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Abstract: A new method for resonant stimulation of nonlinear damped oscillators by
nonlinear entrainment is presented. Appropriate driving forces are calculated with
Poincaré maps. These maps can be extracted from experimental time series. We show
experimentally, that the resonant driving forces are In phase with the velocity of the
oscillator and cause a huge energy transfer. The corresponding driving forces are
aperiodic and can be calculated without any feed back from the experiment.

1. Introduction

It has been shown numerlcally/1/ and experimentally/2/ that a nonlinear damped
osciilator can be stimulated resonantly by nonlinear entrainment. For a large varlety
of nonlinear osclllators higher order Fourler amplitudes fall off rapldly/3/. The
dynamics of these osclllators can be approximated by a smooth interpolation between
the extrema of the exact dynamics. The extrema of the exact dynamics can be
calculated with speclal Polncaré maps. The time between the extrema is the
recurrence time of the Poincaré map. Since resonant driving forces are closelyw
related to the dynamics of the unperturbed system they can be estimated from these
Polncaré maps too/4/. The aim of this paper is to show experimentally that a

resonant stimulation of nonlinear oscillators Is possible, even If the resonant driving

force Is estimated from a Poincaré map.

2. The experimental setup
As a real physical nonlinear oscillator we used a damped wheel with & excen-

tric mass distribution/5,6/. The dynamics of the penduium can be modelled by



8.y -y +c-y- c-sinly) = F(U) (1
where y Is the angular displacement, ® = 1.65 - 107" kgm’, ¢, = 1.62 - 10" kgm’ s™*,
c, = 0.03563 kgm’s™ and v the friction constant which can be varled in the range
of 5:107" kgm®s ™' ¢ ¢ 610 kgm's ~ ' .The time dependent driving force F(t) is trans-

mitted by a digltal-to-force converter from a computer to the experimental pen-

dulum.

3. Estimation of the driving force
3.1. Numerical estimatlon of the resonant driving forces
it has been shown / 1,2 / that driving forces F( t ) are resonant If F(t)=

(1~ x} - n - %X where a Is a real constant and where the dynamlics of x Is given by

(2)

8% ta'q x +cx = ¢ sinlx) = 0
and whare x(0) approx. y(0). We Integrate Eq. (2) numerically with a Runge-Kutta
algorithm of 5.th - 6.th order and approximate the next-extrema map and the re-

currence time between the extrema by a polynom of fifth order.
P: a, = >ec,. ta) T: T = e, (&) (3)

where & Is the n-th extrema , of the dynamics of 1.05 *(1-x):n-x and T s the
time between the a_ and & . F(t) results from a smooth spline Iinterpolation
between the data resulting from an iteration of Eq.{3). We took Initial values for

the Iteration which are close to the statlonary state of the unperturbed system.

3.2 Estimation of the resonant driving forces from the Polncaré map of the un-

perturbed system
For « =-1 Eq. (2) results from Eq. (1) by a reflectlon of time. In this case the

dynamics of a can be calculated from the dynamics of the extrema of x the unper-
turbed system by a reflection of time, F(t) can be estimated by a smooth interpolation

of the corresponding Poincaré map Eq. (3).
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4. Experimental results

Fig. 1b shows the resonant stimulation of the pendulum (1= 6-10"" kgm's™", a=-.17)
where the Poincaré map was calculated numerically. In Fig. 1a we depict the response
of the experimental pendulum for n = 3-107 kgm® s™* and « =-1 where F(t) was esti-

mated from the dynamics of the unperturbed systems. Due to the strong amplitude
frequency coupling /7/ of the pendulum there is a senslitive dependance of the baslc
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Fig. 1 The extrema of the amplitude y of the axperimental pendulum versus t for a=-1 (a)
and o =-0.17 {b). The continuous line represents the theoretical dynamics of y.
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Fig.2 The difference in phase between F and y versus t. (a,b): Resonamt stimudation by Poin-
caré-Map, (a): o=-1, 1=3:107% (b): o=-.17, 4=6-107*; (c.d): Skusoidal stimulation with
F=4-sinlw ), w: eigen frequency in the linear reglon , (c): w=3-107" , (d): w=6-10"".
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frequency of the oscillator from the amplitude of the osclllation. Fig. 2 iHustrates
that the phase relatlon between the driving force and y remains 90 degree, despite
of the large shlift in frequency. The phaseshift of 90 degree between y and F Indicates
that the reaction power is zero and that the driving force is resonant/1/. If the driving

force Is sinusoldal thls resonance condition Is not satisfied (Fig. 2c.d}).

5. Concluslons
We have shown that nonlinear oscillators can be stimulated resonantly by driving

forces which are estimated from Poincaré maps. These Poincaré maps can be estimat-
ed analytically/8/, numerically or directly from the unperturbed system. Therefore
the stimulation can be done without any idea on the differential equation of the system.
No direct feed back from experimental system is necessary during the stimulation.
If the Poincaré map has been estimated, the whole time dependence of the driving

forces can be calculated before the stimulation starts.
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