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Microstructure and Properties of SLM Formed 17-4PH High Strength Steel
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Abstract ; Selective laser melting(SLM) was adopted to form 17-4PH high strength steel. The effects of laser pow-
er and scanning intervals on the microstructure and properties of the specimens were investigated to determine op-
timum technological parameters. The microstructure, tensile properties and fracture mechanism of the optimized
specimens were analyzed. The results indicate that the low energy density of the laser leads to the unfused region
due to the low energy absorption energy when the laser power is 165 W. When the laser power is increased to 205
W, the absorbed energy of the powder is increased, resulting in the spheroidization and increased porosity. The
scanning interval has a poorer effect on pore defects than scanning power. When the laser power is 185 W and
scanning spacing is 110 um, the porosity distribution is reduced and the hardness value reaches 370 HV. The mi-
crostructure of 17-4PH high strength steel prepared by SLM is mainly composed of martensite and austenite with
precipitation hardening phase of e-Cu, which improves the hardness of the material. The shape of fracture dimples
of tensile specimens is similar with small size, providing higher strength and good toughness.
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Fig.1 Schematic diagram of tensile specimen
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Fig.2 Distribution of pores under different laser powers at scanning rate of 620 mm * s~
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Fig.3 Distribution of pores at different scanning intervals with powers of 185 W and scanning rate of 620 mm * s
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Fig.4 Hardness distribution under different laser powers

and different scanning intervals
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Fig.7 Stress-strain curve of SLM formed 17-4PH
high strength steel

&l 8 Jy SLM B ) 17-4PH =5

R
L

-

(a) BN Hh (b) AT 5%
B 8 SLM & # 17-4PH 2 &40 310 X A SEM B v 75 52,
Fig.8 SEM fracture morphology of tensile specimens

of SLM formed 17-4PH high strength steel



SLM pJE 17-4PH & 5 9 2 215 PEREAE 5T

ERCE I

SEM JESL. al LU H 7 {118 11 phy 25 48 DX X A 85
DI 3 A DI B o NS WK T 3L BT 11 L 45 F- 3
BT d R V) R T 05 1) W SR AR . A SEM X
PLARWT ISt — 25 20 4T S BT 119 27 48 X 00 A K
e RIS NAL B8 R R A 5 U0
FH A AE 75 B0 25 A AL B B CL I 8b w1 (5
30 UL 17-4PH 5 5 9 H A B 10 5 5 AR 4 1 )
P LG H R B S0k DL SRRV SR R .
FEAE R B ER AR 1 17-APH o 56 B9 A 56 B2 (HRE ok 3
T

(1)SLM ¥ 17-4PH 54N 7E S %k 185 W
110 pm FRGEEE T, S FLAH XS 5D, 285 B 35 K, Bl i 45

o

i

(2)SLM W 17-4PH mss WO H A £ 5 &
PRAAC I B A B I A 2 B, P 0 %€ 381 o 0 8 T 4 R 2
S ARGV AT LA A W) A v 2 2 R . AR
EDS 7347, 17-4PH @& 58 40 1 UITE Al e-Cu DL J — 48
AL . T LA e ARG BE

(3)17-4PH oy 5 89 A W7 11 1 e 2 4 DXL 4 X
B P 3 A DX B 8 W 150 88 T8 AR /A AL HLR S
BN FR IR AT s 1 0 A R A R B

2 £ x #

[1] BRIV BREBIZY . EBRL 4. 17-APH A4 8 0 0F 58 PR B & T i 34
(1. b R AR 2 B2 4 (AR BE 27 5O » 2016, 16(1) : 83-87.

[2] MURR L E, MARTINEZE., HERNANDEZ]J. et al. Microstruc-
tures and properties of 17-4 PH stainless steel fabricated by selec-
tive laser melting[J]. Journal of Materials Research & Technolo-
gy, 2012, 1(3): 167-177.

[3] TAVARES S S M, DA SILVA F J. SCANDIAN C, et al. Micro-
structure and intergranular corrosion resistance of UNS S17400
(17-4PH) stainless steel[ J]. Corrosion Science, 2010, 52 (11):
3 835-3 839.

[4] HOLLAND S, WANG X, FANG X Y, et al. Grain boundary net-
work evolution in Inconel 718 from selective laser melting to heat
treatment[ J]. Materials Science &. Engineering, 2018, A(4); 125-
135.

[5] MA M, WANG Z, ZENG X. A comparison on metallurgical be-
haviors of 316L stainless steel by selective laser melting and laser
cladding deposition[ J]. Materials Science &. Engineering, 2017,
A685:. 265-273.

[6] SUN Y, HEBERT R J, AINDOW M. Effect of laser scan length
on the microstructure of additively manufactured 17-4PH stainless
steel thin-walled parts[ J]. Additive Manufacturing, 2020, 35:
101 302.

[7] KHAIRALLAH S A, ANDERSONT A, RUBENCHIKA, et al.

Laser powder-bed fusion additive manufacturing: Physics of com-

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

plex melt flow and formation mechanisms of pores, spatter, and
denudation zones[J]. Acta Materialia, 2016, 108; 36-45.

MING T A, CHRIS P, PISTORIUS A, et al. Prediction of lack-of-
fusion porosity for powder bed fusion[J]. Additive Manufacturing.,
2017, 14. 39-48.

CHENG B, SHRESTHA S, CHOU K. Stress and deformation e-
valuations of scanning strategy effect in selective laser melting[J].
Additive Manufacturing, 2016, 35(5): 240-251.

ZAPICO P, GIGANTO S, BARREIRO ], et al. Characterisation

of 17-4PH metallic powder recycling to optimise the performance

of the selective laser melting process[J]. Journal of Materials Re-

search and Technology, 2020, 9(2). 1 273-1 285.

LASHGARI H R, XUE Y, ONGGOWARSITO C, et al. Micro-

structure, tribological properties and corrosion behaviour of addi-

tively manufactured 17-4PH stainless steel: Effects of scanning
pattern, build orientation, and single vs. double scan[]]. Materi-

als Today Communications, 2020, 25: 1 035-1 043.

WANG Z, XIAO Z, TSE Y, et al. Optimization of processing pa-

rameters and establishment of a relationship between microstruc-

ture and mechanical properties of SLM titanium alloy[J]. Optics

&. Laser Technology, 2019, 112. 159-167.

RAKESH S C, RAJ A A, NADI G P, et al. Influence of working
environment and built orientation on the tensile properties of se-
lective laser melted AlSil0Mg alloy[J]. Materials Science and En-
gineering, 2019, A750(18): 141-151.

RASHID R, MASOOD A S H, RUANA D, et al. Effect of scan
strategy on density and metallurgical properties of 17-4PH parts
printed by selective laser melting(SLM)[J]. Journal of Materials
Processing Technology, 2017, 249. 502-511.

W RE AR A W] B A5 L 55 SLM B 17-4PH A 85 9 RO A X
R RS E R 2 ORLRE B Y LT, 6% 5ot dm HiR, 2019, 17
(2): 13-19.

HU Z H., ZHU H H, HU H, et al. Experimental investigation on
selective laser melting of 17-4PH stainless steel[J]. Optics &. La-
ser Technology, 2017, 87, 17-25.

(%% X 1)

I XK E
“URr RIS

MIEARS

® HMHE M
® TR
@ ATl
o Rk E
o Wit R4

o Tl zhas
® i Hi T
® LML
® it
o LH 5 KM

® Ik AFA
® i)
o ity
® Vi JE
o L%

oo oo oo oo oK

| S N S I U

1563



