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Dynamics of coupled Rayleigh oscillators each of which consists of a spring-block system
driven by a nonlinear frictional force is analyzed by means of Lorenz map. The nonlinear
friction law given by Rayleigh is expressed by a third order algebraic curve of velocity. The
nonlinear friction is exerted by a mechanism like belt-conveyer with constant velocity which
we call the driving velocity. The two oscillators are coupled by a linear spring and a slider
of linear friction.

A single limit cycle which a Rayleigh oscillator has when the driving velocity is less than
a certain critical value transforms to a chaotic orbit as the velocity goes higher. On Lorenz
map, a simple closed (dotted) curve becomes a complex folded curve. On the bifurcation
diagrams as a function of the driving velocity, multi-periodic states and single periodic states
appear in a very complex manner. The multi-periodic states can be classified into two
categories. When the driving velocity is slow, the multi-periodic states have a simple closed
curve on Lorenz diagram.

When the driving velocity is neither too slow nor too fast, the bifurcation diagram shows
the period doubling pattern and Liapunov exponent takes a large positive value. These two
facts indicate that the complex orbit in that range is really chaotic.
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Fig. 1. Schematic diagram of the coupled Rayleigh

= —y+ 1w — ui — 9(et1— u2) oscillators. The upper figure shows the horizontal
+ k(ve— 1) view and the lower the top view. Two blocks are
coupled with each other through a linear (plate)

n=elw+a) spring and a linear slider. Friction law for the

. s block-belt interaction is given by a third order
o=~ o+ tr— tf — (22— 1) algebraic curve.
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Fig. 2. Bifurcation diagrams for different nonlinear parameter &’s with the
fixed parameter €:=0.4 and the coupling constants 7=%=0.1. Horizon-
tal axis is the driving velocity « and the vertical axis is the peak displace-
ment amplitude of the first block .
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the variations of corresponding Liapunov exponent. Horizontal axis is a.
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Fig. 4. Bifurcation diagrams and the variation of Liapunov exponents as a function of
one of the nonlinear parameter &» for various driving velocities a’s with fixed
parameters e1=0.4 and 7=/k=0.1. For the driving velocities, (a) a=0.01, (b) a=

0.05, (c) a=0.5, and (d) a=0.55.
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Fig. 6. Effect of the coupling constants on
the variance of the displacement ampli-
tudes depicted as bifurcation diagrams.
The values of these constants are (a) 7=
£k=0.09, (b) 0.05, and (c) 0.01. The non-
linear parameters are fixed as &=0.4
and &,=0.295.
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