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Abstract— A finite element analysis has been performed for the electro-discharge machining of an alumina-titanium
carbide(AlL,O;-TiO;) composite, assuming that the electro-discharge system is in steady-state. A discharge heat flux of 3.710
X 107cal/s - m” is shown to possibly make a crater with radius of 20 pm and depth of 5pm. When a discharge heat flux
of 5.565X 10" cal/s - m” is used, all of the alumina particles in the domain of intrest melts while the titanium carbide par-
ticles within the radius of 30 um and the depth of 25 um reach the melting point, thus the size of the crater formed becomes
larger than 30 pm in radius. It is not recommended to use a discharge heat flux of greater than 7.420% 10’ cal/s - m?, be-
cause it may deteriorate the surface roughness.
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Fig. 1. Schematic diagram of electro-discharge machining for a typ-
ical spark.
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Fig. 2. Nine subregions for different finite element meshes.
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Fig. 3. Meshes selected for testing computational efficiency.
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Fig. 4. The upper center and upper end temperatures showing con-
vergence as the meshes are refined.
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Fig. 5. The lower center and lower end temperatures showing con-
vergence as the meshes are refined.

Table 1. Physical properties of the ceramic composite workpiece

ALO, TiC ALO4(66 %)
(1,300K) (1,800K) +TiC(33 %)
p, [ky/m’] 3975 4890 4237.2
C,, [calkg K] 303.988 204.71 268.186
k, [cal/m-s-K]  1.434 1.11 131
a, [m’/s] 1.187x10°° 1.11x10°° 1.153x10°¢
T,. [K] 2315 3489 2679.27*

*Averaged value, but not actually assumed.
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Table 2. The heat transfer coefficient and the heat flux due to dis-
charge used for the computation

Case-1 Case-2 Case-3 Case-4
h, [cal/m*s-K] 2345.6
Q, [cal/s-m’] 3710107 5.565x10" 7.420x10° 11.130x 10’
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Fig. 6. Temperature distribution in a workpiece electro-discharge ma-
chined with reference heat flux(Case-1).
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Fig. 8. Temperature distribution in a workpiece electro-discharge ma-
chined with 1.5 times as big heat flux as the reference case
(Case-2).
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Fig. 10. Temperature distribution in a workpiece electro-discharge ma-
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I

#5238 M35 Hl6s 19974 128

oq -1_ N 'ﬁ'éE

0 Temperature

7778.31

10 7665.63

- 7552.94

E 20 7440.25

= 7327.56

5 721488

SCS 30 7102.19

8 6989.5

g 40 6876.81

= 6764.13

< 50 6651.44

< 6638.75

: 6426.06

80 L P 6313.38

1 6200.69

~
(=]

0 10 20 30 40 50 60 70
Radial Distance, [pm]
Fig. 11. Temperature distribution in a workpiece electro-discharge ma-
chined with 3 times as big heat flux as the reference case
(Case-4).

<ol A& &“15}

A4S 7159 29} 32 Z71A)71 ASql Fig. 1054} 114
M &Foive) dEleelgo] 2% A g9 9] 44Ee
£ 5 Stk ol 59 Afole AT 551 ) whE Aot
T2 7HF 99 A7} Bs)A Ao g o2 aje}
A, o] A9l AHEE 7.420X 10" calls - m® o] Ake)] ”Jﬂ%"
AHSSE7] E2 WA 2ok & 4 gich. o] ubal &g o} 20
X107 Amp o|Ake] HFoll sd3}n], o]ol] Aekah= u)gAAbe) )
A AF2ZE o 20 Amp o]4bo] L. wapx o] wr} Y& HES} 0}
AHES 24 224& dAsjol & Aelch. AAZ Afe| B2 §
WAA719 27)5 348 B9 Fig 129} 3¥o] Hr}. o] aoAx
57} 11 Ampelate] =jd EAAA7]7} o) - Axe & 4= glc}.

ole} Zho], Wb bge] YA 3k 24 A S E3lo WA}
o 220 Wk 7L E] 7bE s o 4 9le ®at ol )
e 7] 4 ZAMAE A5G 4 Qi) gy, *’o"“
uix]|o} WA &) mof, IS Sol Wil B} A3 o2
Axle FrEAIZE WY, FAAIZ] A 0 2 o= Hl’d*

60 I 1 ¥ 1 )

50 |~ -]
O O
= o]

%30 - =
£
oo |- ]
Q [ ]
10 |- =
PY (] ' H]
0 | | 1 1 1
4 6 8 10 12 14 16
Current, [A]
Positive polarity : [0 0.24, 0 0.30
Duty factor polartty

Negative polarity : m 0.24, @ 0.30, A 0.45

Fig. 12. Experimentally obtained relation between the surface rough-
ness and the current.



Al B A BbRe SANA 855

Akl Wl el efsted v A e X8-S sesof & ot
+2 B

GFuhte} giale|elo] £ Alzbe B3tAl] wdsbE |4
o el fikes Mg st WAHd3e] d&Hoz ¥
wE = A4 WA S P ste] AeizinpE ez S-S sl
a4 At W g<o] 3.710x 107 cals - m*Q] % ¥4 20um, 2
o] Sum A =2 377} el Aoz 5=t A dE4E 5565
X10"cal/s - m’2 15T 1l Aol BADS ko] BE &
Folurl H9ren] dslelebEs U 30um, Zo| 25 umel] A3}
= W7 e A4S ¢ 5 AN, HHES Aol wbg 30um
olafel & Zlo= & gch W dSo] 7.420%x 10" calfs - m’ o)
o] =W ¥)7hgEo] A3 o} 7HF Edo] AR Aojnz
Fol 3o} ghet. wdt, B Aol A wbdrlge ¢4 =
7o g2 5E v WY $AERAE d S by
22 bd7lE ol o2 5, A 9 FA7) uhEEE v A4
Are] Wbdel =2 AA dA 71 & B E £ 97 slaiAE v
At A& 38 et gich

#d A

E A7E 1995495 Z8% Fed7zAu|(l oA Zehyel 23t

of A7Heg-E W3l olol AF=HLL

AIZI1=

C, :specific heat [calkg - K]
h : heat transfer coefficient between the work piece and the surround-
ings [cal/m’ - s - K] '
~h,  :effective radiant heat transfer coefficient [cal/m® - s - K]
: thermal conductivity of the work piece [cal/m - s - K]
: heat flux due to a spark [cal/s - m’]

: radius of a spark [um]
: time [s]
: temperature [K]
T, :temperature of dielectric fluid [K]
T.c :temperature at the lower center node [K]

k

Q

r : radial distance [pum]
R

t

T

T, :temperature at the lower end node [K]
T, :melting point of the work piece [K]

Tyc :temperature at the upper center node [K]
Tye : temperature at the upper end node [K]

z : axial distance [pum]

azjoja 2

o :thermal diffusivity [m”s]
: emissivity

€
p  :density [kg/m’]
o : Boltzman's constant
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