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Abstract Stability of a peakless tool turning on slender shafts
was studied under conditions of low- and high-magnitude
vibrations by registering and short-time Fourier transforma-
tion (STFT) processing of acoustic emission (AE) and vibra-
tion acceleration (VA) signals. Both VA and AE signals have
been registered in three positions of the cutting tool on the
workpiece and for different shaft diameters. Both amplitude-
and frequency-dependent AE and VA characteristics were ob-
tained and analyzed for overall process signal length as well as
for single frames. It was shown that power spectrum charac-
teristic could be used for monitoring the fast-occurring chang-
es in the cutting process stability. A criterion of the cutting
process stability based on the power spectrum has been
offered.
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1 Introduction

Application of peakless cutting tools in machining allows
achieving higher precision and quality of processed surfaces
[1–3]. In some cases, it becomes even possible to achieve a
roughness level comparable to that of fine grinding. At the
same time, peakless tool machining is prone to chatter cutting
mode, which is an undesirable factor for providing both

surface quality and machining precision. In addition, the vi-
brations may cause enhanced wear of cutting tools. In order to
avoid the vibrations during peakless tool machining, it is rea-
sonable to detect a moment of time when transition from
steady to chatter cutting has started. Such an approach implies
acquisition and analysis of the real-time signals obtained from
a sensor so that either cutting process parameters or the worn
tool could be timely changed before the full-scale chatter cut-
ting is established. The cutting process monitoring is feasible
with the use of many transducers such as accelerometers,
acoustic emission (AE) sensors, strain gauges, microphones,
and eddy current coils. The most widely used ones are accel-
erometers and AE sensors because of their low cost and easy
handling.

Main AE sources in metal cutting are as follows: plastic
deformation in chip separation, tool/workpiece friction, chip
impacting against the tool, tool’s edge failure, and elemental
chip breaking. Basically, the AE signals are distinguished be-
tween continuous and burst ones [4–7]. Earlier studies helped
establish a relationship between the AE signals and cutting
parameters such as cutting speed or strain rate within the chip
formation zone as well as the tool’s wear and failure [8–18].

It was shown [6, 19–21] that both cutting tool wear and
vibrations generated during the cutting determine the dynamic
behavior of the mechanical system. The vibrations have effect
on contacting at the tool/workpiece interface so that both real
contact area size and the cut layer thickness dynamically vary
during cutting and thus change the deformation conditions
and AE signal generation in the chip formation zone [6, 21,
22].

The use of both AE and vibration acceleration (VA) sensors
seems a promising approach for monitoring various mechan-
ical processes. The vibration acceleration signal is intuitively
simple and requires minimal treatment before analyzing it. On
the other hand, the AE signal is sensitive to the microscopic-
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level events and therefore could be effective for detecting the
incipient defects. For example, the AE signal was shown to be
more effective for condition monitoring on gearboxes and ball
bearings and for detecting the defects as compared to the vi-
bration analysis [23–26]. Also, the efficiency of AE monitor-
ing on ball bearings was reported for different working con-
ditions [27–36].

It was noted also [37] that extending the frequency range of
monitoring due to combined acquisition of both AE and vi-
bration signals allowed for higher sensitivity of detecting de-
fects in gear wheels.

Both AE and vibration acceleration signals are generated
and then changed dynamically during the metal cutting. The
AE high-frequency signal is responsible for microscopic-scale
friction, deformation, and fracture events while the low-
frequency vibration acceleration signal denotes the macro-
scopic events relating to the entire mechanical system.
Analyzing both of them allows better understanding of dy-
namic processes, which develop in the process of metal
cutting.

Metal cutting could be considered as a combination of two
processes such as (1) cutting edge penetration into a work-
piece and (2) sliding on the workpiece/tool interfaces.
According to the insights reported [38–43], three shear strain
localization zones could be formed in the cutting process. The
primary shear deformation zone I is a volume of metal with
either homogeneously or inhomogeneously distributed shear
strain [44, 45] and where the heat is released due to severe
plastic deformation (Fig. 1). The secondary deformation zone
II is adjoining both the tool’s rake face and primary shear
zone; in other words, it is a zone where the chip is contacting

the rake face. The chip/rake contact length is characterized by
the presence of both sliding and sticking zones (Fig. 1).

The tertiary shear zone III is adjoining both flank face and
primary shear zone. Also, there is a transition zone between
the tertiary and primary zones. The chip/flank face contact
length may contain both sticking and sliding zones too.

