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Abstract. Results obtained from dry cylindrical turning of ABNT 1045 steel bars, where surface roughness and VRMS
signals of acoustic emission monitored at different regions over the workpiece are presented. The workpiece was fixed
using the chuck and the dead center of the tailstock. During trials the main cutting parameters were kept constant and
the tool wear neglected. Thus, the only entrance variable was the tool position on the workpiece. It was observed that
there is a proportional relationship between the intensity of the acoustic emission signals and the surface roughness
values. Furthermore, it was verified that the set-up conditions and stiffness of the workholding system cause influence
on the machined surface quality.
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1. Introduction

Acoustic emission (AE) is defined as a transient elastic wave generated by a sudden release of energy from one or
more sources located inside a material when it is subjected to a state of stress. This release of energy is associated with
the abrupt redistribution of internal stresses and as result of this, a stress wave is propagated throughout the material
(Ravindra et al., 1997). According to Matsumoto and Diniz (1998), the frequency range of acoustic emission signals
varies from 50 to 1000 kHz, permitting detection of occurrences that emit high frequency signals, for example, the
appearance of a crack inside a material.

The monitoring of machining processes using acoustic emission sensors is a practice that has been largely used in
the last years, both in the research laboratories and in the industry. There are many advantages in using acoustic
emission for monitoring machining processes. In this case, it can be highlighted that the frequency range of acoustic
emission signals are much higher than that from the machine vibrations and environmental noises. This fact becomes
interesting, because the high frequency signals generated during the cut at the secondary and primary shear zones and at
the interface between flank face and the machined surface or due the cutting tool breakage, can be monitored without
suffer interferences caused by vibration signals. Thus, it is possible to use AE signals for indirectly to monitor tool wear
(and, consequently, the surface roughness), because the progress of the tool wear causes increase in the AE level.

Several researchers have worked on monitoring of machining processes using acoustic emission. Publications by
Diniz et al. (1991) and Li (2001), that have applied AE in turning; Webster et al. (1994), Kwak and Song (2000) and
Oliveira and Dornfeld (2001), in grinding; and Diei and Dornfeld (1987), in milling, can be highlighted.

In this paper, results obtained from the monitoring of surface roughness (Ra) and AE signals in several
segments on cylindrical bar of ABNT 1045 steel during turning are presented. In this case, trials using a steel bar with
diameter equal to 100 mm were carried out. Results show that there was a proportional relationship between the two
measured variables (AE and Ra) and that, during turning process, the dynamic condition between cutting tool and
workpiece depends on the relative longitudinal position between cutting tool and workpiece. Furthermore, it was
observed that near the chuck the dynamic condition is not the same of the one near the tailstock, being this last
condition more favorable to the appearance of self-exited vibrations (vibrations caused by dynamic instability in the
tool-workpiece system — Stemmer, 1987) that causes a worse surface roughness.



2. Experimental Details

For carrying out the trials, it was used the conventional cylindrical turning, where a bar of ABNT 1045 steel with
diameter of 100 mm and length of 380 mm were machined. The bar was divided in 37 segments of 8 mm each (Figures
1 and 2) for monitoring AE and Ra along the bar. It was kept fixed at one of its extremities by the chuck and susteined
at the other by the dead center of the tailstock, according to Figures 1 and 2.

Cemented carbide cutting tools coated with TiN and having a nose radius equal to 0.4 mm were mounted on a tool
holder ISO DSBNR2525M12, both manufactured by Sandvik-Coromant. Due to the brevity of the trials, the tool wear
was practically zero, and therefore neglected.

The main cutting parameters were kept constant at: cutting speed, v. = 105 m/min; depth of cut, a, = 0.7 mm and
feed rate, f= 0.1 mm/rev.

