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Abstract

Rapid tooling technique enables us to make dies and molds that produce prototype parts with
the correct material at a substantially reduced cost and time. In this study, experiments on
selective laser sintering of tungsten carbide-cobalt mixture were carried out to find optimal
sintering conditions that will be applied to rapid metal tooling. The experiments were carried out
within an air, an argon and a nitrogen atmosphere. Coupons of single layer were sintered at
various laser powers, scanning speeds and scan spacings. Very severe oxidation took place within
an air atmosphere. The oxidation is reduced significantly within an argon and a nitrogen
atmosphere. The thickness of the sintered coupons is increased as the energy density, the laser
energy per unit scanned area, is increased. Several multi-layer sintering experiments were also

carried out.
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Fig.1 Schematic diagram of selective laser

sintering equipment
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Fig. 2 Selective laser sinfring chamber
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Fig. 3 Shielding box made of plexiglass and
sodium chloride glass
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Table 1 Experimental conditions for single layer

sintering
Scan
Atmospheric  Laser Scanning speed  spacing
condition  power (W) (mm/s) (% of
beam dia.)
82,125, 0.58, 1.16, 594,
Air (173), (220), 2.32, 22.98, 1188 178.2
(312), (404) 44.69 B
0.58, 1.16, 1.74,
70, 104, 232,347,462, 7.4, 20,
Argon 220 6.92,11.52, 22.98, 504
(220) 44.69, 65.61, ’
83.81, 100.04
1.74, 2.32,
Nitrogen 104 3.47,4.62, 59.4
6.92, 11.52, 22.98
Y
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Fig. 4 Scanning direction
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Table 2 Experimental conditions for multi-layer

sintering
. Scan
. Number Laser Scanning i
Atmospheric spacing
dition of power speed % of
cond layers (W) (mm/s) ‘ .
beam dia.)
4.62, 6.92
Ar 10 104 ! ’ 59.4
gon 11.52
3.47,4.62,
Nitrogen 5 104 6.92,11.52, 594
22.98
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Fig. 5 Sample coupon of single layer sintered
within an air when laser power is about
173W, scanning speed is 22.98mm/s and
scan spacing is 178.2% of beam diameter

% ’j‘-» :
(a) 125W, 22.98mny/s (b) (312W), 44.69mm/s

(c) 82W, 1.16mm/s

(d) 125W, 1.16mm/s

(e) 82W, 0.58mm/s
Fig. 6 Sample coupons of single layer sintered
within an air at various laser powers and
scanning speeds when scan spacing is
118.8% of beam diameter
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(a) 82W, 22.98mm/s (b) 125W, 22.98mm/s

(c) (220W), 22.98mm/s (d) (312W), 22.98mm/s

(e) (404W), 22.98mm/s (H) 125W, 2.32mm/s

(g) 82W, 1.16mm/s

Fig. 7 Sample coupons of single layer sintered
within an air at various laser powers and
scanning speeds when scan spacing is
59.4% of beam diameter
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(a) 100.04mm/s (b) 22.98mm/s
Fig.8 Sample coupons of single layer sintered
within an argon atmosphere at various
scanning speeds when laser power is about
220W and scan spacing is 7.4% of beam
diameter

(a) 22.98mny/s (b) 11.52mnv/s

(d) 4.62mm/s

(c) 6.92mm/s

(f) 2.32mm/s

(e) 3.47mmy/s

Fig. 9 Sample coupons of single layer sintered

within an argon atmosphere at various

scanning speeds when laser power is

104W and scan spacing is 20.0% of beam
diameter
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(a) 104W, 65.61mm/s

(e) TO0W, 22.98mm/s

(e) 70W, 11.52mm/s

(g) 70W, 6.92mm/s

(1) 7T0W, 4.62mm/s

(k) 104W, 4.62m1ﬁ/s
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(b) 104W, 44.69mm/s

(d) 104W, 22.98mm/s

(P 104W, 11.52mm/s

(h) 104W, 6.92mny/s

(j) 7T0W, 3.4Tmm/s

(1) 104W, 3.47mm/s

(666)

(m) 70W, 2.32mm/s (n) 70W, 1.74mm/s

(0) 104W, 2.32mm/s (p) 104W, 1.74mm/s

(g) 70W, 1.16mm/s (r) 70W, 0.58mm/s
Fig. 10 Sample coupons of single layer sintered within
an argon atmosphere at various laser powers

and scanning speeds when scan spacing is
59.4% of beam diameter
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(a} 2298mm/s (b} 1152mm/s

{¢) 6.92mm/s {d) 1.62mm/s

(el 3.47mm/s (f) 2.32mm/s

(g) L7imm/s

Fig. 11 Sample coupons of single layer sintered within
a nitrogen atmosphere at various scanning
speeds when laser power is 104W and scan
spacing is 59.4% of beam diameter
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7/ <O |~ Argon, TOW, 59.4%
1.0 / —O~- Argon, 104W, 59.4%

@@?O -—&— Argon, 104W, 20.0%
—O— Argon, (220W), 7.4%
0.5 a | —«— Nitrogen, 104W, 59.4%
. S |

Sintered Thickness (mm)

0.0+— T T —r T T
0 100 200 300 400 500
Energy Density {Jimm’)

Fig. 12 Thickness of coupons of single layer sintered
within an argon and a nitrogen atmosphere at
various energy densities

(a) 11.52mm/s

(b} 6.92mm/s

(c) 4.62mm/s
Fig. 13 Sample cubes of ten layers sintered within an
argon atmosphere at various scanning speeds
when laser power is 104W and scan spacing is
59.4% of beam diameter
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(e) 3.47Tmm/s
Fig. 14 Sample cubes of five layers sintered within
speeds when laser power is 104W and scan

a nitrogen atmosphere at various scanning
spacing is 59.4% of beam diameter
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