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Machining of Micro-scale Shapes using Micro-EDM Process

Young-Tae Kim®, Sung-Jun Park”, Sang-Jo Lee™

ABSTRACT

With development of high advanced technologies and skills, micro machining techniques also are being more
functional and smaller. Some of the recently developed micro machining technologies are micro drilling, micro EDM,
WEDG, LBM, micro milling, micro UVM etc. In these micro machining techniques, Micro-EDM is generally used for
machining micro holes, pockets, and micro structures in difficult-cut-materials. For machining micro structures, first of
all, tool electrode should be fabricated by WEDG process. In micro-EDM, parameters such as peak current, pulse width,
duration time are very important to fabricate the tool electrode and micro structures. Developed experimental
equipments are composed of RLC circuit with PWM. In this paper, using developed micro EDM machine, the
characteristics of micro electro discharge machining are investigated at micro holes, slot, and pocket machining etc. Also

the trends of tool wear are investigated in case of hole and slot machining.

Key Words : Micro-EDM (7Fe] 3 & WA 7HE), WEDG (Wire Electro Discharge Grinding, 94o]o] Hd dA4h),
Micro hole (P14l 7%), PWM (B2 & ®ix)
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Table 1 The specification of EDM circuit

Units Specification

DC 0~300

560, 800, 1000

(metal blade resistors)
100, 200, 300, 500, 1000
(coil resistors)
Capacitors (pF) 1, 10, 30, 50, 75,
680,1000, 5000
600~4000

Power supply (V)
Resistors (2)

100, 500,

PWM (ns)
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Fig. 11 Schematic diagram of Micro-EDM machine
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Fig. 12 Tool electrodes machined by WEDG

Fig. 13 Surfaces of tool electrode machined by WEDG

42 oj4l 7 718

50 imet 100 ;m H=FE o] &3t nmjy 9 7}
AYE A3t 71 202 Table 2 9 2
Zk zZA digte tld FEL JMEFstn 4T
2 &7 %%L Z g9 WIFE ¥ Byt
E3 SEM AFIS B8 7 #HY R W A
B & J&é‘o}s’it}.

Fig. 14 °f Table 2 9| 7}8 =] wa} ztzt
100 m A3 50m AFE o83ty 713 71
o g e F3 . 7hEE FIHEL T
7F 200 mQ) H2d uwtgolot, AAE HY AA
AF ot £t 2 AE9 7Heol 7HEHA.
olAL %7 FF "ol WA 1Fe) o3
G g Folct, o) ueh Bd S 10-20 i
A EA T

ey
s}

e aw



2a3)x H20A A9

oy
of
=
Az
oXx
N
°
o
[
ot
H
ox
ne

Table 2 The machining conditions of hole EDM drilling Eolg AL 7R Ao Ay FF AAH
Z =g o= = A elstA A Llo] E-
Hole Capaci- Vo]tage Feedrates Resistor Spindle !%7" ]’}'% 1] ] L o 7]’ \l 1:} O]'?i 1. E‘:_}' ]~ ‘:-:
No tance ) (n/s) ©) speed dez 72 PAor v o) WA=
@) (rpm) Azzy & 5 ok
Hi 1 120 0.1 1000 500
H2 10 120 0.1 1000 500
H3 | 50 120 0.1 1000 500 200 ; ' y - ;
H4 100 120 0.1 1000 500 180 I Front
H5 | 10 120 0.1 560 500 £ KS5Rd Rear
Hé 10 120 0.1 800 500 2 1604 4
H7 | 10 140 0.1 1000 | 500 B 140 ]
HS8 10 100 0.1 1000 500 g
& 120 1
a
% 100 E
T 50 g LI

30 50 7
Capacitance (pF)

(a) Variation of hole diameter with capacitors

200 T T T T T T
180 4 - Front
FEE5S Rear

160 - E

Hole Diameter (um)
§

804

T T

.
t: ]

604

% } )
100 120 140
Voltage (V)
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Fig. 17 Surfaces of machined pocket hole

115

0.14 A
012 + 560 ohm
e = 1000 ohm ]
E 010+ a o+
E -+
‘:‘3 0.084 ,,'.’ + 4
n .
2 0.08 i
K] . 4 0+
2 0.044 =’ g
e
oo2{ .- ™ + 1
+
0.00 et
6 1 2 3 4 5 6 7 8 9

Hole Machining No.

