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Improvement of Electrical Discharge Drilling
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Electrical discharge drilling (ED-drilling) is a widespread machining method used to bore small
holes with a high aspect ratio. This paper presents additional methods by which ED-drilling can
improve machining speed, tool wear, and machined surface quality. Firstly, for high machining
speed, and low tool wear, a new-type electrode that was ground on one side or both sides of the
cylindrical electrodes was suggested to expel debris. The debris which is generated during the
machining process can cause sludge deposition and secondary discharge problems: major
reasons fo decrease machining speed. This new-type efectrode also reduced tool wear that was
due to the decrease of unstable discharge in a machining gap by helping fo expel waste water
and debris from the gap. Secondly, to improve the machined surface roughness, an
electrolyzation process was included after drilling. This process made the machined surface
smooth by means of an electrochemical reaction between an electrode and a workpiece. In this
study, the machining speed, electrode wear, and surface roughness were improved by the new-
type electrode and the electrolytic process.
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Fig. 2 Problems by debris (a) Short, (b) Secondary
discharge
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Table 1 Machining conditions

Tool electrode

Material Brass
65 wt.%Cu/ 35 wt.%Zn
A=119 WmK
Size Inner ¢0.6 mm
Outer 2.0 mm
Rotation 60 RPM
speed
Workpiece
Material STD11 1.50wt.%C 0.25wt.%S1 0.45wt.%Mn
2.00wt.%Cr 0.35wt.%V
A =28 WimK
Thickness 30 mm
Working fluid
Water Deionized water (p = 4.0x10* Q-cm)
Pressure 2 MPa
Electrical conditions
Voltage 30V
Peak current 40 A
On time 50 ps

Off time 40 ps
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Fig. 3 Electrodes for ED-drilling (a) Conventional
shape, (b) New-type electrode suggested in this
study
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Fig. 4 The cross sections of the electrodes used in the
experiments (a) Type A, (b) Type B, (c) Type C
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Fig. 5 Electrolytic process after ED-drilling

AHEE eSS Tt R Ee] HE F
&3] WEd 5 J=F V&4 eI 49
59 & & W EE 4% 9 AAS
A5E& AFeginh. ol Fig. 3 # o F
I hEEe F¥e F o He f2E
2R JheRarlEe] ERH e
23] wiEd F Y=F E4F7] HFelrh

E AT7dAME Fig. 4 & 22 A 7R FF4

o
2 (o 4l e

N,
)
ofl fr I (B
1% ook (2 ogh

W 34 7 AFE olgsd AFUEL +
3 5}S &)

38
v
ot
e
[¢]
>
o
ook
>,
flo
e
e
)
lo
il
[
o
rlr
i,

ol X ejo] A5 ot} I I type B ¢} type
ce A9 & % T= F BL 015 mm A A
st 71F Al FERAED DAe FW 5E W
Y AT dw Aot o] A 71 AFE F
3 A=Y A FFE TPl BEHE /HF
AN AT ARZE A3

32 TMAE O|F JIEHE HHLY

FFE FHE JtEd ¥ UtEE EHE A
HNEGES o] AAAI A FFAFTH T3E
Atele] dAZAYS AME A A wWE F9H
2= o] §slte] A AFsth Fig. 5 AME
4g o83 W MAAEY MFEE YEpdTH
713E WL FTFATY ZUF 4 A ¥
oA ¢gdu T Aloldles Eol AMYA Ytk old
As A7EHE FFE 9i e FTIAE EHA
Me F&0] o|23) Hol & £2o2 HAf&EHT
71go AEEHAYE FFAFE IR o] FA
HgeA HE FTAFTH TAE Aol FL F
o 9& B9 AETT} 0|23 2 Aedtd FTA
F3 FAE 9 AloldA e 23avt BT
o] 243+ FTAFTH FTAHE FUE &EYAF
o2 ol WX Faz Hi FAHAME 7HE A
AHESIAE A7 2mm 9 F7HF diAled] 1.5 mm
9 FFAFLE A¥S AP

ol Ze FTAEL T IAHE HEHEE 3 A
4 EHEZA7|(NANO View-E100, Nanosystem Co.)&
ol g3 AAaFHs dojd WY RHUREE 54
ot THREY g2 A4eHaALYd Ra E
AH8-3H5 Tt

