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An Experimental Study on Chaotic Vibrations of a Thin Beam under Torsional Excitation
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2% 6. nonlinear 2=

bending strain signal {¥)
Lorsional strain signal (v}

1 2
tirme {sec) time (sec)

2% 7. Nonlinear 2= A&} A7t 43
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HeEe BHL A ¥ EAY HAEA o
Hgol ez By dY9d FA %72 ¥n.

E 2 AY9afAes ¥R

mode °]&(Hz) | 4¥Hz) | & & (%)
fe1 1.77 1.5 1525
fo2 11.09 11 081
fs3 31.06 31 0.19
a4 60.86 61 0.23
fr1 726 73 0.55
fas 100.6 101.5 0.89

foi ¢ ¥ (bending) WY Z/AFF (-1, 2 3,. )
fr : B]E Y (torsion) W 13} 2H{AFF

7. 484% 2 HE

(1) A1zt 33 (Time Trace)

743 F347} 315 Hz (F 33 2/4A%F5 29 4
o 7l8e =& F71A1719 Elastica®l #%& ¥
Fste] B9l 7189 277l 3¢ @& Elastica 9
29 €50 19 109 (@) 2°] §¢ 33 2= ¥
o] WxnA F713(periodic)d &FE Uk WYY
N8 F7/HA1E 28 109 (s} o] ¥ FHs
g q2g 2F 1Tl 2 wAsA Aot F
2% 3a2=9 F 12 2=rt FAA deElA B

o 7td38e 2717t B% F71314E Elasticad] &%&
a2¥ 109 ()¢ 2ol ¥Y R HEH EF BZW
£E £F %€ A o

0

Meatng stree (7}
\arsiama! wireim (V)
¢ 2 . s ®

(c)

2y 10, 7HAE S 771 & Y 53 v E
Y &% A B9 (a) F = 12065(V/s?)
(b) F = 30241(V/s®) (c) F = 32474(V/sY)

2 Fd4+ &4 3 (FFT)

71A9 9 =77 ZAg de de Y §% =% 1d
119] (@elA B uhel go] Ayolgdaset o] 7}
AFds A4E3 YT A EFLol A

o 2718 AR S/ meEk e A YA
BE upg}h go] Be Fupfo 5ol dAE oA
2 FFTAlA 063 Hzo A28 3 3(peak) 7} L4
A3 E JHAFNS4E FALZ 063 Hze Alol:= W
=(side band)2 VEhI® AAHYI Fdol fRAFZ1E
% (quasiperiodic motion) & & 4 Utk 2 V&
Hg 771" de & WdE Ze EnEd vy

-194 -



4 5¢ s HY olzne FINY Frg e
EE-¢F(chaotic motion)22. 1Y 119 (¢) i+ e+
2ol Azt A FH5 dige] AN 23l 3
e AHEY (broad band spectrum)®] FPFog 1}
EhtA €t

[ . 1 g .. r
- B i
- I o Nl
* "v:ﬂ(.) * - ! - ﬂ":v(ll) ® -
(a)
- r i, [
| i 1
f- . I~ i
" hq:q(l) - " ._.q(ll -
b)
il ] s Tr
| i
i I
Ce e .

(c)

29 11 7HAEE 3779 B 29 283 uE
d 2% FH4 EME [ kA R4
(a) F = 12065(V/s®) (b) F = 30241(V/s)
(¢) F = 32474(V/s%)

(3) X471 A= ( Poincaré Map )

EF7E A EE A/D E@IIE ol4std gL fx
€ (Digital) 1&9] A7k BHo)A vo|A(peak) A T
€ A% n 3 n+l WH FE LYoz FAYPo
A ded F ¥ Yireturn map) 22 JeRRAT
27l 3% Ad3e 29 129 (a)olM He wpe} ol
23 F713Q EFe] Vel gl

i . o
i I
* Hll.lﬂll(l)“ ulw—nl.-tl) “
(a)
. “ 1t
- l
u-i-h":rh 0] - M'-i-!.lml {a) *
(b}
E" 2-.
1. i,
i. .

