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Abstract 
 

Acoustic emission (AE) sensors allow the detection of high-frequency acceleration, if the 
signal acquisition and interpretation system used is fast enough. The measured raw signal con-
tains information up to the MHz-range and the amount of data has to be condensed and reduced 
by on-line signal processing before recording and data analysis. For applications under industrial 
conditions, the RMS method can be used for this data compression. In practical applications, an 
example mentioned is chip-breakage recognition in machining. Here, problems in signal interpre-
tation are caused by influences such as vibrations of the tool holder, of the work-piece or the ma-
chine tool. Such effects are reduced by mechanical high-pass filtering before data acquisition. 
Furthermore, the measured signal is band-pass filtered between 500 kHz and 1 MHz before sig-
nal processing with RMS. The noise level of the resulting AE signal is strongly influenced by the 
friction between tool and chip, but the signal peaks due to chip breakage are still higher than the 
friction component. Thus, mechanical and analog electrical filters combined with dynamic 
threshold allow the detection of chip breakage using AE signals.  

 
Introduction 
 

Long chips in machining are difficult to transport and they may stop the production while 
removing them. In order to characterize the breakage property of steel an AE sensor is used [1]. 
Piezoelectric sensors measure a mechanical stress caused by a force, an acceleration or AE sig-
nals. As example, the charge Q is proportional to the acceleration a with a transducer factor S. 
 aSQ ⋅=  (1) 

Mechanically the charges do not measure acceleration directly but a force, which is inter-
preted as an acceleration using the Newton’s 2nd law, amF ⋅= . When recording the charge in 
a machining environment, many sources of noise disturb the AE measurement, which fails with-
out proper signal conditioning (Fig. 1). 
 

 
Fig. 1. Loss of information due to strong vibration. 

 
As AE information is located in high frequencies, 20-1000 kHz, it is not suited to traverse a 

ball bearing. The transfer function of the signal reaches the maximum at the eigen-frequency of 
the ball bearing where the noise also reaches a maximum (Fig. 2). 
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Fig. 2 Vibrations from the machine, bearing and axes are transmitted to the tool holder and 
workpiece holder, AE from the process through the tool and through the workpiece to the holder. 
 

Therefore, a non-rotating device is chosen to fix the AE sensor. In turning, for example, the 
AE sensor is mounted on the tool side and in drilling on the workpiece side but before any ball 
bearing. At this stage the optimal sensor position is found. Nevertheless the clamping devices, 
tool and workpiece are to be considered too, when the process generates too high vibrations (Fig. 
3), which is the case for roughing and for drilling operations.  To avoid saturation for AE 
measurement under strong vibrations, high-pass filters are used. 
 

 
 Fig. 3 Overview of common frequency domains of machine and the process. 

 
Signal Conditioning by a Mechanical Device 
 

While electronic filters process the signals af-
ter AE sensing, mechanical high-pass filter (Fig. 
4) is used to damp strong vibrations in order to 
prevent saturations of the AE sensor that causes 
the loss of chip-break information [2] because of 
machine compound or tool vibrations. 

The transfer function is given by equation 2. 
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For high frequencies H(s)≈1 and for low frequen-
cies X≠Y. 

 
 

     
 
Fig. 4 Oil damper as mechanical  
high-pass filter. 
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Electronic Filter 
 

On one hand, Chen [3] mentions disturbances of AE in his conclusion: “Signals are accompa-
nied with a lot of additional confusing data. In order to provide an accurate interpretation or fea-
ture extraction of the information produced, advanced signal processing and analysis are needed”. 
On the other hand, Shannon calls these confusing data “equivocation” or uncertainty of a signal 
received Y when a signal X is sent to H(X|Y). The electronic filters are selecting the bandwidth 
range from 0.5 to 1 MHz of the AE signal. In this range the frequencies of the machine compo-
nents disappear and the signal for the process monitoring has enough amplitude and is not mixed 
with other unwanted signals. After the filtering, further signal processing, which is usually irre-
versible like the RMS is, will not mix those additional disturbances and thus the AE signal will 
not be confused. The first step after the bandpass filter is provided by the RMS. The second is by 
the low-pass filter at 3 kHz. 

