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Abstract

In the injection molding process, the pressure curve serves as a key indicator for assessing
product quality. Traditionally, quality analysis relies heavily on expert interpretation, which is
subjective and inefficient, especially when handling large volumes of production data. Such
limitations make it difficult to meet the real-time and automation demands of modern smart
manufacturing. With the rapid advancement of Industry 4.0 and artificial intelligence (Al)
technologies, developing an objective and automated quality prediction system has become a critical
challenge in the manufacturing field. This study utilizes Moldex3D simulation software to conduct
virtual injection molding experiments using polypropylene (PP) and polystyrene (PS) materials. The
Taguchi method is applied for parameter design, and incremental disturbance experiments are
conducted by adjusting mold temperature to obtain diverse datasets, thereby enhancing the learning
efficiency and generalization of the AI model. The research first focuses on encoding and extracting
features from PP pressure curves to establish a predictive model correlating these features with
product quality. Subsequently, a cross-material feature transformation model is developed, where a
neural network learns the relationship between pressure features of PP and PS. This enables the model
to extend its predictive ability to other materials without retraining. The proposed method not only
improves model transferability but also demonstrates high prediction accuracy and practical value,
even with limited experimental data.
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