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Cup-type Transmission Towers Line System in Xizang
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(1. Economic and Technological Research Institute of State Grid Xizang Electric Power Co., Ltd., Lhasa 850000, China;
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Abstract: Recently, the transmission lines frequently experienced such accidents as wind deviation flashover in
Xizang due to its high-altitude and windy environment, with transmission lines with ‘cup-type’ steel tower with an
extraordinary characteristic of uneven body shape in particular. In view of this, the research on the design of wind
induced vibration and vibration coefficient of ‘cup-type’ tower-line system of transmission line project in Xizang is
performed in this paper in order to provide necessary theoretical basis for the reasonable wind resistance design of
related transmission line. The research process and method is the ‘cup-type’ transmission tower-line section with
actual fault in Xizang is taken as the research object.The wind induced vibration simulation and analysis method of
the transmission tower and line system, namely Davenport wind power spectrum and AR model, is used to simulate
the fluctuating wind load and apply to the finite element model of the transmission tower-line system to calculate the
dynamic response and wind induced coefficient of the transmission tower in combination with random vibration theo-
ry. The method is used for simulation and analysis of the transmission line to discuss the vibration response character-
istics and the wind induced coefficient influence of the tower-line system under strong wind environment and differ-
ent wind angels. Then, the simulation result is compared with the existing design specification to verify the unreason-

able phenomena existed in the wind resistance design of the existing specification and to be improved. On this basis,
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the design correction formula of wind vibration coefficient of the transmission tower-line system is proposed in this

paper, which has the overall error within 10% and accurately reflect the actual wind vibration effect of the related

line of the ‘cup-type’ transmission tower in Xizang. The research in this paper provides an important solution for ra-

tional wind resistance design of ‘cup-type’ transmission towers in windy environment areas (such as Xizang) and has

a good application prospect.

Key words: cup-type; transmission tower; tower-line system; wind-induced vibration; wind vibration coefficient;

design formula
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Fig. 1 Schematic diagram of transmission lines and towers
FR1 HEREEE/LEER

Table 1 Geometric information of transmission lines m
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Table 2 Geometric information of transmission towers m
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Fig. 2 Constraints of tower-line model
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Fig. 3 First-order modes of single ZBC.;; model
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Table 3 First-order modality in all directions of ZBC.,,

and ZBC.:; models
& i1 B A2/ Hz
1 By ZBCay, ZBCars
mEh S yhhah 1917 4 1.8130
NGO D € ik 2.006 9 1.8259
Wi L5 Z N 33010 2.653 4

1.3 fREBIIGIE
D) FRIERBALEAIE . MR R B S BT hRIE) ),
SERSE L PR =00 £ A EBUETE R R AT A 3),
IER O e HEAT AL NSRRIl SN =)
£,=[(0.007~0.013)H]" (1)
KT, H NEHRE.
TR F EE ZBCony 11 ZBCors B 5 5390 h 42.9
52.3 m, H 1B FAARSTAITE 1.79~3.33.,1.47~2.73 Hz e
S FRI P S TP BRI 07 2B R 1 B SRR A
FHR 2359104 1.917 4.1.813 0 Hz, £54 HLIE £ U
HEK
2)FERMIAIGGAE, R LK I EEEAR A
0 A 3R R AR UK AR KR
PRI 2, B4R 5 F0XUes 48K < 8 1 2 [E) 1
FR sk Ty, ST I, AN K Rtk
B, AT S T, 3k
T=|W*+H? 2)
K : T HFLIWK T W TLET H,
KK E (H,=0.5:Cprp-A® ), Hodh ¢, HFH T ‘
R BT SRR FIE TR, p 2 H4 R EERRENARRL
B, A NBLHRER AR, o X, Fig. 4 Typical modes of the tower-line model

(e) H5775Mr (i RIS Be 21 1)



Eudz

BB ]

+192- 20244E12 H
R4 B—RERERHAERES

Table 4 Typical modals of the tower-line model
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Table 5 Horizontal tension at the lowest point of the arc

sag of the transmission line
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Table 6 Parameters of wind load simulation
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Fig. 7 Time history and spectral verification of wind

speed at the top of ZBC.,, tower
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model under different wind directions.

