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Abstract 
 
The experimental research that is conducted the variance and alteration of 

certain signals predicated on detecting the presence of tool-rupture, 

deformation and its findings occur in this study. A sensing detector fusion on 

the basis of acoustic-emission (A.E.), tangential cutting-forces (TFc), and 

temp. signals was created for this purpose. The experimental design includes 

three factors: tool tip, cutting speed, and feed, each with three levels. The 

complete factorial design theory was used to conduct 27 experiments. Fe-

0.75Mn-0.51C steel as workpiece material and cutting tools which have 

TCMT16T304-SM geometry and three different quality was used. According 

to obtained results, it was seen that the output of sensor fusion values which 

consists of A.E., TFc, and temp. signals are compatible with each other and 

measured values at on-line detection of tool-breakage. 
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1 Introduction 
 

Manufacturing processes is a very difficult operations to control because 

of the existence of various number of parameters and variable and occurring 

changes one of them can affect the each other more or less. Changes in the 

cutting area occurs rapidly and because of the high temperature, pressure and 

friction, the possible malfunctions can cause great losses. One of the major 

losses is tool-breakage which occurs by reason of progressive and 

uncontrolled tool wear. Tool-breakage can cause the damage of workpiece 

and tool holder or on the other hand it can harm machine tool and operator. 

To avoid tool-breakage, sensors are used to transfer information rapidly, 

reliably and sensitively [1-4]. Choice of sensor is determined according to 

operation types and using more than one sensor a multi sensing systems can 

composed. The main purpose of multi sensing system is to acquire more 

reliable information by using sensors which complete the weak sides of each 

other. For this purpose, cutting force, A.E., vibration, motor power, motor 

current, sound and temperature signals were used in many works for 

detection of tool-breakage, progressive tool wear, workpiece accuracy, 

surface roughness and chip formation monitoring at different machine tools. 

A.E. signal analysis is provided in each cutting area by the sound 

emissions produced by the elastic stress or pressure waves during complex 

material processes. Metal-cutting process methods have improved faster with 

the use of the acoustic emission (A.E.) technique, which resulted from recent 

research and development [3-7]. The acoustic emissions measurement (A.E). 

and cutting power using monitoring systems such as an A.E. display, the tool 

dynamometer and an A/D converter, an I.B.M. computer and auxiliary 

peripherals are amongst the few viable, effective or lucrative nondestructive 

testing evaluation techniques for detection of tool-degradation and 

progressive-wear. The A.E. signals used in metal cutting processes generally 

are low in amplitude and non-periodic and range between 100 kHz and 1 

MHz. However, the filtered frequency-range of 50 to 500 KHz or 100 to 300 

KHz was conducted for very useful experimentation, which provides 

confidence in the use of A.E. sensor dynamics without the concern that the 

A.E. signals were exorbitantly clogged with harmonics of the low frequency 

system. The A.E. signal is enhanced by a high-pass filter, which eliminates 

all vibration-induced low frequency noise components. In addition, a 0 to 2 

KHz low-pass filter is widely used for removing high-frequency noise 

components induced by electric sparks. The raw signal must be filtered, and 

the filtered A.E. signal (digitised A.E. signal RMS voltage) must be fed into 

an IBM personal computer before it is converted to the digital signal. 

In order to understand the basics of the machining process, namely the chip 

shape mechanism, the shear and plastic-deformation of the chips, and friction 

between the chip and tool-rake and workpiece and tool-flank,  research was 

also conducted out by using an A.E. [1], which led to the correlation of the  
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A.E. with these mechanisms.Figure 1 summarize the sources of an A.E. in 

machining. 

 

 
 

Fig.1. Sources of A.E. during machining (Image source: Advance monitoring of 

machining operation) [2] 

 

A machining process, in general, consists of: 

 

i. Plastic deformation which is the result of deformation of an uncut chip 

by the cutting tool. 

ii. Friction generated due to the sliding of chips on the tool rake surface and 

the sliding of the freshly generated workpiece surface under the tool flank 

surface.  

iii. Scratching which is caused by broken, hard fragments of the tool or the 

workpiece that get trapped between the tool and workpiece surface and 

eventually get dragged over the surface. 

