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Research on electrical and structural characteristics of a new-type 220 kV inverted

“Y” string transmission tower with double circuit lines
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Abstract: To determine the pole and tower position for transmission line in mountainous areas, weight span/wind span
(K,) is one of the important limiting factors of pole and tower. While designing transmission line in mountainous areas,
there are often cases where the weight span and wind span are not large enough, and the K, value is small, which can be
solved raising tower height, adopting a tower with a smaller K value, or adopting a tension support as breaking measure.
The three methods above will increase the engineering quantity, and a new-type inverted “Y” string transmission tower is
introduced to solve this problem. It can be used in the areas with small K. In the case of strong wind, ice coating, bro-
ken wire and other working conditions, the stress of the insulator is analyzed, and reasonable design of fitting strings is
proposed. The finite element model is established, and the natural vibration coefficients are obtained and compared with
that of conventional towers. Based on the time domain method, the distribution characteristics of wind vibration coeffi-
cients are studied, and the recommended values of the wind vibration coefficients for tower bodies and cross arms of in-
verted “Y” tower are put forward. Finally, the comparative analysis of the economic performance of the inverted *Y”
string tower is carried out. Through the research, the electrical and structural characteristics of the inverted “Y” towers
are revealed, and the results can be used as a reference for the design of transmission towers.

Keywords ; transmission tower; K, value; double circuit line; inverted “Y” string; stress of insulator strings; wind vibra-

tion coefficient; economy
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Fig.1 Typical section of mountainous transmission line 1
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Fig.2 Typical section of mountainous transmission line 2
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Fig.3 Schematic layout of inverted “Y” string
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Fig.4 Schematic of stress characteristic

for inverted “Y” string
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Tab.1 Stress of insulator strings under strong wind condition kN

L, =380m,L, =550 m

L, =600m,L, =1000m

=2

o =80 =60 R T €=80°  a=60° R TR
F, 31.3 36.3 120 54.2 62.2 210

F, 14.6 18.7 70 23.0 29.6 120

F; 14.6 18.7 70 23.0 29.6 120
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Tab.2 Stress of insulator strings under strong

wind condition ( adjustable) kN
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Fig.5 Schematic of stress characteristic for inverted “Y”

string ( longitudinal tension difference)
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Tab.3 Stress of insulator strings under ice coating condition kN

L, =380m,L, =550 m

L, =600m,L, =1000m

=
= o =80° IR T a=80° AR T
Fy 30.40 60.30 210
F, 0.18 0.00 120
Fy 0.18 0.00 120
F4 GEANKNERSZLEETESH
Tab.4 Stress of insulator strings under longitudinal tension difference kN
_ Ad =200 mm
= L,=200m GpRsezeyimfE L, =400m GpsaerinpE L, =600m Gt L, =800m st 11 e
F 28.24 70 34.72 120 41.20 160 47.67 160
F, 9.87 70 5.96 70 2.05 70 0.00 —
Fy 9.87 70 5.96 70 2.05 70 0.00 —
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Tab.5 Stress of insulator strings under break condition kN
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Fig. 6 Fitting plate for inverted “Y” string
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Fig.7 Schematic of auxiliary fixed insulator

strings ( with PT adjustment plate)
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Fig.8 Schematic of auxiliary fixed insulator strings

( with extension ring)
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Fig.9 Fitting string for inverted “Y” insulator
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Fig.10 Schematic of inverted “Y” string towers and

conventional towers
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Fig.11 The first six-order modes of inverted “Y”
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Tab.6 The first six frequencies of inverted “Y” string towers

FF AR PR
BEZS - - ik
53R/ Ha Jalg/s 1%/ Ha Jai91/s
1 1.877 0.533 1.896 0.527 X[ 1B
2 1.904 0.525 1.910 0.524 y I s
3 5.358 0.187 5.439 0.184 1 st
4 6.040 0. 166 6.123 0.163 X [ 2 B
5 6.374 0.157 6.417 0.156 y I 2 B
6 10.774 0.093 10.863 0.092 2 i

o [ TR ELERBRTT 1], y 1) MR BT 1)
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Tab.7 Wind vibration coefficient of tower bodies

mE/m o EIERUE ARV R E BT BUE
43.50 2.11 1.54 1.66 2.00
38.90 2.00 1.52 1.80 1.85
37.50 1.89 1.51 1.81 1.80
32.90 1.69 1.44 1.82 1.80
31.50 1.60 1.42 1.80 1.80
30.00 1.60 1.39 1.78 1.75
24.10 1.42 1.38 1.63 1.70
21.10 1.38 1.34 1.54 1.60
16.90 1.26 1.23 1.40 1.50
10.90 1.14 1.08 1.21 1.40
9.10 1.11 1.04 1.16 1.30
7.90 1.09 1.01 1.13 1.20
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Tab.8 Wind vibration coefficient of ground

frame and cross-arm
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Tab.9 Weight comparison of inverted “Y” string

towers and conventional towers
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Fig.12 Schematic of tower type selection for transmission

lines in mountainous areas
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Tab.10 Scheme comparison for No. 4 tower
DI S K, b BRiht/kg RS L/m Y% F i HEES /T
1 0. 600 M2 B 2R3 (37 m) 17978 4.77 120 kN &R 44T 6 32 4.0
2 0.700 T B 2R3 (41 m) 17457 4.37 120 kN 4 R 462% F 6 32 3.3
3 0.800 [ BIFLRIE (46 m) 17419 4.15 120 kN A 4 2% 1 6 3¢ 3.1
4 0.334 [ FUE 3% (24 m) 25893 6.6 210 kN WU 2 X 28 2% i o ey 12 2 19.1
5 0.334 5] Y” 335 (27 m) 14223 4.07 120 kN A 421 18 3¢ 0

T B A G 745 500 JU/ 330, B 4 74 160 Ju/ Frit, B4k 11000 J6/t i
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Tab.11 Contrast of nominal height between inverted “Y”

string towers and other type of towers
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