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The article presents the possibilities of using wavelet transform and fast Fourier analysis (FFT) to eval-
uate the signal collected during roughness measurement. During the tests, high-density polyethylene
was turned using variable cutting parameters. During cutting, the tool feed was changed to obtain rough-
ness structures of different types and with varying degrees of anisotropy. The measured roughness pro-
files were filtered with Daubechies 6 (db6), Morlet and "Mexican Hat" wavelets and examined using
Fourier analysis. The research cartied out shows how the machining conditions affect the surface features
and the stability of the cutting process under variable machining parameters for high molecular weight
polymers. The effectiveness of the continuous wavelet transform (CWT) in detecting the nature of dis-
turbances in the generated roughness signal is also presented. In addition, the operation of the wavelet
transform was supplemented with data obtained from Fourier analysis, in order to identify the locations

of these disturbances.
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1 Introduction

Today, machining remains a fundamental manu-
facturing technology in the industry. The possibilities
of machining, its versatility and its accessibility make
it the first among other manufacturing technologies.
The rapid development of the automation of machin-
ing processes that is currently being observed will en-
sure that these processes will continue to be a leading
manufacturing technique in the near and perhaps even
further future. Current industrial trends requiting
maximum production flexibility from manufacturers,
the development of Industry 4.0 and many other fac-
tors mean that machining is and will continue to be
the main choice among manufacturing techniques
[1,2].

The implementation of each technological process
forces technologists to control its effects. In the case
of machining processes, one of the most frequently
measured and evaluated characteristics of the surface
of machined parts, along with waviness, is its rough-
ness. Measurement of the geometric structures of the
surface allows to assess the quality of the obtained sur-
face, as well as to classify it for further machining or
consider it as a finished product.

Although modern measurement systems provide
the user with great opportunities to analyse the ob-
tained results, these results are usually affected by er-
rors caused by the measurement method itself or the
measurement conditions. Filtering tools are used for
surface analysis to remove anomalies generated during

measurement or to separate the measured signal into
its components. The most commonly used in surface
layer condition measurements is the Gaussian filter.
The Gaussian filter is relatively easy to use, described
in detail and standardised, and likely to be available in
all devices for analysing surface geometric structures.
It is calculated on the basis of the Foutier transform,
which is a basic tool for signal analysis and processing.
Both of these tools work well for filtering stationary
signals or general filtration. However, in the case of
non-stationary signals or when we want to filter out
specific components or analyse the results in terms of
specific properties, they lose their importance. In such
cases, the possibility of using the wavelet transform
should be considered - a tool that allows an infinite
number of wavelets to be applied to the signal analysis,
giving an infinite number of possibilities for analysing
the measured signals.

2 Polymers and their machining conditions

Polymers have many advantages. The most im-
portant are: low density, good specific strength, re-
sistance to active environments and unfavourable at-
mospheric factors, temperature stability, thermal and
electrical properties, ease of shaping finished products
on a very large scale, in relatively simple technological
processes. However, the main disadvantages of poly-
mer materials include low creep resistance, a small op-
erating temperature range, and the problematic pro-
cess of recovery and reprocessing polymer materials.
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Plastics are being developed intensively. New addi-
tives are being introduced, manufacturing processes
are being modified and processing and final product
technologies are being improved. This is one of the
reasons why these materials are profitable to use in
large-scale and mass production [3].

Plastic material machining is significantly different
from metal machining. Polymers are characterised by
low temperature resistance, low thermal conductivity,
low elasticity modulus and low density and hardness
compared to metal alloys. However, this does not con-
stitute an obstacle to the effective machining of these
materials. However, these are not common processes
because plastics ate easily shaped using other technol-
ogies intended for polymer materials, such as injection
or extrusion. In any case, the problems that arise dut-
ing their production using plastic processing methods
lead scientists to address the question of the profita-
bility of using these methods. A comprehensive anal-
ysis of the costs of producing complex-shaped plastic
elements for various variants of the manufacturing
process is shown in [4]. It can be concluded that ma-
chining of plastics seems justified, for example, in the
case of unit and small-batch production, if high di-
mensional and shape accuracy are required from the
products. The selection of processing conditions for
plastics is also ambigous. Therefore, work [5] presents
the optimisation of laser cutting parameters for pure
and modified polypropylene. Articles [6,7] propose
the use of the Taguchi method to optimise polyeth-
ylene turning conditions, and the work [8] shows the
impact of the machining conditions on the condition
of the surface layer of high modulus polyethylene
(HMPE).

