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Abstract—The aim of this research is to monitor the dynamic
cutting forces in CNC turning process in order to investigate the
relation between the straightness and the dynamic cutting forces.
The dynamic cutting forces occurred during the CNC turning
process include the straightness and noise signals. The
Daubechies wavelet transform is applied to identify those signals
into different levels due to the different frequencies. The
experimentally obtained results showed that the dynamic cutting
forces can be used to predict the straightness under various
cutting conditions in the further research by utilizing the wavelet
transform.

It is implied if the noise signals can be detected and
separated out from the straightness signal into other levels of
the wavelet transform, the straightness will be effectively
identified on the decomposed cutting forces. Hence, the aim of
this research is to propose the Daubechies wavelet transform to
decompose the dynamic cutting forces in order to analyze the
straightness signal in CNC turning process. The straightness
frequency is expected to be happened at the higher level of the
decomposed cutting forces but the noise signals will appear at
the lower levels due to the higher frequency of itself.
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II. MONITORING OF DYNAMIC CUTTING FORCES
The preliminary experiments have been conducted with the
carbon steel S45C and the coated carbide tools to monitor the
dynamic cutting forces as shown in Figures 1 and 2. The
cutting forces which are radial force (Fx), the feed force (Fy)
and the main force (Fz) will be detected and obtained by the
dynamometer installed on the turret of CNC turning machine.
The cutting speed is 200 m/min while the feed rate, the depth
of cut, the tool nose radius and the rake angle are 0.2 mm/rev,
0.6 mm, 0.8 mm and -6°, respectively.
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INTRODUCTION

Recently, the in-process prediction of straightness and
roundness in CNC turning process has been proposed by using
the cutting force ratio [1-2]. However, the cutting forces cannot
be used well to predict the straightness and roundness when the
noise signals appear. The relation between the surface
roughness and the cutting force had been investigated by using
the different cutting tools and the cutting parameters [3].

The straightness can be measured off-line firstly by using
the straightness tester. Figure 1 illustrates the dynamic cutting
forces and the corresponding time records of the straightness in
the time domain. Figure 2 shows their power spectrum density
(PSD) in the frequency domain by taking the FFT. It is
understood that the frequency of the straightness is
correspondent with the frequency of the dynamic cutting forces
in frequency domain which is 34 Hz.

The cutting force signals have been monitored to examine
the cutting performance in the turning process [4-6]. It is
proved that the in-process surface roughness can be predicted
well in CNC turning process by using the ratio of dynamic
cutting forces [7]. The force sensor is employed to detect the
chatter in the grinding process [8] and the milling process [9].
The cutting force ratio can help to cut off the effects of cutting
conditions and reduce the data-processing time from the use of
Fast Fourier Transform (FFT) technique. The Fast Fourier
Transform (FFT) is generally adopted to analyze the chatter
signals in frequency domain but it cannot be used to identify
the surface roughness signals from the dynamic cutting forces
in time domain [10]. However, the dynamic cutting forces in
time domain may include the straightness signal which is
mixed with other signals such as the broken chip signals in
both time and frequency domains.

Figures 3 and 4 showed the dynamic cutting forces and the
straightness signals obtained from the cutting speed of 100
m/min, the feed rate of 0.25 mm/rev, the depth of cut of 0.8
mm, the tool nose radius of 0.8 mm and the rake angle of -6°.
The broken chips occurred at this cutting conditions mixed
with the long curl chips. The long curl chip can be observed on
Figure 4 at the lower frequency range which is lower than the
straightness frequency of 19 Hz. It can be seen that the
straightness signal is difficult to classify from the dynamic
cutting forces in both time and frequency domains by using
FFT when the broken chips and the noise signals appear. Hence,
the Daubechies wavelet transform is required to separate the
straightness signal and the noise signals which are mixed on the
dynamic cutting forces.

The wavelet transform is proposed to decompose the
dynamic cutting forces into many levels to analyze the chatter
signal both time and frequency domains [11-13]. It is found
that the decomposed cutting forces by using the Daubechies
wavelet transform can be used to detect the chatter frequency
effectively at the lower level of the decomposed cutting forces.
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employed to measure the straightness of the machined
workpiece.

Straightness signal occurred without broken chip
and noise signals on dynamic cutting forces.

The cutting conditions are listed in Table 1. The dynamic
cutting forces are sampling and low-pass filtered with the cutoff frequency of 10 kHz and 5 kHz, respectively. The dynamic
cutting forces will be decomposed into 10 levels of the
Daubechies wavelet transform to monitor and classify the
straightness signal and the noise signals.
FIGURE I. EXAMPLE OF DYNAMIC CUTTING FORCES AND
STRAIGHTNESS SIGNAL IN TIME DOMAIN.
Straightness frequency.

