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In-Soo Park’, Eun-Ju Lee’, Hwa-Jeong Kim", Deok-Hyun Wang**‘#
*Changwon Campus of KOREA POLYTECHNIC., ** School of Mechanical Engineering, Kyungnam Univ.,
(Received 28 March 2018; received in revised form 14 May 2018; accepted 23 May 2018)

ABSTRACT

3D formed Electrical Discharge Machining (EDM) and hole EDM were conducted for die and mold
manufacturing with electrodes which were made by mechanical machining and wire EDM. It is difficult to
machine the hardened material after heat treatment and quenching with traditional machining. The only
method of machining hardened material is die-sinking EDM. In this research, hole EDM was conducted for
heat-treated cold-worked tool steel (SKD11) for use as a die material. The EDM surfaces were analyzed by
pulse-on time and peak current of EDM current, according to the machining conditions of EDM. The EDM
surface profiles were affected by the peak current. The contribution of each factor is peak current (91.63%)
and pulse-on time (0.93%). The best surface roughness was obtained with a 130 #s pulse-on time and a 14.2
A peak current. With uniform EDM processing, the surface deteriorated with increasing pulse-on time and
peak current. The thickness of the solidified layer induced by EDM was increased as the peak current, crater
shapes, and erupted shapes of EDM surfaces were increased. Therefore, microcracking gaps induced by
surface tension were increased.
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Fig. 1 A Schematic diagram of experimental system

Fig. 2 Electrolytic Copper tool used for machining
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Table 1 Properties of Cu tool

Property Value
Composition 99.9% Cu
Melting point 1084.62 C

Density 8.96 g/cm’

Brinell hardness 235-878 MPa
Electrical resistivity 16.78 nQ'm

2.3 AEM =

Al o] X 4E Fig. 37 o] o11.8
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Fig. 3 STD11 workpiece

Table 2 Chemical composition of the STD11(wt. %)

C Si Mn P S Cr Mo \

1.40 11.00 0.80 0.20

1.60 <040 <0.60 <0.03 <0.03 1300 120 120

Table 3 Heat treatment condition and hardness of STD11

Treatment Value

Quenching 1,040C A.C

Tempering 180C A.C
Hardness(HRC) 62

2.4 AE UMY

7}8-2 Through hole- Flushing Z°] & o
7VEEtATh FFASTH AXF BAEES 53
of BHAQ AZLE o] dojubes o HF
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Table 4 Experimental conditions

Experiment Conditions Value
Pulse-on Time(us) 130 180 240
Pulse-off Time(us) 42

Peak current(A) 142 184 25.6
Reference voltage(V) 70

Table S5 Experimental layout of L9 orthogonal amray

Pulse-on Time(us) Peak current(A)
130 14.2
130 18.4
130 25.6
180 14.2
180 18.4
180 25.6
240 14.2
240 18.4
240 25.6
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Fig. 4 Main effects plot for Rmax as response
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Fig. 5 Scatter plots for Rmax as response
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Fig. 6 SN ratio plots for Rmax as response

Table 6 Response table for signal (smaller is better) to
noise rations

Level Pulse-on time(us) Peak current(A)

1 -30.42 -28.99

2 -30.66 -30.61

3 -30.73 -32.21
Delta 0.31 3.21
Rank 2 1
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Table 7 ANOVA for SN ratios

P Contribution

Level DF  SeqSS F (%)
E‘;Z?M‘;‘)‘ 201573 025  0.790 0.93
curfr’eeﬁf( A) 2 154867 2462 0.006 91.63

Error 4 12581 7.44

Total 8 16.9021 100.00
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(a) Peak current 18.4 A, (b) Peak current 25.6 A,
Pulse-on time 240 (s Pulse-on time 240 (s

Fig. 7 SEM micrograph by REF method ( x 50)
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Fig. 8 SEM micrograph by SEI method( x 50)
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Fig. 9 SEM micrograph by SEI method( x 500)
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