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Analysis on safety of four circuit transmission line tower

under stochastic wind field
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Abstract; With a typical section of 220 kV four circuit transmission line in West Inner Mongolia, the
structural strength and fatigue life of the towers under stochastic wind are numerically studied using the
finite element (FE) method. The FE model of the tower-line system is established using the ABAQUS
software. Considering the topographic characteristics of the West Inner Mongolia, stochastic wind fields are
simulated numerically to calculate the dynamic response of tower-line system. According to dynamic
responses of the tower-line system under wind load, the dangerous zone of the tower is determined and its
3D solid FE model is set up. A hybrid FE model combining the local 3D model with the spatial beam model
of the other portion of the tower is constructed. The time histories of the reaction forces at hanging points
of the conductors and ground wires are applied on the hybrid FE model of the tower to simulate its dynamic

responses under wind load. The structural strength and fatigue life of the tower under two stochastic wind
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fields and with different bolt preloads are numerically investigated. The results show that the bolt looseness
obviously affects the strength and fatigue life of the tower and may be one of the main reasons of tower
failure.
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Fig. 1 Finite element model of tower line system
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Table 1 The parameters of conductor and ground wire

T2 RS s PR/ MPa B AL/ mm? &/ (kg-km D A% /mm
T4 JL/G1A-100/35 65 000 425.24 1347.5 26.80
Hi 2k JLB20A-150 147 200 148.07 989.4 15.75
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Fig. 2 Wind speed time history and power spectrum at typical points under different basic wind speeds

AR A0 3 ] 58 s i v 2 B AT RS VR T R i R L A B A e () TR
W, :BC a. W, L, LSC -d Lp-B, .sin’0, (6)



% 12 4 B A FAURAE T R 35 v = il A 3 e AT 107

K fe N FHLZ FERUR B s o 0 RS BE T U R 50 W, o 60 XU S kN m” 5 e SR KU 18 B AR A R B pese B T2 2R
o 2R BRI R B d R 2R b 2k A AR OB K I B ST R AME L Lo AT B KA BE L B 5 b 2R 7 vk X
ff 4R R R FEAR U R
W, =VZ2/1 600, )

PV, Sk FEAR K

HY T AL BL B ATL X375 B 25 B8 T XU 233 T A G A R B e B 1 2 Ak IRUAr 28k L XU 19 2 2 it o o A8 480
LRI L, T R Be var v, Lo AN RECARE 1.0, EARSCH AN Z EE K, B, W 1.0,
FRAE LG , SR i 2R AT R e AR =17 mm IPEL 1.0, 62 <<17 mm WL 1.1, W% 1. LM
2R E AR AL P R s B 1.0, MR I 1.1,

1 T 4 2% 1 53 19 AU Aar 2R
W, =W, BA,, ®
K. B B UK R AT 1S R R A X B 1,05 A R4 2% HB 1 32 KT A, m”
VEHITAT 55 09 XU A Sy
We=W, ., p. B, -BA., (9

T e AR KUK TR R AR IR AT R TR AR WU 5 5, 0 i BE = Ak % XU 8 280 i W 48 1 14 31 0 %00, 7 AT
By 7 ) 17 Fsf AR 43 A B BB 1.0 5 6 DK XU fr 38 R R A B B 1.0 5 A SRR 1 2K A2 XU AR T B30

EAF— 32 AR 6) ~ (DI RAE T S b 26 L 48 2% 1 £ RURE 35 09 XU A7 B, SR P 1 JXU3E A 28y
THE A KU, BV BE ML R 0015 2 A 120 3 50 KU B
1.3 &K R 30 7100 5 HE

