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Table 1 Chemical compositions of 3161 powder (mass fraction, %)

Element Fe C Si Mn P S Ni Cr Mo
Content Bal. <<0.030 <{1.000 <<2.000 <<0.035 <<0.030 12.000-15.000 16.000—18.000 1.800-2.500

2 TEBH

Table 2 Process parameters

Parameter Dot distance /pm Time of exposure /ps Laser power /W Line distance /pm
Value 50 80 200 100
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KM UTMS5305 L1 J7 BRI B HLAE 6 3 F Xl
FEFEAT B g e G 3 8 a8l 13 frs) , R
KL 0.05 mm/s B R4S F 0] T R 3, R 40 2 AR
BE 70 Yo k45 1k it 2 ter -0 B i 4R, e 4 o B
i AR AL IC S AR T8 i A8 . 0 B8 B DU 1 o 1
32 mm 15 B AR AH e, AT B DURE £ 8 1 ARAS: 3]
N IE o, 2 B 3KPF Origin 22 i N J7-07 728 il
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Fig. 13 Compression test device. (a) Whole machine equipment; (b) partially enlarged drawing
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3 AR AL
Table 3 Measurement result of rod diameter
Mold Design result /mm Measurement result /mm Absolute error /mm Relative error /%
BCC 0. 4 0. 400 0. 460 0. 060 15.00
BCC 0.6 0. 600 0. 668 0.068 11. 33
BCC 0.8 0. 800 0.871 0.071 8. 88
BCC 1.0 1. 000 1. 069 0.069 6.90
BCC 1.2 1. 200 1.273 0.073 6.08
F4 B I a2
Table 4 Measurement result of volume fraction
Mold Design result /% Measurement result /% Absolute error /% Relative error /%
BCC 0.4 4. 90 5.30 0.40 8. 20
BCC 0.6 10. 59 11. 34 0.75 7.11
BCC 0.8 17. 85 19.02 1.17 6.53
BCC 1.0 26. 36 28. 00 1. 64 6.22
BCC 1.2 35.75 37.91 2.16 6.03
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Fig. 16 Stress-strain test curves
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Fig. 17 Deformation process of body-centered cubic porous structure under eache. (a) e=0; (b) e=10%; (¢) e=20%;
(d) e=30%; (e) e=40%; (f) e=50%; (g) local enlarged view of Fig.7 (¢); (h)(i) local enlarged view of Fig.7 (f)
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Table 5 Mechanical performance parameters of body-centered cubic 316 porous structure

Eje/(Nemm ™) s" /MPa
Mold d /mm
FEA Experiment FEA Experiment
BCC 0.4 0.4 65.76 59. 87 1. 10 1.02
BCC 0.6 0.6 281.57 260. 38 4.15 3. 88
BCC 0.8 0.8 845, 34 778. 14 10.11 9. 44
BCC 1.0 1.0 1957. 21 1792. 25 20. 38 18. 81
BCC 1.2 1.2 3683. 28 3356. 21 36. 95 33.88
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Fig. 18 Mechanical property curves. (a) Eppe; (b) o
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Mechanical Properties of 3161 Stainless Steel Porous Structure
Formed by Laser Powder Bed Fusion

Liu Yude , Guo Jia, Shi Wentian, Han Yufan, Zhou Yusheng
School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China

Abstract

Objective The metallic porous structure has great application prospects in lightweight. Aiming at the demand of
further improving the lightweight level in aerospace, automobile, mechanical equipment and other fields, this paper
uses the theories and methods of finite element analysis combined with the microscopic inspection analysis and the
mechanical test research. The mechanical properties of porous structures under quasi-static uniaxial compression are
systematically studied based on the laser powder bed fusion (LPBF) technology and by taking the 316L stainless steel
porous structure as the research object. In this study, five kinds of body centered cubic (BCC) porous structures
with different sizes are designed, and these samples are fabricated using LPBF. The compression test and the finite
element analysis of porous structures are conducted. The design and manufacturing feasibility of metal 3D printing
lightweight structures based on the LPBF technology is verified.

Methods  First, the BCC porous structures with five different aspect ratios are modeled by the SolidWorks
software, and subsequently the quasi-static simulation analysis is carried out by the ABAQUS software. The samples
are prepared by Renishaw AM400, and the aerosolized 316L powder is selected as the test material. By selecting
point distances, exposure time, laser powers, and scanning distances as the orthogonal test factors, the optimal
process parameters for forming the 316L stainless steel are obtained. The macroscopic morphology of the sample is
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observed by an optical microscope and the microscopic surface morphology of the sample is observed by the scanning
electron microscope. Then, the sample is subjected to the uniaxial compression test at room temperature with the
UTM5305 electronic universal testing machine. Finally, the mechanical properties of the 316L porous structure are
analyzed according to the simulation and test results, and the reasons for the difference between the two results are
compared and analyzed.

Results and Discussions From the simulation results, the stress distribution of the BCC porous structure in the
compression process is that the stress level in the central region is low, and that in the surrounding region is high
(Fig. 7). The displacement distributions of the five sizes of porous structures are consistent. The plastic yield first
occurs at the node, and the yield mode is bending at both ends (Fig. 8). In the deformation process of the porous
structure, elastic deformation first occurs, and then the porous structure begins to yield with the increase of strain
(Fig. 9). From the test results, the microscopic surface of the sample is rough, and there are unmelted metal
particles and cataphracted morphologies (Fig. 15(b)). For the porous structures with different sizes, the forming
accuracy increases with the increase of rod diameter and volume fraction ( Tables 3 and 4). During the whole
deformation process of the compression test, the strain is mainly concentrated in the diagonal, especially in the
central region, but the overall flexibility is high (Fig. 17). In the range of 10% strain, the results of finite element
analysis and mechanical experiment are consistent, and the curve trend is consistent (Figs. 10 and 16). The average
relative errors of the equivalent elastic modulus and compressive yield strength obtained by the finite element
analysis and the mechanical test are within 10% (Table 5 and Fig. 18).

Conclusions The BCC 316L porous structure is prepared based on the LPBF technology. The compression process
of this porous structure mainly experiences the elastic stage, platform stress stage and densification stage. By
observing the morphology and measuring the geometric parameters of the porous structure, when the diameter of the
rod is from 0.4 mm to 1.2 mm and the volume fraction is from 4.9% to 35.75%, the relative errors of diameter and
volume fraction are from 15.00% to 6.08% and from 8.20% to 6.03%, respectively. It can be seen that the
forming effect is good, and the contour error and surface sticking are the main causes of the error. The larger the
size, the higher the forming accuracy. With the increase of rod diameter, the equivalent elastic modulus increases
from 59.87 MPa to 3356.21 MPa, and the compressive yield strength increases from 1.02 MPa to 33.88 MPa. The
research conclusions of the finite element analysis and the mechanical test are compared and analyzed. The average
relative error of equivalent elastic modulus obtained by the finite element analysis and the mechanical test is 9.11 %,
and the average relative error of compressive yield strength is 7.86% . Both are within 10% . Therefore, the finite
element model can effectively predict the mechanical properties of the 316L stainless steel body-centered cubic
porous structure within a certain error range.

Key words laser technique; laser powder bed fusion technology; body-centered cubic porous structure; finite
element analysis; mechanical property test
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