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Effect and optimization of mechanical properties of selected laser
melting arch lattice
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(a. Fujian Key Laboratory of Intelligent Machining Technology and Equipment; b. School of Mechanical & Automotive Engineering,
Fujian University of Technology , Fuzhou 350118, China)

Abstract: To enhance the mechanical properties of the lattice structure formed by selective laser melting under the
premise of lightweight, the arch feature was incorporated into the lattice structure design. Considering the combined
effects of various structural parameters, a mathematical relationship model of arch height-to-span ratio, strut
diameter and cell height with lattice elastic modulus and compressive strength was established by response surface
test. The impact of these structural parameters on the elastic modulus and compressive strength was analyzed and an
optimal combination of parameters was determined. The findings reveal that the arch height-to-span ratio has the
most significant influence on the elastic modulus and compressive strength of the structure. As the arch height-to-
span ratio increases, both the elastic modulus and compressive strength of the structure demonstrate notable
improvements. The optimal structural parameter combination of the arch lattice structure obtained by optimization
is the arch height-to-span of 0.7, strut diameter of 1.2 mm and cell height of 4.5 mm. The corresponding elastic
modulus is measured at 2.012 GPa, while the compressive strength reaches 79.254 MPa. These values represent a
respective increase of 21.57% and 35.60% compared to the non-optimized configuration. The mechanical properties

of the structure have been significantly enhanced. This research can provide references for the design and
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optimization of lightweight lattice structures.

Keywords: selective laser melting; structure parameters; arched lattice; elasticity modulus; compression strength
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Fig.1 Arch lattice (a) and structural parameter (b) design
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Table 1 Factors and levels of response surface
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Table 2 Experimental design scheme and results

53z R D/mm  H/mm  E/GPa P/MPa
1 0.5 0.8 4.5 0.442 10.872
2 0.5 1.0 5.0 0.535 15.712
3 0.5 1.0 5.0 0.505 16.505
4 0.3 1.2 5.0 0.297 7.735
5 0.5 1.0 5.0 0.531 15.810
6 0.5 1.0 5.0 0.550 16.677
7 0.7 0.8 5.0 0.643 18.570
8 0.5 1.0 5.0 0.581 16.691
9 0.5 1.2 4.5 1.251 41.864
10 0.3 1.0 5.5 0.122 3.482
11 0.7 1.0 4.5 1.482 51.582
12 0.7 1.2 5.0 1.655 58.449
13 0.7 1.0 5.5 0.985 25.037
14 0.5 1.2 5.5 0.756 21.863
15 0.3 1.0 4.5 0.226 5.617
16 0.3 0.8 5.0 0.071 2.502
17 0.5 0.8 5.5 0.201 4.667
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Fig.3 Arch lattice stress—strain curve: (a) Arch lattice compression process; (b) Height—to—span ratio R=0.3 compression

curve; (c) Height—to—span ratio R=0.5 compression curve; (d) Height—to—span ratio R=0.7 compression curve
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Fig.4 Fracture topography of lattice structure: (a) fracture morphology; (b) locally enlarged morphology
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Table 4 Analysis of elastic modulus variance
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Table 5 Analysis of compressive strength variance
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Fig.5 Correspondence between predicted and actual values of elastic modulus (a) and compressive strength (b)
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Fig.6 Influence of structural elastic modulus (a) and compressive strength (b)
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Fig.7 Elastic modulus response surface graph: (a) RD interaction response surface;

(b) RH interaction response surface; (c¢) DH interaction response surface
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Fig.8 Compressive strength response surface graph: (a) RD interaction response surface;

(b) RH interaction response surface; (c) DH interaction response surface
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Tab.7 Prediction and verification results
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Fig.9 Verify the stress—strain curve of the group structure
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