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 Titanium alloy Ti-6Al-4V is one of the most used industrial alloys, often employed in important and 
risky applications. One of the requirements for machining such parts is to achieve the appropriate 
surface integrity. Powder mixed electrical discharge machining is a process which has different 
mechanisms compared with traditional electrical discharge machining process;  it is often used in order 
to obtain good surface finish. In this study two different kinds of Nano powders, SiO2 and Al2O3  were 
added in dielectric for machining of Ti-6Al-4V titanium alloy so that the effect of adding them on the 
output characteristics of the electric discharge process, including removal rate, tool wear ratio, surface 
roughness and integrity is investigated and compared. In order to investigate surface micro cracks and 
heat altered layer, surface and cross section of it were studied by scanning electron microscopy imaging. 
The results show addition of Nano powders into dielectric, especially SiO2, increases material removal 
rate, the effect of Nano powders on tool wear ratio depends on machining condition and setting. SiO2 
Nano powder decreases surface roughness more than Al2O3 Nano powder. Surface integrity of 
machined sample in terms of micro-cracks and depth of the heat altered layer is improved with the 
addition of nanoparticles. 
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1 Ti-6Al-4V  
Table 1 Chemical composition of Ti-6Al-4V alloy in % 

H N C O Fe V Al Ti 
0.0053 0.01 0.02 0.18 0.22 4.02 6.08 89.464 

  

2  
Table 2 Physical and mechanical properties of work piece and tool 
materials 

 Ti-6Al-4V Cu 

 6.7 W/mK 401 W/mK 
 113 GPa  110 GPa  

 1660 °c  1084 °c  
  .cm 178  .cm 16.78  

  4.43 g/cm3 8.9 g/cm3 

1- SiO2 
2- Wire cut 
3- Charmilles Roboform 200 
4- Full factorial 

 ) 
0.0001g ( )  1 ( 

  

(1)  = × 10  

   MRR5   (mm3/min) M1  
     (g) M2      (g) t 
    (min)      (gr/cm3).  

   TWR6         
                 

              
               

  

  
Fig. 1 Schematic set up of experiments 
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Fig. 2 picture of used equipment for Experimental tests 
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3 EDM   
Table 3 Some of Effective physical properties of Nano powders in 
EDM 

  
  

cm)  
  

(W/cmK)  

  
(gr/cm3) 

Al2O3 103 1.5-2 2.9 

SiO2 108-1012 1.3 2.4 

5- Material Removal Rate 
6- Tool Wear Ratio 
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Table 4 Input variables and process parameters of spark  
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Fig. 3 Shape of pulses produced in processes A) EDM B) PMEDM 
with SiO2 powder C) PMEDM with Al2O3 powder  
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Fig. 4 Material removal rate of EDM and PMEDM processes A) versus 
pulse duration in 24 A pulse current B) versus pulse current in 25 micro 
second pulse duration 
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Fig. 5 Tool wear ratio of EDM and PMEDM processes A) versus pulse 
duration in 12 A pulse current B) versus pulse current in 400 micro 
second pulse duration 
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Fig. 6 Surface roughness of EDM and PMEDM processes A) versus 
pulse duration in 24 A pulse current B) versus pulse current in 100 
micro second pulse duration 
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Fig. 7 Profiles of produced surfaces in A) EDM B) PMEDM with SiO2 
powder C) PMEDM with Al2O3 powder 
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Fig. 8 SEM micrograph of produced surfaces in processes A) EDM B) 
PMEDM with SiO2 powder C) PMEDM with Al2O3 powder 
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Fig. 9 SEM micrograph of cross section of produced surfaces in 
processes A) EDM B) PMEDM with SiO2 powder C) PMEDM with 
Al2O3 powder 
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