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Abstract

Integrated die casting has become a key route for manufacturing large aluminum
structural parts in new energy vehicles (NEVs), yet its quality is sensitive to tightly
coupled process variables and narrow operating windows. This paper presents a
unified software design that combines digital-twin what-if deduction, process-window
governance, and data-driven quality prediction. Critical parameters such as melt/mold
temperatures, slow/fast shot speeds, intensification pressure, and cavity vacuum are
mapped into a twin layer for interactive simulation and visualization, while a
supervised learning module predicts quality-related risk indicators from engineered
features. Process limits are externalized as JSON configuration to enable consistent
boundary checks and interpretable bar encodings. The implementation targets Python
3.10; charts rely on matplotlib. Together with scikit-learn and standard artifact formats
(joblib/json), the system closes the loop from CSV data ingestion to model training,
batch inference, exportable reports, and twin monitoring. Limitations under extremely
small demonstration datasets are analyzed, and industrialization paths involving richer
data, calibrated labels, and online integration (e.g., OPC) are outlined. The proposed
architecture serves as a reference for digital quality management in NEV integrated
die casting.

Keywords: new energy vehicle; integrated die casting; digital twin; quality

prediction; process window; machine learning; process data
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