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Abstract

Focusing on the safety limit of thermal stress when cleaning contact network insulators with hot air
under low-temperature conditions, ceramic, glass, and composite insulators were selected as research
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subjects. Using finite element numerical simulation technology, the thermal-fluid-solid multiphys-
ics coupling mechanism during the hot air cleaning process was thoroughly investigated. A com-
bined operation mode involving high-pressure water jet flushing and hot air drying was adopted,
with multiple sets of different ambient and hot air temperature combinations systematically stud-
ied to analyze the distribution patterns of stress and displacement fields on insulator surfaces. Nu-
merical simulation results indicate that in low-temperature environments, ceramic and glass insu-
lators exhibit high sensitivity to temperature differences. When the temperature difference be-
tween hot air and ambient conditions exceeds a critical threshold, the stress level on insulator sur-
faces approaches the bending strength limit of the materials, posing a risk of damage. Specifically,
the safe temperature difference limit for ceramic insulators should be kept below 60°C, while that
for glass insulators should be below 55°C. In contrast, composite insulators demonstrate excellent
thermal resistance, with surface stress levels significantly below the material strength threshold
even at hot air temperatures exceeding 90°C, enabling safe and stable operation. These findings pro-
vide crucial theoretical support for optimizing cleaning process parameters in low-temperature en-
vironments and hold significant guiding implications for ensuring the safe and reliable operation of
contact network power systems.
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Figure 1. Simplified model of insulator simulation
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Table 1. Characteristics of insulator materials

= 1. BT

M5t W (g/em?) FVERL R (GPa) P 58 (MPa) P58 (MPa)
W %5 3.6 300 290 850
iy 1.8 50 310 340
¢ 2.4 72 70 120
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Table 2. Numerical simulation boundary conditions
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Table 3. Numerical simulation operating condition parameters
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Figure 3. Cloud map of wind speed and temperature distribution of ceramic insulators
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Figure 4. Cloud map of wind speed and temperature distribution for glass insulators
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Figure 5. Cloud map of wind speed and temperature distribution of composite insulators
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Figure 6. Cloud map of deformation and stress distribution of ceramic insulators
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Figure 7. Stress and deformation curves under different operating conditions (ceramic insulator)
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Figure 8. Cloud map of deformation and stress distribution of glass insulators
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Figure 9. Stress and deformation curves under different operating conditions (glass insulator)
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Figure 10. Cloud map of deformation and stress distribution of composite insulators
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Figure 11. Stress and deformation curves under different operating conditions (composite insulator)
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Table 4. Thermal stress safety threshold of insulators made of different materials
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