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Fig. 3 Test results of thermal physical properties of the wax materials
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Fig. 5 Numerical simulation results of the wax injection
processes under the optimal parameter combination
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Numerical Simulation of Injection Forming Process and Optimization of
Technological Parameters for Stepped Wax Pattern

YANG Qi-hang', HU Xiao-yu', MA Ju-huai', QIE Xi-wang’, ZHANG Mei-juan’, NAN Hai’, XU Qing-yan', LI Yan-xiang'
(1. School of Materials Science and Engineering, Tsinghua University, Key Laboratory for Advanced Materials Processing Technology,
Ministry of Education, Beijing 100084, China; 2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract:

The large-sized casing, as a core load-bearing component in the aerospace field, is prone to generate warpage
defects during the wax pattern injection forming process due to its variable wall thickness structures,
severely affecting product quality and safety. This project uses a small stepped component as a study object
to simulate the geometrical structure of a casing with variable wall thicknesses. Taking injection pressure,
injection time and pressure holding time as the key parameters, applying an Ly(3’) orthogonal experimental
design, and combining with numerical simulation technology, the influence rules of these parameters on the
warpage amounts in the variable wall thickness regions have been investigated. Through range analysis and
variance analysis, the primary and secondary orders of influences of the process parameters on the warpages
were determined as: injection pressure>pressure holding time>injection time, and the optimal combination
of process parameters was confirmed as: injection pressure of 3 MPa, injection time of 3 s and pressure
holding time of 60 s. Through comparing actual wax pattern injection experiments with numerical simulation
warpage distribution contour maps, it was found that a high consistent warpage trends in the thin-wall areas
and the regions with abrupt thickness changes were obtained, verifying the reliability of the numerical
simulation model and the effectiveness of the optimal parameters. The results provide valuable insights for the
optimization of wax pattern injection processes and the improvement of forming quality in precision castings
with the wall thickness features of stepped component such as the large-sized casings.

Key words:

investment casting; wax pattern; injection forming; warpage deformation; numerical simulation

(%4t &M, lJdm@foundryworld.com )