Due to the differences mentioned above between
polymers and metals, the machining of these materials
can also be carried out even on machines with low
power and low spindle torque. High-speed steel and
sintered carbide will work well as tool materials. When
polymeric materials are turned, positive geometry in-
serts will be more suitable, as they generate less cutting
resistance and separate the workpiece material more
easily. Despite the existence of general recommenda-
tions for machining plastics, the problems that arise
when selecting optimal conditions for machining plas-
tics are still very widely described. In the work
[9,10,11], the possibility of selecting the best cutting
conditions for plastics was presented with a particular
emphasis on plastics from the polymer group.

The popularity of plastics machining is related not
only to the issue of selecting cutting parameters but
also to the influence of temperature on the process
and the quality of the obtained surfaces. The work [12]
describes the processing of polyethylene pipes and the
influence of the conditions under which it is processed
on the temperature in the cutting zone and the surface

quality obtained. The article [13] shows the possibili-
ties of optimising the drilling temperature when drill-
ing holes in high-density polymers - ordinary and with
a reinforcement phase. However, in [14], the influence
of ionising beta radiation on the general thermal prop-
erties of thermoplastic materials (flammability index
and ignition temperature) was discussed.

An important issue that should be considered
when machining construction materials is the impact
of forces on the quality of the machined surface. Work
[15] deals with the influence of these factors on the
surface conditions of steel and brass alloys and ele-
ments made of plastics, work [16] - aluminium alloys,
and work [17] - martensitic steels used for the produc-
tion of injection moulds for plastics. Also in the field
of plastics processing, we can also find works in which
the authors deal with the influence of forces on the
condition of the resulting surface layer. Therefore, in
[18] the use of computational techniques of FEM was
proposed to estimate the forces and mechanisms of
chip formation during polymer machining, and in the
works [19, 20] the forces and surface roughness meas-
ured during the machining of polymer composites
were presented.

3 The use of wavelets in various fields of
technology

In the literature, there are proposals to use differ-
ent wavelets for the analysis of both stationary and
non-stationary signals. The oldest of them, but also
the simplest, is the Haar wavelet. It is discontinuous,
which means that it cannot approximate continuous
smoothed functions. Furthermore, the possibility of
frequency localisation is low. This wavelet is still
found in signal descriptions due to its simplicity. Thus,
in the works [21] and [22] it was proposed to use this
wavelet to analyse the condition of the cutting tool and
its failure during finishing milling operations, as well
as to analyse the condition and optimise the operation
of drive systems. However, it is best known as a tool
for image modification, such as decomposition or
compression. These are the two most important appli-
cations of discrete wavelets [23].

The extension of the Haar wavelet is the
Daubechies wavelet family. It is characterised by com-
pactness of the carrier, a relatively simple form and an
accurate approximation of the functions. The Dbl
wavelet, i.e. first order Daubechies, corresponds to the
first known wavelet presented, i.e. the Haar wavelet.
As the order of the wavelet increases, the number of
coefficients describing it increases and it becomes
smoother, which makes it a tool often used for signal
analysis. In [24], it was used to assess the chip formed
during the turning of S45C carbon steel, while in [25]
it was used to assess the vibrations generated during
the turning.

indexced on bitp:/ [ www.webofscience.com and btip:/ | www.scopus.com

25



February 2025, 1'0l. 25, No. 1

MANUFACTURING TECHNOLOGY

ISSN 1213-2489
e-ISSN 2787-9402

Another wavelet that appears in signal analysis re-
search is the Morlet wavelet. This wavelet is continu-
ous and is characterized by a good frequency resolu-
tion. Another feature of this method, namely the lack
of a scaling function, means that it is not used for
multi-resolution analysis. However, it is an explicit
wavelet and can be presented with mathematical rela-
tionships in the time domain. The possibilities for us-
ing this wavelet were shown in [20] - as a tool to de-
scribe the state of surfaces with various structures. In
[27], it was used to assess the condition of the surface
at the junction of the reinforced material and the con-
crete, and in [28], it was used to assess the phenomena
that occur in the structure of motor vehicles during a
collision. In applications related to the condition of
the surface after abrasive machining, the Morlet wave-
let was shown to assess the condition of the honed
surface in [29].

