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Summary. The experimental results of the tribo-acoustic control in the integrity of real time of nominally stationary friction joints under conditions of fretting are presented. Violation of the integrity due to the wear of tribofrictions are securely fixed both by the general change in the acoustogram shape of the operating noise, and by the spectrum of noise – the emergence of strong mid-range modes of the contact gap. The emergence of two oppositely directed wave energy cascades in the fretting regimes has been noted: a direct cascade from the mod pumping in the direction of high frequencies and the reverse – toward the low infrasonic frequencies. The first one is related to microplastic deformations in the zones of actual contact, the second one is related to dynamic pointing the slow angular motions in the system of friction. For research, the installation for testing the fretting, which doesn’t contain rotating 
[image: image1.wmf]elements, creating high level of contact noise was used. It is shown that the use of a publicly available sound recording equipment and standard computer software allows to carry out (for low noise experimental units) contactless acoustic control of the integrity of nominally stationary friction joints under conditions of fretting. Established that low frequency auto-modulation of the friction process, which is manifested in the spectrum of the acoustic emission is a consequence of the dynamic targeting slow angular motion in the system of friction.
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STATEMENT OF THE PROBLEM
The fretting processes in nominally-fixed joints, at first glance, are hard to hear in the general operating noise of the system, mechanism, or machine. However, because of the interrelatedness of dynamic processes in complex technical system, violation of integrity of any such connection will inevitably be reflected at the amplitude level and the spectral composition of the working noise. Due to the relatively low speeds slippage in modes of fretting the characteristic frequency of acoustic emission get exactly in the sound and nearby infrasonic spectrum range, which allows the use of normal sound recording equipment and standard computer software.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS
Acoustic methods for analysis and control of friction processes are widely used in tribology [1-20]. Methods of acoustic emission of ultrasonic frequency range with application of special contact-type sensors became most widespread [4-11]. Contactless acoustic control of sound and nearby infrasonic frequency ranges based on the standard (or special) computer software is much easier in technical implementation, however, it requires a separate analysis to separate the useful signal on the background of noise. Before tribo-acoustic methods were used mainly to movable functional compounds [13,14,18,19]. 

OBJECTIVE OF RESEARCH
The paper aims at the task of performing the contactless tribo-acoustic control of integrity of nominally stationary friction joints under conditions of fretting, as well as determining the nature and direction of the leading wave processes of energy and momentum transfer in real time.

MAIN MATERIAL
For research, the installation [16] for testing the fretting, which doesn’t contain rotating 
[image: image2.wmf]elements, creating high level of contact noise was used Fig. 1, 2. Fretting was carried out according to the scheme plane-the ball in contact with unhardened steel 30 HGSA (leading top sample 1 in the diagram Fig. 1) and ball steel bearing LH-15 with a diameter of 12 mm (the lower driven counterbody 14 in the diagram Fig.1). The surface of the sample was pre-processed by grinding and subsequent polishing on the 9-th class of roughness (Ra=0,2…0,3 µm).
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Fig. 1. The scheme of experimental unit:
1 – the leading sample of friction pair, 2 – sample holder, 3 – carriage, 4 – guidance, 5 – electromagnet, 6 – springs, 7 – plates, 8 – hub, 9 – angular contact bearings, 10 – shaft, 11 – tree stand, 12 – base, 13 – strap, 14 – driven counterbody (ball), 15 – strain gauge beam 16 – base, 17 – pin, 18 – nut 19 – the strain gages.

Reciprocating motion of the driven sample was provided by an electromagnet and a spring system. The amplitude of vibration was 20 µm. The driven counterbody (the ball) was clamped in the rim strain of the beam (Fig. 2). The normal contact load in the coupling (≈50 N) was provided to two-thirds by the weight of the drive and a one third by torque wrench force (Fig. 1), gradually attenuated in the process of fretting. The basic operating frequency of vibration was 100 Hz.
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Fig. 2. Contact scheme: 1 – sample holder, 2 – sample, 3 – counterbody (ball), 4 – the fixation system of the counterbody 5 –the inductive sensors of micromovements, P – downforce, T – tangential force.

For recording the acoustic signal the remote microphone brand Media-tech SFX microfone MT 383 installed at a distance of several decimeters from the node friction was used. Computer processing of data was carried out by the program Audasity 2.0.4. As an additional informative channel the automated computer-based construction of loop contact hysteresis in coordinates: the displacement of the driven counterbody – tangential force was used. The latter was measured respectively by means of an inductive sensor of micromovements and the bridge of strain gages on the beam.

Acoustography were pre-recorded in the idle operation mode of unit – with an almost vertical position of the guides of the actuator. Then, in their horizontal position the starting clamp of connections were installed and the test in the mode of fretting was carried out: from initial ageing process to the violation of the integrity of the connection, expressed in the qualitative change of the amplitude level and the spectral composition of the acoustic signal.

