176-169 yoyo 8 o lesbs 16 0951395 obT (ORI S (SwAdie Alxo

gy ele dolinle =
—b;
< . -Eh i
OV 0 Sl  wiigo = &
Jany
mme.modares.ac.ir u/')/;‘g;:%,

S99 ég..aljs Ol )l o™ 4 SO G5 Al (S iilo ..\;;“T)é l.;l? Axflo
Ti-6A-4V 3WT odaw Stk § Sibowy (S 5

204!33&“5 el;sg..' ‘*1.AJS..u.ﬁ Lo jaane

o ey ol «SlKe w.\;&a‘)l#:;;l:-l

ey B (Sl uoige o585 syl =2

mrshabgard@tabrizu.ac.ir 5166616471 i, ssiio 5™

A dlis Sl

B e )8 oedle sty b & cor iUl g il o) uile sl 3y 5 Jsene B nile sl jl (S JolS g} olie
Sl g (So3rgllie olyd s i p ol (K pSUlge s Cuple 4y dagi sl (S SUl adss 618 el eyl (ol ()8 eitle 1395 5515 st

RO i . - , 1395 1528 ipy
23,5 L TIBAI-AV pailes SUT o)l ile Lingl ol 5 el iyl clalad ) wlowy (cla s sl 5 00 ()18 il rbaus 1395 3., 24 cato o a1

0udgi aw el g gy pile 035l ol Saold clilsl 13U 5 cunl ol plosl il Seelyd lilsl S8 a4y (S Sl a5 57l 415
FoSwigySue b odd (648 uiile (cladiges paw Cand 0 (b)) e (B g Slowny (gla 5 0l Sl (clacS g S dlax 1 onds EDM
Syl lils))

Geoe dlzel )3 418 51 b Slowy sloits 93,5 adllae e SS 55,50 @i 5 o)l b odd (5 S g (59 el bl
o318l gt (g ySse ol I skl b ods (o) pible ok (s g 0ad Dbyl pisBAIBL ) b 0dd (55 edle ggba poslis
o3l gy 90% Lialidl pSile) ol il 1y (6,18 pmile AT 035l Sgwlys il Jlal dmd o ()lis gl cusl 0nd (35 ey 25
oaly il (17% Ly i) 1y o)f aw g 03l puuss 1y Slowas (sl i3 g5 o o (slacS i Suo 05l ¢ Jlaie il el (il

ol (S8 s it il 51yt 130 Ly (gl litleiy] b (S50 455 58 pile 3 s (i Gl sl

Study on the effect of ultrasonic assisted electrical discharge machining process
on residual stress and hardness of Ti-6Al-4V alloy
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Electrical discharge machining is one of the most common and widely used machining processes for
Received 05 July 2016 machining hard metals and alloys which has low machinability by traditional machining methods. Due
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Available Online 14 August 2016 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

Keywords:

EDM machining process and the effects of ultrasonic vibration of tool on the machining efficiency, surface
ultrasonic vibration integrity- such as surface micro-cracks, residual stress and surface hardness have been evaluated.
surface integrity Machined surface was imaged by scanning electron microscopy imaging to study the size and
titanium

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.

residual stress
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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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Ti Al \% Fe o} C N H

89.464 6.08 402 022 018 0.02 0.01 0.0053

® Bandelin HD 2200
* Full factorial
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® Scanning Electron Microscope (SEM)
* Nanoindentation

® TriboScope TS75

® Berkovich

" Qil Flux ELF

172



oéljg).m';fu.ugé)m [W-FRVL Y

Ti-6AI-4V JWT mlows ik 9 Silows Sl yiais (59 ) Higs0l)d aliblei )l oS &y (53Ul 4l ) puibilo 3iaT 0 L anllios

obyz @ad bl il oas wdg oS Jlade g ol el cely
e @y ol a5 Canl oads S 5 03Il iol38l el 1ol 24 412 51 43,
odd e oole paxm iali8l Cely a5 004 Jankad 4y (65,9 (55,50 il
T Clie Al 5l a5 mhw (g5, eaile (3L lie eole Jlade T & 4 g
0,bg0 oole Al 8w g Slezdl (> la Ll g 4Bl iuli8l 00 ,S oS
- ¢ ) . Lo 1o

20,5 o 0loul (65555 g o GBS 5 g dgd oo yidon ol desine
00,5 o slojlesly Fu bl cel Sgeld Slils )l Jleel
G151 55 0 3l A o8] ] 4 13 2 5o 5 5bplen
09 obe x> alidl Cle @ izmen 5 sS4 (6399 (351 Jlade
5 $eold zlael 51 LoL s cél 31 s Clie sbealls 5l eas anslal
93 ool e 09 LSy 2,8 b plply ccl ez ibem onuyy
)‘ (8 o )A.S .)5..4‘54 ;Acl; @9‘0‘)5 QL..:L-J)I S99 su‘d.a d.”> 5 03
J.'l.«aS Ldsdjl> ) o».\;La.Jla u‘-.\.a oole )L\.?La 9 \)5.-.4 aslasl Q9= & uL\A QT
oS a}‘.\j‘ 9 )L.\Lo )| g ol S ‘5?)|).> e i coad dezxine o,lgo

I MIRA3 TESCAN

SEM HV: 15.0 kV ‘WD: 13.67 mm
View field: 63.3 pm Det: SE
SEM MA(

PV

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

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. 3 MRR ratio versus pulse duration in different pulse current.
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1400 - Residual stress of machined samples in 24 A and 100 ps
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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
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Fig. 6 SEM micrograph of produced surfaces in processes A) EDM, B)
USEDM, in 24 A pulse current and 100 ps pulse duration
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Fig. 8 Hardness of machined surface in different pulse current and 100
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