The last wavelet that appears most often in works
on signal analysis, ,,e.g.“ to assess the condition sur-
face after turning of C45 steel with a hardness of
55HRC [30], or to assess damage to bearings operating
in an electric motor [31] - is the Mexican Hat wavelet.
This wavelet does not have a scaling function. Its ad-
vantage is a good frequency resolution. It comes from
the family of Gaussian wavelets; it is proportional to

the function that is the second derivative of the Gauss-
ian probability density.

In practice, several different wavelets can be used
simultaneously to describe the phenomena that occur
during machining processes. Thanks to this, it is pos-
sible to obtain comprehensive information about the
course of the examined process and the phenomena
that occur during it. Such an approach to the subject
of wavelet analysis in the case of high-pressure water
jet processing was shown in [32]. Most of the works
in which wavelets were used to assess machinability
and the course of the cutting process concern the as-
sessment of forces and their impact on the machining
process, which was shown for turning - in [33, 34, 35]
and milling in [36].

4 Testing conditions and selection of wave-
lets

Samples made of low-density polyethylene LDPE
were tested. The face surfaces were machined (trans-
verse, external turning) using an ISO13 thread cutter
NNGd-s. The use of such a tool, due to the small con-
tact surface and the sharp cutting edge, allows point
turning, which produces less heat in the cutting zone.
The turning of polyethylene samples was performed
on a TUR 560MN CNC universal lathe.
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Fig. 1 Changes in the shape of Danbechies wavelets with their increasing order

Turning tests on low-density polyethylene samples
were performed for various feeds f = 0.04; 0.095;
0.105; 0.135; 0.17; 0.195; 0.235; 0.375 mm.rev-!. The
depth of the cutting layer for each sample was @, = 3
mm. After turning, the samples were measured withe
the contact method using a Taylor Hobson Form
Talysurf 120L profilographometer. TalyMap Gold
software was used to process the data. The diamond
measuring needle had the shape of a cone with an
opening angle of 60° and ended with a round with a
radius of 2 um. 2D roughness profiles were extracted
for each sample. These profiles are the basis for con-
ducting research using wavelet analysis. Wavelet anal-
ysis was done in MATLAB and the Wavelet Toolbox.
It has a graphical interface that allows you to analyse
the results obtained after performing wavelet analysis.

The choice of the base wavelet should be strictly
dependent on the nature of the signal components be-

ing sought. In the case of surface analysis, as previ-
ously shown, the most common used wavelets are
Mortlet, Daubechies and Mexican Hat. These types of
mother wavelets allow for achieving high time accu-
racy. This means that they will be useful in the analysis
of impulse signals. With respect to surface roughness
measurement, it is recommended that the shape of the
mother wavelet be similar to the signal recorded by the
profilometer. Attention should be paid to the sharp-
ness and smoothing of the signal peaks and the base
wavelet [37]. For the tested material, the roughness
profiles most similar to those obtained using a normal-
ised Gaussian filter were obtained for the 6th order
Daubechies wavelet and the previously mentioned
Mexican Hat and Mortlet wavelets. Fig. 1 shows the
Daubechies wavelets arranged in ascending order and,
for comparison, the Morlet wavelet (Fig. 2) and the
Mexican Hat (Fig. 3).
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Fig. 3 Mexican Hat wavelet

5 Results and Discussion
5.1 Continuous wavelet analysis

Continuous wavelet analysis was performed for all
selected wavelet types and seven feeds were selected
to turn the sample. The characteristics of polyethylene

and its behaviour when cutting with variable machin-
ing parameters (especially with feeds selected in a wide
range) allowed the surface to be obtained with various
structural features. This made it possible to check how
selected types of wavelets respond to the vatiable na-
ture of the geometric features of the roughness. Due
to the large number of results, the paper presents the
possibilities of using selected wavelets for feeds /=
0.04; 0.095; 0.17; 0.375 mm.rev-.

