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ARG TIE, AT h~A RIEIZ L0 VERLL 72 PRI 23pum D~ L=— 3 7§
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AEREE (WA 400~1000mm/sec, £ v F (9% 0.025~0.2 mm, AR v hE(d%
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Fig. 1 Effects of process parameters on relative density of as-built specimens.
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Fig. 1R X 910, =RLFEE E=50~100 J/mm3 O TERZITO &, ik
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700mm/sec, s=0.12mm, d=0.2mm) DKM T, &R L7 R b m\ H R
(99.8%) &R, Fio, HEHVNSWREH S 2R L7z 112, ZR 80 b= R UFEEN
B 2o THIEL 2o THIREBEIIET L,

Fig. 2 |THkx 725500 Tl L7 3 B O AT O L PS5 5 4 7~ 7, (R L5
BEIOMR L — PR T — Tl L 72ikEH(Sample DT, MR EDME< (96.8%), %< DA
BAIROR Z 722553, L—W kR (RNAGRKE) ITERSL TS, Zhbd
FHRAPIROZE L, BA SN RV R E TEBIRFO L —F RO K E 522210
BT 2 Z LN TE RN ThD E-Bbns,

e
=
-]
-
= v = 400 mm/sec v = 700 mm/see V=44 mm/sec
-
E
£
> o=
£ =
£ =~
<
E v = 8§00 mm/scc
=
=
-
—
o
=
v = HH) mm/sec v = 700 mm/ses
J00 400
Laser power (W)

Fig. 2 OM images on horizontal cross sections of as-built specimens
showing the distributions of pores and changes in relative density with
variations in energy density, laser power, and scan speed. The dotted
arrows indicate laser scanning direction.
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ETERNT A —F DL
KI T2~y TefFL L,
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& D\\ Z< O)?E‘@M%\j{%% Fig. 3 Schematic illustration of SLM process
LBTHEL, ERRDEED integrated with a process map that relates laser
IR S OB, power, scan speed, and energy density.
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Fig. 4 |Zhai7 sl E st (F=71.43 J/mms3, P=300W, v=700mm/sec, s=0.12mm,
d=0.2mm) TiEf L72i O K-36 L OEE Wi o Yo FBEiMEi(OM) 55 & SEM % 4
RY, REHTHARER 2 L— ERIEM B Sz, UL —VIREIC L VR L7 AV b
TV OBERERX, NERICH R BEHISN =20 TH D EBbns, £72, ST
WEELTEGA. 40% DA — "= v TREFST D0, A== v 7EHITrTh b, D
KEWL—HERE (80-100pm) E/NIWEFT (40-50pm) 2MEZE S 7z, Fig. 4R
LTCWDERENDL, =PRI LD AL b7 —/LOEITH 200um THY . AR
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Fig. 4 (a) Horizontal and (b) vertical cross-sectional OM images, (c)
horizontal and (d) vertical cross-sectional SEM images of as-built
specimen fabricated under optimum process conditions. The bright dotted
arrows show the laser scanning direction while the dark solid arrow
indicates the building direction.

Fig. 4(IZ7R L7 SEM g6, EEREHI MM 222 U Bl sz, Zh
I3, FEEEIIC R D B0dEERE (AR 135 L2 103~108 Kisec 51319) [T X VW IE S
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HWEN—E TGN L TERRLT-DTHD EEZXBND, Fig. 5 OEfE%E SEM
BRI 7 X 7 v A — 2 — Ol VA 275, — . BEWHFg. 4d)IC
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Fig. 6 1k, watkt, 2
VUi e S AN [ U S SRR ONATIN
(BRI R B D XRD /3% —
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P A MOFHDOE—7 OBZBFET D
PR, FEEEIE L3N b A
— 2T F A hy) HOE—7(220)y 23
el S ie, ST R LB 2 Jif
F &, (220)y ODE—7 N8R IR0 | FR

. ) Fig. 5 High magnification SEM image
By OB URER L e o T, on horizontal cross section of as-built

T AU R A oA DS HE AL specimen fabricated under optimum

X T LAAELTND, T OwAT process conditions.
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Fig. 6 XRD patterns of maraging steel powder and the specimens
as-built and treated under different conditions.
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nElESN=(Fig. 70), 2D Enh, ENO O, REMUERHIZ y FH~D
WERENEL TS EEZBND, ZNLOREEIE, XRD EHOME R (Fig. 6)& —H LT
W5, 723, FRIEER Lo BHI R LT, IR bABtE , & O ICRh B i L 7= & R (Fig.
7). B y HHOENE LB L, £/, Ni'Ti REEBEMELEMR oD~ b v 7 A
WNICHTH LT 5 Z &gt S iz, EBSD IESRMEOREIZ LY Fig. 72 Ni'Ti & D
EREUEEM DRI Z R L TND D, R I W T o & B L &R - HATH L Tu
52 ENTEMIC X WER STV,

Fig. 7(d)-O® IPF ~ v 7 h 5, &kl REhBiatel, STA 3B ik ki %
ZEI 0.98£0.96pm, 0.95+0.91pm, 1.27+1.24um Th o7z, @EEHE I L OWFhLELE
B ORI T & A EFEN 72 o7y, STA BUEHE, PR SRIRNRE oot 2
ENGoT, UL, EIR TOBMRCAERIC L 0 JERR L7z y FHORSRI AR & < 72 5 2
LIERT S b s, Fi-. EEREIO—EofEERIIE, L—YEEFRIZER LT
WHZENRBND,

3 i r.." s

cross sections of (a), (d), and (g) as-built, (b), (e), and
(h) aged (460°C for 5 h), and (c), (f), and () STAed (STed at 820°C for 1 h and aged at
460°C for 5 h) specimens. (a)-(c) phase maps, (d)-(f) IPF maps, and (g)-G) grain
boundary maps. The bright dotted arrow shows the laser scanning direction.

Fig.7 EBSD data on horizontal
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Fig. 8 TEM image of solution
treated (820 °C /1h) and aged
(460°C/5h) speci-men fabricated
by SLM.
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Fig. 9 Vickers hardness of as-built Fig. 10 Dependence of Vickers hardness
specimens as a function of energy on aging temperature and time for the

density. The dotted line shows the

specimens built under an optimum

hardness value of conventional non-heat- energy density and solution-treated at

treated maraging steel.

820 °C for 1 h.
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Fig. 11 Nominal stress-strain curves of
as-built, solution treated and STAed
(STed at 820 °C for 1 h and aged at
460 °C for 5 h) specimens.
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Fig. 12 SEM images showing fracture surfaces of (a) as-built and (b) STAed
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