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Design and analysis of test model of tower — line system based on
dynamic similarity theory

XIE Xianzhong,TAN Yong, Ll Dan, LONG Hao
(School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Based on dynamic similarity theory, dimensional analysis was adopted to acquire the similar
relationship between the test model of tower — line system and its prototype, and then the similarity ratio was
determined which was employed in designing gan — shaped tower, glass — shaped tower and test model of
conductors and ground wires. Next, the finite element model of tower — line system and its prototype was
established, followed by static and dynamic analysis. Through the comparative studies of relevant parameters, It
found that the similarity relationships between test model and its prototype was correct and could be derived from
each other. So the experimental result based on this test model reflect dynamic property and rules of structure
prototype. The design process of the test model provided reference for other similar test model as well.
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ARSC A S AL B MR A R B oy 3
i, Bt TR AR ZAR B, I A ANSYS A5 BR
T BT AE X B 70 A J5E TR 47 3l g R 03
S BGIE , 2 W) # Bh  E E A  JE AH A
S 2R, DRI RE T IR TR Rk 3 W 4 R T 40 3] 4%
FA) J Y.

1 @A AR TR

A SCT AR 5o MR HE 220 kV iy o 26 B% 5
BREE TR H BRI s BT XA - - W,
Forii ks R T RS S5 44 = O 34 m, BLR R
FF49.21 m, G THIRERE R 1.5 m,IEE R 24 m,
B SRR B AE 5  7ERS T 10 m i i P 2R
T 2 VK. BRSSO = R 55 m IR
51 m, JECIRH A 8. 68 m, ¥4 G BT BLAE .
SRS B MR R ] Q345 F1 Q235 AN, 4
I X s w9 X AN, T F WM S
13 276. 0 kg, EAREIHF M EE 11 863.1 kg.

ARELLPEA 3 MR FLL, 2 MM GRETLZR) . T4
K LG - 400/35 RIS ER &4k, BT k)R 15
mm , i K AF I J78 80 MPa, &4 251 3. 24, M2k
K JLB27 - 80 RIFRAIANL L. B g1 i Al
K TZ -2, 5K R 2 340 mm, it 5K 48 2% R A5 0h
SDN -323, 544 3 495 mm.
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A EE LR AR AT AE Ry SRR T 1Y, 5
SN G5 R 250 = = FE A BE R BR ], DA A 0
A AT E N, g AR B JLl AR LA €, =1/
20 AR B AR AU AN g AR AL AT S A AE AR
Fg

C, = C,/(C,C)). (1)
X, C, R EARILL ; C S SRR AHRLEL ; C,
SREE TN AR LG , o T A A g
ToiEMUE AR R E s B AR B C, =1, X
AT AR EBEEE T 0T 2 22K AR}
(1) SIS B L i RI, H 28 B A 0 K T
el T A7 TAREADRE, B0 e B e &KL B, R
e R TRCE By k. Wk

¢, =CC. (3)
B2 RAK(3) ATt
C, = C.Cl. (4)

X, €, MR,

ek LA DR R R m, , C S A 0 A TR
R m, AU €, 5 R T EE 1 1 g A T o
B my EEAAIE ), f ERCE R Y Am.
UUES)

Am =m, -m' = C'EC%mp -m'; (5)

m, = m'm/(C'pC?). (6)
= (5) F1=(6) n 1%

Am = ((Cp/C',C)) —1)m',. (7)

TR AL & m, =13 276 kg, AAIL5 4 S
R m;, =1.66 kg fELAZ(7) 15 Am =31.54 ke.
TR S BT my, = 11 863 kg, #ERIZE A4 S5t
Bl m =1.48 ke fUAF(7) 8 Am =28. 12 ke.

