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Validity of the Multiple Scale Soluti

for a Resonance Response of a Bar
with a Nonlinear Boundary Condition

Won Kyoung Lee, Myeong Hwan Yeo, Sang Su Bae

ABSTRAC

In order to examine the validity of an asymptotic solution obtained
from the method of multiple scales, we investigate a third-order
subharmonic resonance response of a bar constrained by a nonlinear
spring to a harmonic excitation. The motion of the bar is governed by a
linear partial differential equation with a nonlinear boundary condition.
The nonlinear boundary value problem is solved by using the finite

difference method. The
asymptotic solution.

1LME

T2 vAYAFHHLE 3o 2 A 7
< Aol AMgHY  ftedl dEAy
(method of multiple scale)® 2 £9 34}
olct. && wMHSE eo] 3] F W ud
Avt v ole TAE Fuixn ¢8A oFA7)
He, 2 87l RE A AMAN S
(uniform converge)& EAqcte FA o Fe
B VAYAFTEAMRY ) ALeHS gt a8
4 eo] duht zpolol tevte] WA Ewe
71Ee] floemg, AAzte QAo #4 A 3o

© AN, dddgR s ATy
** ddditta dud sATER

numerical

solution is compared with the

ARo g 4&EY ¢ Yde AHelt. deAd &
At BtFAE AYAH XL Aoz HPpd
€ 48 FHHHA F8% Held F3), 2
A7 AR R gde] HulE el oled
524 g4Aolgtn ¢ 4 .

FAHQ 4 & EA4. Hadian® Nayfeh,
Leest Kim?e& €89 293z1FeA,
Nayfeh$} Asfar®e wAdgAAzAL Ae
%9 AFeA, AFpo|EHS(frequency
detuning parameter)?} 713t} wa} %32
44" (secondary resonance response)? A
o] A4 F71EE BAFGEY o] AL EAHe
2 ujullE] eldie] glv HAeld =3 olgd
7t F71d AR Frldted, ol9A
7RSI A& Fo18d 48 afAFSF F

- 275 -



9] g WA =He] RFaAe] opul FFA
(primary resonance)°] A9 $%-& = ujsiA
o, FFAAAE A HAAFe] =) o
T PR RBFAHHY 7 Seh= dEtof
m2ta ol f7} o AT o]ite] HY ¥FA
AN AHRE Er)dfepn tedl, Ao Aol
AR ol Wl disA sHe] $-g
A &3 F& A flezz AF T4 =HP
A& A3 ANAE AYR == £33 ¢4
o 2]& $ube gicke el

2 dFdAe, F2EY uAdYFAAEHHE
28 7R A g3 E zAR] $3o,
HAYAAZAL A Holwpgtoz AFde
& Adgagct. o] ®9 ¢ FL 3AHS U2
o g EZ] AFdde 2rlalHe] zgale
¥ ujAdYrzgog FTEEo gir ol )
AYAAANEFAZ FAAE FREFGEHHY o
33 Ay R nAdYAAZzLE
B5HA] 47] Aol Galerkin Pu¥ 43}
7] 918 A =§$(trial function)BA °] Zf
42 A48 471 gode Heldh AF AR
F2A LHEFE AR d9 oA, i
Fo] Aoz Rey AAve £A49 ZA$E
E7)#et o}, F, o] FEAlol Galerkin W<
A ALfde, oA giae R
o7l sle durdEEe] wiAgEACIEEAHAE
#x3)7t 4R gcke Aol weEtd, £ 4F
oMy Qubslage] A EAAL £33 Ed
o #9 =HFHE =AM Leest KimPste @
2. Adger A vAdygFAzEe 2 Fo
A HAYAANEAE Y F£AH22 FY)
A FPAEHE AHEd e, M FE
4 %% Nayfehst Asfar®e] apsjst vlzy
o2 o] 2AdY] gL zAME .

Nonlinear Spring

l—> 2Fcos2t |
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detuning parameter a.

Fig. 4 Variation of the amplitude of
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Fig. 5 Time histories corresponding to
the steady-state stable
deflection with nonzero
resonance amplitude (g=21,
F=0.2. e=0.01, m=0.1,
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Fig. 6 Time histories corresponding to
the steady-state stable
deflection with zero resonance
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