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This paper proposes a novel chattering vibration detec-
tion application (CVDA) for smartphones. The main
target machine is a single-purpose lathe. The CVDA
uses sound signals between 10 kHz and 20 kHz, and
acceleration sensor signals. In general, when evaluat-
ing chattering vibration detection methods using sound
signals, it is necessary to consider that the operating
sound of the target lathe includes environmental and
other machine tool operating noise. The environmen-
tal noise includes human voices, the sound of rain, and
factory broadcasts. The frequencies of these sounds are
often less than 10 kHz. However, the operating sound
of machine tools contains sound signals between 10 kHz
and 20 kHz. In this study, a method to detect chattering
vibrations was employed using sound signals between
10 kHz and 20 kHz to remove environmental sounds,
and acceleration sensor data to remove the operating
sounds of machine tools. The basic device of the pro-
posed analyzer is a smartphone. The advantages of
using a smartphone include compactness, convenience,
and applicability to many factories.

Keywords: chattering vibration, sound signal, accelera-
tion sensor data, fast fourier transform, smartphone

1. Introduction

Manufacturing industries require high production effi-
ciencies. Chattering vibrations are one of major problems
encountered during the cutting process. Various methods
have been developed to predict and prevent chattering vi-
brations on machined surfaces [1-7]. However, there are
problems such as the difficulty of integrating the system
into existing systems. Therefore, various methods have
been considered for abnormality detection and condition
monitoring using sound signals. These methods can be
easily incorporated into existing systems by installing a
microphone [8—15]. Although anomaly detection systems
using deep learning have high accuracy, there are issues
such as the need for a large amount of teacher data for
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tuning and the high cost. The cost-effectiveness of this
method remains unclear for companies. Thus, the pur-
pose of this study is to develop an inexpensive and high-
accuracy chattering vibration detection system for a single-
purpose lathe. We propose an application for smartphones
to detect chattering vibrations. The number of devices can
be reduced because smartphones are equipped with sound
sensors, acceleration sensors, camera functions, and a CPU
as a standard. As smartphones are not designed for fre-
quency analysis, their microphone characteristics are un-
known. Therefore, we conducted an experiment to com-
pare the smartphone and measurement microphone.

In this paper, the main target machine is a single-purpose
lathe. The single-purpose lathe was off-the-shelf, and the
workpiece was properly fixed. In contrast, the tool change
and length of the tool adjustment were performed by work-
ers. Chattering vibration may occur owing to loose tool fix-
turing or increased tool protrusion length because the ad-
justment is performed according to the worker’s sense. The
chattering vibration detection application (CVDA) is in-
tended to compensate for the worker’s sense. In this study,
a carbon-steel turning experiment was conducted. To date,
cutting sound waveforms have been investigated by turn-
ing carbon steel [8—10, 16—19]. However, intensive studies
on the relationship between chattering vibrations and cut-
ting sound signals at 10-20 kHz have not been conducted
intensively. Thus, we measured the change in sound pres-
sure between 10 and 20 kHz to vary the tool protrusion
length. Chattering vibrations occurred when the tool pro-
trusion length was increased, and we confirmed that the
sound pressure between 10 and 20 kHz increased.

Next, we describe an application for detecting the chat-
tering vibrations. This application can detect chattering
vibrations by changes in cutting sounds. To date, the pro-
cess and tool states have been investigated using cutting
sounds [11]. However, the distinction between the target
machine and noise is an issue with this the method because
it detects loud sounds below 10 kHz. The sounds are en-
vironmental noise and other machine tool operating noise.
Environmental noise in factories include human voices and
broadcast sound. The frequencies of the noise sounds are
generally less than 10 kHz [20]. By using sound signals
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Table 1. FFT conditions.

