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Advanced Multiple-denoising Wavelet Techniques

Chanikan Pomusa' and Bandit Suksawat®*

1 Doctoral Student in Graduate School, King Mongkut's University of Technology North Bangkok, Bangkok, Thailand

2 Department of Teacher Training in Mechanical Engineering, Faculty of Technical Education, King Mongkut's University of Technology North Bangkok, Bangkok, Thailand
# Corresponding Author / E-mail: bandit.s@fte.kmutnb.ac.th

ORCID: 0009-0007-2578-2503

KEYWORDS: Chatter frequency, Cutting force and tool interaction vibration, DWT wave transform, Multiple-denoising method, Stability lobe diagram (SLD)

This study investigated the natural frequency of a self-excited vibrating workpiece and cutting tool using a hammer impact
test to acquire vibration data. Time-domain cutting vibration data were converted to the frequency domain using FFT. The
workpiece signal exhibited a high amplitude, peaking at 392 Hz, while the cutting tool signal presented a peak at 930 Hz.
Stability Lobe Diagrams were constructed to assess dynamic stability. Cutting experiments revealed an obvious relationship
between spindle speed and signal amplitude, with higher speeds leading to larger amplitudes. Frequency analysis revealed
a peak near the cutting tool's 900 Hz natural frequency. Smoother surface finishes were observed at 0.15 mm cutting
depth, while 0.2 mm resulted in a wavy surface, indicating chatter. To investigate chatter frequency and reduce noise, a
multiple-denoising method combined Bior 3.7 and DB10 wavelets to reduce amplitude and improve signal representation,
especially for non-smooth features. The proposed method aimed to reduce the 900 Hz cutting tool’s natural frequency.
Results showed a clear chatter frequency at 450-480 Hz for 0.2 mm depth cuts at spindle speeds of 500, 1,000, and 1,400
rpm. The proposed method exhibited high efficiency, achieving the higher signal-to-noise ratio and lower mean-square error
than Bior 3.7 and DB10 wavelet denoising techniques.
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1. Introduction

The turning process is operated on a lathe using a single-point
cutting tool. The cutting parameters, tool geometry, workpiece
qualities, cutting tool-workpiece interaction, and machine tool
vibration all affect the quality of the machined surface and the
cutting force [1]. The occurrence of relative vibration may be due
to the cutting force exerted between the tool and the workpiece.
The mechanical vibration that occurs during the turning process
may be categorized into three types, including free vibration, force

vibration, and self-excited vibration [2]. Free vibration caused by

Copyright © The Korean Society for Precision Engineering

impulsive loading has a transient effect on the elastic structure of a
machine, tool. Force vibration is generated by periodic forces, for
instance, due to spindle instability, gear system flats, and periodic
chip breaking on the Build-Up-Edge (BUE) formation of a cutting
tool. Self-excited vibration is caused by high cutting power
operating on the flexibility or low dynamic stiffness of the
machine tool structure. The occurrence of self-excited vibration
may be attributed to the application of high cutting power, which
acts upon the flexibility or poor dynamic stiffness of the structure
of the machine tool [3]. Chatter is a self-excited, unstable

vibration phenomenon characterized by violent relative motion
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between the workpiece and cutting tool. This phenomenon
typically occurs near the natural frequencies of the tool-workpiece
system, resulting in amplified and dynamically varying cutting
forces at a critical depth of cut [4]. The occurrence of waviness on
machined surfaces may be due to the excitation and vibration
phenomena by the machine tool and workpiece system. Chatter
vibration has a significant impact on the useful life of tools, the
quality of surfaces, and the efficiency of machining processes [2].
Therefore, it is essential to use chatter detection technologies to
maintain machining quality in the turning process. The vibration
of a machining process is influenced by several factors, including
cutting speed, feed rate, spindle speed, depth of cut, tool stiffness,
and machine stiffness. It is therefore crucial that monitoring
techniques are used in the machining process to effectively reduce
chatter vibrations. Vibration sensors were used to monitor several
types of vibration signals in the turning process, including
measurement noise, machine tool vibration, and chatter vibration.
The detected signals were analyzed for vibrations using signal
processing analysis techniques such as Fast Fourier Transform
(FFT) and Short-time Fourier Transform (STFT) [5,6]. However,
the FFT is incapable of analyzing the vibrating frequency and
chatter vibration [5] because it averages the frequency
composition across the length of the signal with a fixed resolution
over the whole frequency range. Nevertheless, the FFT may not
consistently provide satisfactory outcomes when applied to non-
stationary vibration signals [7]. Additional signal processing
techniques, such as the STFT and Wavelet Transforms (WT), may
also be used for analytical purposes [8]. The STFT is primarily
used to analyze data in the time and frequency domains,
particularly in cases where excellent resolution is desired. One
such approach is STFT, which allows for the extraction of
frequency components within certain time periods of a
predetermined length [9]. However, to examine signals that
exhibit non-periodic and rapid transient characteristics, the use of
WT becomes necessary [8]. At high frequencies, it offers
excellent time resolution but exhibits inadequate frequency
resolution. Conversely, at low frequencies, it has satisfactory
frequency resolution but offers limited time resolution. The
wavelet transform has significant advantages when used to
examine transient signals.