The roughness profile obtained by turning with a
feed of 0.04 mm.rev! is characterised by high irregu-
larity, the directionality (characteristic of turning) is
unnoticeable, and there are no visible blade marks.
Fig. 4 shows the result of wavelet analysis using the
"Mexican Hat" wavelet. The color scale reflects the fit
of the wavelet to the profile. The zones marked in red
are the places where the wavelet and profile correla-
tion are the highest. They represent the local extremes
of the signal, where the larger the scale parameter (ver-
tical axis), the greater the decrease or increase in the
profile, and thus the more visible, i.e. global, for the
entire signal. It can be seen that the highest correlation
occurs at the place of the greatest break in the rough-
ness profile at the 360th point of the profile.

The spectrum obtained in the analysis using the
Mortlet wavelet has visible horizontal bands, which
means that the signal correlates with a wavelet of a
specific length and we can determine the frequency
components in the signal. The Morlet wavelet has the
highest correlation in places wth the largest local am-
plitudes. In Fig. 5, two bands are visible for the scale
parameters 25 and 50.
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Fig. 4 Continnous wavelet analysis using the ""Mexican Hat" wavelet for a feed of f = 0.04 mm.rev’!
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Fig. 5 Continnons wavelet analysis using the Morlet wavelet for a feed of f = 0.04 mm.rev’
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The irregularity of the profile is shown in the anal-
ysis with the 6th order Daubechies wavelet. The sec-
tions in which the correlation is the highest coincide
with the sections with the highest correlation of the
Mortlet wavelet. In the case of the Daubechies wavelet,

correlation is shown for points with a high signal gra-
dient. The band with the lowest scale parameter is vis-
ible (scale parameter equal to 10), for which the wave-
let and the signal are correlated.
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Fig. 6 Continnons wavelet analysis using Danbechies wavelet 6 for a feed of f = 0.04 mm.rev’

The profile obtained after polyethylene turning
with a feed of /= 0.095 mm.rev-! is characterised by
an increase in the degree of irregularity relative to the
sample turned with a feed of /= 0.04 mm.rev-!. When
analysing the surface roughness profile, slow changes
are observed from a strongly isotropic structure to an-
isotropicity. Since the applied feed seems to be too
small to fully justify this direction of changes, it can
result from increasingly intense periodic vibrations.
Analysing the roughness profile using a Mexican hat
wavelet reveals that this type of wavelet provides in-
formation about the extreme peaks and valleys present

in the profile. The features that appear on a profile
turned with a feed of /= 0.095 mm.rev!, including
changes in the nature of this profile, are better repro-
duced with the "Mexican Hat" wavelet than those that
appear for the profile shown in Fig. 4. This is particu-
larly related to the increase in the number of sharp
peaks on the measured structure. The best fit of the
wavelet scale to the tested profile can be seen at level
13. Such a high value of the adjusted scale parameter
may result (as mentioned eatlier) from repetitive vibra-
tions in the workpiece-tool system (Fig. 7).
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Fig. 7 Continnons wavelet analysis using the "Mexican Hat" wavelet for a feed of f = 0.095 mm.rev’!

The use of a Motlet wavelet to describe the signal,
also for the feed rate /= 0.095 mm.rev!, shows that
there is a high wavelet correlation for specific values
of the wavelet scale. The first such band is visible for
a scale parameter of 15. Points with a high wavelet-
signal correlation correspond to the extreme values on
the profile preceded by hills with steep slopes. Increas-
ing the number of such places compared to turning
with a feed of /= 0.04 mm.rev! allowed better match-
ing of the wavelet scale to the analysed signal, as
shown in Fig. 8.