The sticking and sliding zones’ lengths may vary de-
pending upon the cutting conditions such as tool and
workpiece materials, cutting mode, and cooling [46–48].
The heat is generated in the secondary and tertiary zones
both due to shear deformation and friction.

When the chip sticks to the rake face, it may form an inter-
mediate stagnation (tribological) layer (Fig. 1) which may
cover the rake face so that sliding is really at the interface
between the chip and this layer. The chip experiences resis-
tance to sliding as determined by the shear stress needed to
overcome its cohesion to this layer. According to [49], the
sticking provides high contact stress and almost zero sliding
speed, which results in forming adhesion bonds at both
workpiece/flank and chip/rake faces.

The sliding zone is characterized by a discontinuous
contacting mode when the chip and/or workpiece contacts
the tool faces only by asperities so that heat is released only
within the real contact areas in the form of near-melting tem-
perature flashes [50].

The above-described processes serve as the AE signal
sources and could be sensitive to the vibrations imposed.
The objective of this paper is to study the relationship between
the AE and the vibration acceleration signal in peakless tool
turning on the different stiffness shafts and develop a AE
criterion for early detection of the chatter mode.

Fig. 1 Shear strain localization
zones in cutting and chip
formation

Fig. 2 Scheme of peakless tool
cutting test on a slender shaft
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2 Materials and methods

Slender 30 ± 0.05-, 22 ± 0.05-, and 18 ± 0.05-mm-diameter,
300-mm-length shafts made of medium carbon steel AISI
1045 were turned using a lathe machine Okuma ES-L8II-M.
Since those shafts had different stiffness, they demonstrated
different magnitudes of deflection under mechanical loading
from the cutting force depending on the tool position (Fig. 2).

Such an approach has been chosen to simulate the tool
working conditions as follows: (a) steady cutting, (b) slow,
and (c) fast transition from steady to chatter cutting. Before
testing, all shafts have been ground to provide the required
diameter accuracy along the shaft’s length. All shafts have
been fixed in a lathe chuck with the other end supported using
a revolving center. Cutting speed was 100 m/min, feed
0.11 mm/rev, and depth of cut 0.3 mm. A rectilinear cutting-
edge lathe tool made of ultrafine grain WC-6Co-2TaC hard
metal was used for turning (Fig. 3).

Vibration acceleration signals were registered using an IMI
industrial accelerometer and USB National Instruments NI-
9234 data logger at sampling rate 25.6 kHz.

Acoustic emission signals were registered using an EYa-2
setup developed at Togliatti State University. The AE signal
was received by a MSAE-L2 30–1000-kHz bandpass 20-mm-
diameter sensor. A low-pass LC filter was used to cut off the
< 50-kHz signals generated by the mechanical system com-
ponents. The AE signals have been reconstructed in the form
of either AE signal envelope obtained at a 1-kHz sampling
rate and thusly represented the slow-occurring processes, or
AE frames recorded at sampling rate 6.25 MHz which

characterized the fast-occurring ones. The recorded frame du-
ration was 0.021 s.

The AE frames have been analyzed together with si-
multaneously obtained vibration accelerations to investi-
gate the cutting process chatter stability under steady cut-
ting, transition to chatter, and established chatter mode. It
is common to study the AE signals by applying the fast
Fourier transformation (FFT) and thus obtaining the spec-
tral frequency-domain characteristics such as, for exam-
ple, median frequency (MF) and power spectrum (PS),
which serve to identify the AE signal behavior caused
by varying the monitored process parameters. Special
software has been developed for determining both mean
median frequency and power spectrum values for each
frame using the short-time Fourier transformation
(STFT) with a rectangle, 1000 × 1000-data point-size
window and 300-point-length shift. In doing so, the time
dependencies of these characteristics have been recon-
structed for the full signal duration.

The VA signal dynamics was assessed using the running
root mean square (runRMS) values determined at sampling
rate 1 Hz. The amplitude-frequency characteristics have been
obtained by means of FFT using the software package Origin
8.6 Pro.

Schematics of the peakless rectilinear edge tool turning
experiment are shown in Fig. 2. Three areas of interest on
the slender shaft surface are denoted as area 1, area 2, and
area 3. The peakless tool was fed starting from area 1 to area
3, thus increasing the slender shaft deflection and therefore the
chatter mark risk. The surface roughness of the processed

Fig. 3 Cutting insert and 3D
cutting edge profile

Fig. 4 The 30-mm-diameter shaft surface after steady cutting test from area 1 (a), area 2 (b), and area 3 (c)
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shaft was measured using laser scanningmicroscope Olympus
LEXT OLS4100.