H T 12(a) PT 7 H - Bl i P oo JEE RIS, 4%
JRUT) AR T KR 2R ) 1 R A R e B,
T B AR 28 A d KA AP 35 12 26.9 m LU
NOERE 1, A& B 1)) BoR 60°Y 15 T.00 T I XUR &
Bt R, UL i FL B A 5 R R B 3 A KUAT 2
60° [ Y [ Sl HAON e by 255 15 B v 26.9 m LU
(&K Hy), 900X [a] T48 T B KR F £l ok,
A iy P, 325 100 325 S 8 2 XU 28 90° 1Y X 1) Bl A

IR ZR 05 e A= SRR A R #, S R LAk oy
PE— AR M T LR R R B X AR A
FHIDREAL BRI, S BOLEh B B ol 35

4 WRE—ZERNIRFELEE

4.1 DITHSERRIRZREZ TS EES

ST RS AT R R S A, SR A
AT AT ALY R BRI (L AR )™
BT iz v o i R B A T A4l X b
BB BT 2S5 RE R A P

KA AR W P N AR VR & Z
AR B IR R B A I 13(a), Hedr (2 an
) IR I ) 2 7 AP i rL 35 I A B 3 oy
JES S AR SRR I N ARAF A SR . SO ET
SLEI L, (g 2R ) RN € B Y ) BT ik AR
T iy LR DR 2R 50 v A T4 K A
(ERSR NIRRT E A€ i R TR S - B
51%F139% MR 25, AR TR s S5 FT R4
X EE, (R RITE ) BT TR AR A 1 KUk R B8k 2 —
FEL{EL, JCT A S0 i P AT DR\ 2R i v 4 R T
KIS FERS R EE H, (35 55 0~9 m)BEitid FIRsF
(e RAR 22 37%) , e384 B BE H, (B 155 9~26.9 m)BE5 =
FEM R B T4 B, SR, 7RIS LB 0, O =
26.9~42.9 m)H BLBE M AN e G

W54 RT3 T 3R AS 10 ZBC.y B P ISV R H X
ARBRASE A IR 2R B0A B L 13(b) o e (ar g
) R AT ) | (e Y ) oA X iy v 35 A 1) R
AR 22 5001 A8 A A R I, A P A B AT R FH
N7 1 B A XU R 5, 2o —EEL 3B A X L A
(i 2R ) o il A R ) AR 32 BT 25 45
BLEE R RIS Wk 65%F1 53% , T it TARSF .
MR B A ) B A5 R B HEAE R 431t
P TN INGE AR RS AL T HE AR T 45
EL20%.

25 I, VO O AR KR 1 R AT, ansk
FH A 28R 9 ) Fn s 8 FE ) 2 TR SF Ak
(R EER) WAFAER AN MG, AR AT 1
S T BUAT RIS T VG R B AR I B R TR
AEE, AR S AT I AR R O A Y A
Z—o B, & LUK KIS ) T A X, BT
T LA A7 A 2 I RO e 28 A 119 TP AR TR B F



Eudz

BB ]

+196- 2024412
PEER AR R HpT XA L 2 5 it
25r
—— fiHITH
- - BIEARK ,/'
- (LREEFIIED P
= 20F -=- (BTG A
" S (RTEGIIED /’//,/
IS —
B 1:5F
1.0 !
0 50
i /m
(@) W5 ZA b B AHR F %k
25 = iHIH -v- (BT
- BIEATR - (PRI
- A= (LRERIINED
R e R <
ﬁz‘o b At SRR Atk Bk S v
I\ .
_}]_E y |
13’15 0~—~c---cr—-—+---or—0"/
e i AP SIN
1.0 2
0 2 4 6 8 10
FEHHTE & /m

(b) MR AARRIK IR F 4L
13 FiZIHAERFBH ZBC. EEXIR R
Fig. 13 Wind vibration coefficients by different design
methods for ZBC.,, tower

42 ik ZE#iszitEy

FRAG 1 12 BARSE AT, A B AR ™ S e 15y
Jode FAME e B AR 1 S AR AR Y ey 2 B 4
¥, FLA R R B0 o R B s G 4 s FLXUR
F AT AH B B A i (H AR R H R Ak 2 B
WG . BT LA B0 LA SRR SC /B ML, S
f HHE A AR g L XUIR RS R .

)it B RR R BT AR . nETRE, (& &
PR FT LA AR 2 AT 38 XU R 800 o B84 g
FER BRI, 05 TR 5 (R AL ) To vk ik 1
AL, BB B AL (7 B H + H, ) XUk 5
Boota e, T2, i Bkt 4
B A P P DX TR AR e e A XU R A
EARA

B,=1+v.& ¢,
{BZ(H1+H2)=BS )

K3 & ADKEIE R REG & KUK IKS)
FIREZAC RN R A &, B5H I ST IR LR R
B €L e s, RIECRIERITE ) BUEL; B, XA 2%
PR R BCRAE, A CERBR LTS ) UM 5 oy, i
FIMEIEREL, H,  H, NIEHE 35 B 5 (LA 1)

