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݃௦ = ඩ ଶݐ1 − ଵݐ න ݃ଶ௧మ
௧భ ሺݐሻ݀ݐ, (3)

where ݐଶ– ݐଵ is the integration time or measurement time. Fig. 6 shows the effect of tool overhang 
on vibration level measurements. The figure indicates that the Peak, Max-Min and RMS level of 
acceleration signal increases with the increase of tool overhang.  

 
Fig. 5. Relationship between the vibration amplitude and the tool wear:  

(a) displacement, (b) acceleration [15] 

 
Fig. 6. The effect of tool overhang on vibration level measurements 

 
Fig. 7. Power spectral density function for diffrent tool overhangs 
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Frequency domain analysis of vibration is performed using PSD function. The maximum value 
of PSD is a reliable indicator of the overal stability of the machining process [16]. PSD describes 
how the power of a signal or time series is distributed over the different frequencies. In Fig. 7 the 
waterfall graph displays the power spectral density function of accelertion signal for diffrent tool 
overhangs  

Fig. 8 which is derived from Fig. 7, indicates that the maximum of power spectral density 
 in the tangential direction increases with the increase of tool overhang and frequency (௫ܦܵܲ)
at maximum of power spectrum density (ݍ݁ݎܨௌ) decreases.  

Fig. 9 shows the STFT of the signals related to different overhang lengths, STFT uses a 
window sliding along the time axis to characterize the change of frequency components at 
different time intervals. 

Fig. 10 shows the effect of tool overhangs on surface roughness and texture of workpiece. It 
is observed that increasing the vibration of cutting tool through increasing the tool overhang will 
cause the increase in roghness and irregularity of surface of work piece. 

 
Fig. 8. Effect of overhang on maximum of PSD (ܲܵܦ௫) and frequency at maximum of PSD (ݍ݁ݎܨௌ)  

a) b) 
Fig. 9. STFT of the signals related to different overhangs: (a) ܮ = 40mm (b) ܾ = 110 mm 

 
Fig. 10. The effect of vibration resulting from increasing tool overhangs  

on surface roughness and texture of workpiece 
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6. Conclusions 

In this study, the relations between tool overhang and vibration signal features are investigated. 
Although various signal features have been employed in the literatures, we focused on the Peak, 
Max-Min and RMS in the time domain, Powr Spectral Density in the frequency domain and STFT 
in the time – frequency domain, since they are the most commonly used features. The resaults 
show that Peak, Max-Min and RMS level of vibration signal increase with increased tool overhang. 
The resaults also indicate that the maximum of power spectral density in the tangential direction 
increases with the increase of tool overhang but the frequency at maximum of power spectrum 
density decreases. The resaults are similar to tool wear, therefore varying the overhang length 
during machining process may misleads the decision making process of monitoring system about 
the tool state. Based on this study, it can be concluded that vibration signal features in tangential 
direction are highly affected by overhang length. The surface image of workpiece clearly shows 
the effect of vibrations resulting from increasing of the tool overhang.  
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