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Abstract

To advance green manufacturing in mechanical processing and address challenges such as traditional process parameter optimization
focusing solely on economic benefits while neglecting environmental sustainability and the inability to balance eco-friendliness
with production performance, this study investigates multi-objective optimization of mechanical processing parameters for green
manufacturing. The research systematically examines the impact mechanisms and coupling effects of key parameters including
cutting speed and feed rate on green processing performance, production efficiency, and cost-effectiveness, establishing a
comprehensive evaluation index system oriented toward green manufacturing. It identifies critical shortcomings in conventional
optimization models during three critical phases: model construction, algorithm implementation, and solution validation—namely
missing indicators, unsuitable algorithms, and inadequate validation frameworks. Consequently, this study develops a multi-objective
optimization model incorporating environmental sustainability, machining performance, and economic considerations, enhanced with
the NSGA-II algorithm to improve computational speed and optimization quality. A specialized experimental testing platform was
established, combining simulation validation and engineering testing for case validation. Results demonstrate that carbon reduction,
energy conservation, and cost reduction can be achieved while maintaining stable processing quality and efficiency, forming a closed-
loop optimization technology system. The research provides theoretical and practical support for green optimization of mechanical
processing parameters, offering valuable insights for low-carbon, high-quality development in manufacturing industries.
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