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Stochastic dynamic tension analysis and reliability evaluation

of ice-covered multi-split transmission line galloping
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Abstract: In response to the galloping issue faced by ice-covered multi-split transmission lines, this study proposes a method based
on the probability density evolution approach for dynamic tension stochastic analysis and reliability evaluation of such transmission
lines. A stochastic analysis method for the dynamic tension in ice-covered multi-split transmission lines is established by integrating
the finite element model with the probability density evolution technique. A tensile failure criterion for ice-covered multi-split trans-
mission lines is developed by using the equivalent extreme value distribution method, and a framework for reliability evaluation of
the transmission lines is constructed. Stochastic dynamic response analysis and reliability evaluation on a single-span ice-covered
four-split transmission line are conducted. The analysis of the example shows that: The method in this paper can efficiently analyze
the stochastic dynamic tension of the ice-covered four-split transmission line, and the stochastic dynamic tension is influenced by
multiple modes after the transmission line enters the stable galloping stage; The tensile failure reliability probability of transmission
lines during galloping does not exhibit a monotonous relationship with the increase of initial sag; The initial wind attack angle plays
a crucial role in determining the tensile failure reliability probability of the transmission line, and the reliability of the transmission

line is relatively low when the initial wind attack angle falls within the range of 20° to 60°.
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Fig.1 Diagram of ice-covered multi-split transmission lines
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Tab.4 Comparison of tensile failure reliability of

transmission lines galloping under different initial

sags

WIRERE  WIRATERII/RN REUER TR
1.0% 82.1 0.0169 0.9831
1.5% 55.2 0.0018 0.9982
2.0% 41.2 0.0026 0.9974
2.5% 33.0 0.0073 0.9927

3.0% 27.7 0 1

A 1 A8 Ak T & A A A, FE AR — 28 8 AR . I
VIR TN 196 5 2% 1R KA a2 0°~180°, B
207K — A T, B — 4 T 50l B 400 4 RE A, A
T VK DU 24 5 28 B B A %R B R K A R T
SEARR R E SR

x5 REWERI R T S 2 h bSR3 bt

Tab.5 Comparison of tensile failure reliability of

transmission lines of different initial wind attack

angles
/) WG T 1% ) 4 2 2 0%
KPR FREMLE RRE TR
0 0.0120 0.9880 0.0117 0.9883
20 0.3240 0.6760 0.1748 0.8252
40 0.7336 0.2664 0.4811 0.5189
60 0.1829 0.8171 0.0343 0.9657
80 0.0703 0.9297 0.0028 0.9972
100 0.1381 0.8169 0.0007 0.9993
120 0.1783 0.8217 0.0012 0.9988
140 0.1209 0.8791 0.0007 0.9993
160 0.0301 0.9699 0.0173 0.9827
180 0.0169 0.9831 0.0026 0.9974

w25 Fw, Aol in 35 B 2% R, % 5 4 vk g
o 4k L F W G I AR 0"~ 180 [ I, 11 1R XL
YU R 20°~60° X N 14 % 250 BE 6 8 ey, 3% W% 5 i
AL LRI N2, LA EK I
i KAE 38 B H AT B R0 W ) 5 1% 85 B 0Kk 0 73 2L e 2
TEAN [) 0] ek 2 2 1) 2 280 236 B A7) s DXL ) 722 Ak
FUEEARARL, W b By 126 B K3 200 nI R R K=
B s A 00T 1R 2R 3%

hy ik — 20 I 5% % B85 A UK T 2 R 0 bR XL IR A
20"~ 60" B X 37 1 437 BT 1 O 2R 38R 2R 5 T SE AR R L
WG I ff 20°~60°1, 4 57k — A T4 #F 47 7] 5E B
TR TR R TR, B EIKTLAEANR E

F6 HERILA 20°~60°T 5 & hr i 5 ¥R 7T 52 B X+ bk

Tab.6 Comparison of tensile failure reliability of

transmission lines with initial wind attack angles

of 20°~60°
/) 4G 10 ) 02 5 & 2 0%
R FREMR AR AR
20 0.3240 0.6760 0.1748 0.8252
25 0.4804 0.5196 0.1629 0.8371
30 0.5426 0.4574 0.2609 0.7391
35 0.6472 0.3528 0.3115 0.6885
40 0.7336 0.2664 0.4811 0.5189
45 0.7705 0.2295 0.4866 0.5134
50 0.7732 0.2268 0.4024 0.5976
55 0.6444 0.3556 0.0384 0.9616
60 0.1829 0.8171 0.0343 0.9657
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