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Wind-Induced Vibration Response and Weak Locations
of 110 kV Diverging Branch Rods Under Strong Wind

YANG Ziye"™, WANG Mengwei', KUANG Chunlin’, SHI Weiguo', HE Chang’

(1. Economic & Technological Institute, State Grid Shanghai Municipal Electric Power Company, Shanghai 200233, China;
2. School of Civil Engineering, Central South University, Changsha 410075, Hunan, China )

Abstract: [Objective] The cross arms of the diverging branch rods are arranged perpendicularly, with cross-sectional dimensions varying
linearly with height. Due to the complexity of structural modeling, corresponding structural analysis has not yet been conducted.
[Method] To analyze the wind-induced vibration response and weak locations of diverging branch rods under strong wind conditions, a
shell element finite element model was established to obtain its true mode shapes and a simplified beam element finite element model
was proposed. Non-structural components were also addressed. The validity of the simplified model is verified by comparing mode
shapes and frequencies. Dynamic response analysis under wind attack angles of 90°, 60°, 45°, and 0° were conducted to study the wind-
induced vibration response and identify weak locations at various angles. [Result] The study shows that the mode shapes of diverging
branch rods are primarily characterized by bending deformation, with negligible influence from torsion. Under a 90° wind reaction angle,

the maximum wind-induced displacement at the top of the tower exceeds the relevant specified limits, and the stress at the base of
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the tower is the highest. Under a 45° wind reaction angle, the displacement at the top of the tower is the smallest, but the stress at the base

is second only to that under a 90° wind reaction angle. The 90° wind reaction angle represents the most adverse condition.

[Conclusion] The design control parameter for diverging branch rods is the displacement at the top of the tower. Additionally, the stress

at the base of the tower is significant and poses a risk. Under different wind attack angles at a design wind speed of 29 m/s, the stability of

the diverging branch rods meets the requirements, but the displacement at the top of the tower exceeds the limits. Existing diverging

branch rods should be reinforced, while planned constructions can consider reducing span length or increasing cross-sectional area to

avoid displacement exceeding limits.
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Tab. 1 Structural parameters of the diverging branch rod
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WS RKE/mm FofE/mm  FofE/mm  JEE/mm G/ MPa
@® 5667 150 300 8 355
@ 3337 150 320 8 355
©) 3278 150 320 8 355
@ 3719 150 320 8 355
® 3660 150 320 8 355
® 3101 150 320 8 355
@ 3042 150 320 8 355
11300 500 833 10 420
©® 11000 833 1157 18 420
() 11000 1157 1481 22 420
@ 10000 1481 1775 22 420
®@ 11000 1775 2100 22 420
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Fig. 1 Design information of typical diverging branch rod
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Fig. 2 Information of the line with diverging branch rod
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Fig. 3 Finite element model of diverging branch rod
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and simplified model
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4 4TI R 26751 2.6520 0.87
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Fig. 4 Finite element model of diverging branch rod

with beam elements
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Tab. 3 Analysis of weak position of diverging branch rod

at different wind angles
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