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ilway wheels are a responsible, heavily loaded element of rolling stock. Reliability and
ty of operation largely depend on them. When organizing heavy traffic by rail, their
working conditions are becoming more and more difficult [1-4].

The rolling surface profile, as defined by the relevant standard, has a significant impact
on the reliability and durability of the wheels. The GOST 10791-2011 specification imposes
strict requirements on the dimensional accuracy of railway wheels and the roughness of their
surfaces, which can only be achieved through machining with specific features. These
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features include fluctuations in the machining allowance due to both the unique
characteristics of the wheel profile and wear during operation. Additionally, there are
significant variations in the hardness of the machined material, depending on the carbon
content in the melt and the characteristics of the workpiece production process, the presence
of defects in the rolling surface. All this negatively affects the cutting conditions during wheel
turning during repair, and, as a result, reduces the durability of the cutting tool and increases
the processing time [5-7]. Reducing the durability of the tool leads, in turn, to an increg

time for tool replacement increases. Because of this, the performance of restoring
surface of the wheels is reduced.

The main criterion for the machinability of any materials is the cuttin,
the cutting tool with a certain resistance and other constant parameters.

of the cutting tool.

It is known that the mechanical and physical propertie
in the machine-tool-part system during the cutting pr
conditions only changes the nature of the oscillati
individual frequency components [6-8]. In [9
frequency there are some critical amplitude values; exceeding whitgh leads to a sharp decrease
in tool durability. The higher the oscillation fi
values. The values of the critical oscillati

ing the processing
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: of the durability of the cutting tool on the amplitude of
frequency range from 150 to 3000 Hz is determined by the formula [10]:
T=0:-A™m e "4,

vi

This dependence is the result of the influence of two opposite factors: a decrease and an
ease in tool wear at different vibration intensities. For example, the cutting force and
friction in the cutting area decrease with increasing vibrations. But at the same time,
vibrations of the cutting tool lead to fatigue destruction of its cutting edges.

Such a dependence T = f(A) means that for each specific technological process there is
a certain optimal (by the criterion of durability) oscillation amplitude, at which the greatest
tool durability takes place.

Based on this, it can be said that the management of dynamic processes that occur during
the turning of railway wheels is an urgent task.
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The purpose of this work is to develop a methodology for controlling dynamic processes
in restoring the profile of the rolling surface of railway wheels by controlling vibrations of
the machine-tool-part (MTP) system.

2 Materials and methods

A fractal dimension was used to determine the relationship between the vibration

vibrations. There are several methods for determining fractal dimension.
normalized span method was used, which is based on the definition of th
The fractal dimension:
D=2-H,

where H — the Hurst index. It is defined from the expression:
R(7)/S(0)~7",

where R — the magnitude;
S — the standard deviation:

S() =

T — is the value of the time interval.

Figure 1 shows an example of determining th ion in coordinates R/S(t).

The curve is plotted on a double log ic scale, a linear approximation is
performed. The Hurst exponent is the he angle of inclination of the resulting
straight line.
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of the definition of fractal dimension

imately, the Hurst index can be determined by the least squares method using the

In(%) =In() + H - Inn),
here ¢ is a measure of correlation;

n is the number of observations.

The dependence of the fractal dimension on the cutting depth, feed and cutting speed is
expressed by a formula like:

D(t,S,V) =Cp-t*> -SYD - %D, (1

where Cj, — is a constant coefficient;

Xp,Vp, Zp- indicators of the degree of influence of cutting depth, feed and cutting speed
on the fractal dimension.
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To obtain this dependence, the method of a complete factorial experiment [13-15] was
used, the basis of which is regression analysis, which allows translating a power function of
a polynomial of the form

y=b0+b1'X1+b2'X2+b3'X3 (2)

with regression coefficients bo, b1, b, b3,
where X;, X,, X3 — factors converted to dimensionless variables:

_ 2:(Int-Intmayx)

= 1:
1 Intmax—Intmin L
2:(InS—-1InsS
5 — ( max) + 1;
In Spax—1InSpin
2:(Inv-1InVy,
3 = ( ‘max) + 1

 InVinax—InViin

InD =5;, lnCD = bo, Xp = bl'yD = bleD = b3.

Table 2 shows the lower and upper levels of factors variation.

Table 2. Factor values and v;

Unit of
Parameters
measurement upper
t mm 5
S mm/r 1,3
V rpm 12,8
The half-difference betwg he upper and lower levels of factors is taken

is taken as a unit of cutting depth, (In1,3 —
—1In9,6)/2. Thus, the depth, feed and speed
nto accepted units.

