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A method for dielectric loss testing of high-capacitance equipment based on
damped AC voltage
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Guangzhou 510030, China)

Abstract: Dielectric loss factor measurement is an effective means for detecting defects in capacitive electrical equipment.
However, due to the limitation of the instrument power supply capacity, there are many difficulties in the application of high-
capacitance equipment. The damped AC voltage method requires low power supply capacity, and the oscillation frequency
can be adjusted to be close to the power frequency. However, the current dielectric loss factor measurement using this
method is based on the waveform attenuation parameters of damped AC voltage, which is far less accurate than digital
bridges and can only reflect particularly severe defects. Therefore, a method to measure the dielectric loss factor of high-
capacitance equipment by using damped AC voltage combined with digital bridge was proposed in this paper. Firstly, a
dielectric loss factor measurement system based on damped AC voltage was established. The dielectric loss factor was
extracted by full-phase Fourier calculation. The dielectric loss factor measurement results of sinusoidal waves and damped
AC voltage with different frequencies were compared, the difference between the two method were analyzed, and the
correction method was proposed. Then, comparative tests were conducted on the cable samples aged in the laboratory and
those exposed to water and moisture, as well as on-site 220 kV CVT, and the feasibility of dielectric loss factor measurement
based on the damped AC voltage combined with digital bridges was verified. The results show that the absolute deviation
between The absolute deviation between the measurement results of the measurement system established in this article under
50 Hz damping oscillation voltage and the measurement results of the standard dielectric loss measuring instrument is less
than 0.1%, which can meet the requirements of engineering applications.

Key words: damped AC voltage; dielectric loss factor; capacitive electrical equipment; digital bridge
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Fig.1 Dielectric loss factor measurement system based on

damped AC voltage
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Table 1 Comparison of phase accuracy obtained by FFT and

full-phase Fourier decomposition
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Fig.2 Phasor diagram of digital bridge voltage
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Table 2 The change laws of @ and  values with
power supply frequency

LY A0 %/ Hz a/(®) BIC)
50 0.09 0.000 9
200 0.36 0.003 6
250 0.45 0.004 5
300 0.54 0.005 4
350 0.63 0.006 3
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Table 3 Tand calculated by the two methods at
different frequencies

. S ARG $0/%

i EY = -
BUBHRMBE  IERE

1 nF//500 MQ 351 0.091 0.091
5 nF//100 MQ 347 0.092 0.092
10 nF//50 MQ 342 0.094 0.094
50 nF//10 MQ 306 0.105 0.105
100 nF//5 MQ 274 0.117 0.117
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Fig.3 Dielectric loss factor measurement system
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Table 4 Comparison of dielectric loss factor measurement
results for different test samples
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1 nF//100 MQ 3.450 2.036 1.414
2 nF//500 MQ 0.433 -0.980 1.413
5 nF//500 MQ 0.154 -1.259 1.413
10 nF//200 MQ 0.255 -1.160 1.415
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Table 5 Comparison of measurement results of dielectric loss

factor under 50 Hz damped oscillatory voltage
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FRAEN AL BELJe 4% 3 HL 1
1 nF//100 MQ 3.450 3.443 0.007
1 nF//200 MQ 1.776 1.758 0.018
1 nF//500 MQ 0.736 0.729 0.007
10 nF//100 MQ 0.428 0.411 0.017
10 nF//200 MQ 0.255 0.252 0.003
10 nF//500 MQ 0.157 0.144 0.013
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Table 6 Comparison of measurement results of dielectric loss

factor under different damped oscillatory voltage frequency
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FRAES 514X FHJE 4R 5
1 nF//100 MQ 3.450 3.428
58 2 nF//500 MQ 0.433 0.414
1 nF//100 MQ 3.450 3.341
261 1 nF//200 MQ 1.776 1.723
1 nF//500 MQ 0.736 0.757
1nF//100 MQ 3.450 3.560
2! 1 nF//200 MQ 1.776 1.716
47 nF//20 MQ 0.580 0.549
400 47 nF//50 MQ 0.373 0.387
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Fig.5 Cable samples with different ageing times
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Fig.6 Cable samples with water ingress and moisture
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Table 7 Comparison of dielectric loss factor results for

different cable samples

. A SR AFE R 5% S0} i 2
" FRAEA X RGHEOH, %
KZA L 2321 2328 0.007
Zik16d 7.907 7.974 0.067
Ziho4ad 8.600 8.526 0.074
Ak K 5 ) 0.062 0.069 0.007
BEKZE 5 1.435 1.373 0.062
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Table 8 Comparison of dielectric loss factor measurement
results for 220 kV CVT
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CHH 0.129 0.126 0.003
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