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Micro Electrical Discharge Milling Using Deionized Water

Do Kwan Chung*, Bo Hyun Kim” and Chong Nam Chu*

ABSTRACT

In this paper, micro electrical discharge milling using deionized water as dielectric fluid was investigated. In EDM,
dielectric fluid is an important factor which affects machining characteristics. When deionized water was used as

dielectric fluid, machining characteristics were investigated according to voltage, capacitance, and resistivity of
deionized water. Machining gap increased with increasing voltage and capacitance. As the resistivity of deionized water
decreased, the machining gap increased. The wear of a tool electrode and machining time can be reduced by using
deionized water instead of EDM oil. Surface roughness was also improved when deionized water was used.
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Fig. 1 Micro EDM system
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Fig. 2 Micro groove machined by micro electric discharge
milling (STS 304, deionized water)
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Fig. 3 Machining gap according to voltage (@ 50 um tool

electrode, 400 pF, 2.5 MQcm)
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Fig. 4 Machining gap according to capacitance (@ 50 pm
tool electrode, 40 V, 2.5 MQcm)
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Fig. 5 Machining gap according to resistivity of deionized
water (40 V, 400 pF)
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Fig. 6 Vertical wall machined by micro electric discharge
milling according to resistivity of deionized water
(40 V, 400 pF)
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Fig. 7 (a) SEM image of the tool electrode after micro
electrical discharge milling and (b) EDS analysis
of the tool electrode
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Table I Machining characteristics according to dielectric
fluids
Deionized Wat
Dielectric Fluid | EDM oil clontzed Tvater
(2.5 MQcm)
Voltage 100 V 100 V 40V
Capacitance 400 pF 400 pF | 400 pF
Max. Feedrate 10 um/s 32 um/s | 25 um/s
Gap 5 um 147 um | 8.5 um
Tool Wear 93 um 3.5 um 4.5 pm

(b) Deionized water (40 V, 400 pF, 2.5 MQcm)
Fig. 8 Surface profiles of grooves machined by micro EDM
using EDM qil and deionized water

33 O|A] g7 #AF O1Z
oA WA ABAME AT vl e A
W 3 A P 7HEe] JHME A= n)
BE BAGF o} A} Ay Do]eiE ALL
AT vleg dds 29 5 gy W)

shel
AT okw BAZo) Foldth =@ T Hus}

(i}



AEP - AR - F3E  IZALIIHIAA A A A3
wea7] g 7tE AE 2Y F Aok wEA
go| 245 Alg3tH 7}% & Algste Aol
Ha 713 AU 2 G848 ¢ 4 A ol &
v w3t7] ¢34 Fig. 9°ﬂ 7tEfrek "o l%*’F% A}

£33} 7}1a vl wrE g WE}MM
-3
o}zg

T

}tOI

‘j}‘]'ﬂ/(]i Zo] 5 um
7‘—1 ‘_T'_ ;8-
Q‘EE gol &9 %
um/s ©]T}. Fig. 9(a) °ll
E AMES AgE T
T g A dAE
72 vhake] §k 2 A o]
11 pm o|t} Zo| Wae 7tF ZHole

T

L =

%

109 um ©]t}. ¥HA Fig. 9(b) 9 7tFHE A& 4
2= BT A wlRFo] wol o] wEgo
7Hgo) ALY olFojx A ARSS & F Ak 7t
2 v}eko] ukt AARL 204 um 2 7]._37. 7L 2
um olt} dA| gk Zo] WMoz stFH Hole F
A 87 17.5 ym 2 AT ppEFo] w]9 Fol ¥

A4 27} e 2 Ae % 4 Ak

(a) Deionized water

74

(b) EDM oil
Fig. 9 Hemispherical shape machined by micro electrical
discharge milling (STS 304)

Table 2 Machining conditions of hemispherical shape

. . . . Deionized Water
Dielectric fluid EDM oil
(2.5 MQcm)
Voltage 100 V 40V
Capacitance 400 pF 400 pF
Tool Dia. 23 pm 23 um
Feedrate 7 pm/s 15 pm/s
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