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 Electrical discharge machining is one of the most common and widely used machining processes for 
machining hard metals and alloys which has low machinability by traditional machining methods. Due 
to the thermoelectric nature of this process, changes in metallurgical and mechanical properties of 
machined surface and development of residual stresses in components are inevitable. In this research 
machining of Ti-6Al-4V titanium alloy is conducted by ultrasonic assisted electrical discharge 
machining process and the effects of ultrasonic vibration of tool on the machining efficiency, surface 
integrity- such as surface micro-cracks, residual stress and surface hardness have been evaluated. 
Machined surface was imaged by scanning electron microscopy imaging to study the size and 
distribution of surface micro-cracks. Residual stresses along the depth of the machined surface, 
evaluated using Nano indentation technique and hardness of discharged surface are measured using a 
micro hardness measuring instrument. The results show that applying ultrasonic vibration increases 
electrical discharge machining process efficiency (about 90%), reduces the amount and size of surface 
micro-cracks, changes residual stress distribution and decreases the amount of it (average 17%). 
Increase of surface hardness caused by ultrasonic assisted electrical discharge machining process is 13% 
more than the traditional electrical discharge machining process. 
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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 

1 Ultrasonic assisted electrical discharge machining (USEDM) 
2 Charmilles Roboform 200 

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 

3 200 W 20 kHz 
15 m  .

 .

 .
 .

"1 2"   

44 4 2 
 ( )   .  

  

  
Fig. 1 Schematic set up of experiments 

1  

  
Fig. 2 picture of used equipment for Experimental tests 

2    

3 Bandelin HD 2200 
4 Full factorial 
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Table 3 Input variables and process parameters of spark 
 

 
 

 (µs) 
 400, 100, 25, 6.4 

 (A) 
 48, 24, 12, 6 

  (µs) 
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1 Material Removal Rate 
2 MRR Ratio 
3 Scanning Electron Microscope (SEM) 
4 Nanoindentation 
5 TriboScope TS75 
6 Berkovich 
7 Oil Flux ELF 
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Fig. 5 SEM micrograph of produced surfaces in processes A) EDM, B) 
USEDM, in 12 A pulse current and 100 s pulse duration 

5   A (
B () 

12 100  

1 Recast 

Fig. 3 MRR ratio versus pulse duration in different pulse current. 
3 

 

Fig. 4 MRR ratio versus pulse current in different pulse duration. 
4 
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Fig. 7 Residual stress distribution of machined samples A) 24 A 
pulse current and 100 s pulse duration, B) 48 A pulse current and 
100 s pulse duration 
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Fig. 6 SEM micrograph of produced surfaces in processes A) EDM, B) 
USEDM, in 24 A pulse current and 100 s pulse duration 
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