FIHT ABAQUS $AF X 85 2 AR RAEFAGH g 27 m/s FIAEF- B XGHE 10 m/s BEALXAE T (849 3h g o )i
HEATRLRL A5 B IE AR R W ASTE RN Ty BF #2183 BT 7R Ry die R i B A XU B AL X3 1 T T 35 e ik &R 7 B
K 7 B 2 64 ;T3 4 A RT3 A B X 81 3 () T A RS 2R AR R Y Mises I )40 A, 45 R 3R W L B K0 7
MAEHZR |, 362.9 MPa; S48 F 195 KR S8 95.7 MPa, ¥ R M AT SR RBLBIN 1. Fid 4 DT
WL T BN ) B K IR FF I 9 Mises R S0 A i) 3(b) fis . Hidie K Mises N J1 8 274.2 MPa, H #L7E
Q420 FFF b %W S /T AR5 BEAR R . e Ah . Q345 FTFF Y I K Mises B 124 259.0 MPa, AR 1 8
B RN T Q420 FFETE S ZATHFE Gl . B FFFR A BT BB A 25 JEAT 1 3% 12 X B 40y A %
JE I B A MR ) B R TR I AL TSRS B Y R ) AT BB /N TS R A A I T . K A S I R AR B A 4R X
SRR Sy e B8 DX, FH T 57 7 DR R 3 AT Y R = 4 SRR A

TEAEF- 2 AGH 10 m/s BEALXUAE T 34 5 19 1 3 7K1 28 /N T d5e R 35 1 AR XU B BILKUAE T T 9 )3
T1 ARFEIE (R 750 A A L B A RN T ) 6 X AR — 3K

Fhanh,

Frre s,

(a) B RN S 534



108 % 45 £

(b) FFI3& T 7434 B Hofa s IX 3%
3 BMIKEATEBEZEEZERE AN DHZNE AL G RAENERXE (EAXRE 27 m/s)

Fig. 3 Stress distribution at the time of maximum stress to tower line system under random wind and

dangerous area of tower (basic wind speed 27 m/s)
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Fig. 4 Finite element model of hybrid tower
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Fig. 5 Deformation and displacement distribution of two tower models at the same time (basic wind speed 27 m/s)



110

TR KFFR

% 45 %

=2

AR AR Y B B B ST B K Mises K7 77 (B A KUE 27 m/s)

Table 2 Maximum Mises stress of typical elements of two models (basic wind speed 27 m/s)

Mises W 11 /MPa
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. 6 Stress distribution at the time of maximum stress in tower dangerous area (basic wind speed 27 m/s)
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Fig. 7 Mises stress time history of maximum stress point of typical components in dangerous area (basic wind speed 27 m/s)
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Fig. 8 Mises stress distribution at the time of maximum stress in the dangerous area when the bolt

preload is 50% (basic wind speed 27 m/s)
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Fig. 9 Mises stress time history of the maximum stress point of typical components in dangerous area when the

bolt preload is 50% (basic wind speed 27 m/s)

3 BT A B X el R P A AN [R) 9505 A R A R Mises B3, AT LU BE A6 95055 0 B 800
F RGP 15 3 K S35 0
3 FEGSRFENHRFAFERBMERK Mises 71 (EAKE 27 m/s)
Table 3 Maximum Mises stress of typical tower components under different bolt

preloads (basic wind speed 27 m/s)
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MR 932 118.4 133.5 146.6

3 FEREESW

3.1 FREEST
2.2 5 2.3 TR E S5 SRl A, A8 56 DX 38R 14 B9 B R R 0 34 BRAE Q345 FT 1R B B 3% 4 60 & AT

TE B R HEA WG A B0 3 B0 F0 5 I A F T 0 g K S BT o AT A1 | 328 A A W38 e 268 g 1 19 i R
JS7 3 37308 7N T T A R R
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WA WA F51 5K g KA 1 157 T3 7K P B 52 W A T 220 I R T BN A A R i DRV g L I8 T O 2
WU T3/NT 50 00, T RE 51 f& W XS Q345 AT 48 & A i IR ZZ TE | 5 BORT B 8] 35 < e & A L v 2 g1k
3.2 ESEHF@fhit

BT T34 2 1 FT 54 AR5 A I 1] B2 A B3y 17 g A MR Miiner 2458 403 38 322 10k 18] BE A7 A= 4 4 45 [
T

D=>) ]\r]— (10)
P ar, B T RN IR AR T (OB PR E, N o i O ) IR AR T 099% 55 75 4w, Ho AT B A RLAY S-N T 6
33, YR B T D IRE) 1.0 WA & AR TR . BB AER B B S 0 R D iKF) 1.0, 0
1 r;
n=D=1/(Z NJ, an