Device Sampling [Hz] Points
Measurement microphone 25600 6400
Smartphone 44100 4096

Anechoic room

__Microphone, Loudspeaker
Smartphone
0.5m
1.2m
Stand Stand

(a) Evaluating the characteristic of measurement microphone
and smartphone microphone

Anechoic room

Loudspeaker
Smartphone
Stand §f 0im
1.2m
Rotating
stand Stand

(b) Evaluating the directivity

Fig. 1. Setup for evaluating the characteristic of smart-
phone microphone.

between 10 and 20 kHz, chattering vibrations can be de-
tected even in the presence of human voices and rain noise.
Furthermore, an acceleration sensor was used to detect the
start and end times of the cutting process based on the
movement of the single-purpose lathe, and the sound was
collected during the cutting process. False positives can be
reduced even if noise, such as other machine tool sounds,
are generated outside the cutting process time. Cutting ex-
periments were performed by broadcasting noise sounds to
confirm the detection of chattering vibration.

2. Microphone Characteristic Evaluation

2.1. Experimental Setup

In this section, we describe an experiment to evalu-
ate the microphone characteristics of a smartphone (Zen-
fone8, ASUSTeK Computer Inc.) using a measurement
microphone (4939-a-011, Bruel & Kjar Sound & Vibra-
tion Measurement A/S). The frequency response of the
measurement microphone between 10 Hz and 20 kHz was
flat. The general purpose speaker was utilized. Table 1
lists the fast Fourier transform (FFT) conditions. Fig. 1(a)
shows a schematic of experimental setup used to evaluate
the characteristics. A loudspeaker was placed at a height
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(b) 1 kHz sine wave detected by smartphone microphone

Fig. 2. Frequency spectrum chart of measurement micro-
phone and smartphone microphone.

of 1.2 m in an anechoic room. The calibrated measure-
ment microphone and smartphone were placed side by side
0.5 m in front of the loudspeaker. The loudspeaker emits
a sine wave at a specific frequency. The frequencies se-
lected were as follows: 125 Hz, 250 Hz, 500 Hz, 1000 Hz,
2000 Hz, 4000 Hz, 8000 Hz, and 16000 Hz. The micro-
phone and smartphone measurements were performed si-
multaneously and their results were compared.

Next, we describe an experiment for evaluating the di-
rectivity of a smartphone microphone. Fig. 1(b) shows a
schematic of the experimental setup for evaluating the di-
rectivity. The loudspeaker and smartphone were placed in
an anechoic room. The loudspeaker emitted a sine wave at
16000 Hz, and the change in sound pressure was measured
while the smartphone was rotated 0°, 30°, 60°, 90°, 120°,
150°, 180°, 210°, 240°, 270°, 300°, and 330°.

2.2. Experimental Result Comparing
Microphone and Smartphone and
Discussion

Figure 2 shows a frequency spectrum chart of a sine
wave at 1.0 kHz measured by measurement microphone
and smartphone microphone. The frequency of the highest
sound pressure was 1000 and 1001 Hz for the measurement
and smartphone microphones, respectively. The sound
pressure of the measurement microphone was —77.2 dB,
while the sound pressure of smartphone microphone was
—41 decibel full scale (dBFS). The sound pressure dif-
ference between 1.0 kHz and 2.5 kHz is as follows: the
measurement microphone is 74.2 dB; the smartphone is
—61.5 dBFS. To confirm the stability of the application,
the sound pressure at 1.0 kHz sine wave was measured
after restarting the smartphone and application. Table 2
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Table 2. Sound pressure at 1.0 kHz sine wave measured by
smartphone microphone.

Count Sound pressure [dBFS]
1 -42
2 -41
3 —42
4 -41
5 —41

Table 3. Sound pressure at each frequency.

Sound pressure
Frequency [Hz] -
Microphone [dB] | Smartphone [dBFS]

125 77.3 -31.0
250 77.2 -29.0
500 77.3 -33.2
1000 77.2 -41.0
2000 77.2 -35.0
4000 77.2 -34.0
8000 77.2 -27.0
16000 77.2 -24.8
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Fig. 3. Frequency spectrum chart of 16 kHz sine wave de-
tected by smartphone microphone.

lists the sound pressures measured five times by the smart-
phone microphone. The sound pressures were —41 and
—42 dBFS.