 

These three sources are considered to be the major contributors of an 

A.E. in addition to secondary sources like chip breaking, chip impact, and 

phase changes in the tool and work material. It has been predicted that the 

strain energy, which is released from the dislocation zone due to deformation 

movements between metal atoms, gives rise to an A.E. [6-8]. Studies 

conducted in the past also exhibit a dramatic change in A.E. signal levels 

which were positive enough to differentiate between a sharp, worn, and 

broken tool [4]. In addition, decreased levels of Acoustic Emission signals 

were observed as the shape and the surface of the cutting tool were changed 

throughout the cutting process. Furthermore, A.E. signals were observed to  

be produced as a result of changes in certain tribology factors like contact-  

force, lubricant performance, mating surface-roughness through friction, and 

relative-velocity of materials in air-resistance or friction [5]. The following 

sections will elaborate the details of how parameters like temperature, tool- 

wear, surface-roughness, and cutting-forces relate with Acoustic Emission 

signals in machining. 
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1.1 Relation Between A.E. and Tool Wear 
 

Tool wear has a big impact in machining owing to the fact that the role it 

plays in controlling cutting forces and power, contact temperature, 

dimensional accuracy, and surface roughness. The different types of tool 

wear and its causes include: 

i. Abrasion, generated due to scratching of hard particles over softer 

particles during cutting,  

ii. Adhesion, which is the result of welding of the chips on the tool 

surface occurring under extreme temperature conditions,  

iii. Diffusion which occurs under the action of transfer of atoms 

resulting in loss of material due to the transfer effect under high 

temperatures and is focused upon the concentrations gradient of 

penetration particles in the soluble content, 

iv. Attrition is the result of the breaking of external grains which get 

embedded in the machined surface and are dragged over the tool 

surface over a period of time. 

Researchers in the past have studied a wide range of online monitoring 

techniques, one of which is Acoustic Emission analysis. Scientific work in 

the field of acoustics has proved that A.E. systems are able to detect the 

changes in tool wear and breakage during any machining operation. It has 

been found that there is a consistent rise in A.E. signals with tool wear which 

was attributed to the fact that these signals were generated due to rubbing 

between worn flank and rake surface with the workpiece and generated chip 

[1]. So, as the tool starts to wear out, the cutting insert has to spend more 

energy for cutting which is a result of increased Acoustic Emission energy. 

Another reason for the rise in an A.E. signal, with increase in tool wear for a 

multi insert milling operation, was thought to be because of changes in the 

cutting condition where the chip thickness was observed to be lesser when a 

chipped tool was in action. This caused the next insert in action to cut extra 

material which resulted in the change of A.E. amplitude levels [6]. Research 

conducted on an A.E. analysis of coated tools concluded that an A.E. was 

significant in determining the tool wear as tool material changed from one 

layer to another during the progress of tool wear [7]. 

 
Fig.2(a-b). Evaluation of an A.E. Signals during the preliminary phase of cutting 

process [7] 
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Fig.3(a). When turning with a coated tool, the coating layer on the flank faces is 

removed, and the A.E. signals are measured; and When turning with a coated tool, 

the coating layer on the rake face is removed, and the A.E. signals are measured [7]. 

 

 
Fig.3(b). When turning with a coated tool, the coating layer on the flank faces is 

removed, and the A.E. signals are measured; and When turning with a coated tool, 

the coating layer on the rake face is removed, and the A.E. signals are measured [7]. 

