55 35 B4 4
2022 4£ 8 H

Ik o T

Journal of Vibration Engineering

% R Vol. 35 No. 4

Aug. 2022

LLI Fik 3 72 300 JXL TR %60 R &k s XL 4k Wi oz 4%

X F I, i

CRALHL RS0 TR 24 B, 744K 75 4k 132012)

FE: B PR J1 22 (CFD) J5 ik 45 3 7 L Jikad JXUTHT 4 ri 28 3 A5 1) R0 18 i) SF- 24 X3, B9 17 48 6 B 5 o7
FI5 O Ak g L I 32 J38 =l PR 35 fi vl 2 B XU F) 5200 o S 17 Bk ) 4 i L 0 AT FIROTASE R, 23 31 R AT L
i IR 01t XU SR X e A 80 XD 7 484 DR T 0 LG o T s R T R Tk ST =R PR R KU £ 4
KRGy He B WA J5 B o WP FE 3R I« 21 2 i 00 0T 1L, 0 o T, 2 B DR 7™ B o X T R B A L K A
1R BE 3/4 LUTR B R, O IR T RS 259/ BT XU IR ORI 2 i IR i 2 SO 4 e 0 M 5 AR A L K A R
3/4 VL L B B, IV 2 0 e T KU, LR v e 2 X 2 A

KGRI MEIRSD; Fre 2R s L X 5 XU e N7 5 o 7 TRT 5 3%

RESZES: TU3I2 .1; TM752" .5
DOI:10.16385/j.cnki.issn.1004-4523.2022.04.026

i

51

e [ ) b B R M R A BOIR 22 e 2k
A X AEE T, Z IR g, X375 K
KA R BERG AR K 2E 5 o 78 WK X, T
LU AR R B, 25 5 Ok J0 A4 A 1) X3 d 285 0k /)N |
2 6 AU D /1N | X 2 % KU D A R o (ELE: BT R B in
BRI, M2 AR K b A0, 66 ) U e 25 3
K, 23 %] i v 4 B XU 7 A O R S e o R AR ) XU R
g iy DAL M [R]AE HT TR 200 XU T Ak e 2 i XU AR R
KAtBor ks 5P AR K25 o 52X Fh 22 5 ey &
B R IR LI A& FFIE VPR L bk

H AT P A2 3 DR 22 B0 T i P, 4 6 XU i )3
A AIF 5 0 3 - 30 ML 5 3 L2 K5 . De Bray
FHXIR] 38 565 719 5 6 %k B Ly 3% MR T 7 e L XUy
AT T WRE B X6T B 30 R 22 33 0 P A% 0 A 52 17 5 B8 Xk
W E a2 . Bowen % . Lubitz %  Neff 258
I8 T IR B RG] A L AR R i A PR 28 6 T s
IVSEA I ERIIREN iR S e s N AT o S N
JE L AR BET Bl 7 A A T A X e A b oG AR L
Fr 20 B e 25 SR R AT T — RIS, 15 T
LU e 2 rp Al e B XU TR o A R, OF g i T
AL B AR BT AR, A IE R AR TR 4410
Hi K37 T 35 B ik 3h XU 38 5 AR T BB E R RN 3
BRL11-15 18 R Ge bt 58 0 0 Br 1 e 434 B2 L T[]

& B H#A: 2021-01-25; 1&1T H #3: 2021-03-09

MR ERD: A

XEHS: 1004-4523(2022)04-1020-09

ENITY 75 3SR R RIS I DO o o B Wi | BE S ViR -2
Wil o IR T L 2 i XUl B T 58 R 22 K% 08 T
T XU, oK 5 58 s i) XU ) B2 0] R o 2 i g
DR, TR f T 5 2 B 1) D D S, %F T BRBEAE 1 ik
fi v 2 B 97 AUl T B AT AR ME AR T R

S W i L 2 1t ] DXL ) 2 B DN R R A -
ZRUCAL B TR PP AR S L BRI o IR A SO ST T
A [5) L ok 35 R B L M X3, 15 B 4 0 4% Y 2
i) JRUEE A0 168 i XL 3 Bt 4 i R e o . B P R g L
JK3 B ) AR AL R o THAR T AR AE L i XU P 3 XL
R DRl e 368 e X A 3G O ek B =R
PR 250 e B XU D 2 L e i, WD O TG 7 9 A+ B
(AN 4t LS I AR (2B NI s )
TR T AR e A T =R DR ER O KU R 5 T
A

| Y7 9 77]: - =R DN

1.1 kiR

AR SC LR R BT T AR 5% A LA ik = R A
R Je 2R B BB 1 TR o Horh s HO3OR A R
(A S L 44 78 B 48 — B 100 m) , L 36w 1 ik
(48 —HL 600 m) , D 7~ LU KRG &8 ELAR , D) Ly Jok i) 3
JER RN R 2H/D o 2R W L0 A R Y\ e 5 L
ik, 30 T LU 7 1) S A g IR g kg A ] ] L