Fig. 18 Tool wear trend with resistors

0.20 . ; T T

S191 « sopr .
~ 0161 & 500 pF AT
g 0.14 /A—-"
5 0.12 4 ,,A' - 8
2 010 & I
S 0.084 AR .
2 006 - 2]

0.04- m A ]

0.02 ® A

0.00 & T T T T

o 1 2 3 4 5 6 7 8 9

Hole Machining No.

Fig. 19 Tool wear trend with capacitors

>
89

#=(slot) 7+F % =3 (pocket) 713

dA 3 Al F4 7S 8] M F oL
T ZAUFEol Aot &% JhE2 Fig 20
ool dajstglon &R Holt 35 m, 4

0= 900 gmelxr FZE AEL SUS34 ol &
7FEolA olF fko W& AE A AE(MRR)Y

WstE ZdAA &Fo] 242t 1, SopF ¥ W AP LS
538 2 FE Fig 21 o YERIUL o] % &
7} weldo] wel njdHog MRR ghol Z718
& G F Jdx EFWA fFo] 1pF Y o
OpF ¢ Wroh o 2 ABAAZEE 713} 2
.g_alzo] 3}-0 7307} /\h;ﬂzqog a ;Hg_ ;(.“
7}21L ol e Tol Ay £ o
A BFo] AAEE 1 3] WA T
i %%}H“ AquzZ ddjd oz zAxq #Zd

THH THo] Aol o Be I 2937
, GHAAGT FERE
Hgs = Xdiﬂ YR = ARA Ao},



o
of
Ry
(L
=
ox
ol

=N

<ol AbE: A UYL A] AM20H AT

Fig. 22 =
A 7HgEe
vehyel ol
goli Al AAY ¢ A

A A

l-H

A

stor 743 goli= WAl
S0 wet Ag Wik A,

]

&7t UM
g WA 'rrZ]’\]Z}(on—time)Q] Halo] mehA =
FrARAZke] 71 o] 938 T vlEIL FH
A At FE o o|F

oE&ES W

p:3
=2

g Foixl: Ag

704

60+

50

40+

304

MRR (um’/s)

i |

&

Feedrate (um/s)

Fig. 21 MRR variation with feedrates

Material Removal Depth (um)

-0010

[ ]
+--1.6 ps

+ -u--2.0ps

. “+\

::,l . \‘x‘t‘ool wear
£ = .

: + i

| ] ¥ ﬁ
T T T L T T
0 1 2 3 4 5

Feedrates (um/s)

Z (on-time)ol] w2}
£%9) golst BT sl Wk
£%7F 05 mys ol Bd W 7HE
T utEE o]
T Ak

0.015

0.005

Tool wear (um)

0.000

Fig. 22 MRD & tool wear variation with federates

116

Fig. 23 o] 7 4L 7133 234E Yehd
Ack. A 7b3 e HolE 40 molH ?7é:°: ¥4
A7l FF FAE &3t EA FAdlA
zlol7} #d3dA &t ol 7HE Foll HAst
= Aite] ulRe ofg ggolr}. Fig. 24 oA o]
213 ddg oL F43A4 #FH + AT Fig
24a)9 1 FTHAEE Zo] 80 mn, T 60 im

i H EAe ABRAAR AR BFelE F
215 vkl A YRk AE Bl BT ohw

7} 65 im ©]/ge] XA Azelrt. A4 wl4 FY
beelal 7t AUEE gol7] faAME T vt
Leko] tigh Aol Rh=A] PRty

R TET TEER ALIBER

Fig. 23 Pocket machining

0(0}0.3) < g (o;%oe)
A
- i —
Afo) l r .40
(a) Tool path

(b) Pocket machining (roughing)

Fig. 24 Pocket machining with island shape



o
oft
Ryl

£

i
AN
o
o
i

o

.

