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Abstract: Changes in polymer material formulations can pose quality risks, which are difficult to quantify
and predict, and the cross-stage propagation mechanism remains unclear. In response, this paper proposes
a digital twin-based full lifecycle quality risk prediction model. This model integrates polymer physical
mechanisms and data-driven algorithms to establish a "mechanism-guided - data-driven" hybrid framework,
connecting the PLM and QMS data links to achieve real-time mapping and dynamic risk deduction of
formulation changes. A dynamic Bayesian network is employed to depict the cross-stage propagation of risks,
and a physical information fusion network, XGBoost-LSTM, is utilized for performance residual compensation.
Validated through cases involving changes in polypropylene filler and substitution of PVC stabilizer, the model
can reduce the cost of trial and error for formulation changes by approximately 32%, shorten the approval
cycle by 28%, and exhibit significantly superior cross-formulation generalization capabilities compared to pure
data models.

Key words: digital twin; polymer formula; quality risk prediction; full life cycle; physical information fusion
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