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Abstract: Power transmission lines in the coastal areas of South China are often threatened by typhoons. This paper
aims to study wind-resistance and wind-monitoring technologies for typical cement pole-line structures in 10kV distri-
bution lines. Firstly, a wind-resistant monitoring system for pole-line structures is established. Then., a method is
proposed to determine the threshold in the monitoring system. A finite element model for a whole rod-line is estab-
lished. By using the fluid-structure coupling model to calculate the wind-rod system, the value of wind speed is trans-
formed into the wind load which is generally used as the threshold of wind speed in early warning stage. Finally, the
wind-resistant monitoring technology of pole-lines is verified by the monitoring results in practical operation. It is
shown that the wind load at the surface of conductors is inhomogeneous. The wind load can be accurately calculated
through the fluid-solid coupling model of the wind-pole system. And The structural response obtained by the model
accurately reflects the actual stress state of the structure, which can be used to determine the threshold of wind speed
in the early warning stage. The wind-resistant monitoring system of poles-lines proposed in this paper has been
verified by practical projects.

Key words: transmission pole; fluid-solid coupling; wind load; dynamic time-history analysis; monitoring system

s B #1:2019-02-21; & B H#§ :2019-11-17
EE£MAB . VA RN AR H (GXKJXM20151021)
BEEE RKE 987, 5 W+, T AR, 32234544 5 BT K 4 8 4 kL TC 35K I 45 F 5T 5 E-mail : 1xtx100@163. com



182 Mo B %

5

Eid PN 2 Eitd 2020 4 1 A

i L 2 B PR R I B RURE ) 2 T R T A
HL ) 22 4 5 B 2 BT G A ) R 2 — . 30T AR 11 iR
£ AL X L O 3 B T AR R B SREL idn, 2014 48
R A KU T T T M DX T H 2k I I
FFEOEIFF 535 11 859 FEWORAL =4 T B K £ 3%
PR T AT IEF AT . g, & K
WIZ M0 10 kV LUF K JeFF. Bk, 77 iz
SE R AE A Aar 484 T 1 3h g 87 K 1 IR AL BEAF 5
T BT FH 122 25 45 48 1 B KU I 3= 56, o I i
FL o S B AT AT R S bR

FE] P9 ANIF 9T 26 B, B H 4 % 45 A 1R 28 A T AR i
A U R WUAF 880 7R T - 52 B 9 il 38 B A B B 1
Bl SRR A R 2R 25 R R 3
R RE R HOR 7 i R AT 483 KA S JHE S oA 4R 2 A0
FM ANk, BT KR AR — AR (A
5 2% FUFF A7 A AH B AR L AT R0 AE AR R 19
S EA I R A RN . DRI AR o A AR A R
FEAEAS R R T A 0 [0, 598 75 2 A 37 A 4 S A A 7Y
I7i) B XU 5 Ak Sy B A8 R\ o7 28006 o 78 FF R 25 4 1 .
SCHRES 1T X FF 38 00 0 B IR S B TR O 1 A
D73 S SR ATT I R 25 18 T 2R (% AR AR T TR] st
JR A 28t 2 30T RIS 4L, A1 okt Oy 2 114 3 FH 1A B

1% SC LA AR R VR G S 10 KV FEL R I v i g K
Ve PR H N 5 50, EAT T 2% 2245 40 1% B XU Il 2
ARAFFE O HE T FF R 2450 i Ho KU R 485 @
Ry ff e Wa I R G e ) U (R, AT R A R R
R TS A 55 R 4l 1k A PR T 2 B 73 21 19 KU 5
AT e Z A Sy st 725 i 280066 Jn T A A0 I, R A9 FF e 4
FaAE IAUAar 25N 19 30 g 0 B0 AR AU, S 7 B XL T
EAH ; OMKFE I TR, g 37 i KNG R 45, W I &5
IR % ST B O 0 IE R

1 v 2R B P AT LR S5 A XU T R ¢

FFE A5 R 0 X 0 b e o ) 2 8 X
BBV RS L DR AR AT A )
PR I A i o H v XU R XL 1) B I A TS
LR TR] e A AT LRSS M A AT T L Bl
A M I AT TR A

A I I 2 R P ) A% S R R i N 3k 1
IR

x1 BEMNERELEBRAKF
Table 1 Types and quantities of monitoring sensors
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Figure 1 Global frame of monitoring system
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Figure 2 3D model of fluid-solid coupling between

wind and wire
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Figure 3 Cloud picture of wind speed distribution

around wire(10 m/s)
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Table 2 Average wind pressure applied on wire

under different wind speed
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Figure 4 Finite element model of cement

pole-line structure
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Table 3 Dynamic results of cement pole

*:: A FRIR 2/ (kN » m) FFTUNEE BE/ (m/s*)
;ﬁj ICPN: ] 0. 00 0.02
=4

f/ME —1.39 —0.02

2.3 REBEEHE

T 00038 B/ (m/s?)

KAf 3/ (N/m)
=

S 18] /min

5 kR AE R

Figure 5 Time-history data of wind speed

201

—_
W

e
n

o

30 40 50 60
H5J 8] /min

B 6 AFMA T3 &0 KRB KE

Figure 6 Time-history data of wind load

applied to wire (N/s)
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Figure 7 Time-history data of acceleration

at top of cement pole
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Figure 8 Time-history data of bending moment

at bottom of cement pole
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Table 4 Calculation of the limited wind speed

and wind pressure
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Figure 9 The determination procedure of wind speed warning

value in monitoring system for pole-line structure
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Figure 10 Layout of monitoring instruments
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Figure 11 Time-history situ monitoring data of

acceleration at top of pole
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Figure 12 Identified 1st order natural frequency

02 46 81

based on monitoring data
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Table 5 Comparison of measured acceleration and 1st

frequency with those calculated by finite element analysis
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Figure 13 Comparison of measured stress with that

calculated by finite element analysis
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