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Nonlinear wind-induced response analysis of substation
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Abstract: Substation lead-down structure system typically consists of bundled conductors and exhibits
characteristics such as a small span, significant height difference, short length, and upper and lower connections.
Substation lead-down accidents caused by strong winds are frequent occurrences. To study the nonlinear wind-
induced response characteristics of the lead-down line under wind loads, the Auto-Regressive model method is
used to simulate fluctuating wind loads. Modal analysis and time history analysis are carried out to examine the

wind-induced responses of the flexible lead-down system. The effects of aerodynamic damping, wind direction,
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span-to-height ratio and the number of spacers on wind-induced vibration responses are studied. The analysis
shows that the lead-down system’s response exhibits distinct non-Gaussian characteristics. Compared with
conventional horizontal long-span transmission lines, the lead-down line exhibits a higher natural frequency and
reduced sensitivity to aerodynamic damping. Wind loads in the plane result in larger reaction responses, while
out-of-plane wind loads lead to greater displacement responses. An increased span-to-height ratio corresponds to
heightened reaction responses and diminished displacement responses of the structure. The mid-span displacement
response of the structure increases as the number of spacers decreases, with the smallest reaction response
occurring when there are five spacers. Additionally, the wind vibration coefficient for internal force response and
displacement response of the down lead varies. As the span increases, the wind vibration coefficient shows a
decreasing trend.

Keywords: lead-down lines; non-Gaussian statistics; wind-induced response; response wind vibration coefficient;

time domain

R R R HL S 5 R 2R A R S — b MR SR Pk R A A i Rl R B R Y 2 R R, R B
AN ZER VR M AR a6 IR 2R A R AT A R 4 AR T 2 B LA A 2R R R AE
T JLAE 3 98 2 1k 22 XUy VR A 5 1R £ 40005 S ™, 2016 4F BT 7 75 748 H ol [ 48— 28 75321 B B T 61951 F
LRSI 4 FLINT S B IR B N R R, S 805 R 2632 0 3, i 5 R R i & LR .

X F KO R B A 4 24 5 2k XU i) 7 2 A A8 2 5, R/ 25 SR P i P R B R S R EAT RS A BT, R
HH 22 55 i Hl 5 8 ) TG B 1 A AR B A 107 B R A A o TR IMAED | Tk AR B T A S e R4 A
IR 56 2R, 3 WA B0 B X6 K S K i el 3 288 %) IXUHIR W) 7 5% i) 4 A, A sl BELJE AH B 285 4 BELE 5 EL R s Bl
& RGH 34 0, SN BELJE AE BH S R IS 45 48 1 KR A R o FR AR LS 51 2R R A B R KT K i L R
S NN E B N N T N i R G A B NS S AN i B2 R VT S | Q= e R 1
TR M A R RS RO RS o TR, A e BN 5] 4R F R FR R A KU R R A AT o

JRAF 2800068 T A 85 i P A 28 19 XU S0 O 52 ) 2 A A TS 38 ) RS T 1, (R 2 i L 2 I8 20 A1) TR
T b 2 I X 2R B R BE AT U R BICRAE ik sl KU 2 o KU 6 5 R s, CH O TR L AR )
2 Bl 1 R Bk = 1.2 647 2% 58 6 T 51 F 2 9 IR AR sh 2000 A A B 2% . A D2 5] R 26 KR
Wi o7 KA FH AT I 5 o fE R b, KU 3R 00— il ok 7 2 XU 3R 80k e U™ R J2: TR Oy 2 P A 3R 1)l 7 55
for 48 2 B AR LR 1 56 R, X Aar 2 IR 2R H007E B8 ke U2 AN TE A A o AR ) 07 S R VB OR H T
M o AR R4, R T AR LR B AR AR, T T 1o, AN B[R] B 45 2, SRR A0 ) Jo7 94 AN [ 28 280 s 1 SCOAS ] 288 50 4 i i
IR R B 2 R e e Rl 2 K AR b SR FH e g AR R B A B

BB A B TSN AS B U 5| R 2R TR S, E 0k AR VPR K B XA 2, A B ANSY'S B 38 i e R
AT BT S R 1 JRUAT 0 0L B R A BT, O R 6 o 1 S A5 D), f me R XU R AT U A AR H G
TERAR RN EI AR S %