The acoustic emission signals were acquired using the signal conditioner DM-42 manufactured by Sensis. In this
case, the acquisition rate was settled in 1kHz and a highpass filter of 50kHz was used. All this apparatus was connected
to a data acquisition board NI 6036E (Fig. 1). The acoustic emission sensor was fastened on the tool post, as detailed in
Fig. 1. For each segment (from 1 to 37) data files containing the numerical values of the acoustic emission signals (in
VRMS) with approximately 14,000 points were obtained.
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Figure 2. Bar used on the trials. The picture shows the divisions between each segment (from 1 to 37). The divisions
were made to facilitate the identification of the acquired signals in each segment.
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After machining, the parameter “Ra” was measured on each segment. For measuring this parameter, a portable
surface roughness tester Mitutoyo SJ-201P was used. In this case a cut-off length equal to 0.8 mm and an evaluation
length equal to 4 mm were set. Three measurements on the bar’s circumference separated by an angle of 120° were
done. The roughness value considered for each segment was the average of the three measured values.

3. Results and Discussion

Figure 3a presents a typical behavior of the acoustic emission signal during machining of a segment. It can be
observed that at the extremities of the segment the values of AE are practically zero. This is due to the slots made on the
workpiece surface to separate the segments. It can be also observed that the typical signal is composed by “continuous
type AE signals” and by “burst type AE signals” or “transient AE signals”. This observation was already cited by some
researchers (Blum and Inasaki, 1990; Li, 2002; Matsumoto and Diniz, 1997). Continuous signals are associated with
plastic deformation in soft materials, while burst or transient signals result from the appearance of a crack (Schofield,
1972; Dunegan and Green, 1971). According to Blum and Inasaki (1990), chip impacts against the workpiece, the
cutting tool, the tool holder, etc., can also generate transient signals. In the present research, it is believed that the
majority of the peaks observed was a consequence of chip impacts during the trials and due to the fracture of them.

Figure 3b shows a set of the primitive signal used for calculating the acoustic emission value of a determined
segment on the workpiece. In this case, 8,000 points (from point 5,000 to point 13,000) were considered. Naturally they
are composed by continuous and transient signals. In order to get rid of the peak signals and to consider only the
continuous signals in the calculation of the AE value on each segment, the Chauvenet criterium was applied. Figure 3¢
shows the same set presented in the Fig. 3b, after application of the Chauvenet criterium. It can be observed that the
most remote points were eliminated. The arithmetic average of the points contained in this graphic was calculated to
represent the AE signal on the analyzed segment. This procedure was adopted for the 37 segments on the workpiece.
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Figure 3. (a) Typical behavior of the acoustic emission signals obtained on a particular segment of the workpiece; (b) A
set of the primitive signals before the application of the Chauvenet criterium and (c) After the application of the
Chauvenet criterium.



The behavior of “Ra” parameter and acoustic emission signals along the workpiece length are shown in the
Fig. 4.
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Figure 4. Roughness (Ra) and acoustic emission signal (AE) obtained from the trials.

It can be observed that the “Ra” parameter is high near the tailstock (segment 1) and drops towards the chuck
(segment 37). This behavior was expected because near the chuck the rigidity of the system is higher than near the dead
center of the tailstock, with higher stiffness, reducing vibrations and consequently, generating better surface roughness.

Concerning to AE signal obtained, it can be observed that the signal drops toward the chuck. This behavior is again
attributed to the tool-workpiece system’s stiffness that increases near the chuck, what becomes the cut more uniform,
with less vibration. Away from the chuck, and near the tailstock there is a decrease of the rigidity of the tool-workpiece
system. This is confirmed by the roughness results. It is believed that the increase of vibration causes frequent increase
on the contact areas at the primary and secondary shear plans, increasing the level of the acoustic emission signals,
because according to Kannatey-Asibu and Dornfeld (1981), the energy contained in the AE signal is proportional to the
ratio of energy consumed at the cutting zone.

4. Conclusions

The dynamic conditions between tool and workpiece during turning are more favorable near the chuck, where the
system stiffness is better than near the tailstock, where higher mechanical vibrations cause the acoustic emission and
surface roughness parameter to increase.
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