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1. Introduction
A roughness of the surface after superfinishing and sharpening is 
one of the most important achieved parameters. A roughness has its 
own parameters also and the most widely used, and therefore the 
most important is the arithmetic mean deviation of the profile of the 
finished surface, i. e., the parameter Ra.

In the superfinishing the surface morphology and hence the parameter 
Ra are influenced especially by the time of the superfinishing tr, the 
pressure of the instrument (a superfinishing stone) on the workpiece ps 
and the speed ratio g (the ratio of the speed of an oscillating motion 
of the superfinishing tool to the peripheral speed of the workpiece). 
The granularity of the superfinishing stone we neglect, because if the 
process of the superfinishing is divided into roughing and finishing, 
the formula for the both cases would have to be derived. However, 
if we focus on the continuous superfinishing (the workpiece passes 
under roughing and finishing stones on one track) only one equation 
is set for the calculation of Ra with the respect to the granularity of 
roughing and finishing stones.

In the sharpening the parameter Ra is influenced mainly by 
the time of sharpening tr and by the pressure of the tool on the 
workpiece ps. 

2. The source equations for the determination
of the parameter Ra.
Actually the time decrease of the roughness is a negative first 
derivation of the parameter Ra according to the time of superfinishing 
– [Lipa 2008] [Skocovsky 1977]. This time decrease of the roughness 
parameter Ra may be proportional to the roughness itself, which is 
determined by the parameter Ra and so

 
(1)

The solution of the differential equation [Liska  , 2009] (1) is
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Theoretical determination of surface roughness Ra parameter for 
methods of machining tool with undefined geometry is complex. Paper 
presents an analysis of possible relationships to calculate the roughness 
parameters Ra finishing with rotating parts. Based on the selection of 
variables involved, wanted variables and factors to establish differential 
equation. The equation contains in addition of the factors also the 
constant, which must be established experimentally. For this case, it is 
appropriate to use the method of planned experiment, which would be 
extended to a new method for determining of various mathematical 
relations for Ra. The presented methodology can be applied to the 
determination of Ra with other methods of finishing machining, 

especially with the grinding.

(2)

where a is the proportionality constant, C is the integration constant, 
CRa (CRa= is the constant having a value of the initial roughness in 
superfinishing (at tr=0) Rap. The equation (2) is replaced by

(3)

If we will consider that the time of superfinishing is also proportional 
to the decrease of the roughness parameter Ra [Siketova 2009] 
[Trent 1979], we get the basic equation 

(4)

after the substitution of k1, k2 by proportionality constants a1, a2, we 
get the equation

(5)

where CRa, a1, a2 are constants. Based on the fact that the pressure 
increase and the increase of the speed ratio will be partially 
proportional to the decrease of roughness, one can write differential 
equation in the form

(6)

By the following modification one gets

(7)

The relevant differential equation for our searching factors will be 
in the form

(8)

Its subsequent modification is the equation for the roughness Ra

(9)

Last equation is dimensionally non-homogeneous, but after the 
completion of etalon variables which are in the center of the schedule 
of the experiment plan [Lipa 2012], we

(10)

where tro, pso, go are etalon variables.

The equations (9) and (10) have the disadvantage that they are 
not valid for the initial conditions tr=0, ps=0, g=0. Therefore for 
the determination of the roughness parameter Ra, the differential 
equation of the increase is used 

(11)

where Rap is the input value of Ra before superfinishing, Ram is the 
limit value of Ra achievable by superfinishing and a is constant. This 
equation one can extend to the following form

(12)

where b, c are constants.



3. Methodology of the original schedule 
of the experiment for the determination of constants 
for different fundamental equations for Ra.
The methodology concerns for the schedule of the linear model

(13)

The quadratic dependences one can change to linear models by 
the transformations. For the transformation of the linear model to 
required formulae, we again use the transformation equations. 
These equations we substitute into the linear model (13).

Transformation No.1

(14)

one can get the exponential formula

(15)

Transformation No.2

(16)

one can get the power equation

(17)

Transformation No.3

(18)

one can get

(19)

Transformation No.4

(20)

one can get

(21)

Transformation No.5

(22)

one can get logarithmic equation

(23)

Transformation No.6

(24)

one can get

(25)

Transformation No.7

(26)

one can get

(27)

Transformation No.8

(28)

one can get

(29)

Transformation No.9 – in the case, that the angle of a rotation of 
the workpiece is equivalent to the involved quantities

(30)

one can get

(31)

Transformation No.10

(32)

one can get

(33)

The searched quantity:

The factors: 

For the help with the calculations in the planned experiment the 
coded factors are used in the basic equations.

(34)

Rationalized basic equations contain besides the coded factors also 
the etalon values   from the center of the experiment plan (z10, z20, z30)

(35)

For obtaining of further coded factors we use the transformation 
equations. The example of the obtaining of coded factors using 
transformation equations (16) is as follows

(36)

If we want the dimensional homogeneous equations, we must 
rationalize the coded factors according to the equations (35).

For the resulting equation of the parameter Ra we need to use 
regression equation in the form

(37)

where are regression coeficients, are etalon factors.

After achievement of the coded factors we can compile the relevant 
table with the help of planning of experiments. On the basis of 
three factors we choose three-factor experiment with the number of 
observations N=8. For each factor we choose the lower level Z1 min, 
Z2 min, Z3 min, the upper level Z1 max, Z2 max, Z3 max, and for the rationalized 
equations or for the testing j the medium level Z10, Z20, Z30. The table 
has the form 
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After the filling Table 1, we calculate column totals in required 
columns and we calculate the regression coefficients according the 
formula

(38)

Into the regression equation (37) we substitute regression coefficients 
and coded factors according to equation (34). By its following 
treatment we get the desired equation.

Conclusion
The evaluation of experimental data, it is sometimes very difficult. 
In search of mathematical formulas depending on the wanted 
values   of input factors used linear model. Often it is not possible 
to use directly. Therefore, it is necessary to make a non-linear 
transformation of the linear model. 

This article analyzes the possible shapes of equations for the mean 
arithmetic deviation of profile surface roughness in superfinishing a 
number of new relationships for surface roughness parameter Ra. 
These were created by applying various transformations. It can be 
used for experimental determination of mathematical formulas to 
calculate the surface roughness Ra parameter, using the theoretical 
background and method of experiment planning.

The article brings original (unpublished) results. The methodology 
was designed for superfinishing technology. However, it can be easily 
applied to determine the mathematical relationship of parameter Ra 
input factors for other machining technology. It is also possible to apply 
the methodology for determining the mathematical dependence of 
cutting force, cutting temperature and other parameters of the input 
factors in a variety of machining.
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 Table 1. Three-factor experiment – first part, second part and third part
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