1 RESH

R B0] o 3 e R AR LU SE PR R 5 | R R AT 40 BT L A5 R A B N 1R, 1 (a) MBS R R B R
TEMZ T RN U4y 2L aE K, AR 5| R R A5 5 JGQNRLHS55XK-700, 55 H % 35 1Y 45 B 48 15 6063G-T6-
@200/184, FeAR SN R 1 FioR . B 1(b) WM I A & S50, Horh 5 8 BO=2 m .5 22 A0=16 m. 5| T4k
Z 3T R ANSY'S B4 g 455, 456 8 45 44 S H BEAM 189 BTG . Bl N4k b it 5 [ 4%, F o 54 Rk #4451k
24 T4 it [ 285



% 10 4 RE R, F R RG] T &R R B IR SO IR AT 109

®1 SZEMSY

Table 1 Parameters of the conductor
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Fig.1 Lead-down structure
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Fig.2 Wind speed time-history curve, and simulated wind spectrum and correlation function
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Table 3 Natural frequencies of models Hz
s 1 B 2 By 3B 4
SN 1.925 2.584 4.183 5.182
i 2 0.937 1.687 2.579 3.724
FiR 3 1.769 4.066 4.112 5.212
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Fig.3 Schematic layout of model 1-4
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Fig.5 Response time history curve and frequency distribution of lead-down node
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Fig. 6 Distribution of aerodynamic damping and dynamic response of lead-down system
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Table 4 Distribution of response extremum at different wind directions
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Fig.7 The influence of wind direction angle on wind-induced response of lead-down system
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Fig. 8 Effects of span-height ratio on wind-induced response
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Fig. 9 The influence of the number of spacer on the wind-induced response
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Table 5 Wind vibration coefficient under different working conditions
T ) f.(2)
FL2x 2.06 1.91
FSL2x 1.80 1.71
FSL2z 2.06 2.07
FSL3x 1.75 1.79
FSL4x 1.78 1.73
6 % it

8 2o X ik sl XA AR R AEU R 51 2R R B I3 R A 23 B, LR R 28 sl ) i R I R 3 A 4 B LR 2548

D) i T 51T ik R4 3 B B U AR Ltk | e XUIR w3 77 7 35 10158 A A i 0 1, 465 449 o 37 R £ 285 A
SRR A, A0 i 17 5 2 ok 2 38 2l g PR BE AN 138 T, S BSCSRe W) DXL 2R 280 A XU ) ) 8l g A

2) M T 5| R A AL B LAAE R 5 i HL S 2T T AR B, S5 R R BTR B, K F- R B i L 2k XL IR
Wi )7 AN [, 51T Ze 24 i 3l BELE B /0s XU i 52 <3l BHLJE 52 i 85270

3)0° AT A1 T B 51 2R T R R K T 90° RIS A1 T (9 51T 2 A WIS e K 5 (R IR R L L/H B3
3 A A A Sz g i S8 O T A A W /) 5 T o R R A R R A TR SRR AR B R AR W S5 R B B
Wi 7 [ 5 ) o 2 A ek 98 Jon o 9k 20>, 5 i 7 i ] 5 e 5 5 a2 i i 384 0

4B WU T 9 MR 22 B0 T 2R B, A (6] 2 800 T 51T 2 g e 1 AR 2R 03 i) B2 KU AR 2R RO
A—E FRABIBE IR R B Bl B3 R, WUIR R R BN o 1 TSR i B2 KUAIR 28 200 2R
ST

5% 3tk

(1] BRUGH, 28, B . A0 2 WU i i < s o0 B 5 i gE S T (D], Al TR, 2014(8): 46-49.

Chen Q H, Li C, Chen L Q. Evaluation and improvement method for discharge accident of flexible conductor down lead
caused by windage yaw[J]. Electrotechnics Electric, 2014(8): 46-49.(in Chinese)

(2] X/has, 26, 5REE T, 45 B AL R T AMBEZS BOBURBIETE[J]. BE 327 24412, 2017, 34(3): 431-437, 605.

Liu X H, Qin C, Zhang L F, et al. Out-plane mode and natural frequency of transmission line[J]. Chinese Journal of Applied
Mechanics, 2017, 34(3): 431-437, 605.(in Chinese)

[ 3] Tokh, E3CRK . 5T I 38000 A 32 2l BELJE X 28 1 28 A JXUAIR 2 80y 157 199 52 0 2 A (9] 3T 3B A 55 By ik, 2014(1): 113-115.
Yu Y S, Wang W X. Analysis on influence of aerodynamic damping on wind-induced response of flexible structure based on
time-domain analysis[J]. Urban Roads Bridges & Flood Control, 2014(1): 113-115.(in Chinese)

[ 4] ERR, MR, 48 R, 45 G 528 sl BELJE 208 iy KU 188 BF 52 0], R 3 5 i, 2016, 35(20): 30-36, 53.

