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Abstract

This research is the design and development of an electrochemical
micromachining system. The developed systern consists of: (1) an XY motion control
system with resolution of 40 um actuated by 2 stepping motors; (2) a Z-axis motion
control using a UTM model H50KS which has resolution of 1 pm; (3) an electrolyte
flow control system using 2 peristaltic pumps; and (4) a control software coding with
LabVIEW program. To study the effects of rachining parameters, the developed
system were used to drill micro-holes on stainless steel with thickness of 0.5 mm.
The tool electrode diameter was 550 urn. Three types of electrolyte (NaCl H,SO4 and
NaNO,) with concentration of 0.1 M were used. There were 4 steps of DC supply
voltages in Lhis experiment which were 4.5V, 6V, 7.5V and 9V. The using tool feed
rates were 10 and 20 pm/min. The size and quality of holes were analyzed using a
microscope.

The results from experiments reveal that the system was capable to drill
micro-holes ranging from 363-1026 um. Increment of supply voltage will increase the
rate of reaction result in reducing of drilling time. The feed rate should be adjusted
to a suitable value to maintain the gap between the electrode and the work piece. In
case of too high feed rate, the electrode would touch the work piece, then the
electrochemical reaction stop. Lower feed rate will increase the reaction time and
make the drilled holes larger. In conclusion, the best quality of the drilled holes

occurs using NaNQ; as electrolyte with 9V power supply and feed rate of 10 pm/min.
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(a) EDM (b) TSECDD
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1XC supply

{a)a cylindrical clectrode with diameter of 20pm.

{by o o3 lindrical ekecenrke with diameler of 3pm.
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Sieply DM

StepZ: ECM

Fig.1 Micro ECM scheme for tapered hole machining
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R39.273
6 15 10 -75 -80 598 780
6 16 10 -69 74 546 744

57



A1314 N.3 HANIINAGBINITINIFIATIN 17-32 (WHUA 2)

58

AIIMNT
LARDUT . v
VAU VAURU
I VB9 . . 4 nan
Tad | sn | . 124 A AUENaNS | Audnalaaie .
P Bdnlnae ’ v v ()
(aleswny) | Qulaswung)
{alasunsg
AU
7.5 17 20 ~156 -166 571 648
75 18 20 -140 -150 598 600
636.475
1.5 19 20 -132 -142 649 576
7.5 20 20 -218 -288 728 1014
7.5 21 10 -62 -67 571 702
75 22 10 -60 -66 571 696
565.047
7.5 23 10 -55 -60 546 660
75 24 10 -56 -61 571 666
o] 25 20 -112 -122 619 516
9 26 20 -95 -105 623 065
629.848
9 27 20 -86 -96 571 438
9 28 20 -95 -99 676 qaa7
9 29 10 -34 -39 546 534
9 30 10 -30 ~35 623 510
558.665
9 31 10 -29 -34 546 504
9 32 10 -33 -38 519 528




®1919 N.4 EULLU“UH']‘SV]G]ﬁEN?!ﬂﬁ 2

mveanedt | avwsinedng | anudilunsindeudidnlnge
(lrad) (ulpsinsaouii)
1-4 6 20
58 ) 20
9-12 9 20
13-16 4.5 10
17-20 6 10
21-24 7.5 10
25-28 9 10

59

g.‘r sJ 1 s!l 2res dj ‘J
M1 N5 NENTIVIARDINTTEE AN 1-12 (WHuUn 3) 1‘(18ﬁﬁ'lﬂ']'imﬂau‘ﬂ‘llﬁ)ﬁalﬁﬂiﬂ'iﬂ 20

Tulasinssioud
i LEURNY
Tadt | 501 | wea an AUENAT AugnaNLaae :qal
“ ﬁ (’L;Iﬂ'imm) ”(Luimmm) )

6 1 400 | -410 688 1380
6 2 405 | -415 875 798 1395
6 3 -285 | -395 625 1335

6 4 -403 413 725 1389
7.5 5 2319 | -329 650 1137
751 6 =320 | -330 613 644 1140
7.5 7 =315 | -325 625 1125
75| 8 2345 | -355 688 1215
9 9 -288 | -298 625 1044

9 | 10 | 284 | 291 588 506 1032

9 11 261 271 500 963

9 12 | p72 | -282 713 996




60

AN N, 6 HANMIVIAADINITZIATIN 13-28 (Wiud ) Tddnsnisiedoufivesdldningm 10

lulastunsnaud

Ve WY
Tad | st | wea BN AUONAN Augnanaay ml
) 1 CL;JIﬂSLmﬁ) “(’luimmm) (i
45 | 13 | _3q8 | -358 905 2448
45 | 14 | _329 | -339 838 818 2334
45 | 15 | 315 | -325 743 2250
45 1 16 1 330 | -340 784 2340
6 17 | 228 -738 446 1728
6 18 | 202 | -712 186 ar3 1572
6 YIS, &30 527 1704
6 20 | -234 _2_44 432 1764
75 | 21 | 188 | -198 608 1488
75 | 22 | 481 -191 514 568 1446
75 1 23 ) 193 | -203 500 1518
75 | 24 | 185 | -195 649 1470
9 25 | 174 | -184 527 1404
9 26 | 168 | -178 743 676 1368
9 27 | -185 | -195 892 1470
g | 28| -174 | 184 541 1404