 

 
Fig.3(c). When turning with a coated tool, the coating layer on the flank faces is 

removed, and the A.E. signals are measured [7]. 
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Fig.4(a-b). A.E. signal changes before and after recoating of a used coated tool-

device [7] 

  The above images in fig.2(a-b); 3(a-c) and 4(a-b) are 2-D, scatter point 

plots of Amplitude (dB) vs. Time (sec) of the two runs conducted under the 

same surface speed, chip load, and depth of cut from the experiments 

performed under this research [7]. The insert flank wear for the run with 

image (a). was observed to be 0.178mm and for image (b). 0.0955mm. The 

graphs certainly indicate that there were changes in levels of amplitude 

which relate to changes in conditions of the cutting insert. The inserts in this 

research with a minimal wear value were due to failure of the coating, 

whichresulted in a steady A.E. signal pattern. Similar results were seen 

during experiments performed where A.E. signals were seen to be low until 

the tool was worn out completely, after which, a sudden rise in signal level  

was observed which was attributed to abrupt tool failure [8]. 
 

1.2 Relation between A.E. and Forces 
 

Every metal cutting operation is performed under three major cutting-

variables which are velocity, feedrate, and cut-depth, of which the latter two 

have been seen to affect the volume of the chip. An escalate in the area of the 

chip has been observed with an enhancement in feedrate and cut-depth. Thus, 

at a given instance, a cutting insert has to cut more material which essentially 

requires more force. On contrary, tool-wear has led to increased forces and 

A.E. signals. In a research conducted by where they had performed 

operations with increased depth of cut which resulted in increased chip 

volume indicated a significant rise in the values of resultant cutting force and 

A.E.MARSE [9]. Thus, it was evident that there exists a relation between 

forces and Acoustic Emission. Similar observations were found where the 

effect of feed-per-tooth and depth-of-cut on the tangential-cutting-force was 

seen to be significant as compared to cutting speed. In addition, the results 

were efficient enough to relate flank-wear with tangential-cutting-force [10].  
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An attempt was performed by to study the condition of tool wear using 

ANN driven fuzzy pattern recognition algorithm with forces and an A.E., 

where changes in amplitude and distribution patterns for both the signals 

were observed as tool wear progressed [11]. As discussed earlier, broken 

particles of either workpiece or tool resulted in generation of an A.E. during 

cutting. It has also been found in a research study, conducted by, that 

changes in forces were also observed as these particles tend to squeeze 

between tool and workpiece [12]. The results obtained in this research were 

able to exhibit the fact that there exists a linear relationship between forces 

and an A.E. Hits value with tool wear. 

 

1.3 Relation Between A.E. and Temperature 

 

Researchers in the field of metal cutting have found three zones which 

contribute to the rise of temperature during any machining process: 

• Primary deformation zone where shearing action of chips takes place  

• Secondary deformation zone as a result of friction between chips and 

rake surface  

• Tertiary heating zone developed due to friction between flank and 

finished surface. 

Temperature generated at the cutting tool and work surface acts as a 

catalyst for tool wear mechanisms, such as adhesion and diffusion. 

These contribute to dimensional inaccuracy, form accuracy, phase 

change transformation, and induction of tensile stress with generation of 

micro cracks at the surface and subsurface level. In order to withstand such 

extreme temperatures, it is essential to choose the right MWF, heat and wear 

resistant cutting tools, and the right parameters. Research has led to the 

conclusion that high temperatures have resulted in reduction of cutting force 

to some extent because of softening or reduction in shear strength which 

contributes to changes in A.E. signals. A microscopic view of a fresh tool 

and a worn tool will indicate an increase in cutting surface area because of 

the wear generated which then gives rise to increase in friction during metal 

cutting. Thus, it’s the friction which is the primary reason for the generation 

of heat at the secondary and tertiary zones which is demonstrated in the work 

done by [13]. Thus, an overall increase in frictional energy which contributes 

to rise the in temperature has led to the conclusion that there is a noticeable 

change in the A.E. signal level during metal cutting. 

Domfeld and Asibu [14] established the first theoretical relationship 

between acoustic emission theory and emission signal analysis. The 

analytical model was inspired by the fundamental mechanics of orthogonal 

cutting operations. As cutting process parameters such as feedrate, cutting-

velocity, and rake-angle changed, this model used the relationship between 

the energy expenditure based on workpiece material dislocation in the  
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primary deformation zone and the A.E.RMS voltage. The research verified 

the relationship between emission energy and cutting speed and strain 

strength. Furthermore, in theoretical equation 2.35, the constant of 

proportionality (C) was proposed to match the difference between the 

measured A.E.RMS voltage and the energy rate calculated theoretically 

based on the experimental results. 

