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Super alloys due to special features such as high resistance to corrosion and heat, have the ability to 
maintain mechanical and chemical properties at extremely high temperatures which are used in various 
industries, especially in the aerospace industry. On the other hand, very low heat transfer coefficient and 
high toughness with work hardening in these alloys caused the machining of them to be seriously 
challenged. In the present study, the effect of cutting parameters on surface roughness of A286 
superalloy has been studied in different lubrication conditions. Response surface method experimental 
design was used to plan experiments. In order to investigate the effects of machining parameters and 
conditions of lubrication on the surface roughness, Two factors - cutting speed and feed rate- on three 
levels and minimum quantity lubrication conditions and wet method are considered as the main 
parameters. In order to investigate the Tool wear and workpiece surface quality, the images of Scanning 
Electron Microscope and optical microscope are used. The results show that using the minimum 
quantity method of lubricant caused cooling-lubrication fluid particles penetrating power to the cutting 
zone to increase and improves the process by reducing the surface roughness. It was observed that with 
increasing feed rate in fixed cutting speed, numerical values of surface roughness in Ra criterion are 
taken apart for different lubrication circumstances and its value for the minimum quantity method of 
lubricant is less, which shows the superiority of this method over the wet method. 

Keywords:
Superalloy A286 
Minimum quantity lubrication 
Surface roughness 
Response surface method 

  

-1   
 1 

 .

1 High Performance Machining 

[1] .
 

[2] . 



    

      

  

344  13951610  

  
  

 . 
 

[3]. 
  

  
 . 

   
 . 

  
  .

  
 

 
 

)   (
 .1 

  .
640 [4] .

320000 
66 

 [5] .

%17  
 .

[6].  
-A286  -

 .
-

.[7] 
 .

 2  .
 

 
 .

 

[8].  

1 Mineral-based fluids 
2 Difficult-to -machining materials 

  -
 

   .
 

 .

 .  
-

  

 .
600 3

  
  .

 .

  

 . 

   .
 .

 

 
[9]. 

  . 
 

 
 .  
 - 

 
 . 

  
[10] .  

[11] 
 725  .

 725 
 . 

  .

3 Minimum quantity lubrication (MQL) 



    

      

13951610  345  

 .
 

  .
 

 .
  

 
  

1 [12] 
718  

 . MQL 
 

 .
 .MQL 

 718 
  .MQL 

 .  
[13] 

 5083 
  .

  .

 5083 
 . 

 .  
2  [14]      MQL 

   AISI 1040       
       .    

     .    
   MQL       .

    
    .MQL    -

          

  
  

 

A286   -
 .  

-2   
2-1 -   

-A286 

1 Zhang 
2 Dhar 

   .
1 2 

 .60 
 .130  

 
  80 

30   

2-2 -   
 

  .
SNMG 120404  

 .1105 
  .

PSBNR 2525 M12   .  

2-3 -   
1  -

 .Ra 
 . 

 3.2 
   

2-4 -   
MQL 

2  .   

1 A286  
Table 1 chemical composition of superalloy A286  

(%)    
Max 0/05   
Max 2/00   

Max 0/025   
Max 0/025   
Max 1/00   

13/5-16/00   
24/00-27/00   

1/00-1/50   
1/90-2/35   
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Max 0/35   

0/003-0/01   
base   

2 A286  
Table 2 mechanical properties of superalloy A286  

   
655  (MPa) 
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Fig. 1 Image Roughness tester and Workpiece 
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Fig. 2 Nozzle MQL, tool and workpiece setup 
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Fig. 3 A view of the spray produced in the MQL device 
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5  Ra 

Table 5 Matrix Design Experiments of response surface method with 
Ra results 

Ra (µm) Ra (µm) af vc 
 Wet MQL (mm/rev) (m/min) 

1.540 1.328 0.22 70 1 
2.763 2.048 0.32 45 2 
1.247 0.988 0.12 95 3 
2.586 1.588 0.32 70 4 
2.766 2.117 0.32 95 5 
0.851 0.751 0.12 45 6 
1.479 1.104 0.22 45 7 
0.961 0.852 0.12 70 8 
1.600 1.330 0.22 70 9 
1.547 1.328 0.22 70 10 
1.534 1.333 0.22 70 11 
1.536 1.325 0.22 70 12 
1.671 1.596 0.22 95 13 

1 Response function 
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Table 6 The analysis of variance for surface Roughness 

 
prob>f 
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)SS( 
 

0.0009 16.92 0.37 5 1.84  
0.0629 4.88 0.11 1 0.11  

<0.0001 76.64 1.67 1 1.67  
0.1732 2.30 0.050 1 0.050 × 
0.9605 2.632E-3 5.722E-5 1 5.722E-5 × 
0.5867 0.32 7.056E-3 1 7.056E-3 × 

  0.022 7 0.15  
   12 1.99  

2 minitab 

(5) +0.45517 0.016800  
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Fig. 4 Effect of cutting speed on surface roughness for different feed 
rate under wet lubrication conditions 
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Fig.  5 Developed image with an optical microscope of built-up edge 
formation 
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Fig. 6 Developed image with an optical microscope of the workpiece 
surface under wet lubrication (cutting speed 70 m/min, feed rate 0.32 
rev/min) 
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) 70 0.32   

 
Fig. 7 Developed image with an optical microscope of the workpiece 
surface under wet lubrication (cutting speed 95 m/min, feed rate 0.32 
rev/min) 
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Fig. 8 SEM  image  of  rake  face  of  tool  under  wet  lubrication (cutting 
speed 70 m/min, feed rate 0.32 rev/min) 

8 SEM ) 70 
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Fig. 9 SEM image  of  rake  face  of  tool  under  wet  lubrication (cutting 
speed 95 m/min, feed rate 0.32 rev/min) 

9 SEM ) 95 
0.32   

  
Fig. 10 Effect of cutting speed on surface roughness for different feed 
rate under MQL conditions 
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Fig. 11 Effect of feet rate variations on surface roughness in Constant 
cutting speed under wet lubrication conditions 
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Fig. 12 Effect of feet rate variations on surface roughness in Constant 
cutting speed under MQL conditions 
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Fig. 13 Comparison surface roughness of two methods MQL and wet in 
cutting speed of 45 meters per minute and variable feed rate 
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Fig. 14 Comparison surface roughness of two methods MQL and wet in 
cutting speed of 70 meters per minute and variable feed rate 
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 Fig. 15 Comparison surface roughness of two methods MQL and wet 
in cutting speed of 95 meters per minute and variable feed rate 
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Fig. 16 Developed image with an optical microscope of the workpiece 
surface under wet lubrication 
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Fig. 17 Developed image with an optical microscope of the workpiece 
surface under MQL 
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Fig. 18 three-dimensional picture of the effect of cutting speed and feed 
rate  at  the  same time on  the  quality  of  workpiece  surface  under  MQL 
condition 
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Fig. 19 three-dimensional picture of the effect of cutting speed and feed 
rate at the same time on the quality of workpiece surface under wet 
condition 
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