Cutting inserts were sharpened by both rake and flank faces
using diamond wheels to provide surface roughness Sa
~ 0.075 μm and cutting edge rounding radius R ~ 2.4 μm
(Fig. 3).

3 Results

3.1 Steady turning mode on a 30-mm-diameter shaft

Turning on a 30-mm-diameter shaft was themost stable process
which gave surfaces with roughness parameters Sa = 2 μm for
areas 1 and 2 and Sa = 3 μm for area 3 (Fig. 1). No waviness or
surface corrugation was noticed on the processed surface zones
(Fig. 4).

Both AE envelope and vibration acceleration signals demon-
strate their stable behavior in time without any bursts (Fig. 5). A
detailed study of both signals’ behavior has been carried out by
obtaining the time dependencies of vibration acceleration
runRMS and power spectrummean values and comparing them
to those of AE signal median frequency and power spectrum
(Fig. 6). BothMF and PS values were in the ranges 57 to 77 kHz
and 1.7 × 1011 to 5.7 × 1011, respectively. Those signal levels
corresponded to the steady cutting mode without any notable
shaft vibrations.

3.1.1 Frame analysis

Acoustic signal emission is a fast-occurring process in distinc-
tion to the vibrations. Therefore, it is not a trivial task to com-
pare them. The AE signal contains much more information
about the process, and therefore, it is reasonable to make an
attempt of getting useful information not only from treating
the long-time signal but also from treating the short-time AE
signal frame structure. Short-time AE signal and vibration
acceleration (VA) frames are shown in Fig. 7. These frames
have been selected as shown by lines in Fig. 5 to represent the
structure of the cutting process steady stage. It is observable
that the AE signal magnitudes are almost the same level with
only minor low magnitude bursts (Fig. 7a). The same pattern
is observed in case of vibration accelerations (Fig. 7b).

The AE signal median frequency and power spectrum de-
pendencies for two frames obtained during steady turning
show that maximum 125-kHz MF peaks are uniformly dis-
tributed inside the frames whereas the PS has maximum mag-
nitude 3.7 × 1014 at ~ 60 kHz (Fig. 8a, b). The vibration
acceleration magnitude shows some tiny peaks at 7 and
5 kHz for frame 1 and frame 2, respectively (Fig. 8c).

3.2 Slow transition to chatter cutting on a 22-mm-diameter
shaft

Three typical surface areas can be observed on a 22-mm-
diameter shaft after turning (Fig. 9). Area 1 is characterized
by small roughness Sa ~ 2.2 μm. Area 2 and area 3 roughness
is Sa ~ 3.5 and Sa ~ 5 μm, respectively. In addition, areas 2
and 3 show the surface chatter marks resulting from turning
under conditions of vibration. The steady turning stage time
was 45 s (Fig. 10) before vibration acceleration magnitude
increased slowly. The acceleration magnitude rise time was
25 s. Another type of behavior has been discovered for the
AE signal magnitude (Fig. 10). The transition from steady
turning to chatter was characterized by a AE signal magnitude
fall followed by a rise coinciding in time with that of vibration
acceleration magnitude. Also, one can see that the AE signal
amplitude experiences low-frequency modulations during the

Fig. 5 Acceleration and AE signal envelope registered on test with
normal cutting condition

Fig. 6 Signal parameters on test
with normal cutting condition. a
Acceleration runRMS and mean
value of Fmed. b Acceleration
runRMS and mean value of PS
intensity
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chatter stage which allow suggesting a relationship between
AE and VA signal amplitudes.

The AE signal MF behavior in the transition stage is
shown in Fig. 11. Comparing Fig. 11 and Fig. 10, one can
see that the AE signal falls at the 57th second (Fig. 10)
corresponding to the MF rise in Fig. 11a and vice versa,
and the AE and VA magnitude rise (Fig. 10) corresponds
to the MF fall in Fig. 11a. The AE signal power spectrum
magnitude rise coincides with that of vibrat ion

acceleration (Fig. 11b). The slow steady/chatter transition
stage is characterized by AE signal MF and PS in the
range 57 to 106 kHz and 1.5 × 1011–6 × 1012,
respectively.

