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

Cu Ti-6Al-4V S ply
W/mK 401 6.7 W/mK SR
110 GPa 113 GPa S g
1084 °c 1660 °c Cgd ahads
16.78 pQ.cm 178 pQ.cm R OMER
8.9 glcm® 4.43 g/em® SE>
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Fig. 1 Schematic set up of experiments
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Fig. 2 picture of used equipment for Experimental tests
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Table 1 Chemical composition of Ti-6Al-4V alloy in %

Ti Al \% Fe 0] C N H

89.464 608 402 022 018 002 0.01 0.0053

® Bandelin HD 2200
* Full factorial
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Fig. 5 SEM micrograph of produced surfaces in processes A) EDM, B)
USEDM, in 12 A pulse current and 100 ps pulse duration
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Fig. 7 Residual stress distribution of machined samples A) 24 A
pulse current and 100 ps pulse duration, B) 48 A pulse current and
100 ps pulse duration

24 L o (A ssd )5 eile slo diges wilown 15 g5 7 JSb
09y by el 48 Ly ot (B ey See 100 Ly iy, Loy o]
45l9,8 100 WL

W S gy (nl ) S (el GBS 5 sgrg Sde a4 (S Sl adlss
Sl cde by o Syl B DLl b (S 2SIl adss )5 il (g,
Gl 59 e ainlS Loyl e ) S5 sbml b wilewy sla i opad
cle o (1% zals) bl Lo olen anld wlow sla s
15 008 dazie 0,bgs Y w28l 5 balls 5 Sl oole zg,5 (il
ot o)L3l ol 4 1-3 sy 3 a5 cel golyd Sl gl 355 S
S Y golezdl LA 51 (2L Wlowy sl A Lulid cnl 5o o
Sl (sloiss "T-A JS8" b awslio j0 "7-B JS5" 3 ab e ralS
oSy Coled )3 5 oud hrod (6)La3 Wilowy Sl s ) (i Boe 50
A el @ 53959 551 Gl Jdoar gedse cnl 4 Wisdioo
30 G Plie oole pae aS Cel B o L > Dol g i
o)l Y Ges ol &5 4 5 0,8 0 slr p (SpSIl adss gloe i
gl 5l Gt Goe b ailewy Glagis 5wl SRl oad sezie

il o olael Saslad

T (SPwg S (89 3 (& ol 8 Ol | il oy 2 —4-3

gl ud o end )5 ble gl (SoegSee Dlyi loged

8 osloib 16 0753 1395 LLT .y 0 il Lwaice

3 P
SEM HV: 15.0 kV ‘WD: 13.99 mm I MIRA3 TESCAN
View field: 63.6 pm Det: SE 20 pm
SEM MAG: 2.00 kx | Date(m/dly): 10/25/15

r e
&Y

WD: 13.21 mm I MIRA3 TESCAN

View field: 63.6 pm Det: SE 20 pm
SEM MAG: 2.00 kx | Date(m/dly): 10/25/15

SEM HV: 15.0 kV

Fig. 6 SEM micrograph of produced surfaces in processes A) EDM, B)
USEDM, in 24 A pulse current and 100 pus pulse duration
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