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ABSTRACT

We examine the Duffing system with a fractional damping tdnmstead of the standard Lya-
punov exponent calculations, we propose a statisticatest for chaos detection. For the in-
vestigated deterministic model we are able to show a tianditom chaotic to regular motion
increasing the fractional power of the damping term deireail he results have been confirmed
by a bifurcation diagram.

We start from the Duffing equation with an additional franabdamping term

d2 d¢
d_tf—i_ad_tf — 1z + 2% = § cos(wt), 1)

Where% Is the Giinwald-Letnikov fractional derivative [1, 2]
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where binomial coefficients can be expressed by the Eulerar@a function
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where[y| means the integer part 9f and where: is an arbitrary number lesser than

The dynamical response of the system is studied by changadactional power; and by
keeping fixed initial conditiong, = 0.21 andz, = 0.31. The time histories are plotted in Fig.
1 (systems parametess= 0.15, 6 = 0.3, w = 1.0, a = 0). Figures 1(a) and 1(b) show initial
non-periodic transients and final regular motion, whilerggponse in Fig. 1(c) is chaotic.

To clarify the transition from Fig. 1(a) to Fig. 1(c) the ssist response is examined more sys-
tematically by means of bifurcation diagram (Fig. 2(a)) &#ydhe0-1 test [3] (Fig. 2(b)). The
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Figure 1:Time series of displacement(a)-(c) for different derivative orderg of the damping term,
q = 0.6, 0.7, 0.8, respectively. Isolated black points indicate the sampling points vétsaimpling
periodAt = T, /4 (the excitation period i$) = 27 /w).
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0-1 test combines both spectral and statistical propeofitise system and can distinguish the
dynamics of the system by valué < [0, 1]. Applying the test we used a modified Poirar
section (see black points in Fig. 1) to recdrgoints per period” = 27 /w which led us both to
lower computational effort and to preserve the characdtesisf system response.

For increasing values af € (0,2) one can see the alternating regions of chaotic and regular
motions. Comparing Figs. 2(a) and 2(b) one can see the agntémike results of examined
methods. In summary, the 0-1 method can be used instead@fmbnlinear method such the
maximal Lyapunov exponent which is more difficult to estieat the system with memory.
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Figure 2:The bifurcation diagram of the coordinate (a) and th& parameter of the 0-1 test (b), taking
0 value for regular and 1 for chaotic solutions, versus the fractiomi@rgre (0, 2).
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