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ABSTRACT: The valve side bushing of the ultra-high voltage
converter transformer operates in the multi-field coupling
environment of the electric field, temperature field, and
mechanical stress field. The capacitor core has an uneven
distribution of temperature and electric field. It is urgent to
introduce nonlinear characteristics of the insulation medium
into the electric thermal coupling mechanism of the valve side
bushing and carry out optimization design. This article
simulates complex electric field and temperature distribution of
the valve side bushing under the excitation of DC and multiple
harmonic components, establishes a heating model of valve
side bushing capacitor core and proposes valve bushing
electric-thermal  coupling model considers nonlinear
characteristics of capacitor core insulation material. Research
has shown during normal operation, the bushing on the side of
the ultra-high voltage valve bears harmonic components and
DC components in addition to 50Hz power frequency
components. After the frequency component reaches 2500Hz,
the waveform amplitude approaches zero. As temperature
increases in range of [20,110]°C and the frequency decreases
in range of [107,10°] Hz, the tangent value parameter of loss
angle increases and there are multiple peaks and valleys. There
is a clear nonlinear relationship between the dielectric constant
of material and temperature and frequency. The nonlinear
model of the valve side bushing electric thermal coupling
proposed in the article forms an improved equal margin design
method for the electric thermal coupling, achieving the
maximum radial field strength of 5.85kV/mm, the axial field of

0.41kV/mm, and the partial discharge margin value of 1.29 for

the casing core. The comparison between the calculation and
design shows that the axial field strength between the core
plates of the valve side sleeve is distributed, which verifies the
rationality of the nonlinear model of the valve side sleeve
electric thermal coupling. Simulated data in this article can
provide theoretical support for manufacturing the ultra-high
voltage valve side bushings, and it has certain guiding values
for ensuring the safe and reliable operation of ultra-high

voltage direct current transmission projects.
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Fig. 1 Geometric structure of the bushing on the side of the
converter valve
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Fig. 2 Simulation diagram of the bushing circuit on the side of the ultra-high voltage valve
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Fig. 3 On-site physical objects of converter bushing
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Fig. 4 Actual voltage and current waveform of valve side
bushing
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TABLE A1 Frequency domain characteristic parameter
values of H-N model in the intermediate temperature range

(AT)

WE e, Agy  Thy, By b4 Ay Ty B, 72
70 2744 0.8197 5.1 0.161 0.697 0.003 0.226 0.846 0.770
80 2.740 0.8197 2.9 0.168 0.697 0.004 0.055 0.726 1.408
90 2.741 08196 1.8 0.172 0.697 0.01 0.171 0.814 0.667
100 2.744 0.8196 1.2 0.172 0.697 0.009 0.005 0.539 4.035
110 2.748 0.8196 0.74 0.172 0.697 0.012 0.005 0.508 3.462

R A2 RIERX H-N SHESUSHES HE
TABLE A2 Frequency domain characteristic parameter of
H-N model in low-temperature region

IR €y Ag, THN, B "
20 3.1350 0.4323
30 3.1884 0.3787

5.1218x107* 0.2017 0.5704
8.4252x107° 0.1978 0.7634
40 3.0893 0.4808 6.7973x10°° 0.1856 0.5299
50 3.0710 0.4986 1.7496x107 0.1784 0.5378
60 2.7046 0.8623 0.0018 0.2210 0.1346
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Fig. Bl Equivalent mathematical model for dielectric loss
of capacitor cores
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Fig. C1 Optimize the process of equal margin design
method
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Table C1 Design of valve side sleeve core with improved
equal margin method

Gl WA AR LT G
m Yt/ ,
ﬁ KR KR Pt/ iRl M
JEH mm 0 ¥
mm mm mm kV-mm™ kV-mm
1 16.87  9302.16 68.25 0.75 0.41 5.85 1.29

15 18.88  8680.56  80.23 0.96 0.41 5.03 1.29
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Fig. C2 Comparison of electrical performance parameters

for optimized structure of casing core



