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Selective Laser Sintering of WC-Co Mixture for Rapid

Tooling
K.H. Kim and Joseph J. Beaman

Abstract

This paper describes the experimental results on direct selective laser sintering of WC-Co mixture for
rapid tooling. The experiments were carried out within an air, argon and nitrogen atmosphere. Coupons of
single layer were sintered at various laser powers, scanning speeds and scan spacings. As the energy
density (energy per unit scanned area) is increased, the thickness of coupons is increased. The main
>prob1em took place during sintering within an air atmosphere was severe oxidation of WC-Co mixture.
As the laser power is increased and/or scanning speed is decreased, more severe oxidation occurred.
Within an argon and nitrogen atmosphere the oxidation is reduced significantly. Experiments on
multi-layer sintering were also carried out.

Key Words : Rapid Tooling, Selective Laser Sintering, Tungsten Carbide, Cobalt

LAZ2 Al dahe AES ARets

HEZQ) W) 9% 28 A} B AU =
ez <
HaMe dE 28 Jes 243 44 29

# &2 (Rapid Prototyping) 71& Fo|,

AR 7] gEo] ALEA A #ate] Hsy

A & & o83t T B
o FTE AMSA gn A= mEzReE AY A9
AEE &2 A dadl AFY & gle 7iez AAFE
M7z 2 B 8-g FriFen Y F gle JgE F
Eyrn girk. M9 Folx AA(Selective Laser
Sintering) ¥3& @A 49xoz gy AHLHz Y=
A% 28 A F9 2 G BY Z(layend) A9
Hog HONE FAI HEHog o] A4 EE
4€HEE & §F, 1 99 I A2 & ol

+« RAAGR JAFHE
** Mechanical Engineering Department, University of Texas at Austin

187

(Rapid Tooling) 71&9] el 875z g} o] A%
7% Az WY 9 iz T4 BLE 242 9
A9 ol 22 3L Fi9 FHL AZs=
Hol e, o] WL vl +g4la AgHew e
4 Stk AL F4 2oy ullti(binder)7t EFE
A2M2 FEE AFE £ TH
dn AF 5& ATAA

£ o), 4P

0 o



& ARk etk 4L A4 28 AE 399
A Agdez HEHn Yo, v AL

st 24% AFAY 4+ Y282 Zds FY 5 27

£5 892 st 39 AN ok 8% S 9
o AT ¥e 39 AR Askel 43 9

o9 A7t g eU? o g #7159 o
7t g Aotk

‘Had ghpol=: b g & FHol lojA
Z¥(dnl) 59 24 F7% 339 X Elinsert) T2
2 go] AMgHm 9lor}y # 4 (brttleness)o] Y TR
o AHe] AgE wu ok Y uikle] 8L
sHA  <A(toughness)s F48 4 U IULE
(cobalt)?} Edtatel 2 B FAE w1 gle 240
Ax2 Wshs A7) (Functionally Gradient Material)® 2
AZE A4 Af A SolM AMEEHE =8 HE(drl
bt 28 59 A L A% Pl 713 714E
g 98 Ao gt

2 g7 4 3 A H4d F e 24
o] AxE Wae 2AE AFs}r) AT FH] DAHARA,
dAE JRHE 71 Had ghubolsgl ILE EF/E
(WC-Co mixture)?} A&d olA 23 A¥S AAs
Aot AHe 28 2PES Y] Y3y, F7), o2
2 AL 27)00A FolA E(laser power) R FA
£ % (scanning speed), FAMAALOlS] 244 (scan spacing)
& WIATIEN @5 42 A4S sgen, of22 R
AL BY76AM o 23 AP AR

o

2. A" WY

21 AE Ax|

2 AYdAe Hd £3o] S00Woln TP (wave
length)e] 106xm 9 CO; #olA ZHX(Coherent
Everlase 525)& AHE3t5on =3 A7 (spot diameter)
2 06mmrt HEE 99 Fig 12 49 FX9 IR
A REoZ REZ oA qAAR A%l 47
A(sintering chamber), 2281 7H-d 8o AFH 2
Aol FAE ¥F1 Y}t Fig 2& ¢FvF gog
A 2440 2ot o2 ¥ Ak EHE @
£7] 98l Fig. 3% L olF¥ @/ GHUEF
(sodium chioride) 8l2 TE 29 A (shielding box)
g olgsigct dFUEF HE Edto #HolAM FA
1 9429 32F o olaTo| Ak st F
Felo} AR vy 2oz WAWIES ST

