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ABSTRACT

A Study on the Electrochemical Machining

of Electrode Tools Based on 3D Printer

Kim, Ki—Gwon

Advisor : Prof. Park, Jeong—Woo, Ph. D.
Department of Mechanical System and
Automotive Engineering

Graduate School of Chosun University

In this study, we fabricated electrode tools for electrochemical machining
(ECM) using three—dimensional (3D) printing, which outputs free shapes
rapidly. Electrochemical processing involved the application of a conductive
coating to a fuse deposition modeling (FDM)—type plastic material; this
process is relatively cheap compared with 3D printing of metals. Silver
paste, a heat—resistant material, was applied as the conductive coating for
ECM. Machining analysis was performed over a range of current densities
using an actuator capable of precise transfer to a small stage for ECM
and improved machining accuracy. Our results showed that this approach
produced electrode tools capable of precise ECM. Given the ability of 3D
printing to produce electrode tools with complex shapes, our approach
shows great potential for future ECM applications involving multi—stage

and/or wave shapes.
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(b)

Fig.11 SEM image of surface conductive coated with SCC (a)500 X

(b) 3000 x
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Fig.12 Analysis of SCC using SEM—EDS
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Fig.14 SEM image of surface conductive coated with Ni—coating
(a)500x (b)3000 X
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Fig.15 Analysis of SCC using SEM—EDS
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Fig.17 SEM image of surface conductive coated with silver paste
(a)500x (b)3000x
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Fig.18 Analysis of silver paste using SEM—EDS
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Before
i

(a) (b) (c)
Fig.19 ECM using SCC coated electrode tool (a)electrode tool before
ECM (b) electrode tool after ECM (¢) machined sample

Before After

Ni-coating

(b) (c)

Fig.20 ECM using Ni—coated electrode tool (a)electrode tool before
ECM (b) electrode tool after ECM (c) machined sample

Ni-coating

Before

(b) (c)

Fig.21 ECM using silver paste coated electrode tool (a)electrode tool

before ECM (b)electrode tool after ECM (c)machined sample
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Table.2 Relationship between depth and diameter with current density by

using original electrode tool

Current
) 4.9 6.6 8.2 9.9 11.5 13.2
density (A/cr)
Depth(mm) 0.5 0.9 1.4 1.5 1.4 1.6
Diameter (mm) 6.7 7.5 8.9 7.5 8.8 10.3

Depth (mm)
T

1.0 O
0.6 - =]
04 A L i L A ] A L "
4 6 8 10 12 14

Current density (A/cmz)

Fig.23 Depth of ECM using copper electrode tool by current density
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Fig.24 Diameter of ECM using copper electrode tool by current density
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Table.3 Relationship between depth and diameter with current density by

using silver paste coated electrode tool

Current
] 4.9 6.6 8.2 9.9 11.5 13.2
density (A/cr)
Depth (mm) 0.6 1.0 1.3 1.6 1.5 1.7
Diameter (mm) 7.9 8.0 8.1 7.4 8.7 9.5
|
1.6 b O O
14 El/_ \D-/
E 1.2 b /
£ 10}
a O
0.8 |-
06 |- /
[}
0'44 (; t; 1I0 1.2 14

Current density (A/cmz)

Fig.25 Depth of ECM using silver paste coated electrode tool by current

density
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= 90|
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- 85}
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£ 8o}
R
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Fig.26 Diameter of ECM using silver paste coated electrode tool by

Current density (A/cmz)

current density
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13.2A/cm?

Fig.27 Diameter of machined area by current density (a) using original

electrode tool (b) fabricated electrode tool
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AT

(B)

Fig.30 Design of waved electrode tool

Table.4 Experimental conditions of waved electrode tool ECM

A current B current
Depth (mm) )
density (A/cm?) density (A/cm?)
0.5 0.75 6.8
1.0 1.33 7.8
1.5 1.58 9.2
2.0 2.23 8.9
2.5 2.43 8.5
3.0 2.57 8.1
3.5 2.68 7.6
4.0 2.65 6.9

Fig.31 Waved electrode tool after wave electrode tool ECM
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Fig.33 Machined STS304 after ECP and cross—section view of a—a’

i Multi-stage |
0.0 = m%% —— fﬁmmw
L %
03 |
| K 0.9mm s
-0.6 = d
£ | 1.7mm
'g’ 0.9
= .09 |
= ! g
8 4.l X /f
B *
45 b \ 4
[ w
-1.8 =
'l 'l 'l 1 'l a4
0 3 6 3 12 15 18

Length (mm)

Fig.34 Profile of depth machined using stepped electrode tool
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Table.5 Result of ECM using replacement electrode tool with silver

paste coated

Current
) 6.3 8.4 10.5 12.6 14.7 16.8
density (A/cr)
Depth (mm) 0.5 0.6 0.7 0.9 1.0 1.1
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Fig.37 Depth of ECM for electrode tool changer by current density
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