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Research on the Optimization and Quality of a Support—free Forming
Process for Metal Overhanging Circular Hole Structures Based on Laser
Selective Melting Technology

WANG Di', LI Haoran', HU Weinan', NIU Jimei?, LIU Linqing', MA Ying'

(1. School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510641, China;
2. Guangzhou City University of Technology, Guangzhou 510800, China)

Abstract: Conformal cooling molds manufactured via laser selective melting (SLM) technology can significantly improve
processing efficiency and effectively reduce production costs because of their excellent cooling performance, making it an
important development direction for future injection molding molds. However, there are still many challenges in using SLM
technology to form circular flow channels inside conformal cooling molds. During SLM, the structure of the circular flow
channel inside the conformal cooling mold mainly presents as an overhanging circular hole structure. Defects such as
warping and powder sticking are likely to occur if the overhanging circular hole structure is formed directly via the
traditional processing strategy. Moreover, owing to the complex characteristics of the internal flow channel, it cannot be
formed by adding support assistance. By adding a support structure on the outside of the mold, the forming angle of the
mold can be adjusted to enhance the self-supporting ability of the overhanging circular hole structure, but this increases the

additional forming time and material, resulting in increased production costs. Optimizing the non-supporting forming
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process of the overhanging circular hole structure to meet the quality requirements of the conformal cooling mold for
runner forming without adding support structures can effectively reduce the production cost of the conformal cooling mold
and obtain high-quality molded parts. In this study, the forming process strategy for metal overhanging circular hole
structures was optimized. Taking the 316L stainless steel overhanging circular hole structure as the object, the influences of
the process strategy and hole diameter on the forming quality of overhanging circular holes were analysed. A bottom
surface process area division strategy based on the adaptive angle of the processing layer was adopted to study its
applicability for the formation of unsupported metal overhanging circular holes. The process was then used to manufacture
a cooling mold sample, and the forming quality of the finished part was analysed. The results show that the adaptive lower
surface process area division strategy based on the processing layer angle significantly suppresses the warping behavior
during the forming process. The conformal water-cooled mold sample formed via the optimized process strategy has no
significant quality defects, and the surface quality and forming accuracy of the internal flow channel meet the requirements
for use.

Key words: seclective laser melting; overhanging round hole structure forming; unsupported forming; process

optimization; forming quality; conformal water-cooled molds
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Fig.1 Morphology of the 316L powders: (a) at 200x magnification; (b) at 1000x magnification
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Tab.1 Chemical composition of the 316L. powder

(mass fraction/%)

C Si Cr Mn Mo

S P (6] Ni Fe

=<0.03 <1.0 16~18 <20 2.0~3.0

0.15~0.25 <0.03

<0.045 <0.08 10~14 Bal.
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Tab.2 Parameters of the process strategy based on the lower surface division criterion
) Scanning speed Scanning spacing ) Number of layers d
Different process area Laser power/W Scanning strategy
/(mm-s™) /mm ownwards, T
Lower surface process area 140 2 600 0.02
135¢°,225° 40
Inner surface process area 170 1000 0.08

RIGEIZRBIZSH
Tab.3 Parameters of the traditional process strategy

Laser power ~ Scanning speed ~ Scanning spacing Scanning
/W /(mm-s™) /mm strategy
170 1000 0.08 135°,225°
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Fig.5 Diagram of the roundness measurement method
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Fig.6 Morphology of samples formed via different processes: (a) conventional process; (b) process based on the lower surface division
criterion
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Fig.7 Warpage mechanism of the overhanging structure: (a) 15° overhanging structure warpage; (b) 20° overhanging structure
warpage; (c) effect of single-layer warpage on the next molding layer; (d) accumulation of molding layer warpage
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Fig.8 Schematic diagram of overhanging circular hole construction: (a) slices in the overhanging area; (b) during overhanging circular
hole molding; (c) delineation of the area of overhanging circular holes; (d) at the completion of overhanging circular hole molding
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Fig.9 Schematic diagrams of slicing and topographic molding at different overhang angles: (a) 45° slice; (b) 45° lower surface
topographic molding; (c) 25° slice; (d) 25° lower surface topographic molding
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Fig.10 Roundness of round holes formed by different processes: (a) traditional process strategy; (b) process strategy based on the lower
surface division criterion
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Fig.11 Conformal water-cooled molds: (a) model; (b) perspective view; (c) placement angle in the traditional process; (d) optimized
process molding sample
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Fig.12 Cross section of a conformal water-cooled mold: (a) cross section of the upper overhanging surface; (b) cross section of the
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