I Arets]x] 2048 A9E

5 4B

AR rolaz B 7HEAAS ol 4std )
A 79 2 £2PA, 227 TR G40 di@
e dde 54 gew ge 28 AT

(1) WEDG 7hgeld 7F Agkel A 7He

E A F & vAY 2¢9 271 7
= g9 Aert g, Q7hdgke) A7
A Afel AVig AEHes dads AR
278 €AY YA A5 27
Atelo] BAEE Fehavt AE A Fo) AAA
o Fgzcr AFe F7e FREA e
adolE A&H Holg 2RI,
2) F87hee AS ole&Est wan 2d
A 8Fol e BY ARAAEe] SR o
FEE7L 05 mis o]Fol HYE 7HE Aol A9
AR ke THAA HY T hEEE &R
b wede s Badh B PAH A Hon-
time)o] AFE 238 FF wEI}F How JbF
dole WA KA g W ojFSxo et
Al W37} gl

@) €XFdot TAZY 7HE9
FAvke 209 AR nEA hEE
7boulg ek, AxHes e 3
F37] AidE e 9 FATHEH
T3 Zo] 3HE EHdA Tteass

t}

o I

oo 2 rlr o
o

o

$ol
o 4
3

s34 7
oo} o

)

My 5o rd

-

@) A ABAAE Bt S48 B
Moz 7o vhEst wAsel tEgUEe
A Gge AR A AF A7AA 2T 5
% 2AL B Yoo FAFOA Ashe Y
UEE 9 4 YEF & dFolh,

a]

ox 1 [ r8

soEs

1. Dario, P, Carrozza, M. C., "Non-traditional

Technologies for Microfabrication,” J. of Micromech.

Microeng., Vol. 5, pp. 64-71, 1995.

2. Snoeys, R., Staelens, F., Dekeyser, W., "Current
Trends in Non-Conventional Material Removal
Processes,” CIRP, Vol. 35, No. 2, pp. 467-480, 1986.

3. Kholodnov, E., Electrospark Machining of Metals,
Vol. 2, Consultants Bureau, pp. 120-121, 1964.

117

10.

Jeswani, M. J., "Small Hole Drilling in EDM," Int. J.
Mach. Tool Des. Res., Vol. 19, pp. 165-169, 1979.
Masaki, T., Kavata, K. and Masuzawa, T., "Micro
Electro-Discharge Machining and Its Applications,”
Proc. MEMS (Napa Valley, CA), pp. 21-26, 1990.
Masuzawa, T, Fujino, M., "Wire Electro-Discharge
Grinding for Micro Machining," Annals of the CIRP,
Vol. 34, pp. 431-434, 1985.

Chu, J. N, Kim, G. M., Kim, S. Y., "Fabrication of
Micro-Shapes using EDM and Ultrasonic Machining,"
Journal of the KSPE, Vol. 17, No. 7, pp. 20-27, 2000.
Masuzawa, T, & Lwwe A 7 o imTEH, HT
TEHEIL, 2000.

Ahn, H. M, Kim, Y. T, Park, S. J. Lee, S. J,
"Machining Characteristics of Tool Electrode using
Micro-EDM," Proceedings of the KSPE, pp. 1003-
1007, 2002. ’

Ahn, H. M., Kim, Y. T., Park, S. J. Lee, S. ],
"Experimental Study on the Electrode Surface in
WEDG," Proceedings of the KSPE, pp. 218-222,
2002.



