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IMPACT: Future designs using 3D printed sand process will be able to produce near-net-shaped, dimensionally stable, and lightweight cast products.

Technical Need
The use of 3D printed sand (3DPS) casting process is growing in the production environment, and the initial feedback is comparable to the precise sand casting processes. The adoption of the 3DPS is seen mainly with the hybrid approach, where the mold is made with the conventional green sand process and the complex core assembly is redesigned with a three-piece consolidated core using 3DPS. Very little is studied and known in the public domain about the dimensional tolerances achieved with this toolingless precision sand casting process, especially the
potential of achieving much better true position and internal feature tolerances.

Project Goal
To provide tighter dimensional tolerances achievable with 3D printed sand casting process.

Technical Approach
A complex gray iron housing demonstration casting in production at the
participating foundry utilized six isocure chemically-bonded silica core assemblies. These assemblies were placed in a vertically- parted two cavity green sand mold for this research evaluation. The six piece core assembly was redesigned with a three-piece core design as shown in the figure and was validated against 3D models of the current tooling and core assembly.

Findings and Conclusions
1. 3D printed toolingless core consolidation has the potential for tighter dimensional tolerance capabilities than conventional sand castings, as demonstrated with a few critical casting dimensions in a complex iron casting production; the expected Dimensional Casting Tolerance Grade (DCTG) per ISO 8062 is in the range of 5 to 8, overlapping investment casting process achievable tolerance capabilities. More such studies in iron and other alloys with additional examples are required to establish a separate DCTG for the toolingless 3D printed precision and casting process, that would give engineers the ability to create new designs with thinner walls, lighter weight and improved properties.

2. It appears that the location of the core in the build box of a 3D printer has no impact on the dimensional tolerances; however, this needs to be further researched.
3. Limited data on (one batch of 25 cores) 3D printed ceramic sand appears to show the least amount of dimensional variability compared to silica sand and is believed to be due to no phase change or volumetric expansion & contraction associated with a ceramic substrate. This needs to be further investigated with additional research including more samples and data.

4. It appears that from the limited measurement data, post-printing manual operations such as de-sanding, and handling of the 3D printed cores, potentially impact the dimensional variability observed and needs to be further investigated.
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