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In this study, the design for additive manufacturing of shoe molds with complex and precise patterns was performed to
achieve rapid prototyping. Low alloy steels such as AlSI4340 and SAE1524 were selected to make shoe molds to apply to
the conventional chemical etching process. A lattice-oriented design and optimization of toolpath was tested to reduce the
processing time. A reduction of 60% in processing time and pattern precision of 0.3 mm was been achieved. Moreover, to
improve the reliability of pattern formation, single-layer image analysis with computer vision and machine learning was
developed and non-destructive analysis by X-ray CT was been performed. It was found that the quality of shoe molds can

be decreased with a single defective layer.
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Table 1 Chemical compositions of AISI4340 and SAE1524 powder
Val Mn Ni C Cr Mo Si o

AlISI4340 Fe 077 195 041 0.81 024 027 0.06

SAE1524 Fe 1.38 - 021 o001 - - 008

7.8

7.6

7.44

7.2

7.04

Density (g/cm?®)

6.8

6.6 = 150W

e 250W
A 350W

6.4 =

T
20 30 40 50 60 70 8 90 100 110
Energy Density(J/mm?)

Fig. 4 Density of specimens according to energy density in
AISI4340
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Distortion

(a) Original design (b) Rounded mold

Fig. 6 A crack in the side wall in (a) Original mold and (b) Design
manipulation for avoid stress concentration

(b)
Fig. 7 Toolpath optimization of shoes mold which significantly
shorten laser moving time
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Fig. 8 X-ray CT analysis for additive manufactured shoes mold to
find defects inside

(a) Normal layer (b) Defective layer

Fig. 9 Single layer image obtained by QM powder: (a) Normal and
(b) Defective layer
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Fig. 10 Machine learning software development to classify pristine
and printed area
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