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Mechanical characteristics of towers and conductor jump height in
UHY DC lines in ultra-heavy ice zones following ice-shedding
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Abstract: The mechanical behavior of transmission towers and the maximum jump height of conductors following
ice-shedding are critical factors in tower head design. In ultra-heavy ice zones, ice thickness on ultra-high voltage
direct current (UHV DC) line can reach 60 mm to 80 mm, exceeding the maximum values specified in current
transmission line design codes. This study establishes finite element models of UHV DC tower-line systems in

ultra-heavy ice zones and numerically simulates their dynamic responses under ice-shedding conditions for
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varying span lengths. The analysis evaluates tower stresses, longitudinal unbalanced tensions, and maximum
conductor jump heights to assess both structural performance and electrical isolation clearances. Results indicate
that longitudinal unbalanced tensions surpass estimates from current design codes, and maximum conductor jump
heights exceed predictions from existing empirical formulas. To enhance design accuracy, the study proposes
revised values for longitudinal unbalanced tensions and modifications to the conductor jump height formula.

Keywords: ultra-heavy ice zone; UHV DC; tower-line system; maximum jump height; longitudinal unbalanced

tension
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Fig.1 A typical UHV DC continuous section line in ultra-heavy ice zones
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Table 1 Parameters of conductor and ground for UHV DC six-bundle lines in ultra-heavy ice zones

S M 2R FPEALE /MPa K H A /mm® ZE/(kg-m™) H A& /mm ZEA P I/N
528 (JLHA1/G2A-900/75) 65 400 973.00 3.0713 40.6 334 400
12k (JLB20A-300) 145 800 297.57 2.000 2 22.4 358 870
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Table 2 Initial tension in conductor of UHV DC six-bundle lines in ultra-heavy ice zones

YIG 7 J1/N
PKJE /mm
L=100 m L=200 m L=300 m L=400 m L=500 m
60 37314 20 860 19 210 18 704 18 480
70 14 908 12 326 11 964 11 844 11 790
80 11302 9980 9 780 9712 9681
WL AR,
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Fig. 2 The finite element models of tower line coupling system in UHV DC continuous section lines in ultra-heavy ice zones
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Table 3 Icing and ice shedding conditions for tower line system of typical UHV DC continuous section line in

ultra-heavy ice zones

T.o 4% B VKR JE fmm I 7K % /% It A i vk o7
-60-1~1-60-9 60 100 51~89 I 4%
11-60-1~11-60-9 60 100 S1~89 4 526
1-70-1~1-70-9 70 100 51~89 4 52k
11-70-1~11-70-9 70 100 S1~89 I 54k
1-80-1~1-80-9 80 100 S1~89 4 4k
11-80-1~11-80-9 80 100 51~89 I T4k
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Fig. 3 Maximum Mises stresses in towers T9 and T10 during ice shedding of the I-pole conductor in §9
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Fig. 4 Time-histories of Mises stress at the maximum stress point of T9 and T10 at the time of iceshedding of the I-pole

conductor of S9
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Table 4 Maximum longitudinal unbalance tension in tower during ice shedding of UHV DC line in ultra-heavy ice zones

¢ /mm T AT, /kN T,/kN AT, /T, /%
T5 107.735 90.21
60 119.429
T6 112.292 94.02
TS 92.965 97.30
70 95.543
T6 94.398 98.80
TS5 93.830 98.21
80 95.543
T6 95.069 99.50

W VKRB AT, B KN AP 5K 75 T o R R MK I (T =T /n, T, LA HiB T15n
4 2B, =60 mm I, n=2.8;=70.80 mm I} ,n=3.5).
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Fig. 5 Vertical displacement curves at the midpoint of the tower line system under different ice thicknesses after ice

shedding of S1 conductor
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Fig. 6 Variation of maximum jump height with ice thickness of conductor after ice shedding of each span
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Fig. 7 Relationship between conductor jump height and sag difference before and after iceshedding
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