Wang S L, Liang S G, Zou L H, et al. Aerodynamic damping effects of a transmission conductor by wind tunnel tests[J].
Journal of Vibration and Shock, 2016, 35(20): 30-36, 53.(in Chinese)

[ 5] Irvine H M. Cable structures[M]. Cambridge, Mass: MIT Press, 1981.

[ 6] TR, /8. BCRRZR T H Ay o T L OB Y e Rl 5 RO [T, AR g B R4 24 4R (B AR A1), 2016, 44(8): 74-81.
Zhang X S, Lu Z C. Seismic coupling effect of UHV electrical equipment with flexible bus connection[J]. Journal of South
China University of Technology (Natural Science Edition), 2016, 44(8): 74-81.(in Chinese)

[ 7] EEREER . 423ty m 4 B 20038 DL/T 5551—2018[S]. db 5t th E 3% 3 B at, 2019.

National Energy Bureau of the People's Republic of China. Load code for the design of overhead transmission line: DL/T 5551
—2018[S]. Beijing: China Planning Press, 2019.(in Chinese)

[ 8 ] sKAKHIRAL Ly Bt Be . s o) CAR A BP0 R A (M. bt v E L g AL, 1989,

North Electric Power Design Institute, Ministry of Water Resources and Hydropower. Electrical engineering design manual:

electrical part one [M]. Beijing: China Electric Power Publishing House, 1989. (in Chinese)



% 10 4 RE R, F R RG] T &R R B IR SO IR AT 117

(9]

[15]

[16]

[17]

[18]

BB AL, o), 1) B . R TR 2 A B XU W 10 43 BT B XU R B0, DRI T B A B 24 i, 2001, 7(3): 159-163.
Chen X L, Shen S Z, Xiang Y. Wind-inducing response analysis and the coefficient for wind-resistant design of the saddle-
shaped membrane structures[J]. Journal of Tianjin Urban Construction Institute, 2001, 7(3): 159-163.(in Chinese)
VLG . RS P S Jil R O TS 238 XL A R XL i oz AF 5 [D]. 1 i - [\ 55 22, 2006.
Jiang Y. A Study on equivalent static wind load and wind-induced response of large span flexible point supported glass curtain
wall and skylight[D]. Shanghai: Tongji University, 2006. (in Chinese)
Chen B, Wu Y, Shen S Z. Wind-induced response analysis of conical membrane structures[J]. Journal of Harbin Institute of
Technology, 2005, 12(5):481-487.
Owen J S, Eccles B J, Choo B S, et al. The application of auto-regressive time series modelling for the: time-frequency analysis
of civil engineering structures[J]. Engineering Structures, 2001, 23(5):521-536.
WA, I L, BB AL, S5 . RS B A SRR A SOR S5 H KR PERE 23 M7 [J]. S A5 #4274k, 2002, 23(5): 49-55.
Wu Y, Guo H S, Chen X L, et al. Study on wind-induced vibration of a large-span dot point glazing supporting system[J].
Journal of Building Structures, 2002, 23(5): 49-55.(in Chinese)
XURMG, 2 1E B, SRLL M, 45 . kT oot p9 2o Ve u I B IR0 A A5 R ok 1) ORI 245 1) 465 A XU A 28040 (D). I 9 90 R AR 2 4
2015, 35(6): 712-717.
Liu X P, Li Z L, Jiao H W, et al. Numerical simulation of wind loads acting on long-span spatial structures based on modified
linear filter auto-regressive model method[J]. Journal of Disaster Prevention and Mitigation Engineering, 2015, 35(6): 712-717.
(in Chinese)
Davenport A G. The spectrum of horizontal gustiness near the ground in high winds[J]. Quarterly Journal of the Royal
Meteorological Society, 1961, 87(372): 194-211.
Bt . Bk sl AT 1 i H 2k 5 XUIR 1155 52 [D]. Be M WiV R 2%, 2015.
Yang Y. Study on calculation of conductor swinging under fluctuating wind loads[D]. Hangzhou: Zhejiang University, 2015.
(in Chinese)
Wang Y, Wang H, Shang Z Y, et al. 750 kV LGJK300/50 expanded diameter conductor finite element modeling and modal
analysis[J]. Machine Tool and Hydraulic, 2019, 47(6): 76-81.
A% P KPR T A B 5 | TR R 4 A XU T 7 43 A [D]. K 3 R R %, 2020.
Yu G Q. Wind-induced vibration response analysis of substation downlead structure in strong wind environment[D].
Chongqing: Chongqing University, 2020. (in Chinese)

(i E#&RTF)