3.2.1 Frame analysis

The AE signal as well as vibration acceleration frames 1–
2, 3–4, and 5–6 (Fig. 11a, b) have been selected to

Fig. 7 AE (a) and VA (b) frames
in steady cutting mode

Fig. 8 AE signal mean median
frequency (a), AE signal power
spectrum (b), and VA amplitude-
frequency response (c) during
steady cutting

Fig. 9 The 22-mm-diameter
shaft surface before area 1 (a),
during area 2 (b), and after
transition to chatter area 3 (c)
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characterize steady cutting and slow and fast transition to
chatter, respectively. Frames 1–2 give the waveforms sim-
ilar to those shown in Fig. 12a, b for the steady cutting
stage. Frames 3–4 show both AE and VA bursts whose
numbers are increased in transition to the high-magnitude
chatter inherent to frames 5–6.

The AE frame MF and PS dependencies in Fig. 13a, b
show that frames 1 and 2 possess maximum 115-kHz MF
peaks and PS magnitude 3 × 1014 for frequencies below
75 kHz. The VA amplitudes reach 0.7 at ~ 5.5 kHz and
0.5 at ~ 5.3 kHz for frames 1 and 2, respectively. The AE

signal MF peaks for frames 3–4 are at the level of 225
and 300 kHz, respectively. The PS magnitude is reduced
to 1.4 × 1013 in the process. The VA shows some growth
as follows: 0.57 at 5.1 kHz and 2.43 at 5.43 kHz for
frames 3 and 4, respectively. The high-magnitude VA
stage demonstrates reduced MF 200–170 kHz but higher
1.2 × 1015 PS magnitude as compared to those of larger-
diameter shafts. The VA amplitude reaches its maximum
values 9.9 at 5.3 kHz and 10.8 at 5.3 kHz for frames 3
and 4, respectively.

The steady turning mode is characterized by numer-
ous low MF bursts and small number of high MF ones.
In transition to chatter turning, the MF shows some

high-frequency peaks whose number is decreased when
approaching the chatter stage (Fig. 13, frame 4). At
high VA stage, there are only a couple of MF peaks.

The MF and PS behavior during the transition stage
(Fig. 13a, b, frames 3 and 4) allows suggesting that these
AE signal parameters are sensitive to the process mode
changes. The corresponding AE frames reveal high MF
and low, almost zero-level PS. At the same time, VA
(Fig. 13c) demonstrates only a minor amplitude growth.
Such a fact allows suggesting that there is an interval
where high-frequency AE noise is induced by onset low-

Fig. 10 Acceleration and AE signal envelope registered during the slow
low/high-vibration transition cutting test

Fig. 11 The AE and VA signals’
parameters in the slow low/high-
vibration transition mode cutting
test. a Acceleration runRMS and
mean value of Fmedian. b
Acceleration runRMS and mean
value of PS intensity

Fig. 12 The AE (a) and VA (b)
frames in slow transition to the
chatter cutting test

162 Int J Adv Manuf Technol (2018) 95:157–169



amplitude VA oscillations. The AE signal energy is almost
uniformly distributed along the frequency axis in this case.
Also, one can suggest that these high-frequency AE signals
might reduce the cutting force similar to when it occurs in
vibration-assisted machining (VAM). Further VA amplitude
growth results in PS peak at about 60 kHz, i.e., the same as
in steady cutting mode (frames 1 and 2).

3.3 Fast transition to chatter cutting on an
18-mm-diameter shaft

The shaft surface roughness increased to Sa ~ 4.3 μm, Sa
~ 6.5 μm, and Sa ~ 6.6 μm for area 1, area 2, and area 3,

respectively (Fig. 14). The chatter marks in this case are
present in all the shaft’s surface areas. Steady vibration-
free turning stage on the 18-mm-diameter shaft lasts only
for the first 5–7 s being followed by fast transition to high
VA magnitude chatter (Fig. 15). The transition was ac-
companied by a synchronous AE signal magnitude
growth.

The AE signal frames as those indicated in Fig. 15
have been chosen for reconstructing the MF and PS time
dependencies shown in Fig. 16. The steady turning stage
was too short and represented by only two frames 1 and 2
in Fig. 15 where we still can see that transition to high-
magnitude VA chatter was accompanied by a decrease in

Fig. 13 AE signal mean median
frequency (a), AE signal power
spectrum (b), and VA amplitude-
frequency response (c) during the
slow low/high-vibration transition
mode cutting test

Fig. 14 The 18-mm-diameter
shaft surface before area 1 (a),
during area 2 (b), and after
transition to chatter area 3 (c)
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the MF and increase in the PS magnitudes (Fig. 16a, b).
The fast transition stage is characterized by AE signal MF
and PS in the range 56 to 77 kHz and 1.1 × 101 to
4.5 × 1012, respectively.

