltage, and the optimized probe parameters are used
to realize the adaptive measurement of the distribution network line diameter. Finally, the simulation circuit is designed and the
experimental platform is constructed to complete the calibration of the sensor parameters and perform the adaptive testing of different line
diameters. The experimental results show that when the cross-sectional area of the 10 kV distribution line changes from 70 mm® to
150 mm*, the maximum relative error between the line voltage inverted by the sensor and the real line voltage is 2. 685% , which meets
the standard of electronic voltage transformer. This in turn can validates the effectiveness of the proposed method.

Keywords : coupling capacitance; voltage measurement; capacitive voltage divider; non-contact; parameter sensitivity
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Fig. 3 Dual probe voltage measurement model
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Table 1 Calibration parameters

MESHUE MWESH P
k, 8 931.57
k, -7 086.23
ky 11 101
ky -8 242.72
ks 0. 45
kg 0. 54
k, -0.17
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K2 HEAA 70 mm’ HEENE
Table 2 Voltage measurement with 70 mm’ cross section
B U,/kV w;/mV u,/mV u3/mV u,/mV U./kV
ERNN 5.095 133.925 95. 800 111.025 82.033 5. 041
2w 7.070 172.700 130. 200 154. 075 114. 250 6. 896
FI3W 9.125 240. 350 174. 050 197. 700 144. 025 9. 003
4 11. 100 286. 375 210. 050 238. 850 174. 950 10. 802
#3 #HERN 95 mm’ WHENE
Table 3 Voltage measurement with 95 mm’ cross section
$edh U,/kV w,/mV uy/mV uy/mV uy/mV U./kV
1R 5.071 136. 175 100. 010 113.375 84.563 5.120
F2k 7.025 185. 600 144. 050 156. 750 117. 475 7. 044
3 9. 160 244.525 184. 675 201. 575 149. 175 9. 042
4R 11. 165 291. 075 225.025 245.250 184. 200 11. 166
F4 HEARA 150 mm’ HEENE
Table 4 Voltage measurement with 150 mm’ cross section
Fri U,/kV u,/mV u,/mV uy/mV 1,/ mV U./kV
E RN/ 5.020 141.725 120. 010 111. 550 89. 990 4.976
2 7.003 195. 175 153.451 167. 302 120. 850 7. 008
FI3IW 9.120 252.750 198. 375 217. 852 154. 450 9.120
£ XN 11. 149 307. 150 240. 125 264.218 187.525 11. 149
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Fig. 14  Relative error in line voltage for different wire sizes
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