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Abstract

Micro-hole drilling by EDM and production of fine rods for the tool electrode or other purpose
have become very important in industry. This paper suggests a new method for production of very

fine rods by ultrasonic-assisted chemical machining and describes the machining characteristics
of micro-hole drilling by EDM. For fine rods, copper wires of initial diameter of 250um are used
and successfully machined into a diameter of less than 30u4m with good repeatibility. The
ultrasonic agitation not only accelerated the material removal rate uniformly, but also produced
smooth surfaces of fine rods. To drill the micro-hole, kerosene and pure water is used as a
dielectric. From the experiment, water is superior to kerosene with respect to surface roughness
of inlet and outlet of hole and machined surface as well as electrode wear. However, due to the

electrochemical reaction of water, small pits are remained on the workpiece surface.

Lo &

©v] 475 (micro-hole) & &l A9 xZFof F
2 2gEgded HATdE A3 o Age) o
o Z=HeY Jade =g 289 39 AHHE
A AR £, 3¢ AFE Y vjojaz dAE
A4 gAY B8 FF Fol ALEHR g &
3], Wd U g3 & 2= Aot FFE
ol 37 AR A FHE AFE de
+ dutA el Wy =d shgo] AL 753,
wel] ol w4 TR s E F2 B4
RFARI & AAT RS
»A3l4, AL e P4z

4EE olgsted 2 oAM= WA A3 MR
ol Agsz e W 9 shielth ¥4,
WA 7EE o] &8 oA FYATAM AR 2
F7A9 A AM, HAFE(electrode)d] A=
3, Eds WA & o438 100um o3}
oA g T8 ojgA AFFE Adstel] SF A4
ol T},

719 Aol ASE AR whyeozE,
A 3tEe] 9le FAl(copper wire) g 22 A}
|3} Fo of2 EilA LoA HE slEHE
Sl FAE AFol AAHE Fol FEist Ha
H AL AR AP, 2 25 3
ol AlgslE: Wy o 2y 100umolste Fv 7}
T4 AFozA $ub ohvz JaAE =g



1148 & A ¥
= 453 2ol g 548 522 4§59
¥ (rod)e] M8 7o+ HEF A Z(block
electrode) S o} -3t WAANT Fe Aol 2

2y} o] wye we FAHS sl gle] ol F
2813 wpiel Masuzawa® 5ol o8] sfitsigle
dl o] & WEDG(Wire Electro-Discharge Grind-
ing) & ol ¥3te Aoz wjad HFstx ste A
< A7 A

g, wATFEsEe B 47" dEE
Kholodnov®7: 2.8 Ao) i3 capacitanced %%
< AFehed 2, JeswaniP& 9t Aol capacitance,
AT AL 2 79 ol W 279
AYgA e Fosidrt, £F, Kagaya®F-& 100um
o]3te] w]AE FHE 7IEE o YRABLZA &
o] Frtn FAHAc Foz SatoWFE A4
100gmo}ste sl Fo& 7138 & AL A
A7ozA 74¢ 455 o o4 FHAZ & 3
+& F95Ach

2 dFoiMe =& st s4F (ultrasonic
assisted chemical mahining) & oj§3le] 100um
oj3te] AFE-E A A2y AFE o] g3}
of wAlTHE YHAFH2EA STEHE o}
8z, wAdE 77 54 (kerosene) 52 3l
T RS vim, FAgen AT AE,
7hgEe FA) AF LA A (taper) o
g Ao nbdg zAbsi,

2.2 B

21 HM2Ee x84 s3as

A Fy e gAsgel AFE, sFEEACY
7HEEY AR =e}, F2 gARA Tt A8
Hep® B d7odE AFY AREA FA
(copper wire)-g A48t wx FAoE 2H
e S1E & B vle AFE Ao o
(etchant) ¢ 2 4| o 8 A (ferric chloride, FeCl;+
H,0)& A8-3t4ich

&) 8}oll 3 -3 (chemical etching process) 2 2%
o] o Flz} setulg-& oy &4 (dissolution)
He A2zA S84 e sl osf o
2 58 32 Agdn, #@Ea s A
FAe gz Halel H$IA Mg, @4,
T-2lof st e ohga o] ubggeln,

2Fe** +Cu=2Fe?** +Cu®* (1)