WT have been increasingly used in the analysis of vibrations
during cutting processes in recent years. There are two distinct
kinds of wavelet transforms including continuous wavelet
transform (CWT) and discrete wavelet transform (DWT) [8].
DWT is a widely used technique for efficiently decorrelating
obtained data. This is achieved by dividing the data into two

subsequences, each with a reduced sampling rate, while preserving

the relevant information [10]. A robust signal processing
methodology was used to recover the frequency of chatter from
signals contaminated with noise [11]. During experimental
procedures, it is customary to capture oscillatory signals as well as
other forms of vibration and ambient noise. Elimination of these
disturbances from the vibration signal may be achieved exclusively
using wavelet denoising techniques [12]. Different families of
wavelets, including Haar, Daubechies, and Biorthogonal, among
others, were used to denoise the signal. Wavelets were used to
denoise chatter vibration in turning. The constructed nonstationary
wavelets were compared to the classical Daubechies biorthogonal
wavelet family, and the nonstationary wavelets were found to be
dominant in approximating different kinds of signals [4,13]. In the
context of chatter detection in turning, a dual-mode type algorithm
was proposed using wavelet packet entropy as the chatter detection
indicator [5]. The algorithm was able to detect chatter vibration
even when the measured signal possessed beat characteristics [6].
However, there is no mention of specific wavelet types, such as
Haar, Daubechies, or Biorthogonal, being used for denoising
chatter vibration in turning.

The development of an accurate and efficient method for early
identification and suppression of chatter vibration in turning
operations is necessary. New investigation techniques can be used
to explore the effectiveness of the proposed dual-mode type
algorithm for chatter detection in the turning process. The
algorithm can be refined and optimized to improve its accuracy
and efficiency in detecting chatter vibrations, especially in the
presence of vibration phenomena. Additional research could be
conducted to verify the effectiveness of the established chatter
detection method across various cutting settings, including
different cutting speeds, feed rates, and depths of cut [14]. The
development of an algorithm aimed at improving the analytical
approach for chatter detection, specifically focusing on cutting
parameters, was considered necessary.

To effectively address the problem of excessive noise, the
optimization cutting parameters, such as the depth of cut and
rotating speed, must be considered. Natural frequency experiments
consist of force vibration, free vibration and chatter vibration or
self-excited vibration to identify the cutting system's inherent
frequency [15,16]. The vibration frequency during free cutting or
spindle rotation as well as the natural frequency of the machine
spindle speed were measured to determine the force vibration. The
free vibration was determined from the natural frequency cutting
tool holder. The natural frequency of the self-excited oscillator was
obtained by using the vibration sensor to measure vibration
generated by the cutting process. The Stability Lobe Diagram
(SLD), which is derived from the natural frequency of the
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workpiece, is a numerical simulation output that presents the
relationship between the axial depth of the cut and the rotational
speed of the spindle [17,18]. Stable and unstable areas in which
non-chattering and chattering vibrations occur throughout the
turning process are shown in the SLD graph [19]. To mitigate the
effects of chatter vibration, the most suitable depth of cut for every
rotation speed of the spindle should be selected from the SLD
graph. The occurrence of vibrations takes place inside the
instability zone of the SLD graph, which is subject to the effect of
both free and forced vibration. This approach leads to a waviness
pattern on the final product surface [20].

