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Fig. 1 CAD models of stepped sand pattern and its measurement positions
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Fig. 2 2D Diagram of Stepped Sand Pattern
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Tab. 1 Mean values of dimensions for each test position

of the stepped sand pattern mm
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A B C D E F
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Fig. 3 Diagram of titanium alloy casting with step structure
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Fig. 4 Step-structured titanium alloy casting and model required for 3D
scanning comparison
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Fig. 5 SLS-formed sand mold and its 3D dimension comparison result diagram
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Tab. 2 Mean values of dimensions of sand molds at each test position mm
(A
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A B C D E F

160+0.30 145+0.26 125+0.25 100+0.23 70+0.25 35+0.39

160+0.08 145+0.08 125+0.03 100+0.12 70+0.16 35+0.24

15+0.33 35+0.41 60+0.53 90+0.62 125+0.61 165+0.72
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Fig. 6 Rate of dimensional change of the sand pattern with respect to
the CAD model
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Fig. 7 The low-temperature roasted sand pattern and its 3D dimension comparison results
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Tab. 3 Average dimensional values of low temperature roasted sand patterns mm
s
Jila]

A B C D E F
160+0.56 145+0.43 125+0.41 100+0.40 70+0.38 35+0.48
160+0.18 145+0.22 125+0.26 100+0.29 70+0.33 35+0.47
15+0.39 35+0.55 60+0.36 90+0.38 125+0.49 165+0.37
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Fig. 8 Rate of dimensional change of low-temperature roasted sand
patterns with respect to CAD models
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Fig. 9 Fracture morphologies of low-temperature roasted sand pattern under different magnifications
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Tab. 4 Average dimensional values of high-temperature baked sand patterns mm
A
5 11}
A B D E F

160-1.33 145-1.22 125-1.01 100-0.63 70-0.31 35+0.07
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Fig. 11 Rates of dimensional changes of high-temperature baked sand
molds versus CAD models
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Fig. 12 Fracture morphologies of high-temperature roasted sand pattern under different magnifications
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Fig. 13 XRD analysis of two-component binder-coated sand before and
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Fig. 14 The stepped sand patterns and their 3D dimension comparison results
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Fig. 15 The low-temperature roasted stepped sand patterns and their3D dimension comparison results
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Fig. 16 The high-temperature baking stepped sand patterns and their 3D dimension comparison results
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Fig. 17 The titanium alloy casting and 3D dimension comparison result diagram of half one
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Fig. 18 Diffusion situation of elements in titanium alloy casting at 15 mm depth
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Research on Dimensional Accuracy and Transfer Law of Sand Mold for
Titanium Alloy Casting Based on SLS Technology

LI Yang', XU Zhi-feng", ZHANG Shou-yin*, XIAO Qiang-wei’, LI Zheng-xun, LI Shen*
(1. Laboratory of National Defense Key Discipline of Light Alloy Processing Science and Technology, Nanchang Hangkong University,
Nanchang 330063, Jiangxi, China; 2. Beijing Institute of Aeronautical Materials, Beijing 100095 , China)

Abstract:

Combining SLS technology and titanium alloy sand casting, a two-component binder molding sand of
phenolic resin-coated ceramsite sand +7 wt.% phosphate powder was used, which was mixed homogeneously
and then by means of SLS molding, low-temperature baking and high-temperature baking to prepare titanium
alloy casting sand molds. The main research was to study the dimension changes and dimension transfer laws
at X, Y and Z directions in the main process stages of preparing sand molds for titanium alloy casting, and
pouring titanium alloy castings for verification. The results showed that the dimension changes of the sand
mold were small in the SLS forming and low-temperature roasting processes, and the dimension changes
were concentrated in the high-temperature roasting process. After high-temperature roasting, the dimensional
deviations at X and Y directions were -1.37 mm to 0.09 mm, and the dimensional deviation at Z direction was
-3.18 mm to 0.55 mm. The sand mold for titanium alloy casting was prepared by this process, and the surface
quality of the stepped sand mold obtained was good without cracks, warping deformation and other defects,
and casting experiments were carried out on TC4 titanium alloy, and the titanium alloy castings with better
surface quality were obtained, and the dimensional accuracy of the casting reached DCTG10 level.
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