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ARTICLE INFORMATION ABSTRACT

Original Research Paper Despite the unique usage of electrical discharge machining process at machining in small dimensions,
Received 10 February 2018 machining complex shapes and machining of high-strength parts such as ceramics and heat treated
Accepted 02 April 2018

steels, which can’t be machined by traditional machining methods, low machined surface integrity

Apalsble/Qose] Spul 2014 achieved by electrical discharge machining process is one of the most important limitations of this

process. In this investigation the machined surface integrity will be improved by applying ultrasonic

Eaﬁ;a]jnischarge Machining vibrations to tool electrode and external magnetic field around gap distance of electrical discharge
External Magnetic Field N machining process, simultaneously. So several experiments were designed and performed based on full
Tools Ultrasonic Vibrations factorial method by selecting pulse current and pulse duration as the most important input parameters, in

Machined Surface Integrity order to study the effects of pulse current and duration on surface integrity of workpiec machined by

this hybrid process and to investigate the effects of tools ultrasonic vibrations and external magnetic
field on machined surface roughness and integrity of machined surface. According the results, machined
surfaces roughness is increased by applying ultrasonic vibrations to tool electrode and external magnetic
field around gap distance of electrical discharge machining process, simultaneously, while the SEM
pictures of machined surfaces showed that the, amount of created surface cracks, blowholes, globules
and beads of debris are decreased and integrity of machined surfaces by EDM process is improved by
applying ultrasonic vibrations to tool electrode and external magnetic field around gap distance,
simultaneously.
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Table 2 The fixed parameters at experiments

eyl e bl
64 (1) o Bgals oo
200 (V) 3l e 5
50 mp oF alols
Tl WS i, Sopsllge gy

[3THI3 3955 ) 5 Sl (S5 ol 3 g
Table 3 The physical, mechanical and thermal properties of H13 tool
steel

JLE datia

7.80 20°C sles o (glem’y axils

1427 (°C) wgd gled
1200-1590 20°C glos jo (MPa) Gl oS plSocl
1000-1380 20°C glas yo (MPa) polos 25

215 20°C gles y5 (GPa) Sl Jgoe
0.27-0.3 Ogles Cad

28.6 (WmK) s,l,> obls,

HI3 o¥gd olacl 554 Jguz

Table 4 Chemical composition of H13 tool steel

[PIT R e [T e
04 Mn 91.73 Fe
1.1 v 5.2 Cr
0.25 Cu 0.39 C
0.03 S 0.9 Si

[3] s sl olool Slaseza 5 Jguor
Table 5 The main properties of copper tool

Sode daie

8.94 (@om’) o i5
1065-1083 (°C) wgd sles

388 (WmK) > b,

385 (J/kgk) o3y slo S
1.67 % 10 (F°C) o bl oy

17.1 (nQem) S =S cuglie

WSl gt slanlp b alie sl el
Al o ile 5 (ol Glae olen @y (S 2SI s g Sl
a8 o L3 i Syl b A5 ) ol an 4y Ko 2SI

6Sdle gl (605 s Gl Suld I L 3 S Gl
9 bl o olyen 4 (S oS 435 (6 Sle slo 0T 8 L onls
b o tle (oSl Al sl Gl (Feelp Slils)|
olon 4 (S 2SI alss () 5etle 5 (ombolin (i ol jen 4 (S 2SI
b oo Gl () sledle) aen o« Fgel B oLl )|

Gl s a el 326 el 4l adss e oas 8l L
2oad adg Ol plie )y o5 alold w ead el 655 s
9y 015 gt Slis sl [24] (1) ala, @illas) LIS dalsb plas (5,
Ol 09 oo ol st e 555 9 b oo G askd pha
b oaalie by (155 el aen 3 sy

eSS adss (g 8t slaan] 3 50 e (699,9 sloalil zok
el ) tle (oabliin flass olpen 4 (S 2SI el gl
4 (Sl adss 6 il s Ll (el $ Dlilei )| ol en 4y SO 2SI
5 S p Gehate s obliae Glase g Jlpl Jgeld DLl ol s
o tolesT do 15 45 5 b hulesl s (sl mally sl ol Jga iollne
el 05 03,91 2 Jgam 0 W Sule,

