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Experiment on Chaotic Oscillations of a Post-Buckled Reinforced Beam
Constrained by an Axial Spring

Ken-ichi NAGAI, Kunio KASUGA, Masaki KAMADA,
Takao YAMAGUCHI and Katsuya TANIFU]JI

Experimental results are presented on chaotic oscillations of a reinforced beam subjected to
lateral excitations. The beam is partially reinforced with boxed-type stringers. The beam is
clamped at both ends on a base frame. One end of the beam is arranged to move to an axial
displacement by attachment to an elastic spring. The beam is deformed to a post-buckled
configuration by the axial constraint. Under the post-buckled condition of the beam, chaotic
responses are generated in specified regions of exciting frequency. A response is expected from a
system with a lower degree of freedom. The chaotic responses are analyzed by the Fourier spectrum,
the Poincaré section and the maximum Lyapunov exponent. It is found that the chaos of the beam
is generated with the fundamental mode of vibration. Chaotic response includes the resonance modes
both of a higher lateral vibration and of an axial vibration. The Poincaré projections of the chaos
show clearly the stretching-and-folding mechanism of the chaos attractor. The instability boundary

of the chaos is obtained in the plane of exciting frequency and amplitudes of excitation.
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Fig.2 Fixture of the beam and the axial
elastic-constraint
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Fig. 3 Test-setup of chaotic vibration
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Fig.4 Natural frequencies of the reinforced beam
under axial compression
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Fig.5 Natural frequencies of the post-buckled
reinforced-beam
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Fig. 6 Deflection of the beam under concentrated load
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Fig.7 TFrequency response curve of the post-buckled
reinforced beam. p«=1367, n=1.18, £=0.5

X, EEObA 4mm k5, IRSHES o EA
BOTNIE0.2mm BUAT, HhAHEEBLIET x
HAROThOREIIERTE 2, M8 LU IHAIZ
RO 2 @A EBRE 2R T I EBbn b,

X B ERBEAOFER I B W T, Bl RIS NTR
B wesp THEERTL, HBMEBEEERARY b T A
Alws) BT Y~ NWVETRLTH 5, [LEFHICHZD
FEE 2 BB 5 b DIRENGE 2R L, &4 ZiRE)
Yo Twd, EBRAEBRTRIEANRY b7 ANELR
L EBbb, FRCERITIREREE 0=15.65 T
DE—27xtL, EBEZINERITDANRT P 7 LB w
=TT B, INED, TOIREN1/2 KD
BRI RIRIGE P SIREL TR AL ATHD Z
& 75§39273 z) (10)(11).

55 RPZHLEGE A AFEEOKRT h
VEGKER 9 R, BEENEERE ww., BT ER
TR w TH 2, K7 v H VEROTEFREILN
6000 T, > 7Y > AR 0 IR O K HRIE
20 ELRETH L, SHREIFHEIZORUBY
KORRIRRCHESIEER A AT 775 2HERT
A, fBIZD ORWEEY Lk 757 7 M
NELHERTE S, ZhEy A4 AIEECHES T 2 IR
F—FWDRVIEIZEBDIDTHBOP, iz,
9 OHOIEZADITSTRT L 312, MEANEL
TR, WAARAT V7278 300V EEE
Tl e LT R D Kifga g M LdE e a8
TSI INKEETHD I LB D,

56 RRKUTZT/7%E NS OKHEHEFEDOT
— &b L, Wolf® OFKRIC KV ERRY 77/ 7
e ErEET O I A CEELL. ZOHERRE
K10 R d. #EERAY 77 7 A £

_80 a1 I Jd
1 10,

sp

100

Fig.8 Time history and Fourier spectrum of the
chaotic motion. pa=1367, n=1.18, w=15.65,
£=0.5
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Fig.10 Maximum Lyapunov exponent of the chaotic
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Fig. 11 Instability regions of the chaos of the
post-bucled reinforced beam. #»=1.18
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