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Optimum conditions for laser irradiation to achieve fully dense high-carbon steel selective laser sintering

(SLS) specimens have been investigated as a function of carbon content in steel powders using steel powders with

different carbon contents of 0.33—1.04 mass%C. Full densification is easily achieved by SLS processing for all

high-carbon steel powders. The energy density during the SLS process necessary for full densification decreases as
the carbon content increases from 400 J/mm’ for 0.33 and 0.49 mass%C to 267 J/mm’ for 0.76 and 1.04 mass%C,

which is considered to be attributable to the increased wettability of molten Fe—C alloys on steel powders and

sintered specimens for the higher carbon contents. The values of yield stress and microhardness of fully dense SLS

specimens tend to increase concomitantly with increased carbon content in steel powder. At a given carbon content,

the values of yield stress and microhardness of fully dense SLS specimens tend to be higher for those produced

with a lower energy input.

Key words: selective laser sintering (SLS), carbon steel powder, densification, microstructure, mechanical

property, rapid prototyping (RP)
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Table 1 Chemical compositions of carbon steel powders
(mass%).

Numbers in () indicate the carbon contents after SLS processing.

Material C Si Mn P S
S33C ] 0.33(0.31) ] 0.19 | 0.64 | 0.010] 0.003
S50C | 0.49(0.46) | 0.22 | 0.79 | 0.006 | 0.005
S75C | 0.76 (0.71) | 0.28 | 0.77 | 0.009 | 0.008
S105C | 1.04(0.99) | 0.21 | 0.74 ] 0.009 | 0.007

Table 2 Laser irradiation conditions.

Laser power /W 200

Scan speed /mm/s | 50, 100, 150, 200
Scan spacing /mm 0.1,0.2,0.3,0.4
Layer thickness /mm 0.05
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Fig. 1 Optical microstructures of SLS specimens produced
with S75C steel powder under various laser
irradiation conditions. Observations were made in a
cross-section cut parallel to the building direction.
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Fig. 2 Optical microstructures of SLS specimens produced
with (a) S33C, (b) S50C, (c¢) S75C and (d) S105C
steel powders at the scan speed of 100 mm/s and
scan spacing of 0.2 mm. Observations were made in
a cross-section cut parallel to the building direction.

F M 0.4 mm DZEAF ((a), (e) T, L—YDEEMT
FEJE 5 INCERBIC 22BN 2 { KB, EBE Y F%2
0.4 mm ((a), (¢)) A5 0.3 mm ((b), (f)), 0.2 mm ((c), (g))
k<L, L—YOE—LARY "ENEES XS
EBET 2L, ZHROERMEIGIEAMICHDYT S, —
77, EEHEEICOWTE, EAEY Yy FARILCTHNIE
100 mm/s & O & 50 mm/s DIE 5 HZEFRDIRFEE] S 1
W%, FORE, Fig. 1(b)-(d) D& 51, EHE Y
FH 0.3 mm BLF, GEAEEAD 50 mm/s DT,
ZERNERD SN WRIE SR 6 NS, LML
BTG, EEMEN 150 mm/s DL R AR5 &, &
HEYFH 0.1 mmDOEMNTE, FIEDRE X TER
ITHEEFNETH-TZ. TOMAE, EAMHE 150
mm/s DL E T, S ORBICE WY DA
KB L, BUEDIERE, @iy &Rz 8 E e
HBETL—RPHEELDTHS. 7l 3.2 fiT
WBARZB. [FAREDMEIE MO RZHFARIC DOV THER
bh, EBEFEEBXCEEE Yy FREYNINE TS
&, ZERDERYD B NIV 75 SLS & IB I MME b 7z,

ETAD, L—YRHEFENEDPFEA—TH->TE, #
oI RERICK D AKX S, Fig. 21F, KER
DI B REMD AR Z VT, EEHEE 100 mm/
s, EBY Y F & 0.2 mm DEMNTHER LMD
HEEZRLIEZEDTHS. TOL—PEEEME,
S75C DEHEICIF & A EZERRDRRYD 5750 SLS 1EIB
YIS 57z Fig. 1(g) DM ERICTH 5. iGN
DZEFRO KA E 13, (¢)S75C & (d)S105C TIIHI S
MDD, (c)ST5C A 5 (b)S50C, (a)S33C A\ &
FR'ENAD T BIHE > TREROERREEI G IZHEINT 5.
AR DRI, $hkn & RFEMOIRGARZ H 7z SLS
BBV THEINTVS . LhLiaAs, A
FDRZMMMAZFHNTHF S NS SLS EEM DR K
BIE(7.76-7.81 glem’) 1, HHUT ZEHMOBKE (B
X% 7.83-7.86 g/em’)’? LIF L AL -, BEix
EMOBEBMAZHNTIHF S NS SLS EIEY DO %%

75

1000 —

800 e 1

600

400 L L 1

Energy density (J/mm’)

L3
(=]
=
T
L

0 1 1 1
0 0.20 040 0.60 0.80 1.00 1.20
Carbon content (mass%a)

Fig. 3 Energy density required for full densification by SLS
processing plotted as a function of carbon content in
steel powders.
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Fig. 4 Optical microstructures of single-line laser scan
tracks formed with S75C steel powder on the flat
substrate at various scan speeds of (a) 50 mm/
s, (b) 100 mm/s, (¢) 150 mm/s and (d) 200 mm/
s. Observations were made in a cross-section cut
perpendicular to the scan direction at the middle of
the track length (§mm).
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Fig. 5 Optical microstructures of double-line laser scan
tracks formed with S75C steel powder on the flat
substrate at various scan spacings of (a) 0.1 mm,
(b) 0.2 mm and (c) 0.3 mm. The laser scan was
made back and forth to draw a double-line track at
a constant scan speed of 100 mm/s. Observations
were made in a cross-section cut perpendicular to
the scan direction at the middle of the track length
(8mm).

Fig. 6 Optical microstructures of double-line laser scan
tracks formed with (a) S33C, (b) S50C, (c) S75C
and (d) S105C steel powders on the flat substrate
at the constant scan spacing of 0.2 mm and scan
speed of 100 mm/s. The laser scan was made back
and forth to draw a double-line track. Observations
were made in a cross-section cut perpendicular to
the scan direction at the middle of the track length
(8mm).
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Fig. 7 Plan views of single-line laser scan tracks formed
with (a) S33C, (b) S50C, (c) S75C and (d) S105C
steel powders on the flat substrate at a constant scan
speed of 100 mm/s.
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Table 3 Average values of yield stress and microhardness
of the interior regions of SLS specimens produced
with S75C steel powder under various laser
irradiation conditions.

Scan speed sps::i?lg ljéfsrlgé Yield stress | Hardness
(mny/s) (mm) (J/mom) (MPa) (HVO0.5)
50 0.1 800 1153 418
50 0.2 400 1188 454
50 0.3 267 1273 484
100 0.1 400 1163 451
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Fig. 8 Optical microstructures of the surface (a) and the
interior (b) regions of a pore-free SLS specimen
produced under the same condition of Fig. 1(d) (scan
speed of 50 mm/s and scan spacing of 0.1 mm)
using S75C steel powder.
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Fig. 9 Yield stress and microhardness of the interior regions
of each pore-free SLS specimen produced at the
scan speed of 50 mm/s and scan spacing of 0.1
mm plotted as a function of carbon content in steel
powders.
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