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T EE R A RAEL R B Z R (RE 3). B
M T N(EEERE) EH ARG H (NR), TUE
BRI Galerkin ¥k dE47 B fiskmg (.

Y A=2r B, B5AHTHEEXSEHE
i 1 B R AR M X RS 32 SR 4R A5 B0 1 W0 5 g
Mgk, HAFE 5(a), B 5(b), B 5(c) 4 B4 H K=&
F—. ZHE X RERS EIRROLE R, TR
REZS B IEARETE, W 50 ey 07 iy 2 0 2 A s s M o (B
5(a), 5(b)) , MIRFERPIAEZR FEILHER (B 5(c)) ,
Wl A3 g 2t 2 2P AR RO RA SR PE IR, WA S
HEERINRENSRE LECEF THRAZEN,

XA 3, FREREERESEEEEANAR
FERERBONBE LA BRI ER. 7o, B4
NERKAERT R, £E- 5 F, R
DU Y, 050 i 28 AUAF AR R 2 0 2. T SE B b 2
A=2m i, ERAAELMAILRER (L. L1 A
SEHRAN 2:1 Py 3EdR), X 5 T B 4 AT DAS 2% SRR (5]
AL P BB 3RS g 1 T DS e T 23 e B 2 A A e
T S w1, TR AR I OO R AT RE R AR TE R R
oL L P R AN R AT LA i 45 1 Sl 2k 1
P, [ AT BU R 2 28 50 B, A B
SE 25 ¥ AR 2 P 0 17 A P 3L ) O

0.030 — 0.024 S— 0.014 —
—o— discretization —o— discretization —o— discretization
—e— direct treatment —e— direct treatment —e— direct treatment
s 0.0154 s 0.0124 = 0.007 1
4
0.000 = 0.000 “—"'/gu — 0.000 g T
—4 4 —4 0 4 —4 0 4
o
(b) 2~ ws (c) 2 =~ ws

B 5 XEBREA TSR 0T MR f 2% (A = 2m)

Fig.5 The frequency-response curves of the suspended cable for the case of primary resonance (A = 27)

HA=06m i, B 6 HHT HERESERE
0 R ) s R AR I X AR A2 2 3 i A7 0 T S W 3 e
M2k, HAE 6(a), B 6(b), B 6(c) 7% H I 2H
—. ZHI=ZFr RS ERN SR ST E B
XS EIRNG 0L (2 ~ wi) , PR ATLLE H P

T3 ¥R B B WR I W N B 2 AR AR AR A R X
S, TR I AE it 2 i PR BT b AR AE AR BT X B
T 75 20 RO 1 R R R BT, T O R
B B W S0 S 2 A R . ERERER
B S B BOR R R A B R B P BTN .



£ 3 W BT - BRRIELMES T2 WEEES BB 335

0.012 — 0.008 0.008 —

—o— discretization —o— discretization —o— discretization

—e— direct treatment —e— direct treatment —e— direct treatment

= 0.006 = 0.004 4 = 0.004 4
A
0.000 0.000 4 0.000 T “‘"; =
—4 0 4 —4 0 4 —4 0 4
a a a

(b) 2~ ws

Bl 6 R BRAEAS 32 3E 4R 5 UL BT 550 0 . e 2% (A = 6m)

Fig.6 The frequency-response curves of the suspended cable for the case of primary resonance(\ = 6m)

3.2 RMMEESEHFRER (2 ~w))

B 7 45 T A SR ek R AR [ RO AR AR S
FEIIRGOTEE A\ /m RS, KA RgARd
BEBERERE R, KANRHEREREINE R,
B 7(a), B 7(b), B 7(c) Al HEIRE—. M=

B ARALAS LRI G5 5. AR ARBEAS R B,
Wl &R AE L. WE T FALUEH, B
T BB RO RS IR, M EBERBEK
HRHE-DRERZZS, THHE R KRS
FICRI, ARHARLMEREBE N /7 B KT D,

2 6 - —
2.0x10 0 N - - discretization 00 h
. — direct treatment \\
* Y
0.0, —1x1071 N —5.0x1074 .
.l \ N
z el S N s N
- N .
—2.0x10% 1 —2x107 4 . —1.0x10% o
~ ~
N -
- - discretization ~ - - discretization ™
— direct treatment — direct treatment
—4.0x10° : —3x107 ! ‘ —1.5%x108 ;
0 5 10 0 5 10 0 5 10
A= A= A=

(a) BB RS

(a) The first antisymmetric mode

(b) BB BB TRIES

(b) The second antisymmetric mode

(c) BB RO FHFBEE

(c) The third antisymmetric mode

B 7 BROABRIELEREK

Fig.7 The effective nonlinearity coefficients

7] I} 4555 0 PR R AR

P T7 15 B AR R SO PRI S E LRI 0L T i
W A5 i 7 2 4 D M 7E I 8~ TR 10 R, Horsx
SREREMR, BERELR M. HPESAHH
T A =0.057 B E#2S B 80EE 2 K &R E
SN 2. OB T A=2r M EEES B
BB BROEHmE N L. K104 HT A =6r
I EH B2 v 5 0 15 0 1 R R R O . i %
MBS T DUE H: BRT 2 A > 4.57 B, HXH

Tl 7 4615 BUAE 55— B B BRBE S 2 3L 4R 17 00 T B i
550 W) [0 B 2 A7 AE PR BT B BNl AR BT,
FH3X P A 5 ¥R 1 2 1y 2 7 A R B RS X3

AR SR PR B S EREHEAT T X
WE5E, WA 15 B R B 22 I B2 F 7 E e P R
BEUA RS BRI T AN [ 4 BEAT 20 B35 B O,
33 Foh 2 31 2 B A A BB B I s 7). 2 xR
W FET5 4 Galerkin BLRY FEAT B HLT, X Fh 225K 2
2%, FREAH BB uE BT AT DL 2% SR (3]



2005 4 B 37 %

336 il 4 ¥ Eid
0.04 0.024 0.016
—no— discretization —no— discretization —o=— discretization
—e— direct treatment —e— direct treatment —e— direct treatment
s 0.02 4 s 0.0124 s 0.0084
7
4 ] 4 4
L
0.004 0.000+ 0.000
0 4 —4 0 4 —4
o o
(b) 2~ w§ (c) P = w§

(a) 2 mwi
B 8 SN ARAR A 3 FEHRAE BT AR AT g B fi 28 (A = 0.057)
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DIRECT TREATMENT AND DISCRETIZATIONS OF NON-LINEAR
DYNAMICS OF SUSPENDED CABLE Y

Zhao Yueyu?  Wang Lianhua Liu Weichang Zhou Haibing
(College of Cwil Engineering, Hunan University, Changsha 410082, China)

Abstract The applications of direct treatment and discretizations of non-linear dynamics are investigated in
this paper. These two approaches are applied to attack the primary resonance of the nth mode of suspended
cables. These lead to obtain the second order approximate solutions and the associated frequency-response
curves. The results obtained with these two approaches are compared. And the differences of these results
are discussed. Finally, the results are obtained that the discretization of nonlinear dynamic of non-symmetric

structure may lead to erroneous results.

Key words direct treatment, discretizations, cables, nonlinear response, the method of multiple scales
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