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ABSTRACT

In this' paper, -the resporise characteristics of one to one resonance on the rectangular cantilever beam in which basic
harmonic excitations are applied by nonlinear coupled differential~integral equations are studied. This equations have
3-dimensional non-linearity of nonlinear inertia and nonlinear curvature. Galerkin and multi scale methods are used for
theoretical approach to one-to-one internal resonance. Nonlinear response characteristics of lst, 2nd, 3rd modes are
measured from - the experiment for basic harmonic excitation. From the experimental result, geometrical terms of
non-linearity display light spring effect and these terms play an important role in the response characteristics of low
frequency modes. Dynamic behaviors in the out of plane are also studied.
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Table 1 Measured eigen-frequencies and calculation of
the damping coefficient
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Table 2 Values of €*fa* for a cantilever beam

1 i 3 e3f3*
Mioa | [Rd [sFa| e for kg0
B4
1| 1875 | 0783 | 0369 | (968 %)e | (968+012e
2| 469 | 0434 | o091 | (a1+ —l%n de | (211+306)e
3] 785 | 0251 | 0031 | (o8 _%é je | (968+672)e

-426-



7710} @ kS 3 A thize Hd SHAHE o R e — -
3ted Fig. 4o ehdt A@Zatel A8 ola paig
. IWT -4
o et ke @il dte of disted wAlE o2 Mo)
Fig. 4¢] YERd 249 “9tz=a) A8 2R Ag UX ] 7
2 a7 WA aee2 7|23 wEY 2xYo) §i Lem TN ]
Ae AAsr) dax] Bl ARRE, A3RcS SgesH g v NS
B Aoz AFAHE o]gslAch
10+ 1
wu.w l!!’ll 00 5425 “:lo l“.’l vT‘l&" Il’ll ll!ld “j‘" ﬂ.’ﬂ u:u 080
i T Y T T T T T Frequency (Hz]
w Fig. 3 The analytical amplitude frequency response of
N the 2nd mode for e3f*=0.0179(e*=0.13nm), &%c,=0.0%,
g €24,=0.06 (in-plane and out of plane)
£ N
E 110 T :\\\_
130 -4 \\:\\ i -
100 o < SO :'
120 \\\\\\ ‘I -
90 § F\ \\ \\\ : :
.28 YA‘IQ 7.'7' ?: t‘u l.'lO tIVU .:W l.liﬁ D.‘;O '—II;I |0!ﬂ 10.28 E 110 \\\\ \\\ \\ - \j
Frequency [Hz) 2 el ST
E 'n_—_——”//z‘_/ ]
0 . _ l . Frequency {Hz]
@' J Py —r - T T
g -
E’m.{ g
' 120 ~‘*\\ " 1
100 ] ,' 9 § \\\\ /{1
; § ~ : -
PP " ra e e L PR P Y A A £ N/
Frequency [Hz] < =
Fig. 2 The analytical amplitude frequency response of 1 4
the 1st mode for e%F*=0.0179(e*=3.61mm), elc,=0.065, - . §
6242=0'(B (in—plane and Out of plane) 181.28 |l|.l0‘ 151.78 ‘ﬂ:requ‘;:‘:y[lel;w 18278 183.00 1828
O L L B AL A R B S Fig. 4 The analytical amplitude frequency response of
N ] the Sth mode for  ¢3f*—0.007e*=8.04 E—6nom),
N \\\\\\\ e%c,~0.065, £%4,=0.06 (in-plane and out of plane)
120 ~ s
g . \\\ \\?\\ 1
g 10 . \\\\ \\ \7(\ E
Eml ] A uiME NE Wy
IOT -‘ - _
4.1 A ER

—— Tyt T Ty Ty
.60 $378 6400 5428 SASD 4TS 6800 5826 S50 5675 00 8825 B0
Frequency [Hz]

KR
=

X
]

-427~

ANZY ABRE @4 @R LFuEAL 6063)

AHEBE T, Al 60639 24X
Al G=25GPa, Eoksu] v=03333 A4 g9 g9 Ao

A

A4 E=69GPa, %



% A% m=70x10° ke/m ol AAZY 9Jgue] FAL
Sxommel AZ8oelny Zlole 66omel L 7M&EAle A A
A $=125m Xl nAE=] gith EF &FuE FEL
A4 Agolmz okzhe) PR FHE A Utk TR
7hR e vl ZEPHeR ARISGE sweeping3ta] 7t
AaP A A48 Ve de 2ok

7t719) ojulFolsl AWE RHATIE A(ig)e
Zgoln 7|14 4do] £ AL 20242 AFEHUG A
a9 HAae ure AAZAL wEsin wob HdeF 3

S 7)o A e2 HAHD AREHACt A9 nf
A5TE FREYHOZ A& 3o A1y nFAFF7
200Hzo| ol xy,z 8ol A I ¢SS Flstdr) B
X% AAZAE o) &5td JUBY A{FFIFE o]
Moz Ag &Hth AFPHom ouwHe IfFFHFE
Z2A437] 98t Mg Algsle BE JRREdT 7R
4= Pseudo-randomS AHE3IA 3, Time weighting &4
= Rectangular weighting & Al&3sle] 9¥x e T{FFHF
2 Addoz FINe ¥Ee #HAFCOw dFa4
& T3 U o) &sle BAAFE ZFASE

Fig. 5 Instrument for experiential device

Table 3 Comparison of the experimental and analytical
values for frequency of the bending mode

Frequency | Analytical | Experimental Damping
order no | Values(Hz) Values(Hz) coefficient(c)
1 9.664 875 0.0625
2 56.8189 56.25 0.09375
3 183096 18225 0.0625
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