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Thermo-mechanical Coupling-induced Fracture Risk of Dry-type Valve-side Bushings Under
High-intensity Seismic Conditions
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Abstract: The safe and stable operation of converter transformer, as a key device of DC transmission system, is crucial.
Due to the long cantilever structure, the dry-type valve-side bushing of the converter transformer has a high risk of crack-
ing in high seismic intensity regions. Existing research has usually overlooked the factors including the nonlinear
temperature-dependent characteristics of epoxy materials and thermal expansion coefficient mismatches among compo-
nents, and seismic dynamic response of bushing under thermal-mechanical coupling remains unclear. Addressing these
issues, we established a thermal-mechanical coupled finite element model for £500 kV converter transformer dry-type
valve-side bushings. The influence of whether the thermal field was considered or not on the seismic response was com-
pared, and the response characteristics were investigated for different installation inclination and peak seismic
acceleration. The results show that thermal field slightly affects the characteristic frequencies, acceleration responses, and
displacement responses, but significantly affects the stress responses. Under the consideration of the thermal field, the
safety factor of the bushing is seriously insufficient, and the stress of the core root exceeds the tensile strength of the
epoxy material. Although increasing the installation inclination can slightly reduce the stress, it still does not satisfy the
safety factor regulation. The increase in load current leads to an increase in bushing temperature and stress
peaks;meanwhile, when the load current reaches 1 000 A, the stress peak increases significantly. For high-intensity seis-
mic application, the impact of thermal field can not be neglected.

Key words: dry-type valve-side bushing; high-intensity seismic; seismic response; cracking risk; nonlinear tempera-

ture-dependent characteristics; finite element simulation
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Table 1 Acceleration magnification factor of bushing under

different conditions
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Table A1 Material electro-thermal simulation parameters(?32°]
R % JE/(kgm ) FHXS A L 2 HL 2 /(S'm ™) FHABY(W-m KT
st —1.296x10873+2.139x 10572~ | o1 ~6.558x 10711 T+6.492x 10572+
0.013 17%3.532 5.32x1075T+0.006 47
—2.134x107773+3.771x 10472~
SFs 1 10718 1.9%10777%-9.05% 1075T+0.020 65
0.241 5T+65.51
7 s AR 830.6 22 10713 0.103
BE4E 2710 — 2.326x107(140.004 3(7-293.15))! 0.237T+38.51
4 8 960 — 5.998x107(1+0.004 0(T-293.15))"! 386
UYL o 2000 6.0 1071 0.42
WA 1200 41 2.11x10 exp(~4 826/(T+273.15)) “32X10PTHLISA0 T
1.43x10747%+7.88x 10T +0.167
TR 1200 35 10713 027
R A2 HE-HL S
Table A2 Material thermo-mechanical simulation parameters!23]
okl IR REUK LA/ MPa THRAEE
4 17.5x10° 1.2x10° 033
Py 23.2x107 7.2x104 033
N 54.45x107 ~3.29exp((T-273.15)/19.14)+4 606.22 038
TLHET 30.2x107 2.4x104 0.26
El 123x10° 2.1x105 030
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