Q) REH ST R MR R AT A W LA,

ey P R R R R A B KR FR B
B,=1+v.7,¢¢¢8, (14)
K14, y, HEHEDFEAEIE REL
YRR, SO TR B TR U R # X
(13) (1R ARHLIE ZBCo T JRAG S RICA
B 13, AT UG TE 28 2R TR AR 28 i Fe 355V v B R
W T8 BE ST AT BT, AR KUk R B 25 T 4%
THITE 10% LA, ANE Bt K R ) Fn e B B )
Btk TR R, HRLRE T (L MG ) e 40
AN 22 A Tr) R, T HERE TR i AP il DX
PRSI LR R BTG , BEAT A 02 M DU 55 1 X
R 2R B PR XUEIHR 3 T B R R S & AR L
TR LU R 2 B IE AR (13) (14 LA
T O SR (R B Ty VB TE AR ARy, ORI R
ERE y,)o SCTXFZ S EOEE A 1L U AR H 4
“THREL B ZBCon WU 22 0005 ELA5 R 005 IR
SIARATAY , 38 F T T AR Ay r S —ZR AR R BT R
Wit. JEgk, N THIMEE S A & v, ST R
Rt iy P, B TR AR 407 (A () A R R vy B ) v B DA
R TR RS B R v 22 1 i P B ) I TSR R B
TH, X G SRR BT B T S TR A M, | 4 T Ml
W
BN, SO iR A TE A 2O ek A RS T
AR R BT I R RS T A R D L i, 1
Hise R4

5 45t

DAV H 6 X i R 2 i TR 5t il A R
TCA BB LA 22 AT AU e 197 53 A B XU 2= A5t
G, T 2% AT ) TR AR Y™ i v, 35 DS A7 A i 7 )
AR [R] IS RO EL T v B 0 XU 2R 0 (i
PRI o B A ) B (4 B A ) v A XU 3 5
TUAEHEATXS L, A LU 4518

1) S A BRI EL P X =I5 P2k 7 i
AR R, JET Davenport KUIPRIE R FH AR 145
UG DK Bl X, R A 46 S IXUAT 280t o i v 1%
AARZR b SEICT AN A XUm) e |] T AR T A A%
e 1, I 25 T BEATLAR Sl B8 6 XU R R BT
AT AR AT G PR O

2) T VU R R i ) O LR, BRAR AN R X
[] T TR AR i v 3 XU 2R B S e B« XU R
BB e B ) B TR R S B S e, B R A
FHAFEAEBERG NG ; AR (35 B b i XUR R 2L 60°
YR fal T8 s 35Sk (REHHAL B KR R AL 90°X A 15
B T80



B 5507

AR, AR, RGO, S PR DX TG AREL i 2 R R R Bl B R R BRI <197

)T REALIR S BEIE BT R A T AR AL
B IR 280, 45 BT M A AN A, 48 H o T
PRI Hiy i B KR R B IR 245, LA ZB Gy T FRL I E
FrERE , 25 3 IR MR R 28 iR 22 T AR 7 10%
DA, Bk SRt 7 i i e 1

SCHP R R LB — AR R A BROTIH R Tk
L AR 28 Bt 7 vk BT 508 D LUK XA 555
DX (P4 S5 ) TS P 25 i L 5 DA A58 o A 8- 1
HE R R BT B A5

S Lk

[1] TIAN L, YI SY, QU B. Orienting ground motion inputs to
achieve maximum seismic displacement demands on elec-
tricity transmission towers in near-fault regions[J]. Journal
of Structural Engineering ASCE, 2018, 144(4): 1-13.

[2] CHEN Bo,XIA Yong. Advanced technologies in disaster pre-
vention and mitigation[J]. Advances in Structural Engineer-
ing,2017,20(8): 1141-1142.

3] %= W5k B, IrEE, SRR AR AR R K

i A P o B N BB AT, e PR L L 2023,
59(3):69-77.
WU Tian, ZHANG Chao, FANG Chunhua, et al. Wind -
induced vibration response characteristics of UHVDC
transmission tower-line system and analysis of its influence
on tower - climbing lineman[J]. High Voltage Apparatus,
2023,59(3):69-77.

(4] WHWIHE 2T, O, A5 O EGMBERY X4 5 il

FELER B S P P S 96 IET). F R G R 4, 2023,
51(1):93-100.
YANG Minghao, AN Yunzhu, HU Yuanchao, et al.
Applicability and verification of an improved EGM model
for UHV transmission lines[J]. Power System Protection
and Control ,2023,51(1):93-100.

