YY Y . goe O ooleadd A 093 A& 313 o (lrsl 395 9 AL SwIdie dlxo

T TS PR R VAL Y

Ol Pl adgi g Colu (waigo

WWwWw.smeir.or;

d-' 10.22034/1]ME.2022.160055

Y

S0 09 SN b S s

"6 5L ogue 5oL Slowduw 0L yd ' Sl e yLodwiw

Ql).g.l ‘Ql).e‘b' ¢y ‘aLel Cv:nL> ol (e O Seesls ‘315_,, JUERTIN ‘)L:_;;;b -\
Ql)-g,l ke s).;,)l.a oKl ‘.)lj.a JUERTIN ‘)L',',)L';_‘_)l -y

Ol el ez plol mal olKils «(5,9ld ol g 418 iy Slge 35 10 g g Sl cwdige  Siwghy -V
kpsafghahi@ihu.ac.ir APAAVVOFPY ey Ggoio oyl 05 #

ouuS>

s

Alio wledb!

ol s ) 0ntle (sa3a @ borpe (Soalps Dlala oud plos anje V¢ Sl i a5 plodl slaiagn @wls el
el o0 B35 TA b e ol el orige (slaSaol oo (32 yiage 3l o2 45 (SENG) porins 25 850 45 &5 o
2l ols Gl d 4 azgs b allige s 1) Vb (S5 5 (5955 il & Sanglie wiile Cgllae (olys I (oS 5 Seeal s
o el gy oSS sadis (g Sanble il b ity cenlin (o) Sinile i cloibg, 5| eoliial dacSsl i (6, Kirtle
oz 5ILLo L slacSl o () Stle Lol eslod (5)10tle (505,00l 5 (SilSis (215 @ azgi g | Ll Slge (soled Wil oo
Senl s pl (S S addss (6 S0ble plowl S Bood ol )3 1 ablgad p a0l (g, cnl b Jgene O g sl 2 555
o @Y S5 g () e Y50 el o Seal e (ladiges SSle Sl 45 g0 oy Senl o ool (SaS 09 1Sl g,
by oad ) Sintle 0yi mhw Sl iie ow)p Cuz WS @)Saile Cudse b Slidad g ol ol 13 ladiges 59, 2
2 olop odly £ Rl eaies LiS @l 035 A 1 polie @il oSl 5 2B planil (6510 pgal (S Sl Sy S
ST el g (Sl labad a5l Sitle pladl 51y (izrod aBlion 4V ST by & Cod 4¥g0 by Sl
oo ] o il el oo Al e oh (5 Sl el 10 Ly 5 (325 polic Sszg odind i 45wt plawl EDX

S c2mg5 allie
VEY LV sl e
VEN L5 VF gl gl

VW et YA RSy

0 3lgasls’

Sl a4l (oSl
@-.UL“)

(SS 59l

Al ge jeS Vg g cb s

Study of nonconductive Siz;N, ceramic machining ability by electrical discharge
machining process by assisting electrode

Seyyed Salman Seyyed Afghahil®, Farshad Soleymani?, Hadi Eivazi Bagheri3
1- Faculty of Engineering, Department of Material science, Imam Hossein University, Tehran, Iran

2- Department of Material science, Malayer University, Malayer, Iran

3- Advanced Materials and Nanotechnology Research Center, Imam Hossein University, Tehran, Iran

*P.0.B. 1698715461 Tehran, Iran, kpsafghahi@ihu.ac.ir

Article Information

Abstract

Original Research Paper
Received: 28 June 2022

First Decision: 5 July 2022
Accepted: 19 September 2022

Keywords:

Silicon nitride

Electrical discharging machining
Conductivity

Assisted electrode method

Based on the review of the previous researches, more than 50% of the cost of ceramic parts is related to
machining costs, about silicon nitride (Si3N4), which is one of the most important engineering ceramics, while
up to 80% has been reported. This ceramic has a combination of desirable properties such as wear and
corrosion resistance and high hardness. Due to the high tool wear in machining process, the use of traditional
methods is not appropriate. The electrical discharging machining process is a method that can machined all
conductive materials without regard to mechanical and metallurgical properties, but machining of non-
conducting ceramics such as silicon nitride is not normally possible by electrical discharging machining
process. Therefore, in this research, the assisted electrode method has been used to perform the electrical
discharge machining of silicon nitride ceramics. After preparing ceramic samples, copper-carbon bilayer and
single copper layer were coating on the Si;N, and they were successfully machined. In order to further
examine the machined surface, imaging was performed by SEM. The results show that an increase in material
removal rate in two-layer coating compared to single-layer coating. Also, after finishing machining process,
EDX analysis was performed from the surface of ceramic workpiece, which indicates the presence of carbon
and copper elements in the machined surface. In addition, the copper tool wear ratio in two-layer coating is
less than that of single-layer coating.
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Fig. 1 Overview of materials and their electrical conductivity.
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Fig. 2 assisting electrode scheme for machining nonconductive ceramic
material
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Fig. 5 Copper tool and Si;N4 with copper foil
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Fig. 7 Effect of coating materials on the MRR
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Fig. 8 SEM image of Machined surface
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Fig. 10 Map of EDMed surface
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Fig. 11 EDX of Si;Ny surface after EDM
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Fig. 9 Map of EDMed surface
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Table 3 EDX of copper tool surface after EDM
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Fig. 13 EDX of copper tool surface after EDM
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