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Abstract

The new wave of industrialization is a vital component of Chinese-style modernization, and discrete
manufacturing is shifting from a “design-then-manufacture” paradigm to parallel “design and man-
ufacturing”. To address issues such as approval delays, plan fluctuations, and supply chain instabil-
ity caused by one-way linear integration of Product Lifecycle Management (PLM) and Enterprise
Resource Planning (ERP) in the field of discrete intelligent equipment, this paper proposes and con-
structs a three-in-one parallel collaborative framework. This framework is driven by component-
level refined status management, dynamic change windows, and closed-loop feedback via digital
twins. Firstly, by introducing nine-level status tags, the framework enables refined management of
key processes such as change management and order release. Secondly, a dual-layer configurable
dynamic approval window is designed to balance response speed and plan stability through batch
consolidation and flexible approval frequency and periods. Finally, a factory-level digital twin model
is integrated, enabling simulation evaluation, visual early warning, and dynamic priority-based rapid
decision-making closed-loops based on real-time BOM and production line data. Application and
verification in a large equipment manufacturing enterprise showed that the framework reduced
the average approval cycle from 4.5 days to 1.5 days, decreased plan fluctuation rate from 28.0% to
8.5%, and reduced the average number of reworks from 3.5 to 1. These improvements signifi-
cantly enhanced approval efficiency, production scheduling stability, and manufacturing continu-
ity. The proposed method enriches the theory of product lifecycle management and supply chain
collaboration and provides a practical parallel collaborative solution for the discrete manufactur-
ing industry.
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Figure 1. Dynamic approval window optimization mechanism based on reinforcement learning
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