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Detection of tool wear and breakage during machining operations is one of the major problems in
control and optimization of the automatic machining process. In this study, the relationship
between tool wear with vibration in the two directions, one in the machining direction and the
other perpendicular to machining direction was investigated during face milling. For this purpose,

series of experiments were conducted in vertical milling machine. An indexable sandvik insert
and ck45 work piece were used in the experiments. Tool wear was measured by microscope. It
was observed that there was an increase in vibration amplitude with increasing tool wear. In this
study adaptive neuro-fuzzy inference systems (ANFIS) and multi-layer perceptron neural
network (MLPNN) were implemented for classification of tool wear. Moreover, for the first time
five different states of tool wear were used for accurate tool wear classification. Also, accuracy
and speed of the network Principle Component Analysis (PCA) was implemented. Using PCA, the
input matrix size was reduced to an acceptable order causing more efficient networks. ANFIS and
MLP were trained using feature vectors extracted from the spectrum frequency and time signals.
The results showed that for 86 inal measurements, the ANFIS and MLP networks were successful
in classifying different tool wear states correctly for 91 and 82 percent, respectively. ANFIS due to
its high efficiency in diagnosing tool wear and breakage can be proposed as proper technique for
intelligent fault classification.
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1- Tool Passing Frequency
2- Multi-Layer Perceptron
3- Adaptive Neuro-Fuzzy Inference System
4- Fuzzy Logic

 
5

6 
  .    

    
   

 
  .  

  
 .  

  .      
             
            

7TSK          1999  
 .            

             
        )  (   ) 
   (  ]89.[
   

 .   ]10 [    
      .    

          
)    ( .   

    
 .   

           ) 
    (         
         )15/0 (  
 )3/0 (   )5/0  (   )8/0 

 (   . 
-  ( ) 

             
               

  .             
      8   .  

2-       
              

           .  
        FP4M   

    .         
     TPGN 16 03 08     9 

5- Mamdani Fuzzy Inference System
6- Fuzzy Inference Systemof Takagi–Sugeno
7- Takagi-sugeno-kang
8- Face milling
9- Sandvick 

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

139415 2  263  

     T      P    
 11    G       N   

     .16      03  
    08           

   50    .       
          .  

             
 45 CK   300   50   80    .
 1       .

  .
  

  8/0 
15/0 .

  . 
005/0 

  .  )  15/0 
) 3/0 ) 5/0  (  

) 8/0  (  . 1 
 

 
    

 
   ADASH 4400 .
4 1   

1    

  
1    

1 Piezoelectric Accelerometer

   . 
       .

     
     

  2  

3-    
     

  3 5   
 .     

  .   

  
2    

  
  

3    

  
  

4    

0 50 100 150 200 250-4

-2

0

2

4

6

0 50 100 150 200 250-10

-5

0

5

10

                

)
) 

) 
) 

 )

   

 

KW4

SANDVIK TPGN 16 03 08

1000- 800 - 630 - 500- 315
250-200- 160- 100-63

2 - 5/1- 25/1 - 1- 75/0- 5/0- 25/0-0
80/0 - 5/0- 3/0- 15/0- 0

50
1

 
CK45 250   50 

80   
6400 - 10  

16384

 

300

50
  

    
 

) 
 

g(

)  

)  

) 
 

g( Arc
hive

 of
 S

ID

www.SID.ir



    

                        

  

264  139415 2  

  
  

5   

  
    

    6 8   
  .     

  .   
  

  
  

6    

 

  
  

7    

  
  

8   

4-         
   

             
              

         .    
               
                

         . 
             
          

  .         
          .  
             

      .     
            

         )1(   :  
 1 = ( ) )1                                                            (  

    n          
 NT       .  

            
   ) 1x, 2x, 3x (      

 .           .  
      9  
  ]3[ .9 5/847 

 28 
.  

          
             

 .   86       ADASH

4400  ) 
 (  )     

     (  .4   

 9  ]3[ 

1- Tool Passing Frequency

0
50

100
150

200
250 0

0.15
0.3

0.5

0.8
-5

0

5

0 50 100 150 200 250
-1

-0.5

0

0.5

1

0 50 100 150 200 250-1

-0.5

0

0.5

1

1.5

0
50

100
150

200
250 0

0.15
0.3

0.5

0.8-2

0

2

)    

) 
 

g(
) 

 
g(

) 
 

g(

)  
)  

)  )  

) 
 

g(

) 

 ) 

) 
 

(
 

 

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

139415 2  265  

   )         
  3   

 7 
 .