Next, the measured sound pressure for the center fre-
quency of the octave band is shown in Table 3. These mea-
surements eliminate the frequency dependence of the loud-
speaker. The sound pressure of the measurement micro-
phone was kept constant because there was no frequency
dependence. The measurements of smartphone micro-
phone is varied. The frequency spectrum chart of a sine
wave at 16000 Hz is shown in Fig. 3. The peak frequency
1s 15999 Hz. As a result, we consider that the smartphone
can be used for sound frequency analysis but not for abso-
lute value measurement. If the measurement frequency is
fixed, it is possible to make a relative comparison with the
reference value.
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[ (length)

]

Fig. 5. Simple model of a cantilever beam.

2.3. Experimental Result of Directivity

Figure 4 shows a sound pressure at each angle measured
by smartphone microphone. There was no difference in
sound pressure in the range of 0°+30° . When shifted by
more than 90°, the sound pressure decreased drastically.
It can be seen that the sound is collected when the smart-
phone is within 0°+30° of the target.

3. Chattering Vibration Detection in the
Presence of Environmental Noise

3.1. Theory

Chattering vibration is an abnormal vibration that tends
to occur during the cutting process. In the chattering vibra-
tion state, the workpiece or tool rotates and deflects with a
large amplitude [16-19,21-23]. A simple model of a can-
tilever beam is shown in Fig. 5. The amount of deflection
increases as the tool protrusion length increases and chat-
tering vibration occurs.

3.2. Experimental Method

Figure 6 shows a schematic of the experimental setup
for investigating cutting sounds. A lathe (HB-500 X
1000, Shoun Machine Tool Corp.) was utilized in the
experiment because we did not have the single-purpose
lathe. Table 4 lists the experimental equipment and
cutting conditions. The tool used was a boring tool
(S16MSTFCR11, Mitsubishi Materials Corp.) and tip was
cermet (TPGM110204L, Tungaloy Corp.), and the work-
piece material is S55C. At the start of the experiment, the
workpiece had a diameter of 34 mm and protrusion length
of 67 mm. The aspect ratio was set to 2 for the workpiece.
The tool protrusion length varied between 30 and 60 mm.
The workpiece was cut from the edge to 25 mm, and the
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Smartphone (analyzer)
L (Protrusion length) : 30 mm - 60 mm

Fig. 6. Experimental setup.

Table 4. Cutting conditions.

Information
Machine Lathe
Cutting tool Boring tools
Tip Cermet
Workpiece material S55C
Analyzer Smartphone

Cutting conditions

Rotational Speed 1150 min™!
Feed 180 mm/min
Depth of cut 0.3 mm
Coolant Non (dry)

cutting time was set to 8 seconds. The depth of cut was ap-
proximately 0.3 mm. The cutting sound was measured by
smartphone. The smartphone moved synchronously with
the tool rest. The cutting sound was FFT analyzed using
a custom-made Android OS application for smartphone.
FFT conditions are listed in Table 1. The sound pressure
values after the FFT were saved in a csv file and the values
were analyzed.