                         
      

    

 

  
  

 

                      (1) 

 

Asibu and Domfeld [15] expanded the previous model's quantitative 

relationship by accounting for the effect of the acoustic emission signal at the 

tool-chip interface rather than the stress distributions predicted by slip line 

field (SLF) theory. Based on the experimental theory of Zorev [16] and 

Trigger [17], a precise analytical relationship between acoustic emissions and 

cutting process parameters was established, and the level of the 

experimentally measured A.E.RMS voltage was compared to the value of the 

theoretically expected A.E.RMS voltage. The model developed was based on 

power law theory and used the normal load and friction force relationship to 

implement stress distributions in the tool-chip interface. However, the tool-

chip interface did not explicitly identify the power constants (a and b) and the 

seize ratio (the ratio of the sticking and sliding regions divided in Zorev's  

proposed tool-chip contact zone). The power constant was assumed to be 

one, meaning that a=b=l, and the sticking (lst) and sliding (lsl) zone lengths 

were assumed to be half of the total natural chip contact length (l), implying 

that lst = lsl =0.5l. 

The theoretical model was highly reliant on the experimentally validated 

effects of tool-chip contact duration and rake angle. 

 

                
     

            
 

 

 
        

    

        
  

 

 (2) 

 
As a result of data collected from experiments using both sharp and 

artificially worn instruments, Schmenk [18] updated Asiu and Dornfeld's 

formula. The experimental results were used to form some hypotheses about 

the relationship among the tool-chip contact-length (l) and the un-cut chip-

thickness (t) as the rake angle increased. The sticking zone seize ratio was 

assumed to be the same as the un-cut chip-thickness (lst=t) at zero rake-angle 

in the tool-chip interface, and the total natural chip contact-length was 

assumed to be twice the un-cut chip-thickness (l=2t). The tool-chip contact-

interface specified the size-effect of the chip load, and it had a greater impact 

on the A.E.RMS output at small chip loads formed by a lower feedrate range. 

                    
    

    
 

 

    
 

            

  
  

 

                   (3) 

Lan and Dornfeld [19] proposed a derivation that took into account the 

impact of the A.E.RMS voltage increased linearly with wear-land on the  
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tool-flank [18-20]. The tool flank work-piece interface's frictional stress 

(τfw) and sliding speed (Vfw) were believed to be rational. In addition, the 

derived model was assumed differently than Asibu and Dornfeld's model.  

The A.E. signal attenuations (C1, C2, and C3) were suggested to be 

caused by signal transmission losses in the three plastic deformation areas. In 

general, it applied the law of power to functional concepts dependent on 

material changes. The A.E. signal loss in the cutting tool is represented by 

the proportionality constant (C). The instrument and workpiece materials 

have an effect on the power constant (m). 

 

              
     

            
   

 

 
        

    

        
          

         (4) 
The models developed for predicting the A.E.RMS voltage was well 

described using some hypothesis and analytical experimentation findings, as 

briefly summarised above. The mathematical pr theoretical model-

frameworks, however, were limited in testing the feasibility of adaptive- 

control algorithm because some of the hypotheses were irrational or 

unrealistic, as follows: - 

• The seize-proportion in the contact-lengths of the tool-chip interface 

were incorrectly measured. 

• The acoustic-emission signal-attenuation constants (C1, C2, and C3) in 

diverse cutting-zones could not be computed with assurance and consistency. 

• No estimates were made for the proportionality constants (C and C sinα). 

• When the rake-angle (α) is negative, C sinα equals zero. 

Regardless of the assumption that Lan and Domfeld [19-20] used the 

lead break test to calculate the acoustic-emission signal-amplification or 

impedance value in the primarily cutting-zone (C1), they concluded that the 

values in the secondary and tertiary cutting zones are equal to one (viz 

C2=C3 = 1) without any fair explanation. Furthermore, the proportionality-

constants (C and m) have yet to be calculated. 