)  
  ( 14 

3    )  
      (17. 

)17×86(  .       
          

  .           
              

            
)3×86 (    .         

80 % 20 %     .  

5- 

  
 

  .  
  

 .
   ]11[ .

  
1 : , , , . . .  × 1   
2: )2(    

=                                                         )2(  

3 :) 3 (   

= )3 (                                                                       

4 := [ . . . ] ×  
 ) 4(     

= = )4(                                              
      
 5 :  :

    
   

 6 : : 
   . 

) 
 (

      .
     

7 .  :
  ) ) 5(( .

 = ( 1 2 3 . . . ) )5(                                 

8 :   :
   ) )6((.  

= ×  )6    (              

  
 .

6 -        
  

            
             
            

            
          

       
 .             

  .

7-       
             

              
     .        
           .  

             
   .

           0  1  
) )7((.

= ( )         )7(

                 
    .        )8( 

  .

=        )8(  

               
   .     i     .

  i           
        .  i    
  )9(   .  

= =  )9                                                      ( 

 s   1  .     
         ) )10(( .  

1- Sigmoid 

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

  

266  139415 2  

= + )10                                         (

               .  
               

 .           
     ) )11(( .

( )                         )11                                   (  

          )12( 
  .  

( )( )                                                       )12(

       .    
 .          )13( 
.

           )13(                                    

 L        ]12 .[  

8 -         )
             

   10    .  
             
        .      
 -        .     

 TSK           -    
    )        .(

  :         ) 14 (

        )14(  

  :           ) 15 (

       )15(

         .  

  

10   

 10            
             :

     :         
      x  y     .  
                
  .            

             
)16)  (17(   :

( )   i=1, 2  )16                                  (

 ( )               i=3, 4                         )17(

         i      
   .        

   ( )  ( )    .   
           

         .
  .

  .
 

 
 )( 

 .
 

)(  .
 : 

 
 ) )18.((  

( ) ( )                   =1, 2  )18    (

 : 
 . 

)19( .  

=                              i=1, 2     )19(  

 : 
 )20( 

 

)                 i=1,           )20(  

i{ } 1

.

 :
  ))21((  

1 Premise Parameters

   
 

 

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

139415 2  267  

, =  )21                                                              ( 

 .

    .
)22(.  

=                         )22(

  i

 . -
) ( ]13[.

9-    
  

 .1   .
   .

 

   
   

 ) 11 13(.  
  

  
                

  11   

  

 
 

 12   

  

1- Spectrum Graph

  
  

13   

  
 1416 

  
8/0     

  

  
  

 14    

  

  
  

 15   

  

  
  

16   

200 400 600 800 1000 1200 1400 1600 1800 20000

0.5

1

1.5

2

2.5

3

200 400 600 800 1000 1200 1400 1600 1800 20000

1

2

3

4

5

6

0
10

20
30

40

0
0.15

0.3
0.5

0.8
0

2

4

6

200 400 600 800 1000 1200 1400 1600 1800 20000

0.5

1

1.5

2

2.5

200 400 600 800 1000 1200 1400 1600 1800 2000
0

1

2

3

4

5

0
10 20 30 40 50

0
0.15

0.3
0.5

0.8
0

2

4

6

 ) 

 ) 

) 
 

g(

) 
 

g(

) 
 

g(

 ) 

) 
 

g(

)  ) 

 ) 

) 
 

g(

)  )  

) 
 

g(

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

  

268  139415 2  

10-     
17×86  

    .
  

3×86    .  
)  

 (    . 
]10[  .86 

69  17 
 . 17 18  

   

11 -    
 

 
) 19 .(

21 
)  3 

7  .(
 1000 

) 20 .(
3 

21 5 
82  .  

  

17 ]5 7 7 7 3[  

  
  

  
18  

  
  

19   

  
  

         20     

12 -   
 

 
  .

