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Material-Structure-Energy Synergy Optimization Model
for Green Design of Electromechanical Products

Long Zhou
Qinhuangdao Water Supply Co., Ltd., Qinhuangdao, Hebei, 066000, China

Abstract

The application of green design in the lifecycle of electromechanical products requires coordinated optimization of materials,
structures, and energy consumption to meet comprehensive performance demands such as low carbon footprint, lightweight design,
and high efficiency. Material properties directly influence structural performance, processing energy consumption, and operational
energy efficiency; structural configurations determine load transfer mechanisms, dynamic stability, and energy loss levels; while
system energy consumption is determined by the coupled effects of materials and structures. Therefore, it is essential to establish
a collaborative optimization framework integrating material performance functions, parametric structural models, and operational
energy consumption models to achieve comprehensive balance under multi-objective constraints. This study integrates material
performance evolution mechanisms, structural sensitivity analysis, and multi-condition energy consumption prediction methods,
employing multi-objective optimization algorithms to balance carbon emissions, energy consumption, weight, and reliability.
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