These operations are needed for the on-line processing of AE to extract out of a flood of data 
the relevant information [4] for chip breakage.  
 
Data Reduction 
 

Suppose a finishing cut of 0.05 mm/rpm feed rate with a cutting speed of 200 m/min and a cut 
length of 30 mm and a diameter of 26 mm. We have a process time of 15 s (equation 3). 

  
d
vN c

⋅
=
π

, Nf ⋅= 05.0 ,  ][15][60

26
320005.0

30 ss
ef

lt =⋅

⋅
⋅

==

π

 (3) 

The signal content of AE will be 15 x 1 MHz x 5 Mbytes = 75 Mbytes for one process. This 
amount of data is due to the high frequency domain of AE and because of the Nyquist sampling 
theorem. Indeed, if only the AE from chip breaks and noise due to friction between tool and chip 
are recorded, the on-line signal processing will reduce this amount. For this purpose, the chip 
break is transformed in a peak by taking the RMS (Fig. 5). 

 

 
Fig. 5 AE peak by taking the RMS. 

 
Realization 
 

The AE sensor is immersed in oil in a steel case with a small volume of air left. The direct 
contact with steel is avoided by the sealing joints (Fig. 6). 

 
Signal Chain  
 

Figure 7 shows the signal processing chain for the extraction of the chip length. AE is first 
processed by the mechanical then by the electronic filter. Then the signal is recorded with an A/D 
converter before processing it in the computer. 
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Fig. 6 Kistler AE sensor 8152B in an oil pot as mechanical high-pass filter, dimensioned 
with the distance from the inner surface of the pot to the sensor at 2 kHz. 

 
 Fig. 7 Signal chain. 

 
 

Fig. 8 AE signal content. 
 

The signal content of AE is characterized mainly of chip breaks, spindle, structure and the fric-
tion (Fig. 8). After filtering the signal with a band-pass filter between 0.5 and 1 MHz, the RMS is 
derived as 

 )))()((()))()()()((())((( tRtBBPRMStStNtRtBBPRMStAEBPRMS +=+++=   (4). 
The AE signal is now suitable to be processed further and analyzed. By using a low-pass-

filter and multiplying this signal with a factor of 3 on the tool and of 10 on the workpiece side, 
the dynamic threshold is build and the chip breaks are detected reliably. 
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Digital Signal Processing 
 

The digital signal is acquired in the computer to be further processed by Butterworth digital 
filters of 2nd order. The filter is transformed in the discrete time domain H(z) (equation 5) with 

π⋅⋅= fTA  using the bilinear transform. 
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Finally, an RMS is taken with a low-pass filter on the absolute value of the signal and ampli-
fied to give the threshold for the recognition of the chip break. 
 
Algorithm for the Chip-Breakage Recognition 
 

In the frequency range of 0.5-1 MHz, the features of the AE friction as well as the chip breaks 
are in the AE signal. The breaks are extracted as higher peaks than the threshold level (Fig. 9). 

 

 
Fig. 9 After removing chip breaks the RMS; the remaining signal indicates the friction. 

 
Results 
 

The system has been implemented in MS-Visual Studio.NET (Fig. 10).  
 

Conclusion 
 

Signal processing of acoustic emission is expensive due to the information content up to the 
MHz, but with suitable filter strategies the information of the breakage and the friction can be 
extracted. In case of built-up edge (BUE), the chips are powdery and may be detected by setting a 
threshold on the high chip-breakage frequency. Further work shall use the friction extraction for 
the detection of the wear. 
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Fig. 10 On-line monitor. Between two chip-breaks the cutting length of the chip is recorded. The 
vertical axis shows the length logarithmically as a function of time. The colors give information 
about how often a certain cutting length appears per time increment. 
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