In the past, a lot of study were performed about on-line detection of tool-

breakage in turning using various sensor fusion systems: Lee et al. [21], 

Jemielniak and Otman [22], Yalçın and Sağlam [23] used A.E. and cutting 

force signals, Işık and Çakır [24-25] used cutting force signals, Neslusan et 

al. [26] used two A.E. sensors which have different frequency ranges for 

early sensing of tool-breakage in turning. 

Lee et al. [21], determined the breakage moment with the sudden 

increase of A.E. signal and sudden drop of cutting force signal subsequently 

during machining of the AISI 1045. Jemielniak and Otman [22], evaluated 

the success of the A.E. signal parameters which are RMS, skew and kurtosis 

in detecting tool-breakage in turning. According to them, skew and kurtosis 

coefficients are more successful than the RMS value because of showing  



 
 

 
 

 

3007 Shubham Sharma et al 

 

promising symptoms. Yalçın and Sağlam [23], monitored the tool-breakage 

during machining AISI 1040 and AISI 4140 workpiece materials. 

They.developed an early warning system using A.E. signal burst at the 

moment of breakage and the system estimated tool-breakage moment 

successfully 

Işık and Çakır [24], found out that %25 increase at cutting force indicates 

tool-breakage with a software system during machining AISI 1050 

workpiece material. Işık and Çakır [25], used a software system which send a 

warning signal to pc monitor when tangential cutting force exceeds preset 

threshold level during machining AISI 1050 workpiece material. The 

composed system detected tool-breakage with success of %84. Neslusan et 

al. [26], investigated both tool-breakage and chip formation using the two 

A.E. sensors which have different frequency ranges. Low frequency ranged 

sensor (15-180 kHz) is used for crack initiation sensing and high frequency 

sensor (100-1000 kHz) is used for sensing of cracks and plastic deformation. 

In this research study, 27 experiments were performed using tool tip, 

cutting speed and feed as an input factor for detecting on-line tool-breakage 

during turning the workpiece of AISI 1050 carbon steel. For this purpose, 

dynamometer, A.E. and temperature sensors were used and sensor fusion was 

composed with tangential cutting force, A.E. and temperature signals. The 

behavior of sensor signals and the success of detection of tool-breakage and 

cutting parameters at the moment of breakage were evaluated. The behaviors 

of each sensors signal were investigated both graphically and numerically. 

 

2 Material and Method 
 
2.1 Experimental Parameters 
 

The experiments were performed at conventional turning lathe (Trens 

SN71-MF). The test samples of Fe-0.75Mn-0.51C steel workpiece materials 

which have Ø60x420 dimensions were machined between headstock and 

tailstock. In the experiments cutting tools (Bohler TCMT16T304-SM) which 

have same geometry and 3 different quality were used. Each of cutting tool 

tip was used in one experiment. Twenty-seven experiments in accordance 

with full-factorial design analysis were performed using cutting-velocity, 

feedrate and tool-quality as experiment parameters. Cutting depth is kept 

constant 2.5 mm and experiments were performed at dry cutting conditions. 

Cutting-variables can be seen at Table 1. 
 

    Table 1. Cutting parameters for the experiments with 3 factors and 3 levels 

 
Parameters Parameter Value 

Cutting Speed (m/min) 140 199 212 

Feedrate (mm/rev) 0.176 0.219 0.261 

Tool-type P-10 P-25 P-35 
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2.2 Experimentation Design 
 

Experimental installation includes machine tool, sensors, measurement 

devices and a computer (Fig.5). The measurement of tangential cutting force 

and the temperature at the tool tip were performed by sensor (TelC) which 

can get 10 measurement in a second. Dynamometer can measure cutting 

forces in 3-axis. Temperature sensor has 300-800°C measurement range and 

measure the temperature at the tool tip with radiation. A.E. signals are  

measured with A.E. sensor (Kistler 8152B111/121) and sensor have 50-400 

kHz measurement range. A.E. and temperature sensors are placed on 

dynamometer with screw connection (Fig.6). A.E. sensor is fitted on the 

dynamometer while the temperature sensor is positioned 20 cm far from the 

tool tip. Several trials were carried out in order to find the best placement of 

A.E. sensor where the A.E. signal level is higher. 
 

