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Tab. 1 Chemical composition of 316L material used in this experiment Wy /%
TiH c Si Mn Cr Ni Mo P S Fe
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Tab. 2 Parameters of LPBF forming machine used in this experiment
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Tab. 3 Other relevant parameters that may affect the quality of TPMS lattice
HFEHA X fi# Yillints XI5 22 /mm ZBU/MRSFimm L FEZE ] FE/mm W FEA T8 /mm
R 0 0 10 2 0.12 0.01
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Fig. 5 Metallographic photographs under the conditions of different process parameters
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Tab. 4 Parameter settings of Gyroid lattice structures

4151 AR R) /mm i R imm BEJE/mm H T A HHE fLBA
1 3x3x3 12x12x22 0.9 0 0.590 4 0.409 6
2 4x4x4 12x12x22 0.9 0 0.438 8 0.561 2
3 5x5x5 12x12x22 0.9 0 0.3514 0.648 6
4 6x6x6 12x12x22 0.9 0 0.2915 0.708 5
5 3x3x%x3 12x12x22 0.6 -0.5 0.3709 0.629 1
6 3x3x3 12x12x22 0.6 -0.3 0.401 3 0.598 7
7 3x3x3 12x12x22 0.6 0 0.389 0.611
8 3x3x3 12x12x22 0.6 0.3 0.4011 0.598 9
9 3x3x3 12x12x22 0.6 0.5 0.370 8 0.629 2
10 3x3x%x3 12x12x22 0.7 0 0.4553 0.5447
11 3x3x3 12x12x22 0.8 0 0.522 4 0.477 6
12 3x3x3 12x12x22 1 0 0.659 5 0.3405
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Fig. 6 LPBF-formed Gyroid structure specimens with different
structural parameters
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TEEMTHEENEZEE, BUPERRECHE
M EBEFTRILGyroidSEIFRIMZ, ERJFESEL
EERINALSHNBEHRINE . tIrETCER
BESHUAINEIRE, HFEBE TR, SHIX

LCERIXME SRR REEE S RIS ST
BE. BitrEgnEERERNSHSCE, RtEd
HEARKEEREIERSEENNEE, BEdcER
BH—L U Gyrold B REMAI N F T HISEIRMIE
1,

2.3 ZESH3T Gyroid [EFHEHDZEIT RN
231 BRI EERSN

Gyroid BIEMNNEREESRIERIBEEET]
XK, ERBELRITH, RERITNE/NEI/L
ARSER S HEEN NZEEERTEEETLN ., 4
FESFTR, HEERTAE mmx 6 mmx 6 mmigk/\El
3mmx3 mmx3 mmiy, REEZE]MN30%IRFE
60% . XFRMEEWHIEZ W ERIBERNITERE
SERaERDSIE®, HzONslET: NELRRE

HERENENSEIINDHEEZ R, G0
HBEBRNEF . BRIERTRNMER DRGSR EYE
=, S5 HhEENS.

BEBELTHESENREAIERT, kR
EEZELSRS, IETEEaRERE. NRENBE
k&, AENENRAATFEEMM, HHFEEN
SREEHENFTARTELSMEN N, SKAAK S
BEMDZTARREOAT . SRR FPETIERRY
TR EEMEEIRAES0% AR ( BIESE1TIE
2911 mmATRYEREE ) -

HFRSAILIEY, MENZERK, R8E007N
FERESEREEEZEZRME. o, NNRTRIEXTHT
ENERpe (nEkib. FLBR ) AOBURERR(E, 20E8 (a)
PR RERER, SREH/ET, FRRE
M EMZ, PR/, SR SEIER, S8
nEREEE, EiREEHHENTE. E1ZHIERA
TREERATESHEER, KEEBREERE
SZHEBENOFM, IRASASIEEENZ HER
HITH—SEIE, "REAREFZHEEATTEATH



2025% $E1288/8 745

R5  AEIRMER TR 5E B R
Tab. 5 Different srtucture cell sizes coresponding to
compressive strengths and yield strengths

i AR mm PSR /MPa Jett Ml i /M Pa
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4 6x6x6 145 80
| AnRE R
500 — 3 mm -59.04%
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Fig. 8 Stress-displacement curves for different structural cell sizes ( 50% deformation )
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Tab. 6 Compression energy absorption of specimens with different structural cell sizes

My RN Ji A28 B /mm BUEACHATIN FE S B /mm ARAEN LI AE/ (J-kg™)
1 29089.88 11 67 970.11 8.80 373 680.96 632 928.46
2 18 808.58 1 34643.83 9.00 213 809.64 487 259.89
3 13 769.41 0.98 22 843.07 9.40 154 138.54 438641.26
4 10319.21 0.95 15 865.68 9.50 111 940.40 384015.11
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Fig. 9 Influences of neutral plane offsets on mechanical behaviors and energy absorption
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Fig. 10 Influence of thickness on mechanical behavior and energy absorption
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Effects of Parametric Modification of Gyroid Structures Fabricated via
Laser Powder Bed Fusion on their Compressive Mechanical Behavior

JIN Shan', WANG Zhi-yong"?, ZHANG Yu-hao', RAO Li-xiang?, ZHANG Xin-chun?, WANG Rui', SI Yan-
fang’, ZHAO Jun-hao'

(1. School of 3D Printing, Xinxiang University, Xinxiang 453000, Henan, China; 2. School of Energy, Power and Mechanical Engineering,
North China Electric Power University, Beijing 102206, China)

Abstract:

Based on the laser powder bed fusion (LPBF) technique, the effects of parametric tuning on the compressive
mechanical behavior of Gyroid triple-periodic minimal surface (TPMS) structures has been systematically
investigated, and the correlation laws between the structural parameters and the mechanical properties are
revealed through tuning the key parameters such as structure cell size, wall thickness and neutral plane offset,
and combining experimental and numerical analyses. The results show that each 0.1 mm increase in wall
thickness can increase the yield strength by 25%-50%, and the compressive strength increases significantly;
decreasing the cell size can significantly increase the compressive strength (145-600 MPa) and yield strength
(80-240 MPa); and the peak densification value of the neutral plane offset value of €=+0.3 reaches 40.1%,
which is optimal for the mechanical properties. It is found that the synergistic regulation of wall thickness and
neutral plane offset can balance the lightweight and load-carrying requirements, providing theoretical basis
and experimental support for the parametric optimization of TPMS structures in aerospace and automotive
lightweight design.

Key words:
laser powder bed fusion (LPBF); triple-periodic minimal surface (TPMS) structure; gyroid structure; structural
parameter; compression behavior
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