3.3.1 Frame analysis

In case of fast transition to chatter cutting, frames 1–2, 3,
and 4 corresponded to short-time steady stage, transition,
and high VA magnitude chatter, respectively. The AE

signals under steady cutting mode show almost no bursts
except for several ones in frame 2 (Fig. 17a). The number
of AE signal bursts increased for frame 3 and even more
for frame 4. The VA waveforms look similar to those in
Fig. 12b.

The maximum MF peaks for frames 1 and 2 are at 150
and 200 kHz, respectively (Fig. 18). The number of the
low-frequency peaks is much higher than that of the high-
frequency ones. The VA amplitude for frames 1 and 2 is
1.1 at ~ 5.3 kHz and 2.63 at ~ 2 kHz. The VA amplitude
is increased in transition to the chatter turning and

achieves 5.31 at 2 kHz for frame 3. The high-magnitude
stage results in VA level 10.1 at 5.6 kHz. The PS magni-
tude grows starting from the steady mode value
~ 4 × 1013 to the high-magnitude ~ 4 × 1014.

Steady turning mode is characterized by a large number of
low-frequency peaks and only few high-frequency ones. A
number of low-frequency MF peaks is typical for transition
to the chatter stage (frame 3). High-magnitude VA chatter
mode (frame 4) produced only a couple of high-frequency
MF peaks.

Fig. 16 Signal parameters on fast
low/high vibration transition test.
aAcceleration runRMS andmean
value of Fmedian. b Acceleration
runRMS and mean value of PS
intensity

Fig. 17 AE (a) and VA (b)
frames in the fast low/high-
vibration transition mode cutting
test

Fig. 15 Acceleration and AE signal envelope registered during the fast
low/high-vibration transition test
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4 Discussion

The results of experiments show that there is a relation-
ship between AE and VA signals in machining on the
workpieces having different levels of stiffness. First of
all, the AE amplitude simultaneously grows together with
that of VA. The AE signal mean median frequency depen-
dence on time shows that MF is decreased during chatter
cutting while the power spectrum behavior coincides in

time with that of the VA runRMS/frequency. Third, the
crossover from steady to chatter machining is character-
ized first by increasing the mean MF and decreasing it for
higher VA runRMS amplitudes. When reaching its maxi-
mum value, the run RMS begins to decrease along with a
simultaneous decrease in the AE signal mean MF.

A detailed study of these effects was undertaken with the
use of single frame structure. Frames typical for the AE and
VA signal behavior have been studied following the procedure
the same as for full waveforms.

It was established that the mean characteristics reflect the
inner structure of AE frames with respect to median frequen-
cy, power spectrum, and VA amplitude-frequency response.
Let us dwell on the specificity of machining and AE signal
generation with respect to slender shafts.

Turning on slender shafts may be accompanied by oscilla-
tions due to low stiffness of the workpiece/tool system. These
oscillations will be generated mainly by the workpiece under
condition of low enough cutting depth. The reason for oscil-
lations is the elastic radial Δy and tangential Δz deflections
resulting from the corresponding cutting force components Py
and Pz (Fig. 19). In its turn, deflection is the reason for the
cutting depth variations during turning which are the reason
for corrugating the workpiece’s surface. The smaller is the

Fig. 18 AE signal mean median
frequency (a), AE signal power
spectrum (b), and VA amplitude-
frequency response (c) during the
fast low/high-vibration transition
mode cutting test

Fig. 19 Oscillation mode in turning on a low stiffness shaft
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workpiece diameter, the higher is the deflection magnitude,
the workpiece length kept constant.

Let us see that in more detail by the example of point-
less rectilinear edge tool turning. In such a situation, the
elastic deflections (Fig. 19) may change the rake and
flank face contact length LRF and LFF as well as both
maximum width lmax and maximum thickness amax of a
layer cut (Fig. 20). The notable instability of the cut layer
thickness then results in change in the chip formation
conditions all the way to a discontinuous chip formation
(Fig. 20). This is an explanation for the chatter marks on
the shaft areas during the chatter stage of turning.