3.3. Experimental Results

We first evaluated the change in the sound pressure at
30 mm protrusion length of the tool. Fig. 7(a) shows
a frequency spectrum chart of the average of the sound
pressures during the cutting process. The cutting process
time was approximately 8 seconds. The sound pressure at
6.5-9.0kHz, 11.0-12.0kHz, and 13.0-17.0 kHz increased.
The sound pressure at 8677 Hz in the 5.0-10.0 kHz range
and at 16149 Hz in the 10.0-19.0 kHz range increased the
most. Fig. 7(b) compares the sound pressures of the aver-
age and 2 seconds after cutting start. The average sound
pressure and the sound pressure after 2 seconds were in-
consistent, and the frequency spectrum chart was unsta-
ble during the cutting process. A time series variation of
the sound pressure at 8.7 kHz and 16.1 kHz are shown in
Fig. 8(a) and (b), respectively, indicating that the sound
pressure is not constant. The maximum sound pressure at
8.7 kHz before cutting state is —71 dBFS, and the mini-
mum sound pressure during cutting is —81 dBFS, which is
less than the maximum value for the before cutting state.
At 16.1 kHz, the maximum sound pressure before cutting
state is —70 dBFS, and the minimum sound pressure dur-
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ing cutting is —82 dBFS. Fig. 8(c) shows the time variation
of the feature value. The feature value is summed value
of sound value for frequencies from 6.5-9.0 kHz. In this
paper, the sound value is the sound pressure normalized
with 0 dBFS as the maximum sound pressure value. For
example, if the sound pressure at 8.7 kHz is —81 dBFS,
the sound value at 8.7 kHz is —81. The maximum fea-
ture value before cutting state is —17043, and the minimum
feature value during cutting is —16919. For the difference
between the maximum sound pressure before cutting state
and the minimum sound pressure during cutting, whereas
the value at 8.4 kHz and 16.1 kHz were negative, the fea-
ture value of 6.5-9.0 kHz achieved 124. Fig. 8(d) shows
the time variation of the sum of the sound value for fre-
quencies from 13.0 kHz to 17.0 kHz. The maximum value
before cutting state is —29414, and the minimum value dur-
ing cutting is —28663, a difference of 751. This differential
value is higher than the feature value of 6.5-9.0 kHz. From
the comparison between them, we confirmed the effective-
ness of summing sound value of 13.0-17.0 kHz because
there is always a difference in value, and it is possible to
distinguish between before cutting state and cutting state.

Next, the cutting for the protrusion length of the tool was
varied from 30 mm to 40 mm, 50 mm, and 60 mm. Chatter-
ing vibration occurred at protrusion lengths of 50 mm and
60 mm. Fig. 9(a) shows the frequency spectrum chart at
the 50 mm protrusion length of the tool. The sound pres-
sure at approximately 3.5 kHz increases compared to the
sound pressure at 30 mm protrusion length of the tool. Ta-
ble 5 shows the sum of the sound value for frequencies
from 13.0 to 17.0 kHz (summation value). The summa-
tion value at a protrusion length of 40 mm was —27115,
which was not different from that at 30 mm. The sum-
mation value at 50 mm protrusion length was —25587, an
increase compared to that at 30 mm. The summation value
at 60 mm protrusion length was —27900, a decrease com-
pared to that at 30 mm. These data represent the averages
of several experimental results. The standard deviations
are listed in Table 5. Thus, the chattering vibration for a
tool protrusion length of 50 mm can be distinguished using
the smartphone by identifying the maximum summation
value.

Figure 9(b) shows the frequency spectrum chart for a
60 mm protrusion length of the tool. The sound pres-
sures at approximately 2.5 kHz and the harmonic com-
ponents at approximately 2.5 kHz increases compared to
the sound pressure at 30 mm protrusion length of the tool,
indicating the occurrence of strong chattering vibration.
The maximum sound pressure in the 0-10.0 kHz range
was —35.7 dBFS, and the frequency of that sound pres-
sure was approximately 2.5 kHz. The maximum sound
pressure in the 10.0-20.0 kHz range was —43.7 dBFS, and
the frequency of that sound pressure was approximately
12.4 kHz. For the cases of 30 mm and 60 mm protrusion
length of the tool, Table 6 lists the maximum sound pres-
sure from 10.0 kHz to 20.0 kHz at 2.0 kHz intervals. The
maximum sound pressure at 60 mm protrusion length of
the tool in the 12.0-13.9 kHz range is —43.7 dBFS, and
in the 14.0-15.9 kHz range is —50.6 dBFS. These values
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Fig. 7. Sound pressures at 30 mm protrusion length of the tool.
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Fig. 8. Time variation of sound pressure at 30 mm protru-
sion length of tool.
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increased by more than 10 dB compared with the value of
the 30 mm protrusion length of the tool. Thus, the chat-
tering vibration for the tool protrusion length is 60 mm,
which can be distinguished with the smartphone by identi-
fying the maximum sound pressure between 10.0 kHz and
20.0 kHz.

3.4. Evaluation of Applications for Chattering
Vibration Detection

In the previous section, we described how chattering vi-
brations could be detected by comparing the sound pres-
sure with a tool protrusion length of 30 mm. In this section,
we confirm the operating principle using CVDA. First, we
performed cutting experiments at 30 mm protrusion length
of the tool on multiple days, and calculated the average and
standard deviation (o) of the sound pressures. The refer-
ence range was defined as the average value +20; the ref-
erence values are listed in Table 7.