4. 48 Zdu

4.1 3F¥= 4o OE 712 84

Fig. 6 & I 7ATEY Wl ©E 47 7}
FAE Y Qe AP 6 3] itEs o
ez et gutgoeg ol FTA
Z34 type A S vl E o, type B ¢} type C
9] FFEAZrO] ZZF 13.9% $F 25.0% FABATH
ol JFEZFFNA QB JFNY wiEE 3
7o) A wWEolth EF type A A=
7V F FTASH FIHEo] BYFoER HEH

= deo] JF 985 3 BARFOY type B 9}



S UBESX A 27 1035 pp. 45-51

October 2010 / 49

type CollXE 242 B 733 3]} 707 37} 2AS)
At Mg F EAEe dEe M4 EY A
o AHHoR 9¥& wARE 9 Jf9 P

T Az g ez ey

tlo of

TTHFY R JFS FAG Fig 72 7HF
A% FFAFY vE AEE veERAD Type A
of vigted AMHE FTTAT type B9 type C ] 1}
E7F a8 Ao JEgoen 3] type A o H
3o type C o TTFHF] FUFOR 204% B

AEF Y 1% °]”%L7q(£%"ﬁ?§)?l o} H(arc)

el o)xpkA A THERAEIIEY
A8 gz 7]?1@ 74°]f+

42 MEHYE 0|8 JIE2HH W3
HHREYYs 2 :F“éc’ 7HE% ¥ Fig. 5 oA
GER ZAAY 1.5 mm XA éﬁ%;‘ﬂgg ¥
T AXA7 = A EX* A7tetey F3EAE
T4 AT AL Tﬁﬁo}ﬁﬁ}. ojmj x}-&% A<t
2 40V, 80 Voli, A AVAZFE HAx 10 29|
20 & HEoR 50 A AHAARIgen 1 B
o= 60 = ALE 5 BElA A¥L AP

ek
Fig. 8 & QI7} M ¢a} A zkel o 7h3d 79
WH-o B9 25& velit wH=dgoez )

ERil E?ﬂ{—i— 123 pm Ra o] THEE & 7tA4a
AN AT HE TP 4 THx=7 A4
Qi’i‘:} AEAAA ] 1 £ oJUAR = A7t
A W XE o] Fa AEE B
Eldigloy | & o]Fdg=

H7t A<l mjnjEdt),

Fig. 9 & 354 AF9 wxzdely Wig
A AP 1) 7 (Scanning Electron Microscope, SEM)
o2 A3 Ao} wHd=dy FAZdE Fig
9@t #o] HAHR ZHoY ¢FHer Agiuw
TEEEC] doldoy, dATA FolE Fig. 9(b),
(©°lA BE vl o] APLEE st EHio]
Mg A& 4 F AUtk

M‘L

Abgd dwbell el A I gl

o‘%‘i:-%%‘ 7}3‘?34 MEERS} FTHEE,
o

24 NEE A Aol FIHUD. 5 T

40 AdE S ANE ABRads] £

590
_ 5 .
2 500
= 571
[
E a0 448
¥
E 380
3 200
=
i)
o
Type s Typed TypeC

Fig. 6 Machining time according to electrode shapes
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Fig. 7 Electrode wear according to electrode shapes
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Fig. 8 Surface roughness according to voltage level and

applying time
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()
Fig. 9 The craters before and after electrolytic process (a)
Initial, (b) 50 sec with 40 V, (¢) 50 sec with 80 V
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