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Abstract: Aiming at the problems of poor forming accuracy and low surface quality in sand mold additive
manufacturing, this paper systematically studies the relationship between printing process parameters and
sand mold surface roughness, and verifies the feasibility of sand mold printing adaptive slicing for optimizing
sand mold surface quality. The influence of resin content, layer thickness and sand mesh on sand surface

roughness is studied by designing the response surface experiment of sand print with constant inclination
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angle, and the printing process parameters are optimized. The orthogonal test of sand print with variable
inclination angle is designed to study the significance of layer thickness and print angle on sand surface
roughness, and the impeller sand mold is selected to verify the adaptive slicing process. The results show that
the surface quality of sand mold with constant angle is better when resin content is 2.08% , layer thickness is
0.3 mm and sand is 100/200 mesh. When the sand mold with curvature change in the vertical direction is
printed, the printing angle has a great influence on the surface roughness of the sand sample. An adaptive
slicing process is proposed to print the impeller sand mold. Compared with the sand mold prepared by
traditional equal thickness stratification, the dimensional accuracy and surface roughness of the sand mold
with adaptive layering are increased by about 51.03% and 30.11%. The basic process control research based
on the surface roughness of sand mold printing is carried out. The relevant research conclusions are helpful to
realize the high precision and high efficiency additive manufacturing of sand mold with complex structure.

Key words: sand mold additive manufacturing; surface roughness; adaptive slicing; process optimization;

high-precision and high-efficiency manufacturing
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Table 1 Response surface experimental factor level
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Table 2 Orthogonal experimental factor level

K ITERSIA D/ (°) )2 )Z)E B/mm
1 5 0.3
2 30 0.4
3 55 0.5
4 80 0.6
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Table 3 Response surface test results

St WH%‘FJ’?% FoOREE S R H Rk

AN B/mm C Ra/pm
1 —1 —1 0 122.092
2 1 —1 0 125.374
3 —1 1 0 126.548
4 1 1 0 140.667
5 —1 0 —1 124.125
6 1 0 —1 132.424
7 —1 0 1 59.970
8 1 0 1 95.454
9 0 —1 —1 127.890
10 0 1 —1 156.093
11 0 —1 1 54.240
12 0 1 1 114.564
13 0 0 0 107.724
14 0 0 0 106.582
15 0 0 0 108.210
16 0 0 0 107.156
17 0 0 0 107.530
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Table 4 Analysis of variance for regression equation of response surface test
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Table 5 Orthogonal experimental results

SRl ATEMEM D/ () yJRJRIE B/mm Ra/pm
1 1 1 115.286
2 1 2 127.071
3 1 3 151.153
4 1 4 165.634
5 2 1 87.880
6 2 2 94.548
7 2 3 97.632
8 2 4 101.644
9 3 1 74.342
10 3 2 85.331
11 3 3 89.321
12 3 4 92.113
13 4 1 71.426
14 4 2 71.334
15 4 3 72.336
16 4 4 70.552
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Table 6 Variance analysis of orthogonal experiment re-

gression equation

ZRE  FrM AmE ¥ F&its P
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layered thickness on surface quality of variable incli-

nation sand mold
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