188

el
e
j

Fig. 1 Selective laser sintering equipmen

Fig. 3 Shielding box
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Table 1 Experimental conditions for single layer
sintering
Scan
Atmospheric| Laser Scanning S(;z;cmfg
condition | Power(W) | speed(mmy/s) bgax(;l
diameter)
&, 125, 59.4,
ar |, @0 % 0 2| g
(312), (404 T 1782
058, 1.16, 1.74,
2.32, 3417, 462,
Argon 70, 104, 6.92, 1152, 74, 20,
(220 22.98, 44.69, 594
65.61, 8381,
10004
174, 2.32, 347,
Nitrogen 104 462, 692, 11.52,] 594
22.98
Table 2 Experimental conditions for . multi-layer
sintering
Atmospheric Number| Laser | Scanning SDS:;nng
. of Power | speed | o
condition layers | (W) | (runy/s) (A. of beam
diameter)
462,
Argon 10 14 6.92, 504
1152
347,
462,
Nitrogen 5 104 6.92, 594
1152,
2298

Fig. 4 Sample coupon of single layer sintered within an
air when laser power is about 173W, scanning
speed is 22.98mnys and scan spacing is 178.2%
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(d) 82W, 0.58mm/s

Fig. 5 Sample coupons of single layer sintered within
an air at various laser powers and scanning
speeds when scan spacing is 118.8%
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(a) 82W, 22.98mm/s (b) 125W, 22.98mm/s

(¢) (220W), 22.98mn/s

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

(&) (404W), 22.98mm/s (® 125W, 232mms

(2) 82w, 1.16mm/s

Fig. 6 Sample coupons of single layer sintered within
an air at various laser powers and scanning
speeds when scan spacing is 59.4%
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(2) 104W, 65.61mm/s (b) 104W, 44.69mm/s

() 70W, 22.98mm/s (d) 104W, 22.98mm/s

(&) T0W, 11.52mmy/s () 104W, 11.52mm/s

() 70W, 6.92mm/s (h) 104W, 6.92mms

(i) 70W, 4.62mmJs @) 70W, 3.47Tmm/s

(K) 104W, 4.62mm/s (1) 104W, 3.47mmvs

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

(0) 104W, 2.32mm/s

(q) 70W, 1.16mm/s (r) 70W, 0.58mm/s

Fig. 7 Sample coupons of single layer sintered within
an argon atmosphere at various laser powers
and scanning speeds when scan spacing is
59.4%
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Fig. 8 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%
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(a) 22.98mm/s (b) 11.52mm/s

(¢) 6.92mm/s

() 3.47mmis () 2.32mm/s

(a) 100.04mm/s

(b) 22.98mm/s

Fig. 9 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%

(g) 1.74mm/s

Fig. 10 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%
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—&— Argon, 70W, 59.4%
—®&— Argon, 104W, 59.4%
—A— Argon, 104W, 20.0%
—&— Argon,(220W), 7.4%
—*— Nitrogen, 104W, 58.4%

Sintered Thickness (mm)
@
1

1]

Energy Density (J/mm?)

11 Thickness of coupons of single layer sintered
within an argon and a nitrogen atmosphere at
various energy densities and scan spacings

Fig.
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(a) 11.52mm/s

(c) 4.62mm/s

Fig. 12 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%



(a) 22.98mm/s

(b) 11.52mm/s

(c) 6.92mm/s

(d) 4.62mm/s

(e) 3.47mm/s

Fig. 13 Sample cubes of five layers sintered within a
nitrogen atmosphere at various scanning speeds
when laser power is 104W and scan spacing is
59.4%
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