The result of using a 6th order Daubechies wavelet
for the assessed profile shows an irregular and low
correlation between the wavelet and the signal along
its entire length. When analysing the profile with this
wavelet, it was possible to determine the best correla-
tions for a relatively low wavelet scale parameter of 10.
This can only show narrow bands of correct correla-
tions, which occur particularly strongly in places with
the highest slope inclinations of the roughness top
(e.g.“ in the zone of measurement points with range
900-1050), as shown in Fig. 9.
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Fig. 8 Continnons wavelet analysis using the Morlet wavelet for a feed of f = 0.095 mm.rev’!
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Fig. 9 Continnons wavelet analysis using Danbechies wavelet 6 for a feed of f = 0.095 mm.rev’

The surface cut with a feed rate of
f=0.17 mm.rev-1 is characterised by an ordered and
repeatable signal and a stable value of maximum
roughness throughout the entire length of the tested
profile. This profile is also periodic, isotropic, with vis-
ible direction of the traces after tool movement. Fig.
10 shows the analysis of the tested profile using the
"Mexican Hat" wavelet. The obtained spectrum of
profile distribution shows periodicity in the distribu-
tion of profile extremes. There are fewer extreme val-

ues visible in the spec-trum; they are further apart than
in the case of surfaces turned with lower feeds. High
correlation occurs approximately every 90 samples.
The correct wavelet scale for peaks reaches a value of
20, and for recesses it is 40. This is visible in the graph
showing the roughness profile - the peaks are sharp,
while the recesses are softer, which results from the
correct mapping of the tool geometry, close to the the-
oretical assumptions.
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Fig. 10 Continnons wavelet analysis using the "Mexcican Hat" wavelet for a feed of f = 0.17 mm.rev’

Fig. 11 shows the Morlet wavelet analysis of the
tested signal. Analysing the obtained image, we can see
that the wavelet correlation for low-scale values occurs
only for the profile peaks. There is also a noticeable
irregularity in the profile in the section for samples

450-550, where the correlation for a scale value of 100
disappears. This can be a place where the cutting pro-
cess has been disturbed (the chip curled under the ma-
terial, the chip wrapped around the turned item, etc.).
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Fig. 11 Continnous wavelet analysis using the Morlet wavelet for a feed of f = 0.17 mm.rev’

The analysis with the Daubechies wavelet (Fig. 12)
shows little correlation at the local signal scale. Points
with high correlation occur from a scale parameter of
50. Signal dips correlate for a lower scale parameter
than for sections where the signal value increases.
Analysis of a very regular profile, with a repeating trace
of feed and Daubechies wavelet, allows the detection
of even small irregularities in the signal. The section

for samples in the range of 500 - 600 is characterised
by the lack of correlation for high values of the scale,
while correlation points for the scale of 15 - 30 are
visible, corresponding to (indicating) irregularities at
the peak of the signal (double roughness peak near
sample 600). Analogous places in the profile occur for
samples 250 and 1070.
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Fig. 12 Continnous wavelet analysis using Daubechies wavelet 6 for a feed of f= 0.17 mm.rev’

The next significant changes in the nature of the
profile were observed when the feed was /= 0.375
mm.rev!. A small radius of rounding the cutting edge
tip combined with the use of high feed rates generated
sutfaces with a significant share of "flat-valley" zones.
The formation of such structures can be the result not
only of increased feed, but also of an increase in pro-
cess temperature. The heat generated in the cutting
zone caused the material to flow and created charac-
teristic roughness structures, as shown in Figs. 13-15.

By obtaining such a structure, it is possible to examine
how individual wavelets react to long zones of flat de-
pressions. In the case of profile analysis using the
"Mexican Hat" wavelet, correlation bands can be seen
only in places where the tool generated peaks separat-
ing subsequent "flat-bottom" zones. This correlation
is greatest for the peaks where most material has ac-
cumulated. The flat nature of the depressions resulted
in a small correlation parameter, visible in the spec-
trum (Fig. 13), even for higher-scale parameters.
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Fig. 13 Continnons wavelet analysis using the "Mexcican Hat" wavelet for a feed of f = 0.375 mm.rev’
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Fig. 14 Continnons wavelet analysis using the Morlet wavelet for a feed of f = 0.375 mm.rev’

The Mortlet wavelet, similarly to the "Mexican
Hat", shows the highest correlation bands with the ex-
amined profile at the places of peaks occutring in the
profile. However, it can be observed that this correla-
tion depends less on the quantity (volume) of the ma-
terial collected at this place of the profile. Additionally,
one band is noticeable for the scale value of 160, in
which areas with a high correlation coefficient also oc-
cur for flat sections of the profile, but it does not occur
along the entire length of the measurement section.
The best correlation band occurs in the range of sam-
ples 450-950, i.e. in the zone of valleys with the great-

est depth and greatest flatness.

