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Wind-driven dynamic response of ice-covered long cross-bar

transmission tower-line system in high altitude areas

FU Jianming', ZHANG Lijuan’, MA Yidan', QI Yongjie*, LIU Shiyuan?,

MENG Xiangrui?, LIU Yuping?, TIAN L
(1. Shandong Electric Power Engineering Consulting Institute Co. Ltd., Jinan 250013, P. R. China;
2. School of Civil Engineering, Shandong University, Jinan 250061, P. R. China)

Abstract: Transmission lines are vulnerable to impairment by a variety of disasters including high winds and ice
cover, which pose a significant threat to energy security. At present, studies on wind and ice disasters on
transmission lines are mostly focused on low-altitude areas. However, many west-east transmission lines cross
vast plateau areas, in which long cross-bar transmission towers account for a larger proportion. In order to
ensure the safe operation of transmission lines in high-altitude areas, this paper establishes a long cross-bar

transmission tower-line system refined model relying on a =800 kV UHV DC transmission project, based on
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the ice-covering conditions in high-altitude areas, ice-covered working conditions of transmission towers and
transmission lines are established respectively. Concurrently, the wind load characteristics of high-altitude and
low-altitude areas are compared and analyzed, taking into account the influence of environmental factors such as
air density, topography and geomorphology in high-altitude areas. Finally, based on the ice-covering conditions
and wind load characteristics in high-altitude areas, wind-induced vibration response analysis of the long cross-
bar transmission tower-line system is carried out. The findings indicate that the wind profile at elevated altitudes
is comparatively gentle, the displacement response at the cross-bar of the long cross-bar transmission tower-line
system is more pronounced than that at the tower's summit, and the maximum displacement response of the
structure under ice-wind loads occurs at the midpoint of the cross-bar end.

Keywords: high-altitude areas; long cross-bar; transmission tower-line system; ice cover; wind-driven

dynamic response
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Fig. 1 Schematic diagram of transmission tower-line system
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Fig.2 Schematic diagram of long cross-bar linear tower
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Fig.3 Finite element model of transmission

T

tower-line system
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Table 1 Design parameters of conductor and earth wire

i L 2k HLZ AL A/ mm®  AME/mm BRI /KN BRAEE/ (kg/m)  BPERTR/(N/mm®) 2K R EL/(10 °/0)
F4 JL1/G2A-1250/100  1350.03 47.85 329.85 4.2523 65 200 20.5
2% JLB20A-150 148.07 15.75 178.57 0.989 4 147 200 13.0
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Fig.5 Relationship between modified elastic modulus

of ice-covered rods and their cross-sectional area
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Table 3 Calculated modified elastic modulus E, for some rods after ice-covering

BSR4 E./ (10" Pa)

0 AW A 1T 26 Y — -2 BLVK BLVK ik BLUK BLUK BLVK K RN Bk
10 mm 20 mm 30 mm 40 mm 50 mm 60 mm 70 mm 80 mm 90 mm 100 mm
Q235/40X4 2.06 2.11 2.24 2.53 3.05 3.91 5.23 7.17 9.87 13.52 18.32
Q23556 X4 2.06 2.10 2.19 2.37 2.68 3.17 3.91 4.97 6.39 8.32 9.31
Q355/80X6 2.06 2.08 2.12 2.19 2.29 2.44 2.65 2.94 3.31 3.80 4.42
Q355/100X7  2.06 2.07 2.10 2.14 2.20 2.29 2.40 2.56 2.75 3.00 3.39
Q355/140X10  2.06 2.06 2.08 2.10 2.13 2.16 2.21 2.27 2.33 2.42 2.61
Q35516010  2.06 2.06 2.08 2.10 2.12 2.15 2.19 2.24 2.29 2.36 2.51
Q420200X16  2.06 2.06 2.07 2.08 2.09 2.11 2.13 2.16 2.19 2.23 2.27
Q420250X24  2.06 2.06 2.06 2.07 2.08 2.09 2.10 2.11 2.13 2.15 2.17
Q420.250X28  2.06 2.06 2.06 2.06 2.07 2.08 2.09 2.11 2.12 2.14 2.16
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Table 4 Statistics on average wind information in

different regions
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FEE 3950  0.7869 25.9794  0.109  32.4852
HiFLE 4670 0.7322 31.9959  0.036  34.4468
Pem i 58  1.2186 28.9632  0.150 39.3922
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Fig. 8 Time history of wind speed at three locations
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