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Table 1 Elastic constants of 3161 steel (GPa)

P R (A)214. 2W , 47 (B)214. 2W, IEAE (C)274. 2W , 47 (D)274. 2W,IEX
Cn 244,12+20. 11 446. 73414, 89 290.99+14. 78 358.57+13.03
Co, 401. 99+ 24. 06 465.16+21.94 451.51+16. 84 405. 65+6.550
Cys 346. 86+19. 37 320.76+7. 650 376.63+7.870 287.72+7.490
C» 198. 28+23. 90 299.3118. 26 260. 87+15. 63 228.42+6.920
Ciy 181.43422.02 271.33+11. 90 209. 83+6. 620 210.5010. 47
Coy 211.53+21.52 277.03+14. 41 255.32+9. 190 231.05+3. 590
Ci 72.87+1.32 79.04+0. 76 67.94-40.79 84.70+2.88
Css 88.08+1.48 86.9940. 80 95.144+1.11 83.80+1.14
Css 81.85+0. 33 77.060. 74 78.0241. 04 79.50£0. 94
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Fig. 2 Cloud diagram of Young’s modulus of 3161 block
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R, 0.4333 0.3326 0.3688

0.4333 0.3326 0.3688
R, 0.2722 0.3126 0.2673
R, 0.2722 0.3126 0.2673
Rs 0.2722 0.3126 0.2673
R; 0.3042 0.2602 0.1586
- — 0.2594
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Fig. 4 Optimization objects and cloud diagram of Young’s modulus
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Study on the Optimization of Elastic Isotropy in SLM Additive
Manufactured 3161 Steel Metamaterials

Chenhua Yan' Dongming Li? Zewen Hu' Wuhuai Yan' Youdi Kuang'*

(! School o f Mechanics and Construction Engineering » Jinan University , Guangzhou, 510632)
(* Dong fang (Guangzhou) Heavy Machinery Co. , Ltd. . Guangzhou, 511455)
(*School of Civil Engineering and Architecture , Wuyi University, Jiangmen, 529020)

Abstract Most existing isotropic metamaterial designs assume that the base material possesses iso-
tropic symmetry. However, 316L steel produced by selective laser melting (SLM) typically exhibits me-
chanical anisotropy, which strongly depends on the manufacturing process and parameters. The limited ex-
perimental studies currently available are insufficient to fully reveal the elastic symmetry of 3161 steel un-
der different scanning strategies, and the quantitative impact of varying laser powers on Young’s modulus
remains unknown. In this study, ultrasonic resonance experiments were conducted to characterize the elas-
tic constants of 3161 steel under two typical laser scanning strategies (parallel and orthogonal scanning)
and two laser power levels (214.2 W and 274.2 W). The results indicate that under the orthogonal scan-
ning strategy, the symmetry of the steel degraded to transverse isotropy at a power of 214, 2 W, while the
material remained orthotropic at a power of 274, 2 W, indicating that transverse isotropy results from spe-
cific laser power. Compared to orthogonal scanning, 316L steel produced using parallel scanning exhibited
stronger anisotropy. Within the range of laser powers investigated, Young’s modulus was found to be in-
sensitive to power variations. Based on the experimentally obtained elastic constants and finite element
simulations, we optimized the elastic isotropy of three types of truss metamaterials: FCC-BCC, SC-OT,
and SC-OT-BCC, achieving shape control by adjusting rod dimensions. The optimization results showed
that isotropic metamaterials made from SLLM 3161 steel and cast 3161 steel possess nearly identical elastic
properties. From an application perspective, this research offers feasible solutions to overcome the techni-
cal challenges of producing isotropic metamaterials using SLM additive manufacturing.

Key words metal additive manufacturing, mechanical metamaterials, 3161 steel, elastic isotropic op-

timization





