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Lossless data transfer method for injection molding and multi-field coupling simulation
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Abstract : Injection-molded polymer composites have attracted significant attention in modern polymer composites engineer-
ing due to their process-induced anisotropic and heterogeneous characteristics. A cross-scale data conservation mapping method
based on Gaussian integration point topology was proposed. By employing adaptive radial basis functions to construct a nonlinear
interpolation operator, the lossless transfer of key field variables among heterogeneous units has been achieved. The core innova-
tions include the following: reconstructing the spatial topology of Gaussian integration points to establish precise mapping relation-
ships; The improved moving least square method is adopted for the super-convergent mapping of the tensor field to strictly ensure
the symmetry of the fiber orientation tensor, and an efficient dynamic link library interface is developed to achieve seamless integra-
tion with mainstream CAE software. Validation results demonstrate that the method significantly enhances data transfer accuracy.
And the transfer error of the principal components of the stiffness tensor is only 2.8%. In engineering applications, the correlation
coefficient between the warpage prediction of the camera cover reinforced with glass fiber and nylon 6 and the AMI simulation
results reached 0.96, and the displacement error was only 2.2%. For a long-glass-fiber reinforced polypropylene clip assembly, the

tensile elastic modulus decreased by 42% in the weld line region was accurately captured, and the stress peak prediction error was
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controlled within 6.5%. This study provides a theoretically complete data transfer framework for integrated injection molding and

structural performance analysis, is particularly suitable for fiber-reinforced polymers and semi-crystalline plastics, establishing a

technical foundation for precise process-performance correlation analysis, significantly enhancing the reliability of multi-scale

coupling simulations and their engineering application precision.

Keywords : Gaussian mapping ; multi-field coupling ; lossless data transfer ; structural CAE ; material data
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