HE&WB: K ARBAELSEIIHE (51278091,50978049)



55 4 1

KU, 45 LIkt TR 38 XL TR i v 2 S XL Al D )7 45 1021

PEL L kR R T 2k f o

Fig.1 Mountain model and transmission line location
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A Ta] A R 2 T 2 1 M S e X
b DA 3 11 NS RS N = ST S o A A2 53
I A 1) XU L 3 b g X B SR



KU, 45 ¢ Ll Ikt TR 360 XL TR i v 2 S DXLl ) 7 4 12 1023

55 4 )
- RERIEO
16 . %ﬁfﬁ}g%m
© BEEES0 m
14' vvvvvvvvvvvvvvvvvvvvvvvvv . %&%E75m
_12F " . o A EE100 m
T'm 10F e P HLRGE
Y L
=] 6
X 4r
T 51
I
2F et N
4

20 0 20 40 60 80 100120140160 180200
RS
S AN [m o 5 e g XL i

Fig. 5 Vertical wind speeds of different positions

B A O S 7 K e/, AE 75 mo AL A
B K, fe R WU FE 2 3R B Tk KL 39 507 .
X T R 05w, S Ok TR TE 3 Y i
L AN - LI E 7 S £/ NI 1 1 g ) DAD.G i 2
AN U A N o S T A i R o
o R 2R e T, B B R ) XA e X S TR A
FH B 8 .

3.3 BRI EXRIRAZIN

P AR A g RO 3 i XU 2 Xk £ i IR i
7 AR FLR PRI A Y A A 2.3 79 i O iR R SR AR
[F o7 Ak 2 5 %) DR Al s 38 K ¥ 23 e o A TET 6 BT
Wit A 2R g R A B, LA T 2k XL D ) B2 T 2
MR AR o 7R LB BE 75 m LR I XU AR
KRB o3 o B, B0 AL T 30 KT L3 e RE A L ik
R 3/4 LT A 2 g XU D 23 /N T TR A5 v E R R
-t 2% B KU D o X T kg Ak % L £ X fRG 3 T
IRf AT LA 2 kN B XU, LA 208 R, 32 22
PR OMTE B B 3/4 LU B 2, RN R TE L
Ak B T XU T 2 R T 2 K B
KU, 32 7 2 2
101
ob

~ 393

/'5.17

/=22:27
e

|
L
oS O O O
. .
Ny

R AR E 7ty [ %
&
Ry
R

| |
N
S O

- "-68.43 X ) . X
0 20 40 60 80 100
B EH,/ m
6 AR Y XU A 3 K 4t g

Fig.6 The percentage increase of the wind-induced swing

angle » of different positions
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Fig.7 Vertical wind speed wind profile
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Tab.2 Transmission lines and mountain model
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Fig. 8 Cross wind speeds of different nominal height
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Fig.9 Vertical wind speeds of different nominal height
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Tab.3 Transmission lines and mountain model
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Fig. 12 Vertical wind speeds of different mountain slopes
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Tab.4 Simulation analysis factors and levels

K A/m B/m C/m
—1 0 21 200
0 50 33 500
1 100 45 800

iz ] Design-Expert ¥ {4 #1472 Wi 8L & 8] 15 43
Br A5 31 e 1o 1w a0 05 7

Y =—22.79 4 37.09A + 19.08B +

13.79C — 13.52AB — 13.71AC —

10.23BC — 2.76A%* — 6.30B* — 6.12C" (8)

M . T ] U A 76y 25 3 BT 285 SR a3 6 BT s

i 2% 6l 0, JUT A 37 A AR A A % P<<0.0001, #
82 5 O LI ok 2R BT AR A 5 05 LA R FR
P=0.0609>>0.05, TR AU Z FE1E s o REUR,, FI
REYIRF 0.8, 1 B A A 0045 0 B2 35 4, BRI ot vl FH 3%



