Korean Chem. Eng. Res., Vol. 47, No. 1, February, 2009, pp. 72-78

474715 (Electrical Discharge Machining; EDM) 7 ]-515\—57} i

3 A ikt ool Aol ARgeitk § 0o 4 ol ksl o)l i ) Busi
ol S JEWHOIEE, Ui, o) WA Alsel AU AT 3ol e MarbEel $4ubIES sl

X 1m

oﬂ 3]8} ul—/\g oﬂi ZHEE

HMIHEA O SEMYE WH7EBO| 2] oAl

QUAH" - MU
st gahest o setget

631-701 7' PR L5 449
(2008 129 1290 H<, 2009 1€ 13 )

Numerical Analysis of the Electro-discharge Machining Process
of a Conductive Anisotropic Composite

Young-Cheol Ahn' and Kap-Jae Chun

Department of Chemical Engineering, Kyungnam University, 449 Wolyong-Dong, Masan, Gyeongnam 631-701, Korea
(Received 12 December 2008; accepted 13 January 2009)

IR oy Ribhsiol Bkl vlejol M) s A3 A0S fasos ol T

SISICE. SRe] 12 3l B3] 0Sf ) A A I 8 wphiseel ejel 5ssic, Al
ol 52 9Isle] A Aol HHA HlFE AR ARSIk e 7
o1 Bebse] £ A5l £005 AL 514 Vol G 7 AS] TG e AN g0 A
A B8-S 10%2 A9 oY ASE 29 302 /PIsIgict. Bae] dojuprA] Sk S4 7] Alatsia @
A 424 JoJo] GGk, Ek AZlo] Feigiel mebd] Rakre] AAV} olBske Aol Hlsgict. v g 5
o] AAEE SYAOR AU L) B o) o] 4zt w W % wakow olFagith. B4
B A SrE 5 9] UEEuch W 9] SR 2K ) B AXE Sow ekt

B
=

Abstract — For the electro-discharge machining of an electro-conductive anisotropic composite, an unsteady state for-
mulation was established and solved by Galerkin‘s finite element method. The distribution of temperature on work
piece, the shape of the crater and the material removal rate were obtained in terms of the process parameters. The 12x12
irregular mesh that was chosen as the optimum in the previous analysis was used for computational accuracy and effi-
ciency. A material having the physical properties of alumina/titanium carbide composite was selected and an electricity
with power of 51.4 V and current of 7 A was applied, assuming the removal efficiency of 10 % and the thermal aniso-
tropic factors of 2 and 3. As the spark was initiated the workpiece immediately started to melt and the heat affected zone
was formed. The moving boundary of the crater was also identified with time. When the radial and axial conductivities
were increased separately, the temperature distribution and the shape of the crater were shifted in the radial and axial
directions, respectively. The material removal rate was found to be higher when the conductivity was increased in the
radial direction rather than in the axial direction.

Key words: Electro-discharge Machining, Finite Element Method, Material Removal Rate, Duty Factor, Thermal Aniso-
tropic Factor
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Fig. 1. Schematic diagram of a typical spark in the electro-discharge
machining process.
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Fig. 2. The normal vectors along the surface of a crater zone.
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Fig. 3. The finite element mesh and the boundary conditions.
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Table 1. Values of thermal conductivities selected for computation
with removal efficiency of 10%

k, [cal/m's:K] k_[cal/m's:K]
Case-1 1 1
Case-2 1 2
Case-3 1 3
Case-4 2 1
Case-5 3 1
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Fig. 4. Temperature distributions after 130 ps in the electro-discharge
machined workpiece for the cases of (a) k=1 cal/m-s'K, k=1
cal/m's'K (Case-1), (b) k=1 cal/m's'K, k =2 cal/m-s‘K (Case-2),
(¢) k=2 cal/m's'K, k=1 cal/m-s’K (Case-4).
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SEE PA7IE ol fElEithe 2s Seit) h, :effective radiant heat transfer coefficient [cal/m?s'K]
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M : coefficient matrix in the transient term of the finite element

equation

K :stiffness matrix of the finite element equation

Q :heat flux due to a spark [cal/s'm?]

Q, :component of the heat flux of a spark in the direction normal
to the boundary surface [cal/s'm?]

q, :thermal gradient

r :radial distance [um]

k, :thermal conductivity of the workpiece in r-direction [cal/m's-K]

k, :thermal conductivity of the workpiece in z-direction [cal/m's-K]

n :inward normal vector to the boundary surface

n  :outward normal vector to the boundary surface

n, :radial component of the outward normal vector to the boundary
surface

n, :axial component of the outward normal vector to the boundary

surface
R :radius of a spark [um]
t  :time [s]
T :temperature [K]
T, :initial temperature [K]
T, :temperature of dielectric fluid [K]
v :bilinear shape function
: axial distance [pum]
: depth of the melted layer [um]

J2[0|AZK}

o :thermal diffusivity [m?/s]

€ :emissivity

p :density [kg/m’]

: j-th shape function of a finite element
: Boltzmann’s constant

n :material removal efficiency

: latent heat of melting [cal/kg]
Q¢ :domain of a finite element

I'® :face of a finite element

d  :depth of a crater [um]

dp :thermal penetration depth [pum]

AEXL
e :finite element

ol&X}
D :depth
i, j :node number

c : crater

3lerast H473H M1E 20094 22

m :melt
r  :radial direction, radiation
z  :axial direction
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