A1319 N.7 FURUUNSNABDIYAT 3

nnsvaaadi AMANAND ausalunsiedeudidnings
(1ad) (HadlunTaouii)
1-4 9 0.01
5-8 12 0.01




f1319 N.8 NANTINARDINTILA TS IAT

s
Qs

H o ar A = =l
# 1-8 (Weiud 5) lHans1nseasunvesddnivse 10

tulasumsson?

LAURU VAN
P . . 4 180
Tad | 591 | wva &n AUGNANS AYNANLRaE .

v ! v N (M)
(alaswns) (ulasiues)

o | 1 | 933 | a3 833 2958
o | , | 518 | 52 872 3444
9 5 -520 | -530 1026 849.358 3480
9 a -382 -292 667 2652
12 5 -027 -037 846 2922
12 6 -389 -399 833 2694

| _ 112435
12 7 377 387 692 2627
12 8 =372 -382 718 2592

61



62



63

AsATUIMIUS IS UTENauR lvinasazatuaianinslas 0.1 Tuans
Tadsunaslsa (NaCl)

(atuanavad Na = 23, CL = 35)

L2

IaluanavesuaIRaimianAMuEuNuseal

n
MW i = zlxiMWi
| ju—

ar

. 5
grloanalsianausarasmaln il

MWNaCL = (1x23) + (1x35) =58 ¢

wnhminvesasUszneuntdlunsratalsazatsddmninglas 0.1 Tuansd Usue 1500 ml ¢

zr
[y

ai)

0.1 mol A ¢ 1mol 1000 ml
£ X

X
11 1500 ml 58¢ 11

Anact = 8.7.€

Wla Anaa A9 VSunallmdaumaalsanldlunisviresazanedininglad 0.1 a1 wiae

N3 (g)
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(snalaenaves H=1,5=32,0 = 16)

1

winaluanavesvawannilnnnauduiusai

n
MW ix = leiMWi
l:

seldanaluianavesoweaudsil

MWH2504 = (1x2) + {(1x32) + (4x16) = 98 ¢

wimlnvesasUsznaunlgluntsuauatsazatedidninslagd 0.1 Tuans Usuag 700 ml

Toe# edariueed H,S0, Ao 98% lasimtndiudouiuing, asmuiniy 1.83 ¢/ml

1.83¢ 1mol 1000mlL 98
X X x = 18.3 mol/l

1mt 98¢ 1l 100

AU H,S0, Turae =

| 194N HyS0, 0.1 M 270 H,S0, 18.3 M
CiVy = GV,
(18.3 M)V, = (0.1 M)(1000 mU)
vV, = 5.46 ml AeUSinmansdianinslad 1 dns
CLazleEinm H,50, reansazansdianinglas 700 ml

5.46x700
A= ——— =3822ml

1000

dia A #e Ydnunsadafiadniildlunisiiansazatedianinslad 0.1 Tuand wioe

1adans (ml)
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Taieslnsm (NaNO,)

(raliianaved Na = 23, N = 14, O = 16)

[

wihaluanaveswawaumildananuduiusaail

n
MWmix :,Z ><iMWi
i=1
ssldunaluianavasuosmaunsil
MW = (1x23) + (1x14) + (3x16) = 85 ¢

NaNO
/e

vmivinuesansuszneuildlunsnauansazansdiininslas 0.1 Tuans Usunar 1000 ml

0.1 mol Ag 1 mol 1000 ml
= x x
il 1000t 85¢ 11
A=85¢

§ -~ . = = o 5 - '
Weo A fe Yualsdsuluesnildlunisvinaisazaredidninglad 0.1 Tuans wure

Nate,

n3u (g)
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NINSNAADUNIINIINTINaT89 pump laon1suSuldaount PWM  Adnglwiy

ar ] at A’A ! 3 L = g ¥ =,
pump ammmmNﬂnawmnﬂiamwamama% pump LLammJimmmﬁ'L@ﬂunm 60 U

A58 4.1 KaMIVAEay purnp (MuRIINWIRM)

PWM ml msedniade 5T522ﬁ1?am?ja
(iud) (HadanInouni)
255 60 -8.923 432,433
200 60 -8.547 42.133
150 60 -7.847 37.133
100 60 -6.600 28.867
80 60 -5.997 24.667
M99 4.2 Han1IvIAgal pump (wuumuﬁumﬁm)
PWM ml AvEedngRdy 5T312q511faLa§8
(u) (fiadansnouii)
255 60 8.787 41,133
200 60 8.390 38.500
150 60 7.57% 33,267
100 60 6.260 24.800
30 60 5520 19.033
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