(c)

29 12. 7HAYg 7710 B 2y £33 nE
d 39 TP AME (a) F = 12065(V/s
% (b) F = 30241(V/s®) (c) F = 32474(V/sD)

HEH A%e 89 43 Boe 238 gAoz U
B Ze dee oy wnE @gsin glee
& F sith 7tRdge) @t FoMYl wal 23 129
(b)oll A B upgh o] 9 ViE 7IAFHS ¢
2 $EUZ 9o FYP1A REYl IPE £Foes W
o3t oL XYtE AMYENA Fte Hol BT
He & 08 W3 Hole Aoz JUridr) olne
#AHF7]  £-%(quasiperiodic motion)oll A el X Y}Fel
AMEESH BUST HEY WZAA oY WAE o
& F3e] 8 & gtk /Hdde] B o 719 A%
Y TR HEY 52 29 129 (o)A Be bt
o o] EYstel AMEANAM We dYge) AH I
F EEIA Hed oL AR H¥dAMY =
(peak) HEol #w3sA BXsn 4 Yehiin
EEEFoE EUNRE LI U (o).

- 195 -



8.3 &

A B ¥EH &FL WE Elastica® HEY &
& 89, 2 7k Fokert FYRE 24 dE 8
Fale F3 2o $F7AE A ZAsHA Aok
olmj 7FAYe 27t AL wWE FUIAY %0 8
ot 7k AZ77h FUhsel wek % 5L §9
14 22 A" RAFEZIRFol BAEE, oE ¥
8l olgo] HE Y BT HEY Fe] AYH I
Zo] ¢ A EFHAY WIHA ¥ (out of plane
motion)°] HAEA Hw o] e £FL ETELF
=3

Elastica’} §% 3% 24A % 2% Fo52 1y
¥ FL 0g g9 HAM ol2F HHE A
Y 3AE= 7 99 5 e 4o =LY
Hojol & Aoz BT oA B3}F uyALE S
g v F3 334 REZA gFEGE A 2ATH

ffr o

1]

IR il

(1) E. C. Haight and W. W. King, "Stability of
Non-Linear Oscillations of an Elastic Rod” J.
Acoustic. Soc. Am. 52, 1972, pp. 899-911

(2) M. R. M. Crespo da Silva, "On the Whirling of a
Based-Excited Cantilever Beam”, J. Acoust. Soc.
Am67, 1980, pp. 704-707

(3) M. R. M. Crespo da Silva and C. L. Zaretzky,
"Nonlinear ~ Flexural-Flexural-Torsional  Inter-

Including the Effect of

actions in DBeams

Torsional Dynamics, 1. Primary Resonance”,
Nonlinear Dynamics 5, 1994, pp. 3-23

(4) M. R. M. Crespo da Silva and C. L. Zaretzky,
“Nonlinear Flexural-Flexural- Torsional Inter-
actions in Beams Including the Effect of

Torsional Dynamics, II. Combination Resonance”,

Nonlinear Dynamics 5, 1994, pp. 161-180

(5) Perngjin F. Pai and Ali H. Nayfeh, "Non- Linear
Non-Planar Oscillations of a Cantilever Beam
under Lateral Base Excitations”, Int. ]J.
Non-Linear Mechanics, Vol25 No.5 1990, pp.
455-474

(6) S. W. Shaw, "Chactic Dynamics of a Slender
Beam Rotating About Its Longitudinal Axis”,
Journal of Sound and Vibration, 124(2), 1988, pp.
329-343

(7) J. P. Cusumano and F. C. Moon, "Chaotic Non-P
lanar Vibrations of the Thin Elastica”, Journal of
Sound and Vibration, 179(2), 1995, pp. 185-208.

(8 C. H. Pak, R. H. Rand, and F. C. Moon, "Free
Vibrations of a Thin Elastica by Normal Modes”,
Nonlinear Dynamics 3, 1992, pp. 347-364.

(9) o194, “BrI=s=g B4 gewle E=9%
o B3 @7, 1995, L3R HAES R

(10) & A, “9l8¥ &5 I o2 o] vdH

AEd B 477, &F +F THA FAGeY
3], 19%

- 196 -



