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MODELING AND REAL-TIME SIMULATION FOR EVOLUTION OF
 FRETTING-PROCESS
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Abstract: By authors a mathematical model is developed which enables to describe frictional and dynamic descriptions of fretting for any parameters of excitation, an as a rule kinematics and also to apply operators of evolution in the global model of fretting-process such as friction force, amplitude and frequency of the forced vibrations. Then it is possible to get the complete picture of motion of fretting-process depending on all factors of dynamic motion of the system.
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Introduction

Fretting-processes are determined by a complicated complex of mechanical, natural and chemical processes, which occur into zone of contact of two surfaces at the presence of  cyclic tangential stress contacts. Recently increasing attention of the researches is given to quasistatic contact in conditions of dynamical loading. It is possible to state, that the given condition of contact is characteristic in most cases for really operate nominally - fixed joints, when there is no visible relative displacement [1, 2, 3].
From the point of view the dynamic simulation was accented attention on the contact microdisplacement as a result of microslip, from one side, and cyclic contact deformations of surface. Such conception is schematically shown on fig.1. The dynamics model on fig.2. Then differential equation, that describes motion of model constituents part the following:
   
[image: image1.wmf]();

().

j

mxcxyF

Mycxy

=--+

ì

í

=-

î

&&

&&


Mass m is a thin superficial layer, that cyclic becomes deformed due to forces of friction from co-operation with basis 1, with vibrate a harmonic law in tangential direction and is source of kinematics excitation of all system.
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Fig.1. Conception of third body
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Fig.2. Balance of force for dynamic model

Results of modeling by frequency analyses
The global evolutional model of vibration motion is created for help operators of evolution, for example, operators of friction forces, amplitude and frequency of the forced vibrations. Then it is possible to get the complete picture of motion of fretting-process depending on all factors of dynamic motion of the system. We will trace the evolution of fretting-process depending on frequency of indignation. Let frequency of vibrations change for to the law
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where:  ti  step of time evolution.
Then law of motion of basis and its velocity that is built into a dynamic model have expressions:
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On fig.3 experimental description of fretting-process is shown in microdisplacement and velocity of slip depending on frequency of excitation. Noted, that depending on frequencies of vibrations there are the cardinal changes in the state of interface. The periods of stick-slip were change, and also vibroactivity of contact pair.
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Fig.3.Time-series of dynamic motion depending on frequency of harmonic excitation: 
a - absolute oscillation of body 2; b - relative velocity; c – relative slip in contact pair
On fig.4 the evolutional process of dynamic motion in the contact at the change of frequency are presented. As a result of calculations we will select four regions for each of parameters of relative motion of surfaces: regime of stick, dynamic regime of stick-slip, region of permanent slip and resonance of friction force. We will mark important features which confirm experimental information. Growth of force of static friction takes place in the mode of cyclic previous displacement, growth of force of friction in a resonance region does not lead surfaces over to stick, however much amplitude of fretting remains unchanging. Velocity of slip grows proportionally to frequency, but does not depend on force of friction.
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Fig.4. Evolution of fretting-motion depending on frequency of excitation. Initial parameters of the dynamic system  
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1 - regime of elastic preliminary displacement;

2 - regime of complete elastic-plastic preli-minary displacement;

3 - dynamical of stick-slip regime;

4 - regime of local resonance, instability of vibrations;

5 - regime is oscillation of back-forward motion.
FF - friction force, RS - relative slip, AD – absolute motion, FV – vibration of excitation, RVS – relative velocity of slip, LFr – law  of frequency evolution.

By similar appearance a model allows to foresee the contact behavior at proper change of amplitude of excitation vibrations and friction force by next operators of dynamic motion of the system (Fig.5):
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where: 
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 – initial  amplitude of excitation vibrations, r = 0,09…0,11; α = 1,7…1,9; β = 10,  А – const.
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Fig.5. Evolution of friction force and amplitude of excitation vibrations
We will expect here phases portraits for different permanent   frequencies of excitation vibrations (Fig.6). Phases trajectories as concentric circles or ellipses answer the stick mode. The exit of trajectories from these circles shows the system as far as the distant walks away from the state of sticking of surfaces. Than farther there are the trajectories of motion from concentric circles, the more proof dynamical of stick-slip regime in the contact. Notably, that for 300 Hz slip into the contact is absent (Fig.6, k).
The result shows dependence of slip amplitude not only on the value of amplitude – frequencies characteristic, but also from the type of evolution of forces of friction or amplitude of excitation vibrations. In any case the moment-time of loss of integrity of contact is determined by amplitude – frequencies characteristic and parameters of evolution of the dynamic system.
We will consider character of slipping depending on mass of surface layer which elastic deformed. On fig.7 the evolution of factors of fretting-motion is shown at the contact of surfaces in the mode of the nominal sticking.
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Fig.6. Phases portraits of fluctuating motion at the change of amplitude of the forced vibrations from 5 to 12 μm for different excitation frequencies: a – 50 Hz; b – 100 Hz; c – 150 Hz; d – 200 Hz; e – 250 Hz; k – 300 Hz
Evidently, that of signals of excitation vibrations and response correspond to him self, a phase portrait is the region of concentric circles and force of friction is gradually growth with the increase of the amplitude of excitation vibrations. All testifies that stocked forces of friction do not exceed the critical value. Loss of mass by a surface layer (wear) leads to the increase amplitudes.
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Fig.7. Nominal sticking of mechanical system.

Mass of body 2: m = 0,003 kg, f = 50 Hz.

 a - amplitude of excitation vibrations, b - phase portrait, c- force of friction, d –relative of slip
How here the system will move itself it is shown on fig.8, 9.
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Fig.8. Transition stick to slip. Mass of body 2:
 m = 0,0025 kg, f = 50 Hz. Denotations are similar Fig.7
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Fig.9. Transition stick to slip. Mass of body 2:

 m = 0,0015 kg, f = 50 Hz. Denotations are similar Fig.7

The modeling  of wear, as loss of mass 2, lead to the first acts of microslip, about what appearance of the original “protuberance” at phases trajectories from the region of stack and appearance of impulses of relative velocity of surfaces .

Force of friction loses the constancy, there is the brake-down change of symmetry of signal and at achievement of maximum there is transition to slip (fig.8, c). At permanent slip friction of force does not change (fig.9, c). After this model it is possible to conclusion that creation of layers on the surfaces of details must have a tendency to the increase of their thickness with the simultaneous saving of elastic descriptions.
Conclusions

On the whole, mechanism of transition to dynamical of stick-slip regime consists in the gradual increase of force of friction in the regime of preliminary displacement. Depending on description of friction, namely to transition of force of static friction to kinematics, after descriptions of toughness friction, dynamic inconstancy of the system, which at the increase of amplitude of excitation vibrations passes dynamical of stick-slip regime. As well as the increase of frequency lead to stick of surfaces, and diminishing of ability by a surface layer to become deformed together with the surface of excitation, sharply diminishes dynamic integrity of contact. These phases portraits testify to ending of those or other transitional processes and instability of slip amplitudes. For frequencies 150, 200, 300 Hz at growth of amplitude up to 12 μm, system before it had the state of stick, regime of dynamical stick-slip and complete sliding. The developed model enables to fore-know the frictional parameters of fretting-motion for any operating parameters. The design of change of force of friction at nominally-fixed joints, gives valuable information about amplitudes of fretting on the proper stages of degradation surface.
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