A Aoz BH o 4 Rl 3 /FTE TS
sl gloiA ofd Al Aot He g A
ol 43 gz 4L 2 A2 AAE 4
Ug But ofvel, 2E5HE o] £ AARY vl
% 2% (agitation) 22 QAsfed e wigel] o4
HALE (smut or scum)& FAsA AAGFozH
2o} dlnyd 9% A& Uk

4 2 A% o] &(diffusion boundary layer
theory) & ol&3le] 2 F4& 2433 AA= o
&3 2O, DeE B9 27 Aol stn Dy
% 499 AR 7 Ad 9 AFole Hd A7
of wislof fF FAY AE W& g-F3 3ol
e,

_SLD,Z log(1+25/D,) —%Doz log (1+23/Dy)
Oim oy 64 (Dr+28\_ _
+ 5 (Ds— D) zl°g<Do+25>“ K@

A @)t A7 Ao o8 FAY AFE W
E b= Aoz, oAy wrgel 2zl
el 4AFRA doiriew] wls) Y% (cylinder) y
g FAL AFol Ao} A ulAd@ydez 7t
2388 & 5 sith o744 BAAAZEA
(diffusion boundary layer thickness) &%}, T3 o]
AgsE 55 el 44 K7t #lA$E H
oJgled K*v dAde Fxof &% i o
grel o3 2o} @t Hae A2 A B
ol MRR (Material Removal Rate)-& 2jnj3s}o],
Habu®o| 23l gAAAZe FAE oA
Fro) Fuq Aol

2.2 ol Yo Mgk 54

BAAFEL oo =lAFHE A3 A fol
B gurEal WRsEe] RS9 Aol A oz,
capacitance 282 AANE JEFE ol ¥4
He, WAoo ols vlatAlel Bdo} A7) Aol
o Av|e whAe ofuiAe] s HAHEZ A
7+ ZE A FEe 28ld, dEFe ¥d Ay
5o 98-S #xA =k, Capacitanced AL o
Aol AALAE AEE uf capacitanced] Z 7|+
A FYoEA AR e d4F FERA P
el ewAY 27§ H$FA, BoR AR
ZF Aodde 79 glET9 ¥4 Ad, v



AT AR B AT

C
L A
T
|
4|
B

Fig. 1 Schematic diagram for overcut and taper
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Fig. 2 Results from chemical machining of cylindri-
cal rods without ultrasonic agitation
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Fig. 4 Results of ultrasonic-assisted chemical machining of fine rods



Fig. 5 Surface of 50um diameter copper rod

Table 1 Results of straightness measurement

Nominal
dia. of
electrode

Distance from the end (um)

50 150 | 300 } 450 | 600

30,7
49.7
100.5

30,17
50.2
99,9

30.5
49,2
100.8

30.0
45.0
99.7

30.9
50.2
100, 4

30um

50pm
100pm

Temperature : 20°C
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Fig. 6§ Material removal rates of various concentra-
tion at 20°C
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Fig. 7 Material removal rates at various machining
temperatures in 500g/1 molar solution
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Fig. 8 Comparison of experimental results with
theoretical prediction for various concentra-
tion at 20°C
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Table 2 Experimental results of overcut, taper
and electrode wear
kerosene, workpiece : 50um

Electrode | Overcut Taper [Electrode wear
30 22, 5um 10% 127um
50 21, 5um 11% 30, 48um
100 12, 5u4m 20% 17, 78um
water, workpiece:50pm
Electrode | Overcut Taper [Electrode wear
30 25um 3.2% 72, 5um
50 28, 9um 39.2% 15, 3pm
100 23.5um 45, 6% 8. 5um
water, workpiece: 100um
Electrode i Overcut Taper [Electrode wear
30 36, 5um 11,5% 230, 8um
50 31, 4um 18.2% 120, 5um
100 35, Tum 34, 3% 47, 0pm
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hole dia. : 75um

workpiece: SUS 304

thikness : 50um

dielectric: water

Scanning electron micrograph of pits around
the micro-hole
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hole dia. : 50um

workpiece: SUS 304

thikness : 50um

dielectric: kerosene
(a)
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Fig. 10 Scanning electron micrographs showing the craters of inlet and machined surface
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