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Effect of deposition efficiency on microstructure
and property of 316L stainless steel fabricated by
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Abstract: Laser engineered net shaping is a promising technique to fabricate high-performance components with
complex geometry rapidly. Excellent properties of fabricated specimen and high deposition efficiency are both im-
portant for this additive manufacturing method, but few researches have been done on the relationship between
them. In this paper, single-bead multilayer structures of 316L stainless steel are fabricated by laser engineered net
shaping (LENS). Using the same laser power and scanning speed, different deposition efficiencies are achieved by
adjusting powder flow rate and layer increment. Microstructures and mechanical properties of the deposited struc-
tures under different deposition efficiencies are discussed. The results show that, for certain laser power and scan-
ning speed, the deposition efficiency increases from 12.41 mm?/s to 22.62 mm?®/s with the increase of the powder
flow rate and layer increment , which increases by 86.3% compared with the initial process. Laser energy consumed
by depositing unit effective volume reduces from initial 98.84 Jimm? to 53.06 J/mm® and the energy efficiency in-
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creases by 46.32%. Microstructures of the specimen consist of columnar dendrite and the dendrite length increases

obviously with the deposition efficiency. Property test shows that properties of the specimen under different deposi-

tion efficiencies are consistent and do not decrease with the deposition efficiency. Tensile strength and yield strength

are stable in 510 MPa and 290 MPa, respectively. The elongation rate is around 40% while the micro-hardness is

about 180 HV, all of which have reached the same level of forging. The results illustrate that the deposition efficiency

and mechanical property can be optimized, which achieves fabrication of high performance parts with low energy

consumption and high efficiency.
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Table 1 Chemical composition of 316L stainless steel powder(wt, %).
Element C Cr Ni Mo Si Cu Al Fe
Wt(%) <0.03 17.45 11.91 2.82 1.17 0.1 0.03 bal.
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Table 2 Process parameters of laser engineered net shaping.

Serial number

1 2 3 4 5
Powder feed rate/(g/min) 7.2 9.6 12 14.4 16.8
Interlayer lifting 0.6 08 1.0 12 1.4

capacity/mm

Substrate
Sample
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Fig. 1 Schematic of 316L stainless steel specimen and sampling
position.
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Fig. 2 Schematic of 316L stainless steel deposition mode.

) S R S M8 (VHX-600E) T 2 R A2 A7 2 i
o PGS A S AREER B 10% 00 BRI A 7 HE it
JiEnh, DG B (OLMPLUS-MX40) W Mo 41
41, FERHRRENL(WDW-50E) b XFRE(: HEA 7 2 SR P
REMIR, fnEEE# 5 mm/min, HRELER R ET R
50 kN, FHFAH HL A (QUANTA) K37 iy 11 A 70 %%
[ S SR FH A1 41 P B T 25 1 BB 3% 43 M (L (EDS) 43 # e 24
YISy o 7E4EFCHE EE 3 (MVC-1000B) il EE, fin
3100 g, FATORAFHIEIR 15 s,

412

20175 , 55446 , 54

3 SEWERSTHR

3.1 EMEREERAE IR ERSRFHE R

HERF

&l 3(a) 2 ek kR H 16.8 g/min, Z[HHETHE 1.4
mm ST RN BERECE, RERA RS2 140
mm, 230 mm, P82 3.9 mm, KHALIES, A~
P RECEZ )RR, 2RISR, TERAE
R, FHOEIE R IIRES . WEREF OB R
S HBIH RT3, S SUERCR 5 B S e ik
THHEMIA . B 3 ADIRZH R EK, Rz
BV AR, 332 PR A 8 b 2 T ik ) A A TR
PRI R IEERIE, B TORIE MRS, ShR
AR ANE] 4(a)~4(e). HLIBUTRUZ ZHOECHGEBIE
BEMF R EEA L LA, H B RSP T TR
R, A T TAEEN, EHE T ZSHR
RO, ETTRUZ M RSB T4 R 5
SRR o SRR3R T RS [H] P I S 24 3 rh
AR, BRI EOE TROGKIE R T — R
BUZME B . T/ NRZE, BEIGHRE (R 22 4k DX I
190 T Bl — A T 280 I i = A
1, DS E A A R . ARUSEE i R RS
PREEGE I FHIFEAE RS, DL W 3R,

(@) N

B3 (a) #ALARHEEM. (b) B EATTEE.
Fig. 3 (a) Thin wall part of laser engineered net shape. (b) Sche-
matic diagram of longitudinal section.
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B 4 316L RE4RF A AR @ B K45 K 8. (a) Q=7.2 g/min. (b) Q=9.6 g/min. (c) Q=12 g/min.
(d) Q=14.4 g/min. (e) Q=16.8 g/min.

Fig. 4 Local low magnification of the longitudinal section of the 316L stainless steel thin-walled parts. (a) Q=7.2 g/min.
(b) Q=9.6 g/min. (c) Q=12 g/min. (d) Q=14.4 g/min. (e) Q=16.8 g/min.
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Table 3 Deposition efficiency and energy consumption corresponding to different powder feeding rates.
Powder feed rate/(g/min) 7.2 9.6 12 14.4 16.8
Energy input time/s 1400 1064 840 700 616
Deposition efficiency V/(mm®/s) 12.14 15.36 18.17 20.52 22.62
Energy consumption n/(J/mm®) 98.84 78.15 66.06 58.48 53.06
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Fig. 6 (a) Trend of the deposition efficiency with powder feeding rate. (b) Trend of the energy consumption with the powder flow rate.
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Fig. 7 Microstructures of the longitudinal middle section under different deposition efficiencies. (a) Q=7.2 g/min. (b) Q=9.6 g/min. (c)

Q=12 g/min. (d) Q=14.4 g/min. (e) Q=16.8 g/min.
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Fig. 8 Shape and dimensions of tensile samples.
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Table 4 Average tensile strength, yield strength and ductility of laser engineered net shaping as well as compared

with casting and forging properties.

Powder feed rate/(g/min) Tensile strength/MPa

Yield strength/MPa Elongation rate/(%)

7.2 509
9.6 508
12.0 505
14.4 506
16.8 507
Casting 440
Forging 480

284 30.4
292 39.9
292 40.2
294 39.7
289 39.1
180 30

177 40
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Fig. 9 Tensile fracture morphologies under different deposition efficiencies. (a) Q=7.2 g/min. (b) Q=9.6 g/min. (c) Q=12 g/min.
(d) Q=14.4 g/min. (e) Q=16.8 g/min.
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Fig. 10 (a) Scanning image of inclusion. (b) Energy spectrum.
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