Achieving optimal machining conditions necessitates minimizing
this vibration and the associated chip frequency. While sensor-
based chatter detection is prevalent, measured signals are often
corrupted by background noise and other disturbances. Therefore,
effective denoising techniques are crucial. As mentioned above, a
new method to analyze the signal in turning chatter by using DWT
is required. Validation of the optimized cutting parameters on the
SLD graph necessitated performing an empirical examination of
chatter vibration for each individual machine tool. The objective of
the present study was to use the multi-denoise wavelet family of
DWT to analyze the frequencies of chatter vibration and eliminate
both free and forced vibration in the turning process, specifically at
the critical depth of cut. To propose a method for multiple-
denoising with DWT to reduce the frequencies of vibration in the

turning process and determine the chatter vibration.

2. Materials and Methods

2.1 Workpiece and Cutting Tool Preparation

The material was St37 carbon steel 25 mm in diameter and
165 mm long. As shown in Fig. 1, the workpiece was clamped in
three jaws on the lathe at a distance of 20 and 145 mm from the
edge of the jaws. The cutting tool employed coated CVD TiCN,
Al1203, and TiN with a clearance angle of 0 degrees and 0.397 mm.
The recommended depth of cut for this cutting tool is in the range
of 0.15-2.0 mm. The tool holder was 125 mm long with a

clearance angle of 95 degrees and a cutting edge length of 12 mm.

2.2 Numerical Model and Stability Lobe Diagram

In the present work, a turning operation with a single cutting
tool was considered, as shown in Fig. 2. The governing equations
of machine chattering can be derived from the general equation of
vibration, along with the regenerative chatter equations [17].

In machining stability analysis, chatter is often modeled by a

second-order system as Eq. (1):

145 mm

Workpiece *
Chuck

Acfeleromete

Fig. 1 Workpiece and clamping on lathe

Rotation

Chip

Regenerative Effect
(chatter vibration)

Workpiec

Fig. 2 Single cutting tool in turning and chatter vibration model

mi(t) + cx(7) + kx(t) = F(2) M

where y(f) is the displacement, m the effective mass, ¢ the
damping, & the stiffness, and F(7) the cutting force [2,4]. Chatter
arises from the regenerative effect, where past vibrations influence
the current cut [1,2,4]. Therefore, the time-varying chip thickness
is in Eq. (2):

h(t) = hy + x(t — ) — x(¥) ?2)

involving the nominal chip thickness /4, and the vibration
displacement at a previous revolution x(¢—17), with 7 being the

rotation time. Assuming a linear cutting force relationship as Eq.

3):
F(1) = K.h(f) 3)

where K. is the cutting force coefficient, the combined system is
described by Eq. (4).

mx(t) + cx(f) + kx(f) = K.(h, + x(¢t — 1) — x(¥)) @)

Crucially, x(# — 1) represents the true chatter vibration, delayed
by one revolution. To isolate this component, wavelet analysis can
be employed to decompose the vibration signal and effectively
eliminate the influence of free and forced vibrations, revealing the
true chatter vibration x(¢ — 7) for detailed analysis [2,4,5].
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Fig. 3 Hammer test for calculate damping and natural frequency to
create SLD graph

The above mentioned equations are extremely important to
comprehend and examine the phenomenon of chatter in machining
processes. The equations that allow for the determination of the
chip width or depth of cut (bmi,) as Eq. (5) in millimeters and
spindle speed in revolutions per minute (N) calculate by Eq. (6) in

order to construct a SLD [21] are provided as follows:

, (=)

= A E T () ®
N = " x60xf,;n=1,2,3 (6)
n+l+ltan‘1:2—§—r
2 1-72
:=(——1—J @
4245

where 7 is the number of lobes, {"is the damping ratio Eq. (7), r is
the ratio of chatter frequency to the natural frequency (r = f7/f,), J is
the logarithmic decrement using In(xy/x;) for calculation, and xy/x,
are the amplitudes of two successive peaks. This research uses the
hammer impact test method with an installed accelerometer
LW188088 on the workpiece to sample the vibration signal, as
shown in Fig. 3. The detected signal from the hammer test was
used to calculate the damping ratio and natural frequency from the
time domain of the clamped workpiece on the chuck of the lathe
machine [19]. The natural frequency (f,) of the machining system
is commonly referred to as the modal frequency. The natural
frequency and damping ratio were computed to determine the
possible stability boundary in cutting on the stability lobe diagram
(SLD) [22]

As shown in Fig. 4, the depth of cut is plotted versus spindle
speed in the stability lobe diagram. The vibrations between the tool
and the workpiece appear as different lobes (n = 0, 1, 2, ..., last
number of lobes) [23].