Figure 10 shows a schematic of the experimental setup.
The setup is essentially the same as in Fig. 6. In the first
experiment, cutting was performed with 50 mm and 60 mm
protrusion length of the tool in presence of non-noise. The
operational results of CVDA are shown in Tables 8 and 9.
Both sets of test data accurately determined chattering vi-
brations.

In the second experiment, cutting was performed with
a 50 mm protrusion length of the tool in the presence of
environmental noise. The setup is shown in Fig. 10. The
smartphone2 (Rog Phone 5s, ASUSTeK Computer Inc.)
was used to broadcast noise sounds during the cutting pro-
cess. In some factories in Japan, school chimes are used
to signal break time. The experiment was conducted un-
der the assumption that the break time signal was played
during cutting. The frequency spectrum chart of
the school chime sound is shown in Fig. 11. The sound
pressures below 5 kHz are increased. The cutting sound
pressure between 0 kHz and 5 kHz at 50 mm protrusion
length of the tool is shown in Fig. 12. Unlike the previ-
ous experimental results, the sound pressure was higher at
780 Hz and 2.0 kHz owing to the school chime sound. The
sound pressure at 780 Hz and 2.0 kHz was —40 dBFS and
—45 dBFS, respectively, both of which increased compared
to the case of the 30 mm protrusion length of the tool. Next,

Int. J. of Automation Technology Vol.19 No.2, 2025



Sound pressure
[dBFS]

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

10.0 110

Frequency [kHz]

12.0

Development of an Application for Smartphone to
Detect Chattering Vibration in Single-Purpose Lathe

--------- Before cufting state

13.0 15.0

14.0

(a) Frequency spectrum chart at 50 mm protrusion length of the tool

-30

-90

Sound pressure
F
.
(=)
(=]

00 10 20 30 40 50 60 70 80 9.0
Frequency

10.0  11.0

[kHz]

12.0

e St o st et

13.0 140 150

(b) Frequency spectrum chart at 60 mm protrusion length of the tool

Cutting state

—— Cutting state

-+ Before cutting state

16.0

Fig. 9. Frequency spectrum chart of average cutting sound during cutting time.

Table 5. Transition of summation value.

. Summation value
Protrusion length [mm] —
Average | Standard deviation (o)
30 -27099 270
40 -27115 229
50 —-25587 249
60 —27900 290

Table 6. Maximun sound pressure between 10 kHz and
20 kHz with tool protrusion lengths of 30 mm and 60 mm.

Tool rest

Smartphonel (analyzer)

Smartphone2

L (Protrusion length) : 40 mm - 60 mm

(Broadcast noise sound)

Fig. 10. Experimental setup for confirmation of the princi-

Maximum sound pressure [dBFS] ple of chattering vibration detection in the presence of noise.
Frequency 30 mm 60 mm
protrusion length | protrusion length
10 kHz-11.9 kHz —68.7 -70.7
12 kHz—13.9 kHz —66.3 —_43.7 Table 8. Test results at 50 mm protrusion length of the tool
14 kHz—15.9 kHz 604 2506 in the presence of non-noise.
16 kHz-17.9 kHz —-60.4 -53.6 Count | Summation value Test result
18 kHz-20.0 kHz -58.9 -52.8 1 —25605 Chattering vibration
2 -26139 Chattering vibration
Table 7. Reference value. 3 —25423 Chattering vibration
4 —25471 Chattering vibration
Frequency Reference range 5 —25441 Chattering vibration

—26560 to —27639
—86.5 to —56.1 dBFS
—76.0 to —62.8 dBFS
—73.4 to —61.3 dBFS
—67.4 to —60.1 dBFS
—45.9 to —75.9 dBFS

Summation value
10 kHz-11.9 kHz
12 kHz-13.9 kHz
14 kHz-15.9 kHz
16 kHz-17.9 kHz
18 kHz-20.0 kHz

the change in the sound pressure of sound signals above
10 kHz is discussed. Five cuts were performed at 50 mm
protrusion length of the tool, and the test results are listed
in Table 10. The summation values were higher than the
reference values, and the test results were all chattering vi-
bration states. The differences between these experimen-
tal data and the values at 50 mm protrusion length of the

Int. J. of Automation Technology Vol.19 No.2, 2025

Table 9. Test results at 60 mm protrusion length of the tool
in the presence of non-noise.