(5] 75 7, hiE, T T A R SR AR A R

JE A (TMDI) XUHR 428 1) 7 35 BASCR 520 TR T2,
2022,39(11): 143-156.
SU Ning, PENG Shitao, HONG Ningning. The wind-induced
vibration control of high-rise chimneys by a tuned massdamp-
er inerter(TMDI)[]J]. Engineering Mechanics,2022,39(11):
143-156.

(6] AN TR, i i I RS LA R XU R 1 23 BT[], 4k 3h
5wh,2011,30(7): 45-51.

XIE Huaping, HE Minjuan. Wind - induced dynamic
response of a transmission tower-line system|J]. Journal of
Vibration and Shock,2011,30(7):45-51.

(7] BRuifls, 9530, TR, 55, BT Ansys 5 i FL 1S
KARFFHESHT]. fill 5435 ,2023,60(2): 84-90.

GENG Zhenwei, SU Wenwei, YU Fengrong, et al. Analysis

of wind vibration response of high - voltage transmission

tower basedon Ansys[]]. Electrical Measurement & Instru-
mentation,2023,60(2): 84-90.
(8] FHRIR, A, B ZERE, A5, A2 Al A A sl 7 T UX
PRI, HUEERE i 7, 2021(2): 162-168.
YE Junchen, NIU Huawei, HAN Junke, et al. Aeolian vi-
bration analysis of steel-pole lightning rod with substa-
tion framework[J]. Insulators and Surge Arresters, 2021(2):
162-168.
o1 % W, REE G XTI 1000 kY i
HL B IRTIR) a6 5 X g 157 23 BT[], #R T Bk 5 R
#2,2021,36(2):76-82.
LI Tao, WANG Qian, WU Dengguo, et al. Wind tunnel test
and wind-induced response analysis of 1 000 kV transmis-
sion line under typhoon wind fields[J]. Journal of Electric
Power Science and Technology,2021,36(2):76-82.
ke BB, . R T RE RS KU
122 73 3L R BT PR Rk SR
#2,2022,37(1): 186-192.
GUO Xianghua, DENG Fenghua, XIAO Yan, et al. Study of

interference effect of bundled conductors drag coefficient

—
—
(=}

=

based on numerical simulation and wind tunnel test|J].
Journal of Electric Power Science and Technology,2022,37
(1):186-192.
(1] 228 whta 2, 3, 55 Qs e A 2 B e AT
Ti 05 FEBLS 53 A ()], Rk S H R4, 2023, 38
(2):67-74.
LI Fengjun, YAO Fuxing, SUN Qian, et al. Simulation
modeling and analysis of anti - overturning ability of
overhead distribution poles[J]. Journal of Electric Power
Science and Technology,2023,38(2):67-74.
O, THLYT R A A AR R B ) A B PR
V). TR AR 5 ICUIAME, 2010, 31(3) - 6.
LI Nan, WANG Hongpeng, HOU Chengge. Discussion on

frame dynamic force analysis of power capacitor]J]. Power

[12

—_—

Capacitor & Reactive Power Compensation,2010,31(3):6.
[13] = P&, Mk 5. IRAR He A ek P 1 A8l g 2R i i I
BT KM AR ,2023(3): 74-81.
GONG Lujia, DENG Zhiyong. A method to process of unit
condensing mode operation based on aerodynamics and the
usage[J]. Large Electric Machine and Hydraulic Turbine,
2023(3):74-81.
110 kV~750 kV 2275 fi L 26 B BT LY - GB 50545—
2010[S].2010.
Code for design of 110 kV~750 kV overhead transmission
lines : GB 50545—2010[S].2010.
[15] HAREEHIFTEMIE : GB 50009—2012[S].2012.

Code for load of building structure: GB 50009—2012

[S].2012.
[16] B ZEH I HRiE : GB 50135—2019[S].2019.

Design standard for high-rise structures: GB 50135—2019

(14

—_



-198- 20244F 12 1 Z | A Hie0% 124

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[S].2019.

sk N R SRR, RrR R R A R s S
LB — 2R S R B KR RRPE]. AR 2 i (A A
Bl22iR),2019,49(1): 1-8.

ZHANG Qian, YE Zhen, CAI Jianguo, et al. Wind-induced
response of UHV long cantilever transmission tower and
tower-line coupled system[J]. Journal of Southeast Universi-
ty (Natural Science Edition),2019,49(1): 1-8.

ZHANG Meng, ZHAO Guifeng, WANG Lulu, et al. Wind-
induced coupling vibration effects of high-voltage transmis-
sion tower-line systems[J]. Shock and Vibration, 2017(4):
1-34.

HERUAR, R 2T, 45 +1 100 kV 4 5 He B i H
LR BRI IRE R 1 e KR R BT SE( ). 4544 , 2017, 32
(7):49-53.