For the Daubechies 6 wavelet, similarly to the
"Mexican Hat" wavelet, there are bands of increased
correlation for peaks that clearly differ in height from
the rest of the signal. An important difference is that
the Db6 wavelet correlates better with peaks with
steeper slopes where less workpiece material has accu-
mulated. For the profile valley zones, characterised by
a flat course, the spectrum generated using the Db6
wavelet does not show any places with significant cor-
relation values.
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Fig. 15 Continnous wavelet analysis using Daubechies wavelet 6 for a feed of f= 0.375 mm.rev?

5.2 Fourier Transform FFT Analysis

In order to expand the scope of the analysis and
collect more information about the nature of the
structures obtained after turning polypropylene, it was
decided to also analyse the tested signal using the Fou-
rier transform (FFT) for selected profiles. This trans-
form is one of the tools that allows us to evaluate the
measurement results obtained after filtering out inter-
ference related to measurement errors or accidental
process disturbances that make it difficult to obtain a
real picture of the situation. As filtering tools, Fourier
analysis and wavelet analysis are very similar. Both are
based on using the scalar product of a given signal and
a part called a transformation kernel. This kernel is
where the fundamental difference lies between these
filtering tools. The Fourier transform uses a sinusoidal
function as the kernel, which means that each function

will be represented constantly by a selected frequency.
However, in the wavelet transform, the kernel is a
function called a wavelet, which meets the require-
ments of time-frequency analysis.

Frequency spectra resulting from the use of FFT
analysis was obtained using the TalyMap Gold pro-
gramme. Results are shown for the same variable feed
values for which continuous profiles were analysed us-
ing wavelet analysis (f = 0.04; 0.095; 0.17; 0.375
mm.rev-1). The vertical black lines visible in the graphs
are marked for those frequencies where the amplitude
is the highest. A description of the values characteris-
tic of the highest amplitudes is given under each graph
and shows: the wavelength, the magnitude of the am-
plitude and the phase of the frequency component.

The result of the Fourier transform for a profile
after turning with a feed of /= 0.04 mm.rev-! (Fig. 16)
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proves that the signal consists of many sinusoidal
functions with predominant, longer wavelengths. The
higher amplitude bands are clustered and are on the
left side of the graph; i.e. they have low frequencies,
which means high wavelength values. The main band
marked with a black line reaches an amplitude value of
A = 3.72 um for a wavelength of 0.144 mm. Since the
length of the dominant wave does not correspond to
the applied feed £ it can be assumed that there are
many additional disturbances in the structure of the
generated profile, indicating deteriorating material
decohesion conditions for such a selected feed.

For the roughness profile after cutting with a feed
of f=0.095 mm.rev-!, the component with the highest

amplitude reaches a lower value of A = 2.98 um, for a
wavelength of 0.216 mm, which - similarly to turning
with a feed of f = 0.04 mm.rev! - does not correspond
to the feed value. Fig. 17 shows other components
with similar amplitude values, such as the component
with amplitude A = 2.6 um for the 12th frequency
point, which comes from the shaping of the surface
by the tool. This result of the spectrum indicates the
presence of dominant low- and very low-frequency vi-
brations in the measured signal. This may indicate a
gradual change in the nature of the generated surface
and a transition from isotropic to anisotropic struc-
tures, which should be characterised by correct
turning.

pm

30 40 50

Wavelength: 0.144mm Amplitude: 3.72um

Phase: -0.893 rad

Fig. 16 Frequency spectrum obtained after FET analysis of the profile obtained after turning polyethylene with a feed rate of f =
0.04 mm.rev’

30 40 50

Wavelength: 0.216mm Amplitude: 2.98um

Phase: 1.87 rad

Fig. 17 Frequency spectrum obtained after FFT analysis of the profile obtained after turning polyethylene with a feed rate of f =
0.095 mm.rev!

