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Analysis for Jump Phenomena in Random Response of a Duffing Oscillator
Using Continuous Wavelet Transform
(2nd Report, Analysis by Complex Wavelet Transform)

Shinji TAMURA*!, Yoshifumi FUNAKOSHI and Yuto KATO

*I Department of Electronic and Control Systems Engineering,
Interdisciplinary Faculty of Science and Engineering,
Shimane University
1060 Nishikawatsu-cho, Matsue-shi, Shimane 690-8504, Japan

Stochastic jump phenomena in the random responses of a Duffing oscillator subjected to narrow band excitation are
investigated. The stochastic jump phenomena correspond to the existence of multiple stationary responses, which differ in
phase to the excitation. In our previous paper, the product of each real wavelet of response and excitation is proposed as the
phase of each frequency component. But taking the moving average of the product over one period is necessary because
of pulsation. In this paper, the product of the complex wavelet transform of the response and the complex conjugate of that
of the excitation is used to evaluate phase of each frequency component. The central value of unstable region of the phase
in the frequency response function is used as the center of the range of the principal value of the complex argument, and
the value and bounds of unstable region are taken as the threshold for phase obtained from the wavelet transforms. Using
this range of principal value of complex argument and thresholds, two states of the response are successfully identified,
as well as the previously proposed criterion using real wavelet transform.

Key Words : Duffing Oscillator, Random Vibration, Nonlinear Vibration, Forced Vibration, Narrow Band Excitation,
Stochastic Jump Phenomena, Continuous Wavelet Transform
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Fig. 1 Frequency response function for harmonic excitation
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(b) Phase by proposed method : ¢ (T,t)
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Fig. 2 Samples function and phases by wavelet transforms (Q = 0.1)

gbboobooooobooboooboooooooooboobobobooboooobooobOobooobOooboOoog
gbobooboooooooobobooboboooobobooobooooboooooann
ooooooooooDb2p00o0ooooob 2coobOobob0ObOobO0ooObObOoOooooObOoooboo
goooooooooobobobobooooooooooooobooobobbobooooobDbooobooDboo
ooob2c00b0ooooooboobobb obbboboboooooooDoooobobogoDboboooo

oooods)ooooboobooobooooooon

43 D0O0ODO0O0OO0OOOOOO0OOOOO0OO0O0OO0

0000000000000000000D000000000000000000 (15000 ¢x(7T,r)000
00000000000000000000D000000 ¢4(7T,r)00000000000000DO0O0O0OOO

ooooooog



T /

-

Fig. 3 Stationary phase for harmonic excitation and thresholds

(— : stable response, — : unstable response, — : threshold y,, — : threshold 5, — : threshold ¥;)
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Fig. 4 Phases by wavelet transforms and binarizations of response (Q = 0.1)
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Fig. 5 Phases by wavelet transforms and binarizations of response (Q = 1.0)

Table | Number of jump phenomena (Q = 1.0)

Threshold Yo | o | Y

Number of jump phenomena | 13 | 19 | 32

gooooooooao
e DD OOODLOOOUDODDOLOODODLDOD pODOOODODLOOOODOODLDODOOODOOOOO
gooboobooboobobobooobooboboooobobboooobbooboboobobboboa

O O
(1) Roberts, J. B., "Multiple solutions generated by statistical linearization and their physical significance”, International

8



Journal of Non-Linear Mechanics, Vol. 26, No. 6 (1991), pp. 945-959.

(2) Fang, T. and Dowell, E. H., ”Numerical simulations of jump phenomena in stable Duffing systems”, International
Journal of Non-Linear Mechanics, Vol. 22, No. 3 (1987), pp. 267-274.

(3) Huang, Z. L., Zhu, W. Q., Ni, Y. Q., and Ko, J. M., "Stochastic averaging of strongly non-linear oscillators under
bounded noise excitation”, Journal of Sound and Vibration, Vol. 254, No. 2 (2002), pp. 245-267.

(4) Roberts, J. B. and Spanos, P. D., Random Vibration and Statistical Linearization, (1990), John Wiley & Sons,
Chichester, England.

(5) Nayfeh, A. H. and Mook, D. T., Nonlinear Oscillations, (1979), John Wiley & Sons, New York.

(6) DOO0O,0b00b0,0000,>000000D0DO00O0O0ODO0O Duffingd00O00O0ODDOOOOOODODO
ooooO»0000ooogo co, Vol. 73, No. 728 (2007), pp. 1029-1036.

(7 booOo,0000,0b000,> 000000000000 Dufing0000O0O0O0O0OO0O0OOOOOODOODO,
ooooooooo o, Vol. 75, No. 754 (2009), pp. 1560-1567.

@ booooo @), cobobb obb ee20000,(2004),0 110,000000.

(9) Perrier, V., Philopovitch, T., and Basdevant, C., "Wavelet spectra compared to Fourier spectra”, Journal of
Mathematical Physics, Vol. 36, No. 3 (1995), pp. 1506-1519.



