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[ Abstract ] To address insufficient energy efficiency monitoring accuracy and dynamic load mismatch in fully automated packaging
production lines, this study establishes an energy efficiency monitoring theoretical model from electromechanical
energy flow perspective. An online energy efficiency monitoring method based on power segment integration is
proposed, along with a three-tiered energy efficiency indicator system covering equipment level, workstation level, and
entire production line level. Through analysis of energy consumption distribution under startup, steady-state, and
standby conditions, the degradation mechanism of energy cycle loss caused by load fluctuations is revealed, quantifying
the nonlinear increase in fixed loss ratios during no-load and light-load operations. A composite energy-saving control
strategy integrating short-term load forecasting, dynamic power allocation, intermittent operation, and energy feedback
management is subsequently designed. Quantitative analysis demonstrates that this strategy improves the comprehensive
energy efficiency factor from 67.3% to 78.9%, with relative energy savings reaching 15%-25% under medium-low cycle
rates. This research provides an engineering-based theoretical foundation for green transformation of packaging
production lines.
[ Key words ] Fully automated packaging production line; Energy efficiency monitoring; Energy-saving control; Dynamic power
allocation; Load forecasting
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