CHAOTIC RESPONSE OF NON-REVERSIBLE DRY FRICTION OSCILLATOR

Andrzej Stefaski , Jerzy Wojewoda Marian Wiercigroch and Tomasz Kapitaniak
"Division of Dynamics, Tech. University of Lodz, Stefanowskiego 1/15, 90-924 Lodz, Poland
" Centre for Applied Dynamics Research, University of Aberdeen, King's College,

Fraser Noble Building, Aberdeen, AB24 8UE, Scotland, UK

Summaryin this short communication we investigate how tiea-reversible dry friction characteristics wilteal the non-linear
responses of a simple mechanical oscillator. Thesgmted approach is based on a certain mathematsaription of the
experimentally determined non-reversible dry fdoticharacteristics, which causes chaotic and ilsegmotion of the studied
system. A novelty of our idea is an introductiortto# relative acceleration in description of thg fifiction model.

INTRODUCTION

For many years the topic of dry friction has beetivaly researched with many attempts to identify tauses of
unwanted behavior such as squeal of car brakesngixe wear of the cutting tools, and others. Afical engineering
approach, indebted to Coulomb simplifies the foictiorce to constant value directed opposite tordetive velocity
of the contacting bodies. Such force can take taloes with identical level but opposite sign omigwer experiments
show non-linear dependence on the contact veloaiiyer than the constant one. That was why mosrteffvere
directed to built non-linear friction models anddetermine differences in maximal values of theist@nd dynamic
friction forces — see [3]. Another attempts to dati@e different types of friction characteristidsosiing dependencies
on the relative acceleration on the contacting am&fare so-called non-reversible friction charésties [1,2,5].
However, from a viewpoint of the experiment, everts non-linear approaches well approximate reatacher of
friction force only for periodic responses of ttensidered system. In case of irregular, non-petioabtion of a non-
linear friction oscillator, friction characteristigenerated from experiments, often have a forared filling curves, in
co-ordinates friction force versus relative velpdi]. This fact cannot be explained by measureneerdrs and rises a
need to formulate a more general, universal frictioodel taking under consideration also the irr@aguatotion of the
system with dry friction.

DRY FRICTION MODELLING

We will use the experimental data obtained fromdhefriction oscillator, which allows to induce rditions where the
relative velocity changes its sign. There is a gded! of flexibility in varying frequency and ampiile of excitation,
and combination of frictional materials. In thisidy we will be using the cleanest data which cofra® experiments
steel on teflon. To avoid the double counting afceus forces, in Figure 1, the viscous componeatoh dry friction
force-relative velocity loop has been subtractee Tabove described dependence between frictioractesistic
reconstructed experimentally and a kind of obsemwdion has
been induced us to new approach to the problenmyofrittion
modelling. According to our intention such a deypeld model of
dry friction should have a universal character eig.well
approximates real relation between friction forasd arelative
velocity in case of irregular motion of the systand it simplifies
to a form similar to known friction characteristisdien motion is
regular. This condition is fulfilled by the exampbé dry friction
model presented below which has been formulateth@masis of
non-reversible friction model [5]. The proposed @owmodel has a
symmetrical non-reversible characteristics (Eq)layith an
100 | auxiliary assumption that the parameter in the aepb is a
300 0 300 function of the relative acceleration (Eq.(1b)) @ontrast to
Ve [mmie] primary model, where this coefficient is constaHence, the
model is described with the following equations:
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Figure 1. Family of dry friction characteristics
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wherea,, a, >0 are constant parametéys, — static and dynamic friction coefficient respeely.

To show universal character of the above presemtedel let us consider one-degree-of-freedom, meacakn
oscillator to which a dry friction damper has beslded where the model under consideration (Eqs(da)(1b)) has
been applied in numerical simulations. The dynarmfdhis system can be described by a simple navegmfirst order
differential equations

X =X,,
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X, = qcos@t) - ag(x,) - 2nx, - sign(x), @
Universal nature of proposed method of dry frictiotodelling is presented in Figs 2a and b, wheretidm
characteristics for two different types of the dator under consideration and respective phasérgity of these
systems are shown. It is clearly presented thatiriear oscillator having periodic solution (Fig,2fx)=x), friction
model possesses a shape predicted in mathemadisetigtion of the classical non-reversible model aantains two
lines representing relative the acceleration antkldeation phases respectively. In case of norafimecillator with
chaotic attractor (Fig. 2bg(x)=x") friction characteristic is an transformed imadethis attractor according to the
hypothesis presented above.
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Figure 2. Friction characteristics for the novédtfon model and the respective phase portraith@foscillator applied
in numerical experiment for two cases: a) lineatifsn oscillator—g(x)=x, a=1.00,h=0.05,9=0.50, /7=1.00,&=0.5, b)
non-linear friction oscillator -g(x)=x¢, a=1.00, h=0.05, g=10.00, 7=1.00, £&=0.5; parameters of the friction model
(Egs.1):f=0.30,f=0.25,a,=12,a,=0.10.

CONCLUSIONS

The presented model of dry friction only exempéfilae way of friction modelling and it is only tfiest step to
formulate a novel model of dry friction for nondiar systems. Earlier numerical experiments camigdby authors
have shown, that introduction of this model repnésg by Eqs(1), does not results in qualitativengles of motion
character in comparison with another friction medélence, from a viewpoint of engineering applwasi where the
dynamics is simple, it is sufficient to apply clias$ Coulomb law. However, our recent experimehissthat even for
our oscillator wherg(x) is linear, the system can respond with an irr@gstick-slip motion. Therefore there is a need
for more comprehensive dry friction models, and faper outlined one.
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