Fig. 3 shows acoustography recorded for one minute each in the development of the testing process. They give a general idea about the process of fretting. Low-frequency instability typical for the initial stage of ageing (Fig. 3A) is significantly reduced to approximately 1·105 cycles of the oscillations (Fig. 3b), being replaced by a longer period of optimal operation of the connection (≈5·105 cycles Fig. 3b).
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Fig. 3. Acoustography of operating noise recorded on 1-st (a), 15-th (b), 55-th (c) and 88-th minutes (d) of testing. The horizontal axis shows time in minutes and seconds, vertical axis is the signal level in decibels

Severe violation of the integrity of the connection occurs in around the 88th minute of the test (≈5,3.105 cycles – Fig. 3G). The corresponding hysteresis loop (Fig.4) are more similar and less informative. However, at the final stage (Fig. 4G) the enhancement of high frequency component signals, followed by the reduction of tangential effort on the driven counterbody, and decrease in the amplitude of its oscillations, indicating the slippage in the contact is noticeable.
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Fig. 4. The contact hysteresis loop, built for the 1st (a), 15th (b), 55th (c) and 88th minutes (d) of testing.

Of greatest interest in this case, are the Fourier spectra of the above acoustography – Fig. 5. They are dominated by two main pump frequency disturbances, 50 Hz and 100 Hz and their harmonics arising from the nonlinearity in a dynamic system and a corresponding disharmony of vibrations. These harmonics at the initial stage of ageing (Fig. 5a) form a well-defined direct energy cascade towards high frequencies with the maximum at frequencies of 1-5 kHz.

The occurrence of this maximum is due to quasi-normal contact vibrations induced by the processes of microplastic deformations at the stage of ageing. The other – the reverse energy cascade is directed from the pumping modes in the low frequency nearby infrasound region of the spectrum (Fig. 5a). Its origin is connected with guided slow angular movements of the guides of the actuator, which has a direct impact on the rapid vibromovements of the leading sample of friction and, consequently, on the processes of contact interaction in the zone of fretting.

This kind of low-frequency auto-modulation of the friction process is often at the expense of cyclical damage accumulation and separation of wear particles [6]. In this case, such cyclicity is a consequence, not the cause of auto-modulation arising from the activation of the available degrees of freedom and backward linkages in the overall dynamic system of friction. Thus, the friction acts as a global (system-wide) but not just local (mesophysical) process.
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Fig. 5. Fourier spectra of acoustic emission signals recorded on the 1st (a), 15th (b), 55th (c) and 88th (d) minutes of testing.

CONCLUSIONS
Thus, the use of a publicly available sound recording equipment and standard computer software allows, at least with respect to low-noise experimental units, to carry out contactless acoustic control of the integrity of nominally stationary friction joints under conditions of fretting. Violation of the integrity of such joints is recorded both as a change in the overall shape of acoustogram of operating noise, and (more reliably) as typical changes in the spectrum of sound, with a strong mid-frequency components of the spectrum caused by arising from the contact gaps.

Low frequency auto-modulation of the friction process, which is manifested in the spectrum of the acoustic emission is a consequence of the dynamic targeting slow angular motion in the system of friction. It is mistakable to ascribe such auto-modulation directly to cyclical damage accumulation and separation of wear particles.
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ТРИБОАКУСТИЧЕСКИЙ АНАЛИЗ ПРОЦЕССОВ ДИНАМИЧЕСКОГО ТРЕНИЯ
Аннотация. Приведены экспериментальные результаты трибоакустического контроля в реальном масштабе времени целостности номинально-неподвижного фрикционного соединения в условиях фреттинга. Нарушение целостности в результате износа трибосопряжения надежно фиксируется как по общему изменению формы акустограмм рабочего шума, так и по спектру шума – появлению сильных среднечастотных мод контактного зазора. Отмечено возникновение двух противоположно направленных волновых энергетических каскадов в режимах фреттинга: прямого каскада от мод накачки в сторону высоких частот и обратного – в сторону низких инфразвуковых частот. Первый связан с микропластическими деформациями в зонах фактического контакта, второй – с динамическим наведением медленных угловых движений в системе трения.
Для исследований использовалась установка  по испытаниям на фреттинг, не содержащая вращающихся элементов, создающих повышенный уровень контактного шума. Показано, что использование общедоступного звукозаписывающего оборудования и стандартного компьютерного обеспечения позволяет применительно к малошумящим экспериментальным установкам, проводить бесконтактный акустический контроль целостности номинально-неподвижных фрикционных соединений в условиях фреттинга. Установлено. что низкочастотная автомодуляция процесса трения, проявляющаяся в спектре акустической эмиссии, есть следствием динамического наведения медленных угловых движений в системе трения.
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