DEPENDENCE ANALYSIS OF THE MEAN ARITHMETIC DEVIATION OF THE PROFILE AND CUTTING TIME FOR TURNING BY THE 2nd POWER POLYNOMIAL
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In the paper gives analysis of approximation dependence of the mean arithmetic deviation of the profile and cutting time for turning hardened steel by means of ceramic cutting tools by the 2nd power polynomial. Correlation coefficient for given example of experimental researching is R=0,93917 and mean relative error of experiment is 
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Functional dependence of mean arithmetic deviation of the profile Ra and cutting time t could be mathematical represent by equation:
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For testing parameter Ra the method of roughness measuring is used, with the aim to consolidate the dependence regression (mathematical) between mean arithmetic deviation of the profile Ra and cutting time t in shape the 2nd power polynomial, i.e. quadratic regression:
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The experiment has been realized in the production conditions of the Industry "14. October" in Kruševac under the following conditions (3-6, 8(:

· operation:  external finished turning,

· material:  steel C.1730 (according to JUS standard) or C60 (according to DIN standard) or En9 (according to BS standard), which characteristics are: Rm=800-950 (N/mm2( and 230-270 HB,

· machine for turning:  CNC lathe MD10S from the firm Max Muller,

· cutting tools:  tool holder CCLNL2525M16 and the indexable inserts CNGN160812T02020 made of mixed ceramic SH20F from the firm SPK-Feldmuhle,

· nose radius:  r=1,2 (mm(,

· elements of the cutting regime:  a=0,25 (mm(, s=0,08 (mm/rev( and v=600 (m/min( and

· processing without cooling or lubrication means.

The review of measured values of mean arithmetic deviation of the profile Ra in ((m( depended to cutting time t in (min(, for finished turning of steel C60 with cutting tool from mixed ceramic, is given in the table 1 (4, 5, 8(.

Table 1 - The table review of measured values of Ra depended to t for turning in the steel C60 by mixed ceramic cutting tools

	No. of

exper.
	t (min(
	Ra ((m(
	No. of

exper.
	t (min(
	Ra ((m(

	1.
	0,00
	0,34
	15.
	8,25
	0,81

	2.
	0,75
	0,42
	16.
	9,00
	0,82

	3.
	1,25
	0,48
	17.
	9,75
	0,84

	4.
	1,75
	0,52
	18.
	10,50
	0,82

	5.
	2,50
	0,65
	19.
	11,00
	0,86

	6.
	3,00
	0,71
	20.
	12,00
	0,88

	7.
	3,25
	0,75
	21.
	12,50
	0,88

	8.
	4,00
	0,78
	22.
	13,25
	0,90

	9.
	4,50
	0,72
	23.
	14,00
	0,90

	10.
	5,25
	0,70
	24.
	14,75
	0,91

	11.
	5,75
	0,73
	25.
	15,50
	0,92

	12.
	6,50
	0,72
	26.
	16,50
	0,95

	13.
	7,00
	0,76
	27.
	17,00
	0,98

	14.
	7,75
	0,78
	28.
	18,00
	1,05


Application for equation (2), which represent curve line, method of the least squares, can be determinate of parameters of quadrate regression b0, b1 and b2.

The best shape of the approximate curve (2) omnibus of the experimental points with coordinates (t, Ra) is that one for which the score  of the square variation of regression, apropos the score of the evasion square ordinate, has minimal value:
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(3)
With the partial differentiate of the function S2, equation (3), measured with the parameters b0, b1 and b2 and to equal those partial perorate with the zero we can get the system of linear algebra equation for determination of the parameters b0, b1 and b2:
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(4)

The systems solution of the linear algebra equations (4) can be realized by inversion of the matrix. In general case the normal system equations (4) can be expressed in the following matrix shape:
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(5)

or shorter in the shape of the matrix equation:
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Parameter calculation of the quadrate regression value b0, b1 and b2 is realized in the matrix shape by matrix equation. 
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Parameter calculation b0, b1 and b2 of the quadrate regression for the mentioned example is consisted in the solving of the normal system equation (5) with the following shape:
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(8)
on the base of which is:  b0=0,45878; b1=0,05505 and b2=-0,00152.

From that point the equation of the quadrate regression has the shape:
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(9)
The index of the curved correlation R, to  (2-6, 8(, is:
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The analogous table value Rt for the result of significance coefficient correlation, for the level of significance  (=5 ((( and the freedom level number r=28-3=25, by the table in the book (5(, is:
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Because it is:
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there is the base that the hypothesis about significance of the curved correlation index acceptation, i.e. the correlation curved index R is significant (important), on R- test base, for the significant level (=5 ((( (assumed quadrate regression (9) is good at representation of experimental data).

Calculate value Fr for marking of adequancy of regression equation, (2-6, 8(, is:
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(13)
The analogues table value Ft for the result of adequate regression equation, for the level of adequate regression equation, for the level of significance (=5 ((( and freedom scale number:  r1=1 and  r2=28-3=25, by the table in the book (5(, is:
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Because it is:
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there is the base that the hypothesis of adequate regression equation acceptation, i.e. hypothesis about quadrate regression (9) is adequate (consistent) with the experimental data, on the  F-test, base, for the significance  (=5 ((( (assumed quadrate regression (9) is good at representing of experimental data).

The same conclusion is derived and on the base of the significance index  the result of the curled correlation, in equation (12).

The dependence between mean arithmetical deviation of the profile Ra and cutting time t is shown on the figure 1.
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Fig. 1. Graphic review of experimental data and calculated values of dependence Ra=f(t)
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