Annals of DAAAM for 2010 & Proceedings of the 21st International DAAAM Symposium, Volume 21, No. 1, ISSN 1726-9679
ISBN 978-3-901509-73-5, Editor B. Katalinic, Published by DAAAM International, Vienna, Austria, EU, 2010

)

Make Harmony Between Technology and Nature, and Your Mind will Fly Free as a Bird

DAAAM Symposium

=\

IN-PROCESS MONITORING AND DETECTION OF CHATTER IN MILLING PROCESS
ON CNC MACHINING CENTER
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Abstract: The aim of this research is to develop an in-process
monitoring system for detection of the chatter for milling
process regardless of any cutting condition within the small
data-processing time by utilizing the dynamic cutting force
obtained during the cutting. The proposed method introduces
three parameters, which are calculated and obtained by taking
the ratio of the average variances of the dynamic cutting forces
of three force components, to classify the chatter. The new
algorithm was developed and implemented on 5-axis CNC
machining center to detect the chatter in ball-end milling and
end milling processes. The results showed that the proposed
method can be used efficiently to detect the chatter during the
cutting even though the cutting conditions are changed.
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1. INTRODUCTION

For milling process, the chatter is one of the major limitations of
productivity in ball-end milling and end milling processes. It is then
necessary to avoid the chatter occurred during the cutting process.

Extensive research efforts have been devoted so far to develop
sensors and methodologies for detection of chatter. It is known that
the generation of chatter affects mostly the main force component
(Altintas & Lee, 1998; Raman, 1992). The techniques to detected
chatter have been employed by many researchers (Altintas & Weck,
2004; Altintas & Chan, 1992). A simplified method for recognizing
the cutting states has been proposed by utilizing the dynamic
components of cutting forces within the very short time or real time
(Ueda et.al., 1987). Hence, the dynamic components of cutting forces
are adopted to monitor and detect chatter in this research to increase
the reliability of the automated and intelligent manufacturing.

The aim of this research is to develop an in-process monitoring
system to detect the chatter in milling process regardless of the
cutting conditions within the short time by using the dynamic cutting
forces obtained during the cutting. The proposed method introduces
three parameters, which are calculated and obtained by taking the
ratio of the average variances of the dynamic cutting forces, to detect
the chatter. The developed method will be used in the future work for
optimization of the cutting conditions in CNC machining center.

2. IN-PROCESS MONITORING AND DETECTION OF
CHATTER

The average variance technique is proposed in order to detect
the chatter and non-chatter during the milling process by utilizing
the average variances of the dynamic cutting forces (X, Y, Z).

However, the dynamic cutting forces may be affected by the
work material as well as the cutting conditions such as the depth of
cut and the feed rate. Those average variances of the dynamic
cutting forces are therefore necessary to be generalized and non-
scaled to identify the chatter and the non-chatter in the ball-end
milling and end milling processes from any combinations of the
work materials and the cutting conditions by taking the ratio of
their corresponding time records of the average variances of three
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dynamic cutting forces (Y, Z, Z). Hence, the method introduces
X X Y

new parameters (AV1 =Y, AV2 =Z  AV3 =Z) in order to

represent the ratios of the average variances of the dynamic

components of three cutting forces.

The new parameters AV1, AV2, and AV3 are the ratio of the
average variance of the tangential force to radial force, the ratio of
the average variance of the tangential force to axial force, and the
ratio of the average variance of the radial force to axial force,
respectively. In case of chatter, all parameters are supposed to be
highly significant as the amplitudes of three dynamic cutting forces

are affected by the chatter

3. EXPERIMENTAL SETUP AND PROCEDURE

Series of cutting experiments were carried out in order to
obtain the reference feature spaces and the proper threshold values
(C1, C2, C3) for detection of the cutting states. The major cutting
conditions are summarized in Tab. 1.

The dynamic cutting force components detected by the tool
dynamometer are amplified and low-pass filtered with the cut-off
frequency of 5kHz prior to digitization and calculation within PC.
The sampling rate is 10 kHz. It is proven that the resonant frequency
of the tool dynamometer is about 2.3 kHz. However, it is proven by
the modal test that the natural frequency of it included with the jig
and the workpiece on the table of the table of the 5-axis CNC
machining center is 730 Hz. Hence the dynamic cutting force
components are well detected with the tool dynamometer. The
following procedures are adopted to obtain the threshold values to
detect the chatter and the non-chatter;

1. Start cutting and measure the cutting forces.

2. Calculate the ratio of the average variances of three dynamic
cutting forces to classify the chatter and the non-chatter.

3. Determine the proper threshold values of new parameters in
the reference feature spaces for detection of chatter.

4. Verify the threshold values of the proposed method by
utilizing the new cutting tests by using the end milling process.

Workpiece carbon steel (AlISI 1050)

Cutting tool Coated carbide ball end mill
D =6,12 mm

Spindle speed, rpm 5000, 7000, 9000

Depth of cut, mm 3,45

Feed, mm/rev 0.02, 0.06, 0.08

Tab. 1. Major cutting conditions
4. RESULTS AND DISCUSSION

Fig. 1 shows the typical examples of the experimentally obtained
dynamic components of three cutting forces from the chatter and the
non-chatter. The amplitude of the tangential force is relatively large
when the chatter happens, and also in the radial and axial forces.
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Fig. 1. Examples of experimentally obtained dynamic cutting
force from chatter and non-chatter

Figure 2 to 3 show the sample of the experimentally obtained
results of the reference feature spaces between AV1 and AV2 and
AV1 and AV3. The values of parameters AV1, AV2 and AV3 are
relatively large when the chatter appears. It is understood that the
average variance of the dynamic component of tangential force is
larger than those of radial force and axial force.
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Fig 2 Illustration of the experimentally obtained reference
feature space between AV1 and AV2
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Fig 3 Illustration of the experimentally obtained reference
feature space between AV1 and AV3

The threshold values of the chatter and the non-chatter can be
determined in the reference feature spaces. The proper threshold
values of C1, C2, and C3 are defined as 1.9, 1.25, and 0.6 for AV1,
AV2 and AV3 respectively.

The new cutting tests were employed to detect the chatter
during the in-process end milling to check the performance of the
proposed method, and verify the threshold values in the reference
feature spaces again. Figure 4 shows the experimentally obtained
results of the reference feature space between AV1 and spindle
speed. The experimentally obtained values of parameter AV1
correspond to the proper threshold value of 1.9 referring to the
reference feature spaces of Figs. 2 and 3.

It is proved that the proposed method can be used to detect
the chatter in the end milling process during cutting. However,
the proposed method requires the modal test before to check the
dynamic response of the system when it has been changed.
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Fig 4 Mlustration of the experimentally obtained reference
feature space between AV1 and spindle speed

4. CONCLUSION

A method has been proposed and developed for in-process
monitoring and detection of chatter for the milling process on CNC
machining center based on the proposed average variance
technique. A proposed method introduces new parameters AV1,
AV?2, and AV3, which are calculated and obtained by taking the
ratio of the average variance of the dynamic cutting forces. The
reference feature spaces and the proper threshold values of C1, C2
and C3 are determined for classification of the chatter and the non-
chatter.

The developed method is applied to the actual the ball-end
milling and end milling processes. It has been proved that the
chatter is sufficiency detected by the method proposed under wide
range of cutting conditions within the small data-processing time
by the proposed method.

The largest potential advantage of the method proposed here is
that the chatter can be readily detected during the in-process cutting
under any cutting condition by simply mapping the experimentally
obtained values of parameters AV1, AV2 and AV3 referring to the
proper threshold values of C1, C2 and C3 in the reference feature
spaces.
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