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Research on DC electric field and heating mechanism of insulator based on
distributed conductance
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Abstract: Aiming at the problem of electric field distortion and abnormal temperature rise caused by insulator degradation
in DC transmission system, a distributed conductance matrix was constructed based on the multi-conductor system theory,
and the distributed conductance characteristics and electric field distribution of U550BP/240T porcelain insulator string
under DC voltage were studied by electric field simulation. The heating mechanism of insulator string was revealed by
thermal-electric coupling model and DC live test. The results show that the distributed conductance between normal
insulators is basically equal, about 15x10"° S/m, while the conductance between the fittings of zero-value insulators
increases sharply to about 108x10™"° S/m. The distributed conductance between fittings and conductors, as well as between
fittings and ground, decreases with the increase of spatial distance. The voltage along the insulator string shows a U-shaped
distribution. For the zero-value insulator, the partial voltage drops to 1.4%—1.6% of the total voltage, and the peak value of
axial field strength attenuates to 5.5%—7.1% of the normal value, resulting in a significant rise in the field strength and
partial voltage of the adjacent insulator. Through the 120 kV DC live test, it is verified that the heating curve along the string
is similar to the U-shaped distribution curve of voltage, which verifies that the voltage plays a leading role in the heating of
insulator. The iron caps of zero-value insulators exhibit uniform heat generation, while those of normal insulators show a
significant temperature rise in the middle and lower parts. The correlation coefficient between the heat generation
characteristic curves of the insulator string obtained from simulation and experiment is greater than 0.95%, with a maximum
error of 12.38%, which verifies the decisive role of distributed conductance in the electric field distribution and heating of
insulator, and can provide theoretical basis for the state monitoring of insulators in DC system.
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Fig.1 Multi-conductor system diagram
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Fig.2 Impedance circuit model of insulators under AC and
DC electric fields
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Table 1 Electric parameters of each material
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Fig.5 Model mesh subdivision results
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Table 2 Conductance multiplier between insulator fittings
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Fig.7 Distribution curves of distributed
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Table 3 Consistency statistical parameters of

voltage distribution
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Table 4 Thermal field parameters of each material
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Fig.14 Simulated temperature distribution cloud maps
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Fig.15 Heating condition of the third insulator
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Fig.16 Insulator heating characteristic curves
MRS TATFL, & TOL I R 5 e E S5 T 8K

PAFAE i 28 1) B2 IR M AH O RBLR YK T 0.95, W 5E
AHRYIKT 0.8, I KA R ZE S, N 12.38%, 1

R5 ABHMZEZITSH

Table 5 Statistical parameters of heating curve
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