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ABSTRACT

This study attempts to develop a process which can produce three-dimensional shapes of metals directly from
CAD data. Prototypes made from metals, can not only be used to test the mechanical properties of the product, but
also potentially become the actual die or product itself. The test-device of the process has been designed and
manufactured. The laser scanning method using a scanning path schedule composed of circle and arc elements,
scanning speed variation method and dwell method have been developed, which resist warping phenomenon and
increase the adhesiveness between the layers. For the production of prototypes with pure iron powder, the optimal
values of the principal process parameters have been determined, through which cross-shaped and twisted
clover-shaped prototypes have been fabricated. In order to improve the strength of the prototype, the experimental

studies of solid—-phase sintering, and copper infiltration have been done.

Key Words : Rapid Prototyping Techniques(#l4 339 =%%), Laser Sintering(#l ol 4Z¥), Laser Scanning
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Fig. 4 Laser-sintcred rectangular prototypes

Fig. 1 Production process of direct rapid prototyping technique

1 laser head (fixed)
2 gas inlet
3 : shield gas (N,)
4 knife
5 . powder malerial
6 solidified material
7 . box lor powder removal
8 : platiorm
9 : sponge for decreasing friction
10: guide pin
11: X-Y table
(a) line elements (b) circle and arc elements
1 . _
—2 Fig. 5 Warped shapes of a rectangular prototype after laser-sintering
of the second layer without a support
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Fig. 2 Schematic diagram of direct rapid prototyping system o
(a) Dimensions of cross shape

035 (beam radius)
~—-— product shape
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(a) line elements (b) circle and arc elements i

(b) Dimensions of clover shape

Fig. 3 Scanning path schedules fora 2 X 3 cn rectangle shape
( -—> : scanning direction ) Fig. 6 Dimensions of cross and clover shapes (mm)
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Fig. 7 Scanning path schedules composed of circle and arc elements,

dwell region, speed variation region for cross and clover shapes

l‘ " (b) twisted clover shape
Fig. 8 Cross-shaped and twisted clover-shaped prototypes
laser-sintered with pure iron powder
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Fig. 9 Schematic diagram of furnace system
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Compressive Engineering Strain

Fig. 10 Compressive enginecring stress—strain curves

metal powder iron(100 mesh)

average laser power ow-12WwW
scanning speed 600 mm/min
offset interval 0.2 mm }
shield gas N2z
[ layer thickness 0.2 mm
laser beam diameter 1 mm

laser beam mode JK 701 (multi beam mode)

laser beam pulse width 10 ms

laser beam frequency 40 Hz

Table 1 Principal process parameters for laser-sintering of

pure iron powder
Process material strength(MPa)
SLA photo polymer 60 - 80
FDM wax, polyamid 8~ 12
DMP copper *+ iron 137 - 151
! copper{C10200, rod) 69 - 303
L | ductile iron 26 - 621

Table 2 Comparison of strength according to rapid
prototyping processes and material
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