In0,7)/2 is taken as a u
of the rubber are co

by = (X Xoi " ¥:)/N;

X1 ¥)/N; 4)
b, = X X2 " ) /N;
by = (X X3 y)/N,

riment was planned according to the rule of the "Italian cube" (Fig. 2). The
vertices of the cube are the cutting modes used in the experiment.

As a result, we get an expression of the form
InD=InCp+xp-Int+y,-InS+2z,-InV,

having tested which, we obtain the equation (1).
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Fig. 2. Research plan according to the "Italian cube"

3 Results

ed to measure vibrations
es in the presence of defects
of the cutting mode parameters
(cutting depth, feed and speed) were set A the largest and the smallest (Table

To determine the fractal dimension, an exper1m
occurrlng during the turmng of wheelsctpin

Wheels of GOST 1079, rith and without skating surface defects were

12 was used for turning. A tangential plate
a harg hs 'K S-35 brand was used as a cutting tool.

A two-channel 4% oration analyzer KON.TEST C9000 with CTC AC102-1A

plezoelectrlc vibifi as used to measure vibrations (Fig. 2). The vibration sensor

=
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=
=
-

Fig. 2. Vibration analyzer KON.TEST C9000 with CTC AC102-1A vibration sensors

The calculation results are shown in Table 3.
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Table 3. The experimental plan and the results of the fractal dimension calculation

. Xo Xi X, X; The average value of
Experience
number d d t, d S, d y the fractal
code | code | - | code | | code | Ipm dimension D
1 + + 5 - 0,7 - 9,6 1,42065
2 + + 5 + 1,3 - 9,6 1,44905
3 + - 4 - 0,7 - 9,6
4 + - 4 + 1,3 - 9,6
5 + + 5 - 0,7 + 12,8
6 + + 5 + 1,3 + 12,8
7 + R 4 - 0,7 + 12,8
3 + - 4 + 1,3 + 12,8

Substituting the experimental results into formulas (4), we o

bo=0,3313;

b1 = - 0,00156;
by =-0,01439;
b3 =-0,00724.

Then the equation of the model (2) will be wri

y\:b0+b1'X1+b2'X2+b3'X3:0,
0,00724 -

To obtain equation (1) in the natural Bthe factors, it is necessary to substitute their
values from the conversion formulas (3) , X3 and then perform potentiation:

+ 1) —0,01439 - (M + 1) -

In1,3-In0,7

0,01398-Int + 0,02094 — 0,04649 -

was assessed using the Cochran criterion. In this case, the variance at
e experiment was calculated:

2 Y qi — )2
‘ n—-1 '

where 7 is number of measurements;

¥qi — the result obtained in the relevant experience;

y; — the average value of the response at a point in the matrix.

The Cochran criterion is the ratio of the largest variance obtained in experiments to the

sum of the variances of all experiments:
__ SZax _ 0,0159
G= sNs2 ™ 0,0655
17 ’

= 0,2428.
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The critical value of the Cochran criterion for the 5% significance level is G = 0,2926.
The hypothesis of uniformity of variance is accepted, since the experimental value of the
criterion does not exceed the tabular one.

The significance was checked using the Student's criterion:

_ byl
sy
where s,y — the standard deviation of the regression coefficients:
Sy = St
{p} N
where s{zy} — the variance of reproducibility.
According to the results of the calculations, it was obtained that t

Fisher criterion was used:

where s2, — the variance of adequacy;

s{zy} — the variance of reproducibility.

The variance of the adequacy s2, is called t
number of degrees of freedom f;:

experiment;

f1 —1s the number o
experiments and t
independently of

calculated from the results of experiments

fi=N—-(k+1),

alculated coefficients.
is compared with the tabular one. If F < Fy4,;,, then the model
ction. In our case, the tabular value of the criterion Figp, =

Analyzing the results obtained, the following conclusions can be drawn:
1. Optimal cutting conditions, which ensure a given level of wheel surface finish in the
est possible time, yield the highest possible fractal dimension..

2. The presence of defects in railway wheels, such as sliders, bumps, dents, leads to a
decrease in fractal dimension.

3. Vibration monitoring during the process of wheelset turning allows for automatic
adjustment of cutting parameters to ensure a desired level of quality of the wheel's rolling
surface and the required longevity of the cutting tool.
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