The stability lobe diagram can be derived through modal

analysis of the spindle and by considering factors such as the depth
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Fig. 5 Set up vibration sensor on cutting tool and data collecting
program

of cut and cutting speed [21,24]. The stable region, also known as
the stability zone, represents the combination of cutting parameters
where chatter vibrations are minimized, resulting in improved tool
abrasion, machining surface quality, and productivity. Meanwhile,
the unstable region, also known as the instability zone, represents
the combination of cutting parameters where chatter vibrations
occur, leading to poor machining quality and reduced productivity.
The different surfaces of chatter and non-chatter are shown in
Fig. 4. The stability lobe diagram is used to determine the optimal
cutting parameters that maximize productivity while avoiding

chatter vibrations.

2.3 Experiments

The experiments were performed on a semi-automatic lathe.
The cutting tool was equipped with an accelerometer type of
vibration sensor to measure the vibration signal and determine the
natural frequency of vibrations, as illustrated in Fig. 5. The natural
frequency of the cutting tool was examined before being sent to the
measuring program to collect vibration signals with a sampling rate
of 2,000 Hz and present a real-time graph in the time domain.
Experimental cutting operations were conducted using a constant
feed rate of 0.8 mm/revolution and two levels of cutting depth:
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Fig. 6 Denosing technique procedure

0.15 and 0.2 mm. The lathe machine gearing system was fixed at
spindle speeds of 500, 1,000 and 1,400 rpm that were selected for
the experiment. The computed critical depth of cut on each spindle
speed is plotted on the SLD graph in Fig. 4.

2.4 Signal Analysis with DWT Denoising Technique

The force and chatter vibration signals in the time domain were
converted to the frequency domain [25]. FFT approaches are
inefficient for force and chatter signal processing [5] as shown in
the example in Fig. 6. Wavelet denoising is a signal processing
technique used to reduce noise from signals while preserving
important features [26]. Wavelet denoising is particularly effective
at removing noise from signals with both low and high-frequency
components, making it suitable for a wide range of applications
such as vibration and data analysis [12]. The main concept of the
denoising technique is shown in Fig. 6. The denoising procedure
consists of a sequential process involving three steps.

1. Initial Stage: In this stage, the selection of a wavelet and the
determination of a level N are undertaken. The signal s is then
subjected to wavelet decomposition at level N [27].

2. Detail coefficient thresholding: Within each level denoted by
integers 1 through N, a distinct threshold value is selected and
then applied to the detail coefficients via the use of either soft
or hard thresholding methodologies [27].

3. Reconstruction: The process of wavelet reconstruction involves
the use of the original approximation coefficients at level N and
the updated detail coefficients from levels 1 to N [27].

The first stage consists of decomposing the signal
contaminated with noise into distinct frequency components
using multiple-denoising methods including the Daubechies and
Biorthogonal methods in the discrete wavelet transform (DWT)
technique [26]. The DWT breaks the signal into a set of wavelet
coefficients at different scales and positions. The resulting
coefficients represent the signal's frequency content at various
resolutions, with the high-frequency coefficients capturing details
and noise, while the low-frequency coefficients contain smoother

information. The signal passes through a high-pass filter and a

Data reconstruction

low-pass filter. The output of the high-pass filter corresponds to
the high-frequency components of the signal, called content
components. The output of a low-pass filter matches the low-
frequency components of the signal, called the approximation
[28]. After the decomposition, the primary procedure responsible
for denoising is the threshold process or wavelet shrinkage,
which relies on the selection of a threshold and a thresholding
method. In all denoising algorithms, the initial step is to
determine the optimal threshold value. The goal of thresholding
is to remove or reduce coefficients that represent noise while
keeping values that represent important signal features.