Oles 599) (o0 0 I 09 2SI S S o plowl (sl B 5o
ol 00 4288 b5 0 alBo 10 5 b -.:;L.‘..ZL;J'T 5 plas o el

a3l gltle sle wged a5 (g Stle Slles ey
Sl S 5 0.8 sl Jlae Jobo L < jale i (6 ol lawgs
Ra wallas onl )3 0500 5 e o3lail itizad 55, o (s 5.6 b
A8y ei8 Bl sl g ead a5 a0 mha 62 JLas Slsea
Olseds g 5 ol eKilos g sad (5 nFoluil alises slazal mzy o Flyg
Oeh oo 485 s 0 ol e 525

Sllee plail 51 G w0ad (o808l poban CodS oyn slp
w38y S ool eolitul b olalad mlas Gl g pgla s 8k
D A (e H5 (ohag; (S92

ozl e, Slailgial oVgd aalllus oyl 4o ooliiul 850 5 aslad
o D ol b iy 5l ey o5 Sl e (e 108 & HI3
ol Sy 3 F3Si ol Slin zoke e e 20 glisl o
ool gh15 5 059 dpup SN (bl 45 S arked gslpand wasS 5 Sl
oo ool 4 Jovz 50 ol punblie

3,90 50 9 99% egls b e aslllas 'yl o solinsl 5y90 I3l e
@ S Al g Sble anl s g (Sl adss o Sile anyl
g 5 e oo 14 (2l Jlab 4 (ol gl s bolize s o o
Slasin Cwl sl 4y 5,885 Slles b aS wbl o 2e Lo 40
ROW XY I PRUSE W L8|

il oen 4y (S Al g il anl o izen
Slales)l e 4 (Kol aldss ) Sndle anld gl Gsel
S 4 e Sl Ll sl 21 pbliae Glass g I (Sael
SaS 4y S S s o)l Slles plnil gl Spel B ogase
S50 nl oS ol Wl gy G 055, Slbas i Jgeld i)
o e 14 =l lad 4, 99% oals b e o _;.'_li)é&zl)a oalazl
Sk (o0 e ke 22 £l )

o g -3

ol g, uible s (525 -1-3

i St sl A1 gl 5268 JS
SLalss )| g (pmbline lage ol e 4 (S 801 aldss (g ISsle 0l

sl zgbaw g jeiie (53959 sloyal b 1 Jgur
Table 1 Input variables and their levels

ol ons b g ole;
(5eal) (40 5,5)
4 6.4 1
8 12.8 2
16 50 3
32 100 4

? 0l Flux ELF

07 o loui 18 ©)9> 1397 MR )% Sl [Can

! Mahr

100



Ol g 3 8ub LS Juxs

EDM aisT 38 53 odub (5 Kinbls o F U ps 35 uublide gliss § sl |90l 18 Sslblas )l Glojass J8U w58

Ms (g uilS 30 olai ) aals 4 o logi wiglis 0,30 T 51 50 o
el talazd o Il Sl ) dolas 1 g Lowdls 48 39250 0,3 )2

Syl B Sl | Jlael Sy90 53 (gelagls s 589 51 0 Lad
ol 9998 oo Sbp Slie Al Jl g 4 Sle 5l g0 il 4
S @ gl (525 &l 50 g dlezdl jlan o Al Ges &5 055 6 o
5 lpl VL Ceem @ a8 o b lsd cdl 5 ag SYL sl mi ool
Sloks ) ol jon 4y (S0 oS adss (g Kile a0 U5 alols 38
@ olie olge s ke Clp p %0 ele gl (Sesl
[27] a8l (o0 0ad g l5etle o (525 (131 5 Slke Al 5l (g

53 o asly E o8 A s eah o Stle plis ad sils
S o8 alolh by pboliin ove Jlosl b g 5 le s 4o 00t ulys
2 Aol pcbline plae Jloel b mhaw (525 20l Jalge (S
oleyer Jloel b 28] sil o SopSM adss il anlp
Lol o 590 9 b ool (sogas oS o wrge o 3l & (gl il )|
Mo ooly min zoys 05 (o i 05 e 0ad (6,5 dle mhas |
00k audy Sy aled g kst Eal3il 5 5] d,e  AalS g o alals
s olpes @y (S pSll ados Bl anld e o il
ghe x5 oo e ez Gl Gaelp Sl bl