1026 W oz T B ¥ iR %35 %
%£5 MEELER 53 Eb oy IS R /N | 0 28 B T 2% PR 28 6 XU £ 4
Tab.5 R 1 1 Lok (oo . .
ab esponse value result KA S e ma ok v s, 4% DR 2R I e g 7
T A B C Y/ % . . ; .
i 41 BENA>B>C, 5 Z0ras R—28 ik igae
1 0 —1 —1 —84.42
9 1 0 1 9.7 AL B KT T 8 3% XUl ) 7 ) 5 i) 2 56 R | 2 SRR S
3 71 o 1 i4563 j&mﬁ’mﬁumm@j{,m*uﬂ:g%%ﬁé@ﬁ?o
4 0 0 0 —22.27
5 0 —1 1 —32.31
20
6 0 1 —1 —17.64 < o
7 0 0 0 —18.33 2 -20
8 0 0 0 —25.95 = '4((’)
-6
9 —1 1 0 —38.07 5 80
10 0 1 1 —6.44 & -100
£ 120
11 —1 0 -1 —96.56 X
12 0 0 0 —26.56
1.0
13 1 1 0 4.37 o
0.0 =
14 0 0 0 —20.83 - . 0.0
MEFREB/m 0.5 -0.5 syErRE g/
15 —1 —1 0 —95.11 1090 REFEA/m
16 1 0 1 5.82 B 14 B v BE RN R i ot op 2 ) f49 W) 37 T
17 1 —1 0 1.43 Fig. 14 Response surface of the effects of erection height and

[l U9 7 AR AR 1 LS Xy LA AT b .
UL E R BR,,=0.9671, 2 W XU 0w £ 48 K R B0 A8
A 96.71 %0 IR T Ll ku BE 4R B AR 5 e B R
WPRR o 07 224007, e B 78 i — R I A, Bl i 3
(P<<0.0001) ; C,AB,AC & J¥ & % (P<<0.01) ; BC

2 (P<<0.05).

6.3 BFEEEXZXBEERADH

B 14~16 B 7 1 45 DR 2R A2 A FH B4 i)
{HL, P FP 45 DR 250 30 228 A 4 D032 PR 28 5% XU Al 1 18 K

nominal height on the 7
6.4 BEXNFAEAED I

S8 55 BB B A0 I 0 T 43 BT 45 AL, AT LR Bl
K 3B 2 6T XAl £ 185 DR 43 L 1A 5 T R 2 AR A0 A7
B ECE N AR 2 R LU IR R
AN F L K o AR S TR R
A5 m, JIT DAAR Fi8 151 19 A5 0 45 3] 5 S R T 2 B XU B 1Y)
SR SRV FE N 100 m, FEFR 5 oM 45 m, ks
£ 0.79 , e K KU £ 385 K 43 2 15.006 %4 6

®6 EREMNFTEST

Tab. 6 Variance analysis of regression model

I EHE 5 A [ ¥175 F1H PiA TE(EN
T 17734.61 9 1970.51 53.30 < 0.0001 ok
BB (A) 11006.62 1 11006.62 297.74 < 0.0001 ok
MR (B) 2911.55 1 2911.55 78.76 < 0.0001 Hook
KR (C) 1522.05 1 1522.05 41.17 0.0004 o
AB 731.39 1 731.39 19.79 0.0030 o
AC 751.43 1 751.43 20.33 0.0028 ok
BC 418.49 1 418.49 11.32 0.0120 *
A’ 31.97 1 31.97 0.86 0.3833
B 167.06 1 167.06 4.52 0.0711
C? 157.69 1 157.69 4.27 0.0777
k2% 258.77 7 36.97
R AU 210.57 3 70.19 5.82 0.0609
gl % 48.20 4 12.05
pNmYE| 17993.38 16 R*;=0.9671 R*=0.9856

R R B (P<K0.05) ;0" UK 22 7 i B35 (P<T0.01) 5oL 22 F i 35 (P<C0.0001) 6
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Wind-induced swing characteristics of transmission lines on the windward
side of mountain terrain

LIU Chun-cheng, SUN Hong-yun
(School of Civil Engineering and Architecture, Northeast Electric Power University, Jilin 132012, China)

Abstract: Based on the Computational Fluid Dynamics (CFD) method, the lateral and vertical average wind speeds of transmis-
sion lines on the windward side of the mountain ranges are obtained, and the effects of three factors, which are the line erection lo-
cation, tower nominal height, and mountain slope, on the wind speed of transmission lines are studied. The finite element model of
the four-span transmission line across the mountain range is established. The wind-induced swing response of the line is calculated
using the mountain wind speed and the flat wind speed respectively, and the percentage increase of the wind-induced swing angle is
therefore obtained. The quadratic regression equation of the three factors and the percentage increase of wind-induced swing angle
are also built by using the response surface method (RSM). The studies show that, with the line closer to the ridge, the towel
nominal height will get higher, and the line’s wind-induced swing also becomes more severe. For the lines erected below 3/4 of the
total height of the mountains, the wind speed can be appropriately reduced during the design process, which not only ensures the
safety of the line’ s wind-induced swing, but also improves the economy. As for the lines erected above 3/4 of the total height of
the mountains, the designed wind speed should be appropriately increased in order to improve the safety of the wind-induced swing

of transmission lines.

Key words: wind-induced vibration; transmission line ; mountainous terrain wind filed ; wind-induced swing response ; response sur-

face method (RSM)
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