A1 Hrw B AEAX IR AR ML

AR B ARMLLE AE{RN Y B A ARMLLE
AR 1 i 1/20
vl 1 ) 1/400
H[EE/N:4 1 W2 1/20
W 20 FHE 1
I 1/400 JE 5 1/4.472
K 1/20 bTE 4.472

PO E AR Y 22, 20 A i FiL 3 1) A A
PN, AR AL 2 R A o, A A A A PR
JE. ARG 2wl o o 12 49 20 B oK A%, AR L
LGS AN 2 1 FR.
2.2 fB{ALEIEIE

S B IR (47 R €, = 1/20, 3
PSR Cp = 1N €, = 1) L RS g
JETY AT BROTRERL , 7R B 71 Hh i MASS21 B350
Xt 436 AT AT RCE, BT R E RN Am =
31.54/436 =0.072 kg.
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2, e rP i S AR BT AL SR AR SR LA AR A L G

> ZH %7
C, = Cy/C,. (2) VR SRR AT 2 1
LACEMENT AN DISPLACI AN DISPLACEMENT AN

MAR 18 2014 MAR 18 2014 MAR 18 2014
STEP=1 12:12:26 | STEP=1 of 12:12:26 STEP=1 12:13:41
SUB =1 UB =1 SUB =2
FREQ=4.947 FREQ=4. 'REQ=5.018
DMX =1.046 MX =1.046 MX =1.00
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(a) LB R

(b2 PR

B2 S AaT 2 kA

A2 Mt F AL AR F 5 ANSYS A A IR F ey

13
BRI/ HE
REHE R/ HZ — \
HHHLIfE ANSYS it

1 4.947 1 22.124 22.124

2 5.017 5 22.439 22.439

3 6.812 6 30.467 30. 467

4 7.109 7 31.796 31.796

5 8.362 2 37.397 37.397

AL 2 A% EL AT AT DL, R AR AL R
55 ANSYS TR 3 58 4 — B, X UL A SO
RIS AR b 2 A 1, [ s, 150 B 7R AT S
B A R R 1.

2) S ST AR HE SR

s IR 4 AN BRI R G5 0l D 1101,
1201,1301, 1401 , Jii i -5 % B -2 sk J1 A1 2 g 4 o
T3 F FIERART A 1181 A FEAR RSN ARG 2R
TERT LIS BRI H 1181 N F/400 Y5 .

S X B B AV R A T AT BROCIH 3, #3 nak 3
JI 7R S L. e P AR R I Ay e ORI ) e LA
g AR ARL B T SR T A 1Y, 4 R T AL B TS L
%= 1.

WAL 3 BT EE AT Al UL AR DL S T A A
R JIEAS ANSYS 55 B 754 70 J g (B LF- A
5 X UL AR SCIN AR EE 2 TE A 1), [+ B 13 P
TEN AR b, BT AT IR AR A Y.

&3 EFRAR AL ANSYS it AR R A 69 s

R S/ N ARSI T3/ N ANSYS WA BRI J)/ N
TR
F, F, F, F, F, F, F, F, F,
1101 2173.9 3114.9 15721 5.435 7.787 39.303 5.433 7.787 39.307
1201 3347.0  -1848.0 15031 8.368 -4.620 37.578 8.365 -4.619 37.574
1301 -4474.3  -6053.3 33160 -11.186  -15.133  82.900 -11.184  -15.133  82.903
1401 -5810.0 4786.4 33784 -14.525 11.966 84.460 -14.522  11.965 84.456

2.3 FHHREE

BT A BHAE i v B8 1) de KA 9 3 4y 8. 00
mm, JEJF 0.70 mm, H/NANH K 2 .00 mm, [EF
0. 15 mm. X7 J5E B2 55 40 Y J5 BE AR 24, CA N L3k
W IRXE. T3 A1, VR BE R R R B 22 0k 436 4
TR AR L, 1 122 ADFFR T B AR DR, Sk
968 JE K AT JE TSR b AR i v 5 AR L
T R W TR R RS, AT, 253 R R
2%, IO R BT 5 4.
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FLEE AR T (R S AU B 3 ket 5 B AR e
PR — 30, BIRT 2 BriR By R A ). IXRE, SRR
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REEAR T IRBE RS WA T 7 B AR
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{75 PR — 3 B T B A B T A
2.75 m. iz [f] ANSYS G RICH A, Al 4T T
B RSP b it Pfe i B s 2 AR5 1 By
WA TC R0 T 22,12 HZ,2 B fil R JC fR #2038 T
22.44 HZ. kb 0 1F AN A, R 3 oA [ 4 v
RoF. Bt 2w 3t 8 A Bl d, , dy, dy 1,815, b,
hy. M d, d, ,dy 7351308 15 .2 5 3 SHEW
HME mmse 1,0 AR 15 2 5 3 SHE R
JEEE  mm; b, TR B ERTT, mm; by TR B SL
P, mm. T RUEECA BRI ] Rk
min[ (f;(X) =22.15)* + (f,(X) -22.46)*];
X = [d,,d,,d; 1, ,ty,t5,b, ,h, ];