Let us look at an effect that vibrations may produce on
the interface between the tool and the workpiece (Fig. 21,
states 1–3). The vibrations may cause both surface sepa-
ration state 2 and surface proximity state 3 due to vertical
vibration displacements. The proximity will provide

higher compression strain and real contact surface area
between the workpiece and the rake/flank tool’s faces.
Horizontal vibration displacements will produce shear
strain beneath the workpiece’s real contact areas which
then may result in stick-slip mode sliding as shown by
state 4. The latter may be the sources of the AE signal
bursts observed during transition to chatter turning mode
as shown by state 5.

It was established that the behavior of AE mean
power spectrum value in time correlates with that of
VA runRMS (Fig. 11b). It was shown above (see Fig.
8b) that the mean PS level was minimal during the
steady cutting mode. Transition to chatter mode cutting
was accompanied by appearing mean PS peaks and val-
leys (Figs. 13b and 18b). Such a correlation allowed us
to propose the AE power spectrum mean variance value
as a criterion for describing the turning process stability.

Fig. 20 The contact length and
cut layer thickness changes
during turning on the oscillating
workpiece

Fig. 21 Effect of vibrations on
the AE signal generation
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This criterion may be denoted as an angle Θ between
two lines drawn to connect three successive PS points i,
i + 1, and i + 2 (Fig. 22).

The angle Θ magnitude is determined by equations as
follows:

Θ ¼ 180∘ − α1 þ α2ð Þ ;

α1 ¼ sin
PSi−PSiþ1j j

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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where PSi, PSi + 1, and PSi + 2 are normalized PS magni-
tudes in points i, i + 1, and i + 2, respectively.

Δti, Δti + 1, and Δti + 2 are the time intervals between
successive frames i, i + 1, and i + 2, respectively.

The PS-normalized magnitude is obtained by dividing the
frame mean PS by the maximum first-frame PS value. One of
the advantages offered by such an approach relates to the
calculation procedure which allows dealing with only a
0.02-s-duration frame instead of treating the full AE signal
waveform. Therefore, we can obtain a prompt response from
the mechanical system which is important for the purpose of
monitoring the cutting chatter stability.

The AE PS variance time dependence for steady cutting
mode is shown in Fig. 23 in comparison to that of VA

runRMS. It is seen that ΔΘ is not above 1° in this case.
Under condition of transition to chatter cutting and severe
chatter, ΔΘ becomes one order magnitude higher, i.e., 10°
and 15°, respectively.

In case of turning on an 18-mm-diameter shaft with fast
transition to chatter, the AE PS variance ΔΘ for very short
steady cutting, fast transition, and severe chatter mode is 1°,
10°, and 20°, respectively (Fig. 24).

5 Conclusions

A peakless tool turning process on slender shaft workpieces
has been used to simulate the dynamic transition from steady
to chatter mode cutting and study the system acoustic emis-
sion and vibration acceleration responses. The cutting process
conditions have been characterized by the AE signal median
frequency and power spectrum. For steady cutting, the MF
dependency on time shows a number of low-frequency peaks
with several high-frequency ones. More high-frequency MF
peaks appear in transition to the chatter mode caused by turn-
ing on a lower stiffness 22-mm-diameter shaft. The chatter
mode again shows the smaller number of the high-frequency
MF peaks.

It was shown that both AE signal median frequency and
power spectrum values are sensitive to the dynamic behavior
of the turning process system in contrast to the vibration ac-
celeration frame analysis whose amplitude-frequency depen-
dence shows a monotonous growth only in transition from a
steady to chatter mode cutting. The VA amplitude growth is
accompanied by synchronous changes of the AE signal mean
PS magnitude. In connection with that, we offer a criterion for
estimating the turning process stability. This criterion is the
AE signal PS variance Θ which may be determined even for
isolated short 0.02-s-duration AE signal frames and thus allow
the real-time monitoring of the process state. The physical
explanation of the experimentally discovered fact that the
AE signal spectral characteristics change under chatter mode
may be provided from considering the full system energy
redistribution depending on the vibrations imposed. It was

Fig. 23 The AE PS variance angle Θ for slow transition to chatter mode
and severe chatter mode

Fig. 22 Towards determining the AE PS variance Θ

Fig. 24 The AE PS variance angle Θ for fast transition to chatter mode
and severe chatter mode
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shown [51] with the use of molecular dynamics modeling that
the full system energy grows under chatter mode mainly at the
account of its potential energy component so that more and
more atoms become involved in deformation and therefore
spectral characteristics of the system are changed.
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