Q=R x I? xT,, (D

M3 G S SI Caglie R wonls adgi &)l liee QD) alas] o
Tnn5./___,.:1@,-4.:&Qhﬁ@.\_‘.ﬂ.\in].ﬂ‘wﬁ)ifuﬁg
Al (o0 aly Sen > 2 b (S, Ol

alss o 8ile wul b 5l onel cawss ) mhaw (65 3 S5 Gillae
den o lpl Feeld DLl g cweblie plage olen 4 (S S

LS g PO CH K I Y JON PP S ¢ W E S L 0 PR R
\Tal.l.ﬂ g ol g la d§):._\— ,_5‘3_,4] ﬂLa...ay:ne \;:|)é #.5:\)" u,‘.‘._!|)3| J._.__I.:. 4
et e e P ATl
2 oazee lojl Gld Ce s (s35ee adlse a4 lpl Al ce s S
Aok 213 55 0 6555 asly Rl coge 4T 390 e 0338l Ledly
Lwdly JUI jo Jlad syads wdlsg, oo YU I &5 o0 oy 050 (o0
SiAl g eh oo ads JUI o ool D)3 plmle ce e AT 2l
Mol old 55l amt o g 0sh oo it Wigian g WigiSUl 0,6
a5 1) glges old el olils )l omen b oo il L
[ ao; )b|5 C.S):- 4 2l eals )LL‘:L'.Q h_[.f QS.LJ.S." J.\._..n h...gi‘
oo dubove 2) alar, baogs azily Saalsil 53,0 ke i 53,0 taliil
126, 25] 05

OMee oled 4 (S Sl adss (6 Iuile anl o et (o il 1 ("1 MU?
. e e el alls . = = 2 - — 2¢242 5
355 on ) Fpolp i)y blita OBz = 7 fn g M (B)dt = === Mgn®f7A g
6 6
5 = EDM oMEDM 5 = EDM OMEDM i
OUEDM GWMUEDM O UEDM EMUEDM 4
= 4 = 4 1
-
3 (a) S (b) .' l
£ 3 g 3 |
1
2 2 y
I
1 1
4 8 16 32 4 8 16 32
I(a) I(a)
10 10
g | WEDM EMEDM ¢ [ WEDM  mMEDM
[ OUEDM meMUEDM OUEDM EMUEDM
= B E =
z n
R E
€ 4t E 4
2 F 2
o L 0
4 8 16 32 4 8 16 32
I(A) I(a)
Fig. 3 Effects of pulse current on surface roughness of MUEDM as compared with EDM, MEDM and UEDM processes at (a) 7,=6.4 us

(b) Ton =12.8 ps (c) Ton =50 ps (d) To =100 ps
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Fig. 4 Effects of pulse duration on surface roughness of MUEDM as compared with EDM, MEDM and UEDM processes at (a) /=4 A (b) =8 A
(c) =16 A (d) I=32 A
b dglie o I3 (Fgold Sl g ounloliin s olyam 4y (S 25 4l (6 Sdle 03 b oot (5 tle gla (55 2 b (S0, ooy 36 4 JSB
2 3] Syl ol oyan 4y (S 25 el 55l 5 el Glon oyam 4y (5o 25 el 65l 1 0,250 s (5 Sl lnacal 3
F3R2AMFI6A © -8 Ab) -4 A @)

Micro Cracks
e \

Beads of Debris

< (":lol_1n1[c~‘£"\)

"
BEM Y 100KV WO: 15.81 mam [ MIRAY TESCAN  SEM HV: 10.0 &V WD: 13,43 men
View Beta 191 pm 0m Vi Mk 191 o Det: 38 F

SEM MAG: 100 kx _Oatemid: " SEM MAG: 100 kx  Detefmidy). 12716

(d)

¥

- -
SEM WV 100 KV wo: teazmm | MIRAD TESCA? S V. V0.8 AW
View Bela 191 pm Viww fiaid 191 pom
SEM MAG: 1.00 kx 4 SEM MAS 150
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