5<d, <50;

5<d, <50;

5<d, <50;

1<t <10;

(8)

1 <1, <10;
1 <t <10;
300 < b, < 1000;
1000 < h, <1600
57 APDL ARALRE P AT LA IS , XA 2
AT AL PR, U d, = d, =35 mm,d, =20 mm, ¢, =
t, =5 mm,t; =3 mm,b, =500 mm,h, =1 300 mm.
B LR BAEACA T S AU A FROCEARL , I BEA T4
I, AT EIRALANIA 4 B

DISPLACEMENT

sTEP=1

(b)2Br PR

B4 FFRERET2HRD

PUAgLIE] 4 S8 2w, TR AU S
BERHT 2 BrsRAR SR, OF B 5 1 IR IAR
RIS RS, 26 2 B ik AR P 1 2 i IR
. PR, AU SFACEE I BT v nT 47 0. R 2

CIRE S RTINS = Fhweed
3 KA KT
3.1 a1l

F RIS AR R R — A HLA A PR L fel AH
UG R 7 AEARL B DA R A AR B b I 32 R i 3 R
F—30, 01 €, =1/20,C, =1,C, =4. 472, KEHE
RIS A AR L, A AR EE ( WLFR 4) 7] AR

AL FEHE 75 0.
A4 Hrd KX IR AR
AE RN B i ARALLE AERL Ay B i ARMLLE
S AR A 3.04 his 1/20
Wi 1 i 1/400
HEL/N=A 1 Wi 1/20
R 20 FHJe 1
TR 1/400 JE 1/4.472
K 1720 G 4.472

3.2 MBS MLt

LR APRL - B L 2 A R B 22, T R E
LR AE W VKRR B0 B P A R R AL,
ANZE T RBLET, FpE B E £, =210 000 MPa,
Wi BRI p,, = C,p, =67 000 kg/m’, L Fh
JEW I LR ARASAELE , BRI, ff DI 2 L

L2 N OE AR R AR RLEE €, = 17400,
SRR E AU A, =452 mm® | W) LA Py
BWIEmFR A = C,A, =1.13 mm’, 42 D, =1.2 mm.
R JFRI AL A, =79.4 mm® ] A7, = C,A7, =
0.2 mm’, D7, =0.5 mm.

LISTANPIRL T RS o4 S AR B =
FLKPIN ] o, = C,0, =60 MPa, £ KHL) )
o,= C,0,=80 MPa .

IR, FLRE— IR d,, = q/’/80A4 =0.214
m, [ FE A 1555 5 ONAE d,, =0.432 m, HhZk 5 —
SRR d7, =0.448 m, W25 BN d ), =
0.902 m.

KT 5 — RO 1, =
C/l,=12.4m PR HE [, =17.6 m.

BRI i SR KN S, =1+
GL24(0A)? =12. 410 m, R AT &4 S, =
17.685 m. W2k KKy S7 =12.529 m, S; = 17.
973 m.

Pl FELB I #E ¢, = C g, =75.6 ¢/m, MLk
MHE ¢, = C,q;, =37 g/m.

PR O T s R R IR BN ¢,
=1.511 kg/m, B EE J5 WA B0 B RU 2R % 5y ¢, =



52 IR ERFONE == [ S RN B )

2014 44529 %

C,q,= 75.6 g/m, A Q5 i 24 50 15 1 4% %%
¢ =pnA,= 8.8 gm TEEHEKEEN Aq, =
GG, =06.8 g/m . [A]F A HZLHLE Ag,, =35.
5 g/m.

g5 TR, R A B SR AR 5
7 B L F B2 R AR O AN 22 NS TR A
N A R A — 2 AN E AR NGB
T A T 2 LA e AT B GET A RSG50 i A% |, #4
AR RERR 1 m WK, B LIRS 15 i AN 22
W ). L BOKTCE 66. 8 g, MORHE ] AR 18
mm FETFE , K 20 mm. M2k A oK ACE 35.5 g, 4%
HHEHAAZ 16 mm, KB 15 mm.

