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A harmonic voltage measurement method based on CVT capacitor current

DAI Shuangyin?, LIU Shuming?, ZHAO Qizhe?, LI Qionglin®
(1. State Grid Henan Electric Power Research Institute, Zhengzhou 450052, China;
2. SPIC Henan Maintenance Engineering Company, Zhengzhou 450000, China)

Abstract: Accurate and effective measurement of harmonic voltage is an important prerequisite and basis for mastering
the harmonic status of a power grid, carrying out harmonic control and improving the level of power quality. In order to
solve the problem that a large number of currently running CVT cannot accurately measure harmonics, a harmonic
voltage measurement method based on CVT capacitor current is proposed. This method measures the current flowing
through the high voltage capacitor and the middle voltage capacitor branch and carries out harmonic analysis. Given the
capacitance parameters, the high voltage side harmonic voltage can be calculated conveniently and accurately. This
method only needs simple modification of the CVT secondary circuit to realize harmonic voltage measurement without
affecting the safety of the equipment. First, the basic principle of this method is given, and then the influence of current
measurement accuracy and capacitance variation on harmonic measurement error is analyzed by simulation. The physical
test verification of actual CVT is completed. Test result shows that the measurement errors of 2-50 harmonic voltages are
less than 2%, which meets the relevant requirements of harmonic national standards.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. 5200-201924064A).
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Fig. 5 Simulation comparison of measurement error
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Table 2 Simulation result of harmonic measurement error

WK CVT HUZRHLL | D CVT P25 LA
U RZEI% IRIREN | KB RE% ERZE%
2 0.245 0.002 27 -37.995 0.001
3 0.748 0.001 28 -37.568 0.001
4 1.328 0.001 29 -37.193 0.001
5 3.454 0.001 30  -36.862 0.001
6 9.879 0.001 31 -36568 0.001
7 17.826 0.001 32 -36.306 0.002
8 34511 0.001 33 -36.071 0.001
9 70.786 0.001 34  -35859 0.002
10 237.091 0.001 35  -35.668 0.002
1 199.671 0.001 36  -35.494 0.002
12 -66.089 0.001 37 35336 0.002
13 -89.395 0.001 38 -35.192 0.003
14 ~71.184 0.001 39  -35.060 0.003
15 -61.304 0.001 40  -34.938 0.005
16 -55.164 0.001 41 -34.827 0.003
17 -50.987 0.001 42 34723 -0.002
18 -47.977 0.001 43 -34.628 0.000
19 -45.715 0.001 44 -34540 0.001
20 -43.963 0.001 45  -34.457 0.001
21 -42.568 0.001 46  -34.381 0.001
22 -41.435 0.001 47 -34310 0.001
23 -40.500 0.001 48 -34.243 0.003
24 -39.717 0.001 49 -34.181 0.002
25 -39.054 0.001 50  -34.122 0.002

26 -38.486 0.001 — — —
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Fig. 6 Harmonic voltage measurement error when current
measurement error changes
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Table 3 The 13th harmonic voltage measurement error

BELM IE% % | REFM HM% E%
11+1% 0506 0505 | I1+1%I2+1%  1.001  1.000
11-1%  -0.505 -0505 |11-1%12-1% -0.999  -1.000

12+1% 0.495 0.495
12-1% -0.494  -0.495
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Table 5 Test result of harmonic measurement error

Wi CvT AR | CvT HLZE LI
DB REN  EREM | KB RER EREY
2 0.93 1.08 27 -40.56 0.34
3 2.84 0.46 28 -40.53 0.52
4 5.34 -151 29 -40.19 0.61
5 9.63 0.81 30 -39.69 158
6 15.61 0.30 31 -39.71 0.20
7 26.76 0.31 32 -38.98 0.99
8 45.30 0.52 33 -39.33 0.96
9 87.67 0.12 34 -39.11 0.34
10 221.67 0.23 35 -39.15 118
1 55.14 1.54 36 -39.22 0.01
12 -54.72 1.70 37 -39.06 0.05
13 -78.74 1.56 38 -39.56 0.36
14 -71.25 1.40 39 -38.37 0.94
15 -63.26 1.39 40 -38.41 0.58
16 -57.86 1.16 41 -38.61 -1.16
17 -53.79 1.30 42 -37.33 0.68
18 -50.95 0.87 43 -39.16 -0.26
19 -48.12 0.29 44 -39.13 -0.98
20 -46.61 1.25 45 -38.17 -0.56
21 -44.93 0.26 46 -37.80 -1.39
22 -44.41 0.05 47 -40.00 0.87
23 -43.48 0.06 48 -37.93 -0.52
24 -42.77 0.10 49 -41.07 0.31
25 -41.89 -0.46 50 -38.10 178

26 -41.48 0.30 — — —
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