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Dynamic response characteristics of tower-line systems after

ice-shedding from conductors with non-uniform icing
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Abstract: Variation in ice thickness with altitude results in a non-uniform icing distribution on conductors. This
study defines non-uniform icing and ice-shedding conditions and employs an additional element method to
numerically simulate the dynamic response of tower-line systems after ice-shedding from conductors with non-
uniform icing. Finite element models of typical isolated and multi-span tower-line coupling systems for 500 kV
quad-bundle transmission lines are established, and their dynamic responses are analyzed. The variation patterns
of characteristic parameters, including load impact factors, maximum reaction forces at connection points,

longitudinal unbalanced tension, and de-icing jump height, with respect to line span, elevation difference ratio,
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and icing thickness are examined under varying structural, icing, and ice-shedding parameters. The strength of
towers under extreme conditions is also analyzed. The obtained results provide critical guidance for the design of
transmission tower heads in ice-prone regions.

Keywords: transmission tower-line coupling system; non-uniform icing; ice-shedding; dynamic response;

numerical simulation
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Fig.1 Measured data and curve fitting of ice thickness varying with altitude

SR Y AREADLT B ORI R A 5 DK, R SCHR 18R il b 2t 5 2 AN ) UK 1 B0 B9 38 J7 =0 an &l 2(b) fie
7L UK L AR UK AL S O AE R vk S8, Hovb, L 2k JBE V& 9 DKTE 1 26 3 7 1) x b ) B8O2 1 B8, Tl O AR
TIZAEUE R P AL B R A e s WK B R o S SR L R O, B AR A ok S WA [R] A R oK T 5

|

Eri T

=
i
=

L(
! < s
(a) KIS (b)) RYEIBIRSHECE X

B2 &BILASHRBEKSEENX

Fig.2 Geometric parameters of a transmission line and definitions of ice-shedding parameters
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Fig. 3 Finite element model of iced conductor
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Table 1 Parameters of conductor and ground wires of S00kV quad bundle lines

T LA i P2 B HME /mm A /mm  LFH/(kg-m")  FPEBIE/GPa
T4 JL/G1A-630/45 PR A 33.80 674.00 2.08 63.00
T4k JL/G1A-500/45 TEEERY 30.00 531.68 1.69 65.00

H1£E JLB20A-120 PINT A % 22 14.25 121.21 0.81 147.20
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Fig. 4 Finite element models of typical 500 kV quad bundle line tower-line system
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Table 2 Parameters after ice-shedding from conductors with uniform and non-uniform icing

ot VKA . Rk R vk e K\ A
KRS B N . F_/kN F /KN a, a, o
0 = B A ’ 5 5K F1/kN
AN VK 3.15 0.325L 176.85 105.84 1.14 1.14 91.14
0.3L
Y51 vk 2.60 0.275L 171.54 99.25 1.07 1.12 115.36
AN K 1.42 0.525L 160.32 92.83 1.03 1.00 124.23
0.6L
P51 vk 2.01 0.700L 164.49 88.28 1.02 1.00 115.24
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Table 3 Structural parameters of typical tower-line system and icing and ice-shedding parameters

. ‘ N UK /mm ‘ o
WAL R§BE/m HI4R )Y /MPa e 22 HL JBOK I B ok 47 B
f 3
400 27.0 0.3 20 20, 30, 40 0.5L 0.25L
600 27.0 0,0.15,0.3 20,30 30 0.5L 0.25L
PRALAY
800 27.0 0.3 20,30 30 0.5L 0.25L
800 27.0 0.3 30 30 0.6L 0.3L
400 33.32 0,0.15,0.3 15,20, 30 30 1.0L 0.5L
500 32.75 0.3 30 30 1.0L 0.5L
LY
600 32.44 0.3 15 30 1.0L 0.5L
800 32.62 0.3 15,30 30 1.0L 0.5L
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Fig. 9 Variations of dynamic response parameters of 500 kV quad-bundle multi-span tower-line system after
ice-shedding from conductors with span length
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Fig. 10 Variations of dynamic response parameters of 500 kV quad-bundle multi-span tower-line system after

ice-shedding from conductors with elevation difference ration
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Fig.12 Stress distributions of towers
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Table 4 Maximum stresses of towers in quad bundle tower-line system after ice-shedding from conductors

1% K Mises i/ 7J/MPa
Jit vk AH i 5K % JBB461 T4 ¥ ZBB461
Q235 Q345 Q420 Q235 Q345 Q420
At 206.5 232.2 198.3 207.9 294.0 325.4
B #f 189.0 214.4 186.0 182.0 241.8 199.7
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5K 1 7 FE N 62.05% , A BT T R A BUE 25K
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Table 5 Maximum longitudinal unbalance tension in tower-line system after ice-shedding from conductors

i vk £k e RO\ AFAig 5k 1 AT, /KN e KAl 5K F1H 3 He /%
A 120.135 59.89
B 124.473 62.05
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