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Table 1 Material attributes of angle steel
PSRN v W/ WY iy i
L (kg-m™) (N-mm™) I 11/ MPa
Q345 0.3 7 850 20 600 345
Q235 0.3 7 850 20 600 235

AR 5 7k B v ) i e Bk B e 4 S i
BIE B 1A FROGEERY, AnE] 2 fr s o

2 HEkiE B HRITIEE

Fig.2 Finite element model of transmission tower B
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Fig.3 Cloud image of axial stress and node displace-
ment of transmission tower B without icing
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Fig.4 Cloud image of axial stress and node
displacement of transmission tower B under

uniform icing conditions
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Fig.5 Weak points of transmission tower B

MTH AN d=0 mm 10 mm,v=10 m/s 15 m/s
M d=20 mm,30 mm. 40 mm,v =10 m/s 15 m/s,
20 m/'s B, G e I [ 7 g vh 7B Sk 2k SR
Qb , B R RS AR v L i P R B Sk 2 SR
MM TH AN d=0 mm . 10 mm,v=20 m/s.25 m/s,
30 m/s fil d =20 mm,30 mm.40 mm, v =25 m/s,
30 m/s B, G S KA 1) B g B A R AL , SRR
AL PR Sk 2 STRAL

Kt ) 1 T 0TS SRS B SR R AL, Rk
FE Sk b 2 S IRAL (355 5 1) R PRI SAL (55 A
3) Mg SO SRR . SCH R B L T AR AN TR
FLURJREE R XU T, i R Bk B S B A4 78 %)l ) 197
GIREIERRE 2SR S D P
1.6 XBHRENFRHHEST

&1 6 Sy v ks B RSN A4 {7 25 FhAT vk L
DU By f 5 KGHE v B &R & 6 AR, B
& U I, 72 AS [6) 1 23 UKRE 2T, il i) iz ) 44
T, T LI b R R LR Y 5 B KR B
P VAL (E N

140
—a— =0 mm

—o—d=10 mm
——d=20 mm

——d=30 mm
100+ d=40 mm
80
60

40

120 ¢

f/MPa

\

20 ’
10 15 20 25 30

v(mes")

B 6 AREEKE FE % E 5 1 BERUE L i 2k
Fig.6 Variation curves of axial stress with wind speed
at different ice thicknesses
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Table 2 Curve function fitting of the relationship
between axial stress and wind speed

d/mm B IR R?
0 f=18.746e"0% 50 0.999 1
10 f=24.139¢%037 1 0.999 1
20 f=32.582¢003 50 0.998 8
30 [=42.179e00070 0.998 4
40 J=54.669¢00%7 00 0.992 4
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Fig.7 Variation curves of nodal displacement with
wind speed at different ice thicknesses
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Table 3 Curve functions fitting of the relationship
between nodal displacement and wind speed

d/mm HERIAA R
0 y=3.670 8e"03 %" 0.988 6
10 y=7.724 90074 60 0.997 9
20 y=20.442¢"048 00 0.991 7
30 y=37.607¢"034 50 0.977 4
40 y=57.614¢"026 87 0.966 5
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Table 4 Failure assessment criterion
of the transmission tower
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Fig.9 State range of the transmission tower
under uniform icing condition
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Fig.11 Numerical changes of axial stress at weak
points before and after reinforcement ( scheme 1)
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Fig.12 Numerical changes of node displacement at weak
points before and after reinforcement (scheme 1)
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Fig.13 Numerical changes of axial stress at weak
points before and after reinforcement ( scheme 2)
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points before and after reinforcement (scheme 2)
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Icing risk assessment and reinforcement measures of

500 kV transmission tower
WEN Yi', CHEN Yifei*, MAO Xianyin', WU Jianrong' , FAN Qiang', YANG Lin®
(1. Electric Power Research Institute of Guizhou Power Grid Co.,Ltd.,Guiyang 550002, China;

2. School of Electric Power Engineering, South China University of Technology , Guangzhou 510641, China)
Abstract: The existing of transmission line icing may lead to the collapse of the transmission tower and disconnection of the
transmission line, which seriously threatens the safe and stable operation of power grid. In this paper,aiming at the typical icing
lines in Guizhou,the simulation model of 500 kV tower-line system is established by finite element simulation method,and the
simulation analysis of different icing thicknesses and different wind speeds under uniform icing is carried out. The weak point
position rules of 500 kV transmission tower are obtained by counting 25 groups of simulation results. Then,based on the axial
stress and node displacement of the weak components of the transmission tower, the operational risk assessment analysis of the
transmission tower is carried out, and the operational risk state of the transmission tower is divided. Furthermore, the effect
analysis of two kinds of reinforcement measures is carried out,and the relationship between axial stress and node displacement
at different weak points of the transmission tower before and after reinforcement is obtained. The results show that the weak
points of the 500 kV transmission tower are mainly distributed at the ground bracket of the tower head , the joint of the upper and
lower curved arms, the bottle neck and the body of the tower. Under uniform icing and wind load, the axial stress and node
displacement of key components increase nonlinearly. The critical expressions of safety, warning and dangerous state of the
transmission tower are fitted. The reinforcing effect of increasing the cross-sectional area of components is better than that of
changing the angle steel structure with weak points. The axial stress and joint displacement of the transmission tower at the weak
point have no obvious change before and after reinforcement when changing the angle steel.

Keywords : transmission tower ;transmission line ;finite element simulation ;icing;risk assessment ;reinforcement measures
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