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Dynamic Characteristics of Non-uniform Ice-shedding of Transmission Lines Under
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(1. Hubei Provincial Engineering Technology Research Center for Power Transmission Line, China Three Gorges
University, Hubei Yichang 443002, China; 2. School of Electrical and New Energy, China Three Gorges University, Hubei
Yichang 443002, China; 3. Hubei Chaoneng Electric Power Co., Ltd., Wuhan 430051, China; 4. State Grid Hubei Yichang
Power Supply Company, Hubei Yichang 443002, China)

Abstract: Non-uniform icing and ice-shedding posed a significant threat to the safe operation of transmission lines, especially in
micro-topography and micro-meteorological areas. Therefore, based on the characteristics of non-uniform icing on the line, this paper
designed two typical forms of non-uniform icing. The finite element method was employed to establish the ice-shedding jump analysis
model for continuous five-span iced transmission lines. The dynamic characteristics of non-uniform and uniform iced conductors under
different non-uniform ice-shedding forms were calculated. The influence of parameters such as span, height difference, and span number
on the maximum jump height and position of non-uniform ice-shedding of conductors under non-uniform ice-shedding conditions was
explored. The result indicate that under different icing forms, the jump height of ice-shedding in the middle of the conductor is always
the largest. Moreover, non-uniform icing conditions result in a significantly more severe dynamic response of ice-shedding. The form of
ice-shedding significantly affects the position of the conductor's maximum jump height. In general, the maximum jump height during
non-uniform ice-shedding is primarily found at 0.39 to 0.62 times the span. The research conclusions can provide reference for the
anti-icing design of transmission lines and the formulation of de-icing schemes.

Key words: transmission line; non-uniform icing; non-uniform ice-shedding; maximum jump height; dynamic characteristics
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Fig.1 Catenary model of unequal height suspension point
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Table 1 Parameters of LGJ-240/40 conductor
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Fig. 2 Finite element model of continuous 5-span con-ductor
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Table 2 Comparison of conductor form-finding results
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Fig.3 Pattern of non-uniform icing
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Fig. 4 Comparison of the simulation results in this article and literature results
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Table 3 Comparison of the simulation results and literature results
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Fig.5 Dynamic response of different sub-conductors during de-icing
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Fig. 6 Non-uniform ice-shedding modes
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Fig. 7 Dynamic response of conductor de-icing under different icing modes
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Table 4 The maximum unbalanced tension and the maximum tension under diverse working conditions

UKL Jit vk B 2K BRAFEHRSIKN S 2Kk JI/kN

F R i 1K 2.011 27.074
st ok 2.192 28.543

Bl
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(RN %7 1.808 29.727
FR R i K 2.433 27.427
ke vk 2.561 30.056

# By
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PN K 2.401 32.227
Fh R i K 2.124 27.183
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Table5 The maximum height and position of ice-shedding jump under diverse working conditions
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sEREK
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Fig. 8 The effect of span on the maximum jump height
£ 6 AEMGENERRBRREME

Table 6 The maximum jump height position at different spans

. FR R UK e ik
R4 EE/m
Limax/m 6 Liax/M 0
200 99 0.495 111 0.555
300 150 0.500 174 0.580
400 200 0.500 242 0.605
500 250 0.500 305 0.610
600 300 0.500 375 0.625

H 1 8 TN, PAR RIS ok 2R S 4 i B oK BRI v B2 X B A R R G KT G K, H 2 2RV G N i
Fo KR NREREERHR, WK SEB IS HEN N, SEBIKN A ez gm, SESLKki
UK 0 NN Z o 3R 6 WA, A UK IS e R ER v B AU T R BT, R PR R AR LR T R
LRI S N TR IS CE SR SR R DT S T S e R 2
32 ®™E

N T BT 22 S LML UK BRER iR B 52, 73 v 5 %609 04 40, 80, 120, 160. 200 m i MUK
B IR o AT e 22 I R B R IR v B A i Kk R v FEE o LI 9 IR 7

121 -
—e—p iR K

—a— A 2K

_.“_“'\\.\‘
_bﬂ1h“w~H+H1_HH

0 40 80 120 160 200
A /m

B9 mEXBABEARERI#M
Fig. 9 The effect of elevation difference on the maximum jump height
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Table 7 The maximum jump height position at different elevation differences

—_— Hh S vk e I i vk
Limax/M [ Linax/mM 0

0 200 0.500 244 0.610
40 200 0.500 242 0.605
80 199 0.498 244 0.610
120 198 0.495 243 0.608
160 198 0.495 229 0.573
200 196 0.490 239 0.598
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Fig. 10 The effect of span numbers on the maximum jump height
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Table 8 The maximum jump height position at different span numbers

- FhER K [ LRGN
Limax/M 0 Lmax/M 0
1 199 0.498 256 0.640
3 200 0.500 248 0.620
5 200 0.500 242 0.605
7 199 0.498 240 0.600
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JEE A K SR Bl o T e 0 P P 5 R B BEK i B2 (A ok i B2 B W R A8 A o Ak, PR ST B IO S £
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Fig. 11 The effect of the length of ice-shedding segment on the maximum jump height
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Table 9 The maximum jump height position at different ice-shedding segment lengths

UK K% Hh vk EAIIRYN
Lmax/M o L max/M [
50 200 0.500 242 0.605
60 199 0.498 225 0.563
70 199 0.498 204 0.510
80 199 0.498 203 0.508
90 199 0.498 200 0.500
100 199 0.498 199 0.498
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Fig. 12 The effect of equivalent icing thickness on the maximum jump height
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Table 10 The maximum jump height position at different equivalent ice thickness

R 0 P m

U Hh vk EHILLTRGN
Lmax/M [ L nax/M [
125 200 0.5 242 0.605
15.0 200 0.5 242 0.605
18.0 200 0.5 244 0.610
20.0 200 0.5 246 0.615
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Fig. 13 The effect of wire type on the maximum jump height
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Table 11 The maximum jump height position at different wire type

oy BAEITRS rE 0 it oK
Lmax/M 9 Lmax/M 9
1 5(LGJ-240/40) 200 0.500 242 0.605
2 5 (LGJ-300/40) 199 0.498 250 0.625
3 5 (LGJ-500/45) 211 0.528 252 0.630
4 E(LGJ-630/45) 198 0.495 258 0.645
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