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Dynamic Analysis of a Transmission Tower-Line
System under Wind Loading with Multiple Factors
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Abstract ; This paper studies the influence of coupling effect, geometric nonlinearity and the initial
tension of transmission line on the dynamic response of the tower-line system. The
three-dimensional finite element models of transmission tower-line system are established in
ANSYS. The dynamic response of the simplified model and the three-tower and four-line model
under wind loads is compared ;the static pushover analysis of the towers with different heights are
concluded to study the influence of geometric nonlinearity on the wind-bearing capacity of the
tower ; the effects of initial tension of transmission line are compared. The results show that the
simplified model can only reflect the mean value of the tip displacement and the mean stress of the
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member , root-mean-square value correspondingly are invalid, and the coupling model can be used

to obtain the real dynamic response;the influence of geometric nonlinearity on the wind-bearing

capacity of the tower increases with the tower height, the relative error is more than 25% when the

height of the tower is greater than 40 m;the effects of initial tension of transmission line are

compared , which demonstrate that the change of the initial tension has little effect on the dynamic

response and can be ignored.

Key words : transmission tower-line system; wind loading ; coupling effect; geometric nonlinearity ;

initial tension
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Fig.1 Simplified model 1
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Fig.2 Simplified model 2
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Fig.4 Time history curves of tower tip displacement

for different models
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for different models
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Fig. 6 Time history curves of member stress for different models
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Table 1 Dynamic response of simplified model and coupling model

HfH brifii2:
B A B EDUNE 8502 Mot 8518 Hun BN EWUME 8502 Mot 8518 Hun
#/mm  J¥/(m-s"2) N JI/MPa i J1/MPa #/mm  JE/(m-s"2) N JSI/MPa i J1/MPa
fRIfLAA 1 75.074 — -58.833 ~59.204 53.707 3.313 34. 176 31.592
TRIAEAEL 2 74,990 — -58.427 -59.128 37.036 6.170 23.211 22.437
SIEIULAAL 75,260 — -58. 663 -59. 059 10. 807 0.739 6. 663 6. 602
F2 (RTARATAL K IS ORI G X L
Table 2 Comparison of simplified model and coupling model
5 TR 1 fay AL A 2
BIEAX R/ % PRiE AR NTHR 2 % YIEMIRE/ %  FRfEEARNHR 2 %
TR 0.25 396. 97 0.36 242.71
B THUJm 3 — 348.27 — 734.95
8502 HAITH J) 0.29 412.94 0.40 248. 36
8518 HAITH J1 0.25 378. 54 0. 12 239. 86

TE AR 2E = (A AR B — =35 PUZRAE YR R ) / =35 PO LA AU ] x 100% .
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Fig. 8 Influence of geometric nonlinearity on the pushover results



TE RS i B AAR R 22 IN 3R XSl 1 i B2 A

5514
or or
— BRIl — BRIk
--— FERIUTIRL B -- - RERILATRLH
-90 -90
< I
s S
S -1s0p F-180f
= =
=270 =270+
-360 : : : : ' =360 : : : : '
10 20 30 40 50 60 10 20 30 40 50 60
R/ (m + s R#E/(m - s7)
(a) 288470 (b) 285z
B9 JUAHEL X BZ361 - 15 TSI FF-RI 1 19 5
Fig.9 Influence of geometric nonlinearity on the member stress for BZ361-15 tower
0r 0r
— BRJUTIEL — ZBJLMIELR
--— AEBIUMAEL -- - AE RIS
-90 -90
& £
& _1g0} S _
2 -180 B 180
& =
270 N 270}
-360 L L L L - ) -360 L L L L )
10 18 26 34 42 50 10 18 26 34 42 50
R#/ (m - s™") R/ (m - s™)
(a) 85028455 (b) 851834.5T
B 10 JUTHEL MR BZ361 - 27 SHEAT 1R A1 (5
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Fig. 12 Time history curves of tower tip displacement

for different initial tension models
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Fig. 13 Time history curves of tower tip acceleration

for different initial tension models
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Table 3 Dynamic response of coupling model and basic model

¥iE brifi2:
LE B EDUME 8502 Mot 8518 Mk BN EDUmE 8502 ot 8518 Mk
%/mm  JF/(m-s"2) M.JI/MPa i Jj/MPa %/mm  JF/(m-s"2) M JI/MPa i Jj/MPa
FHIREIAL L 75. 151 — ~58. 609 -59.008 10. 756 0. 690 6. 660 6. 622
R 2 75,385 — -58.691 -59. 088 10. 554 0.720 6. 626 6.535
FEABR 75,260 — -58.663 -59.059 10. 807 0.739 6. 663 6. 602
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Table 4 Comparison between coupling model and basic model
74% FRIARAY 1 FHIRASEAL 2

- AR % Frife 2 AR 2/ % YIE AR R 2/ % bR 22 RHR 2/ %
BTN RS 0.15 0.47 0.17 2.34
BB o0 3 — 6. 62 — 2.57
8502 HLIL R 0.09 0.04 0.05 0.55
8518 HLyL LY 77 0.09 0.30 0.05 1.02
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