   
                                  Fig.5. Experimental design [7, 19] 

 

Fig.6. Schematically demonstration of sensor fusion and sensor integration on 

machine tool [7, 19] 
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3 Results and Discussions 
 

The conducted experiments are indicated that medium-hard (P-25) and 

tough (P-35) tool tips have only flank wear and chipping, on the other hand 

chipping and breakage occurred at hard (P-10) tool tips. It can be shown in 

the Fig.7 and Fig.8,that A.E. signal burst occurs many times because of 

chipping. But tangential cutting force signal has little fluctuations at this  

moment. It is understood from this signal patterns that only A.E. signal burst  

refers to chipping. On the other hand, signal burst of A.E. and cutting force 

signals at the same time refers to tool-breakage. 

 

 
 

Fig.7. A.E. and cutting force signals at these cutting conditions: T=P-35, v=140 

m/min, f=0.219 [7, 19] 

 

 
 

Fig.8. A.E. and cutting force signals at these cutting conditions: T=P-25, v=199 

m/min, f=0.261 [7, 19] 
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Fig.9. A.E. and cutting force signals at the breakage moment [7, 19] 

 

The signal graph which belongs to tool-breakage occurred experiment is 

shown in Fig.9. Experiment parameters are v=212 m/min, f=0.176 mm/rev, 

T=P-10 at the experiment that breakage occurred. The picture of tool tip used 

in this experiment is shown in Fig.10. 

When A.E. signals are observed chipping is occurred during machining. 

Both A.E. and force signal burst at the moment of breakage and after thetool-

workpiece contact is over, both of them suddenly decrease. From this, it was 

seen that chosen sensors are successful at detection of tool-breakage. But one 

thing is certain that A.E. sensor is more sensitive than dynamometer in 

detection of tool-breakage. 

 

 
 
            Fig.10. The picture of tool tip before and after machining [7, 19] 

 

4 Conclusions 
 

The committed work contains twenty-seven experiment which performed 

for tool-breakage detection during machining of Fe-0.75Mn-0.51C steel 

workpiece material. Success of A.E. sensor, dynamometer and temperature  
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sensor are analyzed in this event. Every sensor signal change depends on 

time and according to cutting conditions different signal patterns occurs.  

During progressing tool wear each of sensor signal is fluctuated and at 

the breaking moment they burst and right after that decrease suddenly. But 

each of them changes at different ratio. Considering this, sensor signal 

behaviors are investigated both graphically and numerically. In the 

experiment which has the maximum cutting speed and minimum feed tool-

breakage occurred. During machining hard tools, chipping occurred mostly 

and the breakage observed at this tool type (P-10). Committed sensor fusion 

detected the breakage moment successfully. At the breakage moment, tool-

workpiece contact area increases firstly and this causes both tangential 

cutting force and A.E. signal burst. After the breakage, because of tool and 

workpiece contact is over, sudden drop is occurred each of sensor signal. 

This changes at the sensor signals are shown that this committed system 

which is done for the early estimation for tool-breakage is successful. When 

it is compared for each sensor signal, the ratio between the signal value at the 

breakage moment  and the average value till the breakage moment, it is seen 

that A.E. signal increases 2.5 times, tangential cutting force signal increases 

%42 and The temperature signal increase %5 for each sensor signal. This 

result is shown  that A.E. signal is very successful at tool-breakage detection, 

on the other hand cutting force and temperature signals should be 

complementary and supply additional knowledge to make a decision about 

the event. This research investigation explores in-depth analysis of Tool-

wear and tool- fractured during Turning operation of Fe-0.75Mn-0.51C steel 

using Acoustic-elastic-emission and Cutting-forces signal. 
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