Two fundamental types of thresholding functions are hard
thresholding and soft thresholding [29]. A hard threshold sets
wavelet coefficients with values below a certain threshold to zero.
This method effectively removes coefficients that are considered
noisy or unimportant, resulting in a sparse representation of the

signal. The hard threshold (/) function is given as:

Wilm=T,
{Oif|M<Tv

u ®)
where W and T, are the noisy wavelet coefficient and the threshold,
respectively. Soft thresholding reduces wavelet coefficients with
magnitudes below the threshold towards zero. Unlike hard
thresholding, soft thresholding does not remove coefficients
completely but rather shrinks their magnitudes.

This method results in smoother denoised signals with reduced
noise. The soft thresholding (W) function is performed with the

following conditions [29].

W-T,if W>T,
W, =120 ifIm<T, ©
W+T, if W<-T,

This study used soft thresholding as a signal recovery method
because it can mitigate the sudden and dramatic shifts associated with
hard thresholding, resulting in a visually more appealing reconstructed
signal. The reconstruction process is the final stage. After

decomposing the signal into approximation and detail coefficients, the
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performing thresholding on the detail coefficients [29].

To assess the efficacy of wavelet denoising, the Signal-to-Noise
Ratio (SNR) and Mean-Square Error (MSE) were employed as
quantitative metrics [30,31]. For a given decomposition level, the
SNR, defined as 10 times the logarithm (base 10) of the ratio of
signal power to noise power (Eq. (10)), was calculated to evaluate
noise reduction [31]. A higher SNR indicates more effective noise
suppression. Conversely, the MSE, representing the average
squared difference between the original signal and the denoised
signal (Eq. (11)), was used to assess signal fidelity preservation
[30,31]. A lower MSE indicates better agreement with the original
signal. By calculating these metrics for various wavelet bases and
decomposition levels, the optimal wavelet parameters for
maximizing noise reduction while minimizing signal distortion

were determined.

SNR = 10log,,(s/n) (10)

MSE = %ZL 1|x(n)—fc(n)|2

(11)

3. Results

3.1 Natural Frequency Investigation

This study analyzes the natural frequency of a self-excited
vibrating workpiece and cutting tool by the using a hammer impact
test. The detected vibration signal was collected in the time domain
pattern and the data was converted to the frequency domain pattern
using the FFT technique, as presented in Fig. 7. The time domain
characterization of the workpiece signal pattern exhibited a high
initial amplitude during the first vibration, followed by a
subsequent decrease in oscillation over time. After converting the
data into the frequency domain, FFT analysis revealed the presence
of two peaks in amplitude. These peaks are seen at frequencies of
280 and 392 Hz, with corresponding amplitudes of 0.1 and 0.16 m/s?,
respectively.

The signal pattern of the cutting tool in the time domain
exhibited a small range of amplitude and a rapid transition to a
stable state. In the FFT analysis, an obvious peak with an
amplitude of 0.03 m/s? could be detected at a frequency of 930 Hz.
The time domain analysis for the free cutting of the machine
spindle speed reveals a significant range of amplitude and a
consistent pattern throughout the period of time. The FFT analysis
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Fig. 7 Natural frequency investigation results
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Fig. 8 SLD on each spindle speed of lathe machine

revealed an obvious peak of significant amplitude at a frequency of
432 Hz, with a maximum amplitude of 0.04 m/s’.
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Fig. 9 Acquired vibration signal on experiment spindle speed 500 rpm

3.2 Stability Lobe Diagram Construction

The hammer impact test was used to obtain the vibration
characteristic and find the logarithmic decrement, damping ratio,
and natural frequency. The results were employed to calculate and
plot the SLD graph on each chuck spindle speed of the lathe
machine. In Fig. 8(a), the SLD graph was generated to illustrate the
regions of instability and stability with respect to the spindle speed,
which varied between the values of 0 and 650 rpm. The depth of
cut ranged from 0.15 to 0.160 mm. The SLD graph in Fig. 8(b)
was constructed to show the spindle speed within the range of 950
and 1,450 rpm. Similarly, the depth of cut spanned from 0.15 to
0.185 mm. In Figs. 8(a) and 8(b), the small circle depicted the
chosen cutting depth near the lower curve of the SLD line. The
experiments were conducted based on this cutting depth as a

cutting parameter.

