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Fig. 1 SEM image of silica sand for inkjet 3D printing
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Fig. 2 Dimension of 3DP sample for tensile strength
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Fig. 3 3DP sample for measuring tensile strength
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Table 1 Factors and levels for orthogonal experiment

E
AR H/%  (B) JZEmm  (C) XJ5 43 #i%/mm
1 0 0.24 0.06
2 30 0.28 0.07
3 60 0.32 0.08
4 90 0.36 0.09
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Table 2 Orthogonal experiment and results of 3DP samples

e E PURORAE K

i A B C /MPa %
1 0 0.24 0.06 3.61 3.67
2 0 0.28 0.07 3.10 2.67
3 0 0.32 0.08 2.32 222
4 0 0.36 0.09 1.48 1.93
5 30 0.28 0.06 3.02 2.97
6 30 0.24 0.07 3.22 2.74
7 30 0.36 0.08 1.70 1.99
8 30 0.32 0.09 1.82 2.04
9 60 0.32 0.06 2.47 3.09
10 60 0.36 0.07 1.73 2.23
11 60 0.24 0.08 3.03 2.72
12 60 0.28 0.09 2.19 2.18
13 90 0.36 0.06 2.04 2.70
14 90 0.32 0.07 227 2.17
15 90 0.28 0.08 2.41 238
16 90 0.24 0.09 2.69 2.34
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Table 3 Variance analysis results of tensile strength

IR BEFIAS A MK SFREEF M FE IRFYE

[ L 5] 0.193 71 3 0.064 57 9.67
SRR 4.348 45 3 144948  217.18 476
XJrmsy#s 1.19759 3 0.399 20 59.81
R 0.040 04 6 0.006 67 —
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Table 4 Variance analysis results of loss on ignition

JIFENKUE pEFIIAS A MY FREEF A FE IRFYE

[ L f51] 0.131 03 3 0.043 68 3.89
J=R 0.938 54 3 0.312 85 27.9 476
XOTHER 2,180 77 3 0.726 92 6482
2z 0.067 28 6 0.011 21
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Fig. 4 Main effect diagram of tensile strength
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Fig. 5 Micro-morphology of binder bridge fracture
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Fig. 6 Effect of resolution in the X direction on tensile strength
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Fig. 7 Effect of layer thickness on tensile strength
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Application of Forming Process Parameters for 3D Printing Sand Mold
and Core

GAO Gui-li"*?®, ZHANG Wei-kun', DU Zhi-min', LIU Qing-yi?, NI Yun-giang®, SU Yan—qing®,
SHI De-quan’

(1. School of Materials Science & Engineering, Harbin University of Science & Technology, Harbin 150040, Heilongjiang, China;
2. Weichai Power Co., Ltd., Weifang 261000, Shandong, China; 3. School of Materials Science & Engineering Harbin Institute
of Technology, Harbin 150001, Heilongjiang, China)

Abstract:

This work investigated the effects of the used sand proportion, forming process parameters (print-layer
thickness and resolution in the X direction) on the tensile strength of the mold/core by means of the orthogonal
experiment method. The results show that the tensile strength of the samples decreases with increasing the
used sand proportion, and the tensile strength and loss on ignition gradually decrease with increasing the layer
thickness. The resolution in the X direction is related to the binder content, and with decreasing the resolution,
the binder content increases, and thus both the tensile strength and loss on ignition also increase. In addition,
the layer thickness has significantly stronger influence on the tensile strength, following by the resolution
in the X direction and the used sand proportion. The optimal parameters are 30% used sand, 0.28 mm layer
thickness, and 0.09 mm resolution in the X direction. The mold/core printed using the optimal parameters can
meet the requirements well.

Key words:
casting mold/core; 3DP print; tensile strength; loss on ignition
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