P A R N S

2% L 2k
Wl W2 HI1E B2
M J1 N/mm? 60 60 80 80
R /m 12.4 17.6 12.4 17.6
B 22 1] Y/ mm? 1.13 1.13  0.1985 0.1985
4% B A%/ mm 1.2 1.2 0.5 0.5
L/ (kg/m’) 0.007 8 0.0078 0.007 8 0.0078
Wz E/ (g/m) 8.8 8.8 1.5 1.5
BT A/ (g¢/m) 66.8 66.8 35.5 35.5
2%/ (g/m) 75.6 75.6 37 37
YIIE/m 0.214  0.432  0.448  0.902
KB /m 12.410 17.685 12.529  17.97
AU A/ mm x KE/mm 18 x20 18 x20 18 x20 18 x20

3.3 #HEZTFHIXIT

P21 SRS AL, RO BV,
ELMIRE O, PR b — M0k 2 2 1 R AL I — 4,
Y %1 W S i 4 7 ST B 2 51 ER BT A
B, AR —m DA T, TR TR R b A

533 I, T 8152 ML, D e
B A T R IR AL D LT i
FL. S8 74 B S804 6 R

A6 BT ERITAK

Pl [GES Bk gk

KREEARMLLL 1/20 1/20 1/20 1/20
JE K- B /mm 2943 3495 521 465

A B/ mm 147.15 174.75 26.05  23.25

Jo AR LG 17400 17400  1/400  1/400
SRR R kg 45.2  200.94 12 6.4

W 42t/ kg 0.113 0.50235 0.03  0.016
B HEHME/ mm 12 22 14 10

3.4 AMXRWIE

ST i R 2 SR LA R R AR 4 R TT R AL,
ISR R 2R — a2 T R A S B R 5
M 6. i 24 21 ER H R link8 O, I 4% IR
THARCHE, ] MASS21 S0 i f R EAT IO TR, 4
K E 66. 8 ¢.

1) SREAAR DL FE S IE

R 2 A Y SRR R 2 BRI AN A S (K 6
PR B T B3R B A 7, 3 4 S 45 A5 % S
Ji BB A4 LIATA AR B A 0, B3 AR B He
A2 AR 4. Gl 322 T B BE 23 B il UL, AR RL 4
PSSR A 5 ANSYS 8 Fir /G R R R ) 4 %
i, X YA S

S ROARAR AL L A TR 1Y, [ It 13 B A A
febr b, B A i B R R Y.

DISPLACEMENT DISPLACEMENT DISPLACEMENT DISPLACEMENT
MAR 13 2014 MAR 13 2014 MER 13 2014 MAR 13 2014
STEP=1 17:30:25 STEP=1 17:30:25 STEP=1 17:31:40 STEP=1 17:31:40
sUB =1 sUB =1 SUB =2 SUB =2
FREQ=.180223 FREQ=.180223 FREQ=. 236991 FREQ=. 236991
DMX =.058305 DMX =.058305 DMX =.047563 DMX =.047563
X — v@ [ 3
—F —
= JF = JF
() 1B R (b)2Br iR
A c ) S5 ;II- J
A5 e /RAE 2 kA
DISPLACEMENT DISPLACEMENT DISPLACEMENT DISPLACEMENT
MAR 13 2014 MAR 13 2014 MAR 13 2014 MAR 13 2014
STEP=1 17:26:52 STEP=1 17:26:52 STEP=1 17:27:29 STEP=1 17:27:29
SUB =1 SUB =1 SUB =2 SUB =2
FREQ=. 805984 FREQ=. 805984 FREQ=1.06 FREQ=1.06
DMX =1.166 DMX =1.166 DMX =.951261 DMX =.951261
E_X vo B x
= L=
; =5 A
(@)1 B R (b)2Br R

& A a2k S =5 ) rAAdE |
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A7 ESEAIREE ANSYS #F FAL A IR % ed rh ik

BERGAR/ HZ

2) S S SIAR A HE SR U
9]t i L 2k SRR AR R A T R A 3

YA IOC R E T IR A SR
AL, FEMTBETE T8 R LR R IR Y. [] i 7
SE T IE LR R SRR B A RO (4 A7 BROT T3 A8
B SE i R W i r SE TR Y S T B g R
P BT RO EE 2R, ARG AR L R i &
U, B R R A R R EAESC R 5
TR A 0 A 45 2R % S W5 4 i Y ) 2y
TR , 2B A R fy it o A ] D HoAd ]
R B HE S %
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