The profile obtained after turning with a feed of
/= 0.17 mm.rev! is characterised by the most stable
course, repeatability, and visible periodicity (Fig. 10-
12). The frequency spectrum obtained as a result of

Fourier analysis also confirms this - in Fig. 18, a band
with a large amplitude A = 4.28 yum and a wavelength
of 0.162 mm is clearly visible. It is the main frequency
component of the tested signal. The wavelength of
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this component is equivalent to the applied feed f It
can therefore be concluded that this profile was not
significantly disturbed by additional vibrations of the
system - the process was stable under such selected
conditions. Higher frequency bands are almost absent
from the profile.

Fig. 19 shows the frequency spectrum obtained af-
ter performing the FFT analysis for a sample turned
with a feed of /= 0.375 mm.rev-l. In this case, there is
a significant increase in the amplitude of the main har-
monic component and the occurrence of subsequent
harmonic frequencies in its vicinity, which indicates a
high probability of generating not only roughness, but
also higher order components on the surface, espe-
cially waviness. Increased feed values generate greater

loads acting on the tool, which, under conditions of
high probability of high temperatures at the point of
contact between the tool and the material, causes local
material flow. The harmonic component of the signal
with the highest amplitude differs in wavelength from
the applied feed. This shows the great influence of ex-
ternal factors on profile disturbances. The surface be-
gins to lose the characteristic turning directional pat-
tern of traces. The use of FFT analysis allowed, in the
above cases, to determine the size and frequency of
harmonic vibrations for disturbances occurring during
the turning of polyethylene, but it did not allow one to
indicate the exact places on the profile where such
changes will occur.
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Fig. 18 Frequency spectrum obtained after FFT analysis of the profile obtained after turning polyethylene with a feed rate of f =
0.17 mm.rev’
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Fig. 19 Frequency spectrum obtained after FET analysis of the profile obtained after turning polyethylene with a feed rate of f =
0.375 mm.rev’

6 Conclusions

Based on the research carried out and presented in
the article, it can be concluded that the use of wavelet
analysis to evaluate the structures formed on the sur-
face after machining with a defined blade geometry

tool allows for finding and observing roughness pro-
file elements with different propetties.

One of the most important factors influencing the
result of the continuous wavelet transform is the se-
lection of the base wavelet. The selected wavelet will
indicate points with characteristic features, and so the
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"Mexican Hat" wavelet indicates local extremes occut-
ring in the signal and their distribution. This wavelet
does not allow for the indication of the wavelengths
present in the roughness profile. Hence, the Morlet
wavelet was selected, which shows frequency bands
on the spectrum that correspond to the wavelengths
that are the components of the signal. The addition of
the 6th-order Daubechies wavelet to the previous two
made it possible to identify those sections of the pro-
file that are characterised by the greatest gradient in
the change in the roughness height.

By analysing the obtained spectra, we can identify
irregularities in the roughness profile generated during
cutting and show the place where these irregularities
occur. As the stability of the cutting process increased,
spectra were obtained in which it was easier to indicate
where interference occurred.

It is problematic to use wavelets to find places
where single, random disturbances occur in the case
of unstable processes, i.e. those for which - in a con-
trolled manner - too low or too high a feed was used.
At the same time, it can be stated that flat or almost
flat sections of the signal for the roughness profile ob-
tained by turning with the highest feed should not be
subjected to wavelet analysis because they are not de-
scribed by this mathematical tool.

An additional mathematical tool that complements
information about the tested roughness profile is the
Foutier transform. It allows you to obtain information
about the frequency and amplitude of vibrations that
disturb the ideal course of the generated profile, as
well as the number of harmonic components present
in the signal.

The wavelet transform can be a useful tool that en-
ables additional analysis of the roughness profile in
terms of searching for other signal properties than the
classic methods of its filtration, such as the Gaussian
filter, strong Gaussian regression or 2CR. It seems that
the greatest limitation in the use of this method is the
proper selection of the wavelet for the assessment and
observation of individual groups of features occurring
on real surfaces. Another significant disadvantage of
this tool is that the wavelet transformation, using each
of the wavelets used in this work, does not fully meet
the expectations we set for it in the case of the analysis
of profiles very similar to theoretical waveforms and
those in which we observe hills or depressions charac-
terised by small changes in height on long fragments
of the examined profile. In such cases, it may be nec-
essary to select a different wavelet whose properties
and shape will better match the nature of the analysed
signal.
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