3.3 Vibration in the Cutting Experiment

The obtained vibration signal data is presented in Figs. 9, 10 and
11. The experiment demonstrated that increasing the spindle speed
of the machine raised the amplitude of the signal in the time
domain based on the depth of cut and feed rate constant. The signal
with low amplitude resulted in a spindle speed of 500 rpm and a
cutting depth of 0.15 mm. The measured signal in the frequency
domain presented the small amplitude performed along the
frequency axis. The finished cutting surface had a fine roughness,
as non-chatter represents the stable state during the cutting, as
shown in Fig. 9(a). However, in the frequency domain the minute
amplitude was nearly 900 Hz which is the natural frequency of the
cutting tool. Fig. 9(b) shows the acquired approximately + 0.03 m/s

vibration signal from a cutting depth of 0.2 mm. The results show
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(b) Depth of cut 0.2 mm

high amplitude at 500 frequency and small amplitude in the range
of 900-1,000 Hz, which is nearly the natural frequency of the
cutting tool. The experiment cutting with a spindle speed of
1,000 rpm and 0.2 mm depth of cut obtained intensive vibration
signal amplitude approximately + 0.05 m/s® in the time domain
compared with a depth of cut of 0.15 mm as shown in Fig. 10.

The experiment with a cutting depth of 0.15 mm produced a low
amplitude vibration signal along the frequency domain, as
illustrated in Fig. 10(a). However, the frequency domain of the
experiment with a cutting depth of 0.2 mm exhibited 500 Hz with
an elevated amplitude. The raised amplitude was approximately
950 Hz, which aligns with the inherent frequency of the cutting
tool, as illustrated in Fig. 10(b). The investigation surface found the
fine surface was obtained in the cutting with a depth of cut
0.15mm and a wavy surface resulted from slight chatter in the
depth of cut of 0.2 mm of turning, as shown in Figs. 10(a) and 10(b),
respectively. The vibration signal acquired from the spindle speed
experiment at 1,400 rpm, employing depths of cut of 0.15 and 0.2
mm, is illustrated in Fig. 10. The experiment with a cutting depth of
0.15 mm produced a low amplitude of vibration along the time in the
time domain as clarified in Fig. 11(a). The acquired vibration data
exhibited a consistent or uniform frequency domain and the smooth
surface was obtained. The experiment conducted with a cutting
depth of 0.2 mm yielded an intense amplitude of approximately +
0.075 m/s’ in the time domain, as illustrated in Fig. 11(b).

The vibration data obtained displayed two distinct peaks in the
frequency domain, at 450 and 905 Hz, which are in close
proximity to the natural frequency of the cutting tool. The finished
surface displayed a wavy texture accompanied by chattering fit to
the turning parameters in the instability zone in the SLD graph.



280/ April 2025

8 0.200
XX
= <
= >
g £ 0.000 sy by
<~ 0 2 4 6 8
-0.200 .
Time (s)

8 _ 0.004
EEY)
%f'f 0.002
g &
< 7 0.000 k. ol .

0 250 500 750 1000

Frequency (Hz)

0210 Ch Z instabili
= 0200 atter Zone (instability)
E 0.190
= 0.180
o
% 0.170
=
§ 0.160
A 0.150 ; .

Non-Chatter Zone (stability)

0.140

900 1000 1100 1200 1300

Spindle speed (rpm)
(a) Depth of cut 0.15 mm

1400

Fig. 10 Acquired vibration signal on experiment spindle speed 1,000 rpm

0.200
S~
= o
E <V)
=£ 0.000 F e . |
= 0 2 4 6 8
-0.200 .
Time (s)
° 0.004
<~
=
=% 0.002
£E |
< 0.000
0 250 500 750 1000
Frequency (Hz)
0.210 = - N
= 0.200 Chatter Zone (instability)
£ 0190
5 0.180
o
% 0.170
=
«é 0.160
A 0.150 A
0.140 Non-Chatter Zone (stability)
900 1000 1100 1200 1300 1400

