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Abstract

During the injection molding process, residual stress significantly affects product quality. This
stress may lead to birefringence in optical products, while in general products, it can cause material
cracking or warping. Residual stress arises mainly from the stretching, compressive, and thermal
stresses experienced by the long-chain molecules of plastic materials during the injection process.
Areas with more intense volumetric shrinkage changes are more likely to experience severe molecular
tension, resulting in higher residual stress. Therefore, controlling internal volumetric shrinkage is
crucial, especially for products with uneven thickness, which require multi-stage holding pressure to
control and reduce shrinkage differences in different regions. This study uses a plano-concave lens
with a diameter of 75mm and varying thickness as the experimental vehicle, utilizing retardation
distribution as the quantitative measurement indicator for residual stress. It investigates the
mechanism of residual stress generation within the lens and employs Response Surface Methodology
(RSM) to develop an automated process parameter optimization strategy to reduce lens residual stress.
Firstly, based on the lens's thickness variation and optical performance requirements, RSM is used to
establish a predictive model between holding pressure parameters and product quality. The retardation
distribution is used as the optimization target to create the optimal multi-stage holding pressure curve
automatically. Temperature and pressure sensors are installed in the mold to measure real-time melt
temperature and pressure changes through in-mold sensing technology. This confirms that under the
optimized process parameters, the melt in regions with different thicknesses exhibits a more
consistent molding trajectory, thus reducing volumetric shrinkage differences and lowering residual
stress in the lens. The results of the study indicate that the proposed automated process parameter
optimization strategy can quickly and effectively establish the optimal multi-stage holding pressure
curve, significantly improving the retardation distribution of the plano-concave lens and greatly
reducing the machine adjustment time for on-site operators.

Keywords: Injection Molding, Residual Stress, Mold flow analysis, Response Surface Methodology,
Online Sensing Technology.
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