TABLE I. CUTTING CONDITIONS.
Cutting speed (m/min)

Straightness frequency
34 Hz.

100, 150, 200

Feed rate (mm/rev)

0.2, 0.25

Depth of cut (mm)

0.6, 0.8

Tool nose radius

0.4, 0.8

Rake angle

-6
Dynamo meter
Cutting Tool

FIGURE II. EXAMPLE OF PSD OF DYNAMIC CUTTING FORCES AND
STRAIGHTNESS IN FREQUENCY DOMAIN.

Fy

Straightness signal occurred with broken and
long curl chip signals on dynamic cutting forces.

Fx
Workpiece

FIGURE V. ILLUSTRATION OF EXPERIMENTAL SETUP.

FIGURE III. EXAMPLE OF DYNAMIC CUTTING FORCES AND
STRAIGHTNESS SIGNAL IN TIME DOMAIN.
Broken and long curl chip frequency.
Straightness frequency.

IV.
Straightness frequency
19 Hz.

EXPERIMENTAL RESULTS AND DISCUSSION

The examples of the cutting tests are illustrated in Figures 6
and 7. The dynamic cutting forces are decomposed into 10
levels in the time domain and the frequency domain by using
the Daubechies wavelet transform as shown in Figure 6 and
Figure 7, respectively. It is shown that the frequency of the
decomposed cutting force corresponds with the straightness
frequency at the 8th level. Hence, the decomposed cutting force
from the 8th level can be monitored to estimate the in-process
straightness.
Since the broken chip and noise signals have been classified
out from the straightness signal as shown in Figures 6 and 7. It
is understood that the higher frequency signals over than 100
Hz to 1000 Hz, which are the broken chip and noise signals,
will appear at the lower levels of the wavelet transform.

FIGURE IV. EXAMPLE OF PSD OF DYNAMIC CUTTING FORCES AND
STRAIGHTNESS IN FREQUENCY DOMAIN.

III.

Fz

EXPERIMENTAL SETUP AND PROCEDURE

The series of experiments are performed by using the
coated carbide cutting tools with the carbon steel (S45C). The
dynamometer (Kistler 9121) is installed to monitor the dynamic
cutting forces on the turret of CNC turning machine as shown
in Figure 5. The straightness tester of Mitsutoyo SJ-400 is

On the other hand, the lower frequency signal of the
straightness frequency of 26 Hz will happen at the higher level
of the wavelet transform, which is the 8th level as shown in
Figure 8.

200

Straightness signal occurred with broken
chip signals on dynamic cutting forces.

Straightness signal

Straightness signal

Straightness signal

FIGURE VI. EXAMPLE OF DECOMPOSED CUTTING FORCES IN TIME DOMAIN USING CUTTING SPEED OF 150 M/MIN, FEED RATE OF 0.25
MM/REV, DEPTH OF CUT OF 0.6 MM, TOOL NOSE RADIUS OF 0.4 AND RAKE ANGLE OF -6°.
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Noise signals

Broken chip frequency
Straightness frequency

Noise signals

Broken chip frequency
Straightness frequency

Noise signals

Broken chip frequency
Straightness frequency

FIGURE VII. EXAMPLE OF DECOMPOSED CUTTING FORCES IN FREQUENCY DOMAIN USING CUTTING SPEED OF 150 M/MIN, FEED RATE OF
0.25 MM/REV, DEPTH OF CUT OF 0.6 MM, TOOL NOSE RADIUS OF 0.4 AND RAKE ANGLE OF -6°.
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Straightness frequency 26 Hz.

FIGURE VIII. ILLUSTRATION OF STRAIGHTNESS IN TIME DOMAIN AND ITS PSD IN FREQUENCY DOMAIN USING CUTTING SPEED OF 150
M/MIN, FEED RATE OF 0.25 MM/REV, DEPTH OF CUT OF 0.6 MM, TOOL NOSE RADIUS OF 0.4 AND RAKE ANGLE OF -6°.
[7]

V.

CONCLUSION

The dynamic cutting forces in CNC turning process are
monitored to analyze the straightness signal. However, the
straightness signal cannot be classified from the dynamic
cutting forces and separated out from the broken chip and noise
signals in both time and frequency domains by using the FFT
technique. The Daubechies wavelet transform is proposed to
decompose the dynamic cutting forces into 10 levels in both
time and frequency domains to determine the suitable level of
the straightness signal, which is the 8th level. It is understood
that the decomposed cutting forces obtained from the 8th level
can be considered to predict the straightness in the future
research.
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