Above 10 kHz
Count | Sound pressure | Frequency Test result
[dBFS] [kHz]
1 -35.1 12.4 Chattering vibration
2 —45.6 12.8 Chattering vibration
3 —-43.4 15.4 Chattering vibration
4 -56.7 15.3 Chattering vibration
5 -50.2 15.0 Chattering vibration
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Fig. 11. Frequency spectrum chart of school chime.
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Fig. 12. Frequency spectrum chart of cutting sound of 0 Hz
to 5 kHz at 50 mm protrusion length of the tool during a
school chime broadcast.

Table 10. Test results at 50 mm protrusion length of the
tool in the presence of school chime sound.

Count | Summation value Test result
1 —26440 Chattering vibration
2 —25278 Chattering vibration
3 —24211 Chattering vibration
4 —24715 Chattering vibration
5 —25815 Chattering vibration

tool listed in Table S are small. From the comparison, we
confirmed the effectiveness of CVDA in the presence of
environmental noise.

4. Chattering Vibration Detection in the
Presence of Factory Noise

4.1. Chattering Vibration Detection Method

In the previous section, CVDA was assumed to be used
for environmental noise between 0 Hz and 10 kHz. In this
section, we consider the use of CVDA in an actual factory
environment with various machine tool sounds between
0 Hz and 20 kHz. First, we recorded sound in an actual
factory and analyzed the sound by FFT analysis in order
to investigate the sound in the factory of a manufacturing
company. Fig. 13 shows the time variation of summation
value, indicating that the sounds of various machine tool
operations were included because the value was not con-
stant.

We observed that it was possible to eliminate machine
tool sounds outside of cutting time by collecting the sound
during the cutting process. The tool rest of single-purpose
lathe moved to the cutting position as cutting starts, and
returns to the initial position when the cutting ends. We
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Fig. 14. Experimental apparatus for detection of tool rest
position by acceleration sensor of smartphone.

1 Cutting position

Cutting position

e
=

Initial position Initial position

Acceleration [m/s?]
& =
£ =] ES

&
o

-1.2
00 10 20 30 40 50 60 7.0 80 90 100
Time [sec]

Fig. 15. Time variation of smartphone Y-axis acceleration
sensor data.

investigated the relationship between tool rest motion and
the accelerometer data of smartphone. Fig. 14 shows the
experimental apparatus in an actual factory. The single-
purpose lathe moved automatically to the left and right
while the cutting time remained constant. Fig. 15 shows
the time variation of Y-axis acceleration sensor data. The
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Is the acceleration exceeds
the threshold?

Sound record, FFT analysis

Is the sound pressure
outside reference range?

Alert
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Fig. 16. Flow of chattering vibration detection.

time required to return to the initial position from the cut-
ting position was consistent with the time interval at which
the Y-axis acceleration sensor data exceeded 1.0 m/s?.
From the comparison between them, we confirmed the
ability to determine the start and end timing of sound col-
lection by using the acceleration sensor.

Figure 16 shows the flow of chattering vibration detec-
tion in the presence of factory noise. The configuration is
simple and has a low CPU load because the CVDA does not
require deep learning. Therefore, it can be used with the
smartphone. Firstly, the acceleration sensor automatically
detects the start time of cutting process. For the Y-axis ac-
celeration sensor data, the threshold value is 1.0 m/s2. As
a result, the accuracy improved because the sound signals
outside the cutting time were not analyzed. Secondly, the
sound signals were analyzed and compared with the refer-
ence values. If the cutting sound was outside the reference
range, it was judged as chattering vibration.

