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Abstract

With the widespread application of small-batch, multi-variety production in the rubber pro-
cessing industry, die changing operations have become a key factor affecting production effi-
ciency and cost, while order delays and energy consumption also pose new challenges to enter-
prises’ green development. Addressing the vulcanization flexible job-shop scheduling problem,
this paper constructs a multi-objective optimization mathematical model incorporating order de-
lay cost, die changing cost, and carbon emission cost, and designs an improved genetic algorithm
based on dual-layer encoding and greedy insertion decoding. The algorithm employs a dual-layer
encoding structure of operation sequence and machine assignment, introduces an “earliest avail-
able equipment priority” decoding strategy, maintains solution diversity and quality through fast
non-dominated sorting and elite preservation strategies, and improves convergence efficiency
through neighborhood search targeting die change points. Case studies demonstrate that the pro-
posed method can reduce total cost and energy consumption by approximately 96% and 91% re-
spectively after 200 iterations, with scheduling solutions balancing on-time order delivery, equip-
ment load balance, minimization of die changes, and production continuity. Sensitivity analysis
shows that cost parameter settings significantly impact scheduling results, providing a basis for
enterprises to flexibly adjust decisions according to strategic priorities. The research results pro-
vide theoretical support and decision-making reference for rubber processing enterprises to
achieve synergistic improvement of economic benefits and green development under the “dual
carbon” background.
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Figure 1. Algorithm flowchart
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