TP AT B L TR R P 4 B O 7 I R SR P R 3 T BB A B A [ 2K 1 17 g e (R A R, I 10 B R Ol A
RUBETHHEAS AU L B2 A T 55 7 100 D0 I AT 35 3L 1Y A £ d5 K N7 g Ik 8 R 30 T 804 2R He b 2508 T - 38 1 ) 1Y

IS4
R

(a) Q345F#F (b) BHet925 (c) BEHAR932

10 FFEABMENAIMERRITHRSER(EARRE 27 m/s, BRIEH 100%)
Fig. 10 Rain flow counting results of stress time history of typical tower components

(basic wind speed 27m/s, 100% bolt preload)

% 3 M EE D Q345 BHRL ARG SCHR[20], Q345 HY A 45 0L 1 i -5 9 55 75 i 1) 5% 22 R
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PN o v AR S L2 AT AR BOL B9 55 5 6 N o » K bt 9 08 3 58006 S8 145 3 59 0 26 08 RN L BIFRT
o ) e A 9 5 T IR I T2 R A B 2 A B T 8 KK

T TR HARRGE 27 m/s FAEFHRGE 10 m/s FEHLRI R3S 9 3h J7 w5, Of 2% 08 T 32 4 75
B3 1006 .80 96 H1 50 0 f4 1§ B0 » 2 17 AR Fh 185 1 86 DX Il it 7R g {1 e DRIV g ) IF AR, T 0R0 1 AT 8 A 98 97 5
GERFRW] A7 VAP I KGE 10 m/s BEATTHIC AT A 10 7 7K 1 MUSE 7 58 B 30 /0N, 48 R P 20 AN 2 T M 9 57
W o ARV HEA MG 27 m/s 75 IR R TS J) 100 0 BT DL T L3 Hdl 925 53t 932 N J1 /K-
TIOR3 R AEL /0N BIAS 23 S FE R 53 TR o it BB RV T ) Q345 FFIFIYE 55 A7 i Ry 2.36 a, TEAS [A] B2 A4 131
RGO P 55 5 A 3 4 R S, (E 15 — 48 902 . 3 45 B 55 A5 i e T B R BT kAR KL
27 m/sBENLRAFSEAE FITR 1Y 75 i A1 35 5 A 90 55 5 DR T 109 52 s ol T 4 BIR B2 7 552 14 3 DX 45 1 0K o XL ke
FOIFIE] . 73 A o SRR AN Sl X 98 57 7 i B 2 W AR K, 204 MR AR 5K 0 AR B 80 Do I, HL9% 97 75 A JLF B AR T 10
£ 5 2 UR AR T T BEAR A — 2 FE BE A XU 27 m/s YO HOR 57 A A F) 2 d B .
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Table 4 Fatigue life estimation of Q345 member of tower (basic wind speed 27 m/s)

WEI1/ % W 57 774 / a
100 2.360 0
80 0.238 0
50 0.005 2

4 F it

PLSEVE HLIX 220 KV [A) 3% DU [0] FL 268 SSZ1 S 58 % 52 R FH A B OG J7 ¥ 43 B FF 386 1% 588 B8 R 5F i,
BLERWT .

1) #E ST T[] 355 D[R] AT 3 04 A RIS e ABE 8 R it 78 O 95 (10 RN 38 2 AR R A PR T A, LA 5% 1 78 fe KT 2
KGR 27 m/s FAEF-E R 10 m/s FEHLIVE T 85 24k 2 00 3l T me 7 . 8 28 1 FF 85 G B X B, Je K
T3 BAEFFRE 1T b S R BT AR KU B0 T I ) 7K P S5 fe 6y 1) DXl b R AE AT 38 1T 19 Q345 #1441, 1 J1 {8
4 259.0 MPa,

2) FESL T FFIE A5 IS X3 = A SR A R T A TR, F T A B AT IS 0 SRR FT R IR S A BR AR R, T
AR G BT A [A) B A XU R 09 3l o By . 45 2R 6 B, 25 JE A 6 IX Sl 235 40 440 19 5 A 3 09 e R 0 g B s K 1
FFEERERY 5 R T JE AR KU 0 T e K T R 314.1 MPas, HH BLAEAH R Q345 FF4 .

I BEIUMEFE T 8 AR il 5K T R IR B 80 Y6 A1 50 Yo I T35 WY L J7 , 235 SR 3R WY, BB Tl S5 ) X AT B B KN T 5%
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