Spindle speed (rpm)
(a) Depth of cut 0.15 mm

Fig. 11 Acquired vibration signal on experiment spindle speed 1,400 rpm

3.4 Chatter Frequency Analysis by using Propose Method
To analyze the chatter frequency, multiple-denoising methods,
including Bior 3.7 of biorthogonal and the Daubechies method,
were applied to reduce noise in the acquired data. The frequency
domain results in Figs. 9(b), 10(b), and 11(b) at a frequency around
900 Hz which is the natural frequency of the cutting tool and
mixed with the cutting vibration results. The Bior 3.7 biorthogonal
method with 1 level and DB10 in the Daubechies method with six
levels as mother wavelet were applied with a thresholding of 50%
on each level. After using the Bior 3.7 method to denoise the

acquired signal, the raw data in the time domain was filtered to

0.200
g~
=Rl
£5,
£ 000 snntf NN
<~ 0 4 6 8
-0.200 Time (s)
2 0.004
¢
—E‘ié 0.002 ‘JL d
<~ 0.000 Lol L 1 W |
0 250 500 750 1000
Frequency (Hz)
0.210
E 0.200 Chatter Zone (instability)
£ 0.190
3 0.180
s 0.170
fﬁ- 0.160
2 0.150 : s /.
0.140 Non-Chatter Zone (stability)
900 1000 1100 1200 1300 1400
Spindle speed (rpm)
(b) Depth of cut 0.2 mm
0.200
g~
ERS
= 2 0.000
EE
<
-0.200
Time (s)
PN 0.004
£9 0.002
£E
< 0.000
0 250 500 750 1000
Frequency (Hz)
0.210 - —
0200 Chatter Zone (instability)

Non-Chatter Zone (stability)

1100 1200 1300 1400
Spindle speed (rpm)

(b) Depth of cut 0.2 mm

900

1000

eliminate some noise of the acquired signal. The Bior 3.7 signal
feature for each experiment shown in Figs. 12(a)-12(c) decreased
the amplitude and lightly intensified of signal. The Bior 3.7 signal
feature for the experiment shown in Figs. 12(a)-12(c) decreased the
amplitude and lightly intensified in the time domain, but it can
efficiently represent signals with non-smooth features [30].

Since biorthogonal wavelets can be useful for applications to
maintain certain characteristics during reconstruction, the FFT
spectrum was a few signals lower than the raw data in the FFT
domain [32]. Therefore, the frequency spectrum around 500 and
900 Hz was substantially reduced. After that, the DB10 in the



April 2025 /281

P 0.200 Time domain of raw data L 0004 FFT of raw data
E g o000 E 50 002 496.10 Hz 993.41 Hz
£= 0 2 4 6 8 g?oooo - L Ltk
-0.200 . 0 250 500 750 1000
Time (s) Frequency (Hz)
2 0004 FFT of Bior 3.7 P 0.004 FFT of BD10 Level 6
£ 496.10 Hz XS 475.71 Hz
gé 0.002 T;_g 0.002
<= ES
0.000 0.000 =
0 250 500 750 1000 0 250 500 750 1000
Frequency (Hz) Frequency (Hz)
(a) Spindle speed 500 rpm and depth of cut 0.2 mm
P ,‘0 200 Time domain of raw data B AO 004 FFT of raw data
ER 2 S0.002 477.79Hz 978.91 Hz
2..=0.000 el i ‘J
g ) 0 4 6 8 g £0.000 1 sl L sl
. 0 250 500 750 1000
-0.200 Time (s)
Frequency (Hz)
FFT of Bior 3.7
. 0.004 1 . 0.004 FFT of BD10 Level 6
=~ o ~
29 477.79 H =R 470.72 H
= % 0.002 z g% 0.002 z
£ g £E
0.000 W b e < 0,000 eo
0 250 500 750 1001 0 250 500 750 1000
Frequency (Hz) Frequency (Hz)
b) Spindle speed 1,000 rpm and depth of cut 0.2 mm
P P p p
. 0200 Time domain of raw data . 0004 FFT of raw data
=~ =P 422.43 Hz
g 2:0000 E: 2:0'002 913.27Hz
E & E =0.000
-0.200 Time (s) 0 250 500 750 1000
Frequency (Hz)
i FFT of BD10 Level 6
. 0.004 FFT of Bior 3.7 . 0004 o eve
=~ = ~
= 2a
= ; 0.002 913.27Hz =} % 0.002 455.74 Hz
gE EE
0.000 < 7 0.000 POV
0 250 500 750 1000 0 250 500 750 1000
Frequency (Hz) Frequency (Hz)

(c) Spindle speed 1,400 rpm and depth of cut 0.2 mm

Fig. 12 Chatter frequency analysis by using DWT with Bior 3.7 and DB10

Daubechies method with six levels was employed to denoise the
cutting tool’s natural frequency at 900 Hz.

