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ABSTRACT

Additive manufacturing (AM) technologies have attracted wide attention as key technologies for the next
industrial revolution. Among AM technologies using various materials, powder bed fusion (PBF) processes
and direct energy deposition (DED) are representative of the metal 3-D printing process. Both of these
processes have a common feature that the laser is used as a heat source to fabricate the 3-D shape through
melting of the metal powder and solidification. However, the material properties of the deposited metals differ
when produced by different process conditions and methods. 17-4 precipitation-hardening stainless steel
(17-4PH SS) is widely used in the field of aircraft, chemical, and nuclear industries because of its good
mechanical properties and excellent corrosion resistance. In this study, we investigated the differences in
microstructure and mechanical properties of deposited 17-4PH SS by PBF and DED processes, including the
heat treatment effect.

Key Words : Additive Manufacturing(&57}&), Metal 3D Printing( 2% 3D Z2I8), Microstructure( O|A| =
Zl), 17-4PH stainless steel(17-4PH AE|QIZ2|A )
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B AT A&¥ 174PH  ZE|QY = P
(15-17.5 Cr, 3-5 Ni, 3-5 Cu, <l Mn, Si, 0.15-0.45
Nb, balance Fe in wt%)<> THEZ Sl vl=HIAlo|E
A zHRIE 2 Fo2 A& dX Al vtZEIA}
o|E Z|Ad| mAE T8 Curich o] AZE3h
v HEA43d g cro we dE
Nb, Cu 59 A= Yz 53 HiE2
ZE AEZ s A AL 5o F
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Mg AAEE de] AMSE I Qo

H AFo)| A= 17-4PH ZH| Q8 2 FS AR
o] PBFS} DED ¥A o2 747 AlHE A|ZY A
AHE &A7 @AV e Ee deolrldd dF
Aol s gAst Ao AE EXEE XY
stach AzH Alg] s w2 #F 2
45 Ao A Ade T JAEH 5
A 7HE sk olH g A AAE utg o
2 PBF$ DED FAHCE AZd" F AlHY w4
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17-4PH ZElQlE] = o] HS7bs 4 wE
=4 ZelE H7|91e] DED 4ol 7I%kg DMT
(Direct Metal Tooling) “&H1¢} PBF FA el 7|8kt
SLM(Selected Laser Melting) AH|E ©]-&3}] %
THUE ASsAth. AF5I3AH AFEAL Table
1o YEMN AT} Table 2= Electron probe X-ray

Table 1 Conditions of PBF and DED processes

Parameter PBF DED
Laser spot 75 500
diameter (Mm)

Laser power (W) 135 380~400
Scan centering 50 500
spacing (Um)
Scanning speed
1200 14

(mm/s)
Environments Nz, Room Ar, Room

temperature temperature

Table 2 Chemical composition of 17-4PH SS
fabricated by PBF and DED processes
(Wt%)

Fe Cr Ni Cu Si Mn Nb

PBF Bal. 16.14 4.64 329 0.72 0.65 0.2

DED Bal. 16.88 493 4.01 092 0.94 0.18

microanalyzer(EPMA) FH| & o] &3l HIFH A
Heo| 24 ¥4 AE Yehd, 24°] ASTM
A5649] 7)o B3IES golslnt ME=A s
39 17-4PH =H|[QlEl2 7o) dAE A3 &
o Wsle RIS 27 HEE A Yrof
s &3k FA2(1040 °C, 0.5 hr, AQ)9} A&
A 2620 °C, 4 hr, AQE 33l A|HE A

3t A3 JhsE Al 7AA 54e B
7¥st7] fl8l 2 22l disl 53] o) AN P

FUSRAT A37hE T 9HY AR HE
AAH B4 vz BAE FAs] S

Field emission scanning electron microscope(FE-
SEM)ZHIE o] &3t mAlzzs AL &
Asts A AESS A3 f8 Xeay

diffraction (XRD), Electron back- scatter diffraction
(EBSD) AHIE ©] &3}t
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Fig. 1 The yield strength of the deposited 17-4PH
SS by DED and PBF processes before and
after heat treatment
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Fig. 2 X-ray diffraction pattems of (a) the
as-fabricated 17-4PH SS and (b) the
heat-treated deposited 17-4PH SS
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Aste Aol F|AHY. EXy Fo mAH A
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Fig. 3 Microstructures of the deposited 17-4PH SS
by the DED process (a) before and (b) after
heat treatment, and the deposited 17-4PH SS
by the PBF process (c) before and (d) after
heat treatment; The amrows denote Austenite
(v) phase

Fig. 4 EBSD maps of the deposited 17-4PH SS by
the DED process (a) before and (b) after
heat treatment, and the deposited 17-4PH SS

by the PBF process (c) before and (d) after
heat treatment
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