HUANG Fenghua, ZHANG Dachang, LI Buhui, et al.
Wind-induced dynamic response and vibration coefficient
of £ 1 100 kV kilovolt extra - high voltage direct current
transmission line tower{J]. Steel Construction, 2017, 32(7):
49-53.

KA, TR BRSO, 5. 9 I B B L B e TR R XL
PN Je KM 228K . R ER , 2022, 58(1): 111-121.
ZHU Xiangyun, ZHANG Ruoyu, CAO Meigen, et al. Wind
induced vibration response and coefficient of large crossing
transmission tower line system between islands[J]. High
Voltage Apparatus,2022,58(1): 111-121.

UL, B, R, RIS G XA T s
AR R AT A B0 ()], 4% 5h 5 vhdi, 2018, 37(8):
257-262.

DENG Hongzhou, DUAN Chengyin, XU Haijiang. Wind
tunnel tests on an aeroelastic model of a transmission tower-
line system under normal wind field and typhoon wind field
[J]. Journal of Vibration and Shock ,2018,37(8): 257-262.
Mo XS XURRE. —Fh X7 32 30 545 i 0 g
AE 118 07 28 1 75 3 (). F R0 5 95 3 B DR, 2022, 38(1):
97-107.

XIAO Ji, LIU Guorong, LIU Kezheng. An intelligent
adaptive control method for wind farms to actively support
power grids[J]. Power System and Clean Energy, 2022, 38
(1):97-107.

SRAHBE. S5 F TR  BIe, JLYE, SERRM). dbat.
STl AL, 2006.

ZHANG Xiangting.Structural wind engineering: Theory,
specification, practice[M]. Beijing: China Architecture and
Building Press,2006.

R RIE R T2 F UK X i B — 2R AR R vk
SEHERPI]. T J1%%,2010,27(1):209-214.

YAN Zhitao, LI Zhengliang, WANG Zhisong. Simulation of
ice-shedding of transmission tower-line system in heavy ice
regions|J]. Engineering Mechanics,2010,27(1):209-214.
[25] W, B XSRS, AF. BRI R L e v i il
BRI PRSI RETA, 2023 ,39(9) : 74-80.
PAN Hao, HUANG Zenghao, DENG Zhanhao, et al.
Numerical simulation analysis of deicing trip faults of
compact transmission lines|J]. Power System and Clean
Energy,2023,39(9):74-80.
TR, ZEEMR, T o g A v 2 I A S D). 55
HLEFE A ,2007,33(7):211-214.
XU Qingsong, JI Hongxian, WANG Menglong. Real - time
monitoring of transmission line sag[J]. High Voltage Engi-
neering,2007,33(7):211-214.
DAVENPORT A G. The spectrum of horizontal gustiness
near the ground in high winds[J]. Quarterly Journal of the
Royal Meteorological Society, 1962, 88(376): 197-198.
TANNUZZI A, SPINELLI P. Artificial wind generation and
structural response[J]. Journal of Structural Engineering,
1987, 113(12): 2382-2398.
[29] 5K #&,9h WL B AR £1 100 kV LS XUR A LY
KRR R BFIET]. FERh 25, 2018,35(4): 52-59.
ZHANG Shuang, SUN Qing, WU Tong, et al. Research on

wind-induced response analysis and vibration coefficient of

126

—_

[27

—

28

—_

+1 100 kV transmission tower[J]. Special Structure, 2018,
35(4):52-59.

BN ST SE G LR 22 AU DAL eV I )
M) AR KA (H SRR FAR) , 2019, 49(1) : 116-124.
YU Chuanyun, ZHANG Jianrun. Analysis on dynamic

characteristics and wind - induced vibration response of

[30

[t}

transmission line systems[J]. Journal of Southeast University
(Natural Science Edition),2019,49(1):116-124.

31 & 5 IVER RS, S B i R/ T
B B9 XA M2 R 8PP A D5 (). AR sh -5 bk, 2021, 40
(12):179-188.

ZHAO Yong, SUN Qigang, SONG Zhuoyan, et al. A
dynamic responses and evaluation method of the downburst
wind loads effect on a transmission tower[J]. Journal of

Vibration and Shock,2021,40(12):179-188.

ZAHK(1987—), B , TAEIF , £ T F i 35 45 My ik 3t
Z AR 7 (E-mail : 1024920234@qq.com).,

BEAL(1977—), %, W+, 8l 3%, £ ENF LMK
5 ), R g Mkt B A R (8 12 4E &) (B - mail :

xuexm@mail.xjtu.edu.cn),





