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Optimization and Verification of Process Parameters of Warpage Deformation
in Automotive Radiator Water Chamber
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Abstract: To address the issue of insufficient sealing and water leakage caused by warpage deformation in the water
chamber of automotive radiators, a gating system and cooling channels were established using mold flow analysis
software. The mold temperature, melt temperature, injection time, holding pressure, and holding time, which significantly
affect the warpage deformation of the water chamber injection-molded parts, were selected as key factors. An orthogonal
test was designed, and the influence of each factor on the warpage deformation was evaluated through range analysis. By
combining BP neural network and particle swarm optimization algorithm, the injection molding process parameters of the
water chamber were further optimized. The optimal parameter combination that minimized the warpage deformation was
determined to be: Mold temperature of 85 °C, melt temperature of 285 °C, injection time of 1.538 4 s, holding pressure of
75 MPa, and holding time of 6.351 2 s. Under these conditions, the warpage deformation predicted by the intelligent
algorithm model was 0.970 2 mm. Finite element analysis and simulation were conducted using Moldflow software for the
optimized parameter combination of the water chamber injection molding process. The simulation results showed a
warpage deformation of 0.982 2 mm, which closely matched the model prediction with a difference of only 0.012 0 mm.
The optimized process parameters reduced the warpage deformation by 26%, compared to 1.327 5 mm before
optimization. The application of the optimized parameters in the production of the water chamber injection molding
resulted in products that met the requirements, demonstrating the effectiveness and feasibility of the warpage deformation
optimization method.
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Fig.1 Installation position of automobile radiator water chamber
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Fig.2 Three dimensional model of automobile

radiator water chamber
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Tab.1 Performance of PA66+30% GF material
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Fig.3 Meshing division results
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Fig.4 Gating system and cooling channels
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Tab.2 Initial injection molding process parameters
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Fig.5 Analysis results of warpage deformation
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Fig.6 Warpage deformation of water chamber bottom surface
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Tab.3 Factor and level design of L,(4%) orthogonal test
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Tab.4 Results of L,,(4°) orthogonal test
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