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Abstract: The method of determination of instantaneous values of signal with any harmonic composition based on decomposition in the row of Fur'e is presented. Using the indicated method the estimation of harmonic composition and no sinusoidal coefficient for signal at measuring of the cutting process parameters is executed.
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The improvement of operation methods based on mathematical modeling of their functioning is perspective directions for increasing efficiency of modern machining systems. At the present time mathematical modeling of processes and systems mechanics is quite common [1]. In this connection there is nesessity to improve both experimental and theoretical methods for studying them.

The use of modern systems of machining a measuring systems with analog-digital converters expands significantly the possibilities of research parameters of the cutting process. Mathematical apparatus for signal analysis is very extensive and widely used in practice.

In paper [2] problems of the effect of cutting electromotive force (EMF) on the machined surface roughness are solved on the basis of correlation and spectral analysis. In paper [3] a method for determining the harmonic content of signals (voltages and currents) that arise when measuring the forces and cutting temperature in steady state and transient conditions is proposed. 
However, in the presented method of signal processing arising during the measurement of electromotive force, force and cutting temperature, insufficient attention is paid to the possibility of comparative analysis of their harmonic chemical composition depending on the conditions of machining. It is of interest the further development of this technique for various conditions of the cutting system operation.

The aim of the paper is to study the patterns of change in harmonic composition of the EMF, depending on the depreciation of the cutting tool in the course of the cutting process.
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The main parameter of the cutting process investigated in this work – cutting force, cutting temperatures, еlectro--motive force EMF represented in the form of the oscillograms obtained during operation of the CNC turning lathes of the type 16K20Ф3 using the strain gauge amplifier TA-5, strain gauges and an analog-digital converter of the model ADC-16 (fig.1). 
Experimental conditions: processing of material - steel 45; tool material T5K10; turning diameter d = 45mm; processing modes: the depth of cut t = 1mm, feed S = 0.4mm/ob, cutting speed V = 80m/min, the rotational speed n = 200 s -1. Measurement of depriciation was carried out with a magnifying glass to press Brinell.

For each of the registered values of depriciations waveforms Еэкпс were measured. They are shown in Fig. 1.

The initial emf is represented as Fourier series:
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where Ао - constant component, 
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 - ratios defined as the average values of n variables selected discretly within an interval:
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 - peak value and the initial phase of the k-th harmonic EMF; 
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On the offered algorithm the program allowing to decompose the initial curve of current (tensions) in Fourier with the different quantity of harmonic and to expect  the coefficient of anharmonicity, estimating the degree of influencing separate harmonic on a resulting signal is developed. Results of calculation of resulting tension иРΣ, the initial values of tensions иР and permanent constituent АОР at measuring of cutting forces are presented on the fig. 2a. of calculation of resulting tension иРΣ, the initial values of tensions иР and permanent constituent АОР at measuring of cutting forces are presented on the fig. 2a. Results of calculation of resulting tension иТΣ at measuring of cutting temperatures and the initial values of tensions иТ and permanent constituent АОТ are presented on a fig. 2b.

Comparison of tensions of initial oscillograms иР and иТ of the cutting forces and temperatures with the results of calculations (Fig. 2) testifies to the good enough coincidence (an error does not exceed 5%) that confirms adequacy of calculations and experiment and possibility of the use of the offered calculation method in practice.
Harmonic composition of the initial oscillations obtained as a result of decomposition in Fourier series - Етеор also presented in Fig. 3.
[image: image15.emf]In accordance with the given methodology the program allowing to decompose the original curve of EMF in a Fourier series with different number of harmonics is developed. The adequacy of the proposed method is evaluated by the degree of coincidence of the original waveform with the resultant curve obtained by the sum of harmonic components. 

As a result of analysis of regularities of the change of depriciation on the rear surface of the cutting tools blade for the given conditions a linear behavior of the depriciation change in time in the investigated range of parameters: hтеор = 0,05 0,015t.

Comparison of the initial EMF waveforms Eekspi obtained by measurement with theoretically calculated Eteori represented in Fig. 3, shows rather good their coincidence (error less than 10%). 

It confirms the adequacy of the calculations and experiment, and the possibility of using the proposed method of calculation in practice. 

Coefficient of anharmonicity КН:
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where IHOM - effective value of EMF; Ik - EMF of k-th harmonic.

The results of the calculation of the anharmonicity coefficient КН both according to the permanent components and according to the structure of the harmonic series and the degree of influence on the resulting signal does not allow to confirm their similarities or differences.

For a comparative analysis of the structure of the harmonic series in the present paper, we propose to introduce a relative ratio nonsinusoidality КН. which is the ratio of the estimated coefficient of anharmonicity КН to the coefficient taken as a basis for comparison КНбаз: 
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The curve of relative anharmonicity coefficients for the variants of treatment withing the range of the tool depreciation change are shown in Fig. 4. As a basis for comparison the variant of tool treatment with practically undepreciated shear - h0 = 0,05 mm. 
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It is defined that for the highest experimental values of depreciations (h5 = 0,5 mm) the value of the relative anharmonicity ratio Ko5 is significantly higher than the rest ones for the 13-harmonic. In accordance with the proposed method of Fourier series decomposition (1) we can define the parameters of the harmonic: peak value Imk and the initial phase φk of EMF of the 13th-harmonic - Im13 = 0,096 mV, φ13 = -1,176 (coefficients B13 = 0,037 and C13 = -0,088). 

Thus, on the basis of the proposed relative anharmonicity coefficient Ко. we can do comparative analysis of the harmonic series structure of the parameters of the cutting process under different conditions of treatment. 

In the case of significant differences under treatment conditions the values of the anharmonicity coefficients allow us to estimate differences in the structure of the harmonic series, to select the harmonic affecting the resulting signal at most. 

ConclusionS
On the basis of the proposed relative anharmonicity coefficient a comparative evaluation of harmonic composition of the cutting EMF for different treatment variants is given. Regularities of EMF harmonic composition change as a function of cutting tool depreciation in the prosess of cutting are investigated. The proposed method can be widely used for studies and mathematical description of the signals obtained with the help of real oscillograph recordings when measuring the parameters of the cutting process under various conditions of processing, as well as modeling and control of machining processes in general.
References: 1. Струтинській В.Б. Математичне моделювання процесів та систем механіки. Житомир: ЖІТІ, 2001. – 612с. 2. Матвиенко А.В., Феник Л.Н. К вопросу о влиянии ЭДС резания на шероховатость обработанной поверхности // Прогрессивные технологии и системы машиностроения. - Донецк: ДонНТУ, 2006. - Вып. 32. - С.74-77. 3. Смирнова М.А., Матвиенко А.В., Ивченко Т.Г. Применение методики определения гармонического состава сигналов при анализе параметров процесса резания // Надійність інструменту та оптимізація технологічних систем. Вип.21. – Краматорськ: ДДМА, 2007.- С.312-318. 



Fig. 4. Graphs of relative coefficients of � HYPERLINK "http://www.multitran.ru/c/m.exe?t=1391667_1_2" �anharmonicity� for the variants of treatment with the different wears of instrument
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Fig. 3. Initial oscillograms EMF - Еэксп and 


their harmonic composition on results decomposition in the row of Fourier – Етеор for the variants of treatment with the different wears of instrument
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Fig. 1. Initial oscillograms of cutting force uP - a) and of cutting temperatures uТ - b)
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Fig. 2. Graphs of initial tension иР and calculation resulting tension иРΣ at measuring of cutting forces – a) and also initial tension of the иТ cutting and calculation resulting tension иΣТ at measuring of temperatures – b) in the period of t from 0 to 3s
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