This application sends an e-mail to a worker when it de-
tects chattering vibrations. The worker notices the chat-
tering vibrations even if the worker is working far away
from the target machine. By customizing the application,
it is also possible to send notifications in ways other than
e-mail.

4.2. Evaluation of Applications for Chattering
Vibration Detection in the Presence of
Factory Noise

In this section, we compare the classical statistical
method with the proposed method in the presence of fac-
tory noise. The experimental setup is shown in Fig. 10.
The lathe was manually shifted to the left or right by ap-
proximately 300 mm, adding an action that mimicked the
motion of a single-purpose lathe. An experimental system
was constructed to perform cutting 8 seconds after the ac-
celeration sensor data response.

The cutting experiment was performed at 40 mm pro-
trusion length of the tool in the presence of factory noise.
Fig. 17 shows the experimental results of the accelerom-
eter data and summation value. The time at approxi-
mately 8 seconds after the acceleration sensor data re-
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Fig. 17. Time variation of summation value at 40 mm pro-
trusion length of the tool.

Table 11. Test results at 50 mm protrusion length of tool
in presence of factory noise.

Count | Summation value Test result
1 —25886 Chattering vibration
2 —26224 Chattering vibration
3 -26199 Chattering vibration
4 —25783 Chattering vibration
5 —25366 Chattering vibration
6 —25920 Chattering vibration
7 —26208 Chattering vibration
8 —25885 Chattering vibration
9 -26191 Chattering vibration
10 —25275 Chattering vibration

sponse and the start time of the cutting process were al-
most the same. Seven seconds after the start of the cut-
ting process, the sound pressure increased owing to factory
noise. The method using only sound signals described in
Sections 3.3 and 3.4 falsely detected the normal state as
chattering vibration because the sound pressure at 17 kHz
was —57 dBFS. The proposed method determined that it
could be normal because it did not detect abnormal noise
before the acceleration sensor reacts.

Next, a cutting experiment was conducted ten times with
the protrusion length set to 50 mm in the presence of fac-
tory noise. The sound of the cutting timing assumed from
the acceleration sensor was analyzed. The test results are
listed in Table 11. The CVDA was determined to be in a
state of chattering vibration.

5. Conclusions

The purpose of this study was to develop an inexpensive
and high-accuracy smartphone application to detect chat-
tering vibration in a single-purpose lathe. We focused on
sound signals between 10 kHz and 20 kHz to improve accu-
racy, and investigated the relationship between sound pres-
sure and chattering vibration. The relationship between the
acceleration sensor and the operation of the single-purpose
lathe was also investigated. As a result, the following con-
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clusions were drawn.

D

2

3)

“4)

In

Chattering vibration occurred when the tool protru-
sion length was increased. The level of the sound
signals between 10 kHz and 20 kHz increased when
chattering vibration occurred. This can be explained
by the fact that the tool vibration affected the sound
signal above 10 kHz.

In the experiment, the sound pressure at 6.5-9.0 kHz,
11.0-12.0 kHz, and 13.0-17.0 kHz increased with
normal cutting. The summation value produced a dif-
ference before and during the cutting operation.

The movement of the single-purpose lathe can be de-
tected using an acceleration sensor. It was found that
the timing of the start and end of the cutting pro-
cess can be detected. As a result, the accuracy was
improved by eliminating anomalous noise before the
cutting process.

The proposed method has a simple configuration and
works on smartphones. The advantage of smart-
phones is that the number of devices can be reduced
because they are equipped with sound sensors, accel-
eration sensors, camera functions, and a CPU as stan-
dard. In addition, they can easily be placed near the
target machine because of their portability, and it is
possible to accurately record the sound of the target
machine. As a result, it could be used as a low-cost
system.

the proposed method, the threshold settings for the

sound signals and accelerometer data are important, es-
pecially the reference range of the sound signal. How-

ever,

this was not fully investigated in the present study.

Detailed comparisons between measurements and smart-
phone microphones are also insufficient. We will further
investigate the improvements in threshold settings and mi-
crophone characteristics in detail in future work. In addi-

tion,
must

if the cutting conditions change, the reference value
also be modified. Methods for easily modifying ref-

erence values is another issue for the future.
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