The proposed multiple-denoising method was able to reduce the
amplitude of 900 Hz when the DB10 number of the level was
increased. For each experiment in Fig. 12(a)-12(c), the amplitude
of 900 Hz nearly reached zero at level six of denoising with the
DB10 method. Several noise frequencies around 900 Hz were
effectively eliminated. The analyzed results can be compared with
high amplitude in the raw data in the FFT spectrum. The spectrum
obtained from the denoising process using the DB10 six-level
wavelet exhibits a smoother profile compared to the spectrum
obtained using the Bior 3.7 wavelet [33].

The higher vanishing moments of DB10 presented in the results
make it well-suited for applications [34]. The multiple-denoising
method clearly shows chatter frequency in the range of 450-480 Hz
for the experiments operated with a depth of cut 0.2 mm at spindle

speeds of 500, 1,000, and 1,400 rpm. The frequency exhibits near-
uniformity across all signal analyses from each experiment, as
generating a chatter frequency at this state. The chatter frequency
of this study is equivalent to the findings of Mohsen and Atiyeh [2]
where the conversational noise frequency fell within the range of
420-480 Hz.

This study evaluates the performance of different signal filtering
methods, including Bior 3.7, DB10 and a multi-denoise approach
sequencing Bior 3.7 and DB10, compared to raw data using SNR
and MSE. The results were summarized in Table 1.

DBI10 generally performed better than Bior 3.7, especially at
higher rotational speeds (1,000 and 1,400 rpm). This indicates that
DB10 was more suitable for handling signals with higher noise
levels. Bior 3.7 showed the weakest performance, particularly at
1,400 rpm, where SNR dropped significantly and MSE increased.
The results revealed that Bior 3.7 was not suitable for higher noise
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levels or faster signal variations.

Multi-denoise was the most robust method, delivering the best
performance across all rotational speeds. The proposed method
demonstrably enhances signal quality compared to raw data.
Consistently achieving the highest SNR and lowest MSE across all
conditions tested, the multiple-denoising method outperformed

individual wavelet techniques.

Table 1 Wavelet denoise efficiency analysis

rpm Type SNR [dB] MSE
Bior 3.7 22.44 0.000127
500 DBI10 21.69 0.000152
Multi-denoise 36.69 4.78431x10°¢
Bior 3.7 21.95 0.000489
1,000 DB10 22.09 0.000473
Multi-denoise 28.93 9.81526x107
Bior 3.7 16.12 0.001091
1,400 DBI10 20.78 0.000373
Multi-denoise 26.26 0.000106

4. Conclusion

In this work, the DWT combined with Bior 3.7 and the DB10
method was presented to identify chatter frequency by reducing
natural cutting tool noise and noise of free vibration frequency in
the turning process. The natural frequency of the cutting tool and
workpiece was 930 and 392 Hz when using the hammer impact
test. The force vibration frequency from the lathe spindle speed
had a small amplitude at 432 Hz. On the SLD graph, critical
cutting depths of 0.15 and 0.2 mm were used to examine the
turning process on the semi-automatic lathe with spindle speeds
of 500, 1,000 and 1,400 rpm. The increased spindle speed
activated intense force vibration amplitudes. The increased
cutting depth shifted the cutting from the stable zone to the
unstable zone, which generated chatter and a wavy surface in the
finished turning part.

The multiple-denoising method was applied to analyze the chatter
frequency in the acquired data. The Bior 3.7 and DB10 wavelet
methods were used with different levels of thresholding to reduce
noise and filter the raw data in the time and frequency domains. The
Bior 3.7 method decreased the amplitude and intensity of the signal
in the time domain, while the DB10 method effectively eliminated
noise frequencies around 900 Hz. The denoising process using the
DBI10 wavelet resulted in a smooth frequency spectrum. The chatter
frequency in the range of 450-480 Hz was observed in the

experiments. This proposed multiple-denoising method is an

effective approach to accurately examine chatter vibrations. These
findings provide a strong foundation for further research and
development in wavelet-based signal filtering. This research novel
can be applied to digital twin technology for real-time online
monitoring in machining processes and isolating the chatter vibration

signal for predicting machining quality and performance.
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