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 Widespread applications of machining in various industrial sectors as well as acute needs for 
optimization are among attractive research topics for both academic and industrial institutions. Finite 
element analysis based techniques are available to simulate machining processes. Success and reliability 
of numerical models are very much dependent to work material flow stress models in strain, strain rate 
and temperature functions. One of the most accurate and useful material model is the Johnson-Cook 
model. The basic equation for modeling the behavior of each material is needed to determine the 
equation coefficients. In this study, the model parameters are determined by fitting the data from both 
quasi-static compression tests at low strain rates and machining tests at high strain rates. Therefore; the 
experimental results were then compared with those obtained through simulation works by Abaqus 
code. Experimental results confirmed the capability of material equation to determine the dynamic 
behavior of 5083 alloy. 
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1- Instantaneous Yield Stress 
2- Database library 
3- Subroutine program 
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Table 1 Chemical composition of AA5083 

  
) Si( 0.4 

) Fe( 0.4 
) Cu( 0.1 
) Mn( 0.4 - 1 
) Mg( 4 – 4.9 
) Zn( 0.25 

) Ti( 0.15 
) Cr( 0.05 – 0.25 

) Al(  

0.052 1.392 
0.014 0.380 

   .
 . 

 1 9257B 
 . X

Y Z -5 +5   .
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Fig. 1 True stress- True strain curves obtained from pressure tests 
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Fig. 2 Dynamometer, workpiece and tool setting in orthogonal 
machining 
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Table 2 The experimental results of machining 

  
 

  
)mm/rev( 

  
)m/min( 

  
( N  )  

  
)N( 

1 0.044 50 55 24 
2 0.044 75 75 33 
3 0.044 100 60 26 
4 0.044 125 66 30 
5 0.044 150 63 27 
6 0.044 175 87 38 
7 0.094 50 45 20 
8 0.094 75 80 35 
9 0.094 100 90 42 
10 0.094 125 92 40 
11 0.094 150 80 35 
12 0.094 175 105 47 
13 0.141 50 143 65 
14 0.141 75 133 59 
15 0.141 100 117 52 
16 0.141 125 131 60 
17 0.141 150 174 82 
18 0.141 175 156 70 
19 0.188 50 131 63 
20 0.188 75 162 72 
21 0.188 100 147 67 
22 0.188 125 153 69 
23 0.188 150 157 70 
24 0.188 175 66 31 
25 0.282 50 149 65 
26 0.282 75 188 83 
27 0.282 100 189 87 
28 0.282 125 185 81 
29 0.282 150 149 62 
30 0.282 175 93 47 
31 0.380 50 97 41 
32 0.380 75 233 108 
33 0.380 100 158 75 
34 0.380 125 188 83 
35 0.380 150 145 73 
36 0.380 175 41 23 
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Fig. 3 Change of C parameter relative to the independent variable 
cutting speed and uncut chip thickness 
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Table 3 The mechanical and physical properties of the workpiece and 
tool material 

   ) 5083( 
 )tone/mm3( 1.5×10-8 2.66 ×10-9 

) GPa( 800 70-72 
 0.2 0.33 
 203 850 

 4.7×10-7 22.5 ×10-7 
 0.2 0.2 

)TRoom (K)( 293 293 
)W/m K( 46 118-130 

5 -  
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Fig. 4 Finite element model of 2-D machining process 
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Fig. 5 Finite element model of orthogonal turning of AA5083 
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Table 4 Comparison of the results from experimental tests and FE 
simulation 

 

 
  

)mm( 

  

)m/min( 

)N(  )N( 

 
  
 

  
  
 

 

1 0.044 25 60 39 35 26 18 31 

2 0.044 50 66 48 27 30 19 37 

3 0.094 26 90 75 17 42 32 24 

4 0.094 52 92 80 13 40 35 12.5 

5 0.141 24 117 110 6 52 48 8 

6 0.141 48 131 115 12 60 55 8 

7 0.188 24 147 150 2 67 63 6 

8 0.188 47 153 140 8.5 69 65 6 

9 0.282 25 189 200 6 87 75 14 

10 0.282 49 185 195 5 81 85 5 

11 0.380 22 158 175 11 75 90 20 

12 0.380 45 188 220 17 83 95 14 

 13.29 
 

15.46 
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Fig. 6 Comparison between experimental and simulated cutting 
forces obtained from calculated equation 
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Fig. 7 Comparison between experimental and simulated feed 
forces obtained from calculated equation  
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