 
 .

  91 
 . 21 22  

   
  
  

  
  

21   
  

0 200 400 600 800 1000

10
-4

10
-2

100

 

 

0 500 1000 1500 2000 2500 300020

30

40

50

60

70

82

0 200 400 600 800 1000
0

0.05

0.1

0.15

0.2

  

  

    

  

  

  

  

  

0031946/0 1000   

   

 
 

 
 

 

 

   

 
 

 

 

Arc
hive

 of
 S

ID

www.SID.ir



    

                        

139415 2  269  

  
  

22   

13 -    

  
  

      
  
  .23 

  
   

14-   

   
  

  
  

 23  
  

 .  
 
 . 
   .

–  .
 

   
.  

15 -   
[1] H. Shao, H. L. Wang, X. M. Zhao, cutting power model for tool wear

monitoring in milling, International Journal of Machine Tools
Manufacture Vol. 44, pp 1503-1509, 2004.

[2] J. A. Ghani, M. Rizal, M. Nuawi, M. J. Ghazali, C. H. C. Haron, Monitoring
online cutting tool wear using low-cost technique and user-friendly GUI,
Wear Vol. 271, pp 2619-2624, 2011.

[3] S. Orhan, A.O. Er, N. Camuscu, E. Aslan, Tool wear evaluation by vibration
analysis during end milling of AISI D3 COLD work tool steel with 35 HRC
hardness, NDT&E International Vol. 40, pp 121-126, 2007.

[4] B. Li, M. Y. Chow, Y. Tipsuwan, J. C. Hung, Neural-network-based motor
rolling bearing fault diagnosis. IEEE Trans Ind Electr Vol. 47, No. 5, pp.
1060–1069, 2000.

[5] R. K. Dutta, S. Paul, A. B. Chattopadhyay, The efficacy of back propagation
neural network with delta bar delta learning in predicting the wear of
carbide inserts in face milling International Journal of Advanced
Manufacturing Technology, Vol. 31, pp. 434–442, 2006.

[6] N. Ghosh, Y. B. Ravi, A. Patra, S. Mukhopadhyay, S. Paul, A. R. Mohanty, A. B.
Chattopadhyay, Estimation of tool wear during CNC milling using neural
network-based sensor fusion, Mechanical Systems and Signal Processing
Vol. 21, pp 466–479, 2007.

[7] C. Aliustaoglu, H. M. Ertunc, H. Ocak, Tool wear condition monitoring
using sensor fusion model based on fuzzy inference system,
Mechanical Systems and Signal Processing Vol. 23, pp 539-546, 2009.

[8] S. V. Kartalopoulos, Understanding Neural Networks and Fuzzy Logic, Basic
Concepts and Applications IEEE Press, 1996.

[9] J. S. R. Jang, ANFIS: Adaptive Network Based Fuzzy Inference System, IEEE
transactions on Systems, Man and Cybernetics Vol. 23 No. 3, pp. 665–
683, 1993.

[10] M. Malekian, S. S. Park, M. B. G. Jun, Tool wear monitoring of micro-
milling operations, Journal of Materials Processing Technology Vol. 209,
pp. 4903-4914, 2009. 

[11] M. Elangovan, S. Devasenapati, N.R. Sakthivel, K.I. Ramachandran,
Evaluation of expert system for condition monitoring of single point
cutting tool using principle component analysis and decision tree
algorithm, Expert Systems with Applications Vol. 38, PP 4450–4459,
2011. 

[12] C. Sanjay, M. L. Neema, C. W. Chin, Modeling of tool wear in drilling by
statistical analysis and artificial neural network, Journal of Materials
Processing Technology Vol. 170, pp 494-500, 2005.

[13] J. S. R. Jang, C. T. Sun, and E. Mizutani, Neuro-fuzzy and Soft Computing:
Computational Approach to Learning and Machine Intelligence Prentice
Hall, 1997.

  

0 200 400 600 800 1000

4

6

8

10

12

 
 

 

 

 

 
 

1    2     3     4      5    6    7     8    9    10  11  12  13   14  15  16
17 

0.8 

0.5   

0.3 

0.15       

0   

Arc
hive

 of
 S

ID

www.SID.ir


