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Abstract: To boost the collaborative cutting efficiency of multi-cutting-head 3D laser cutting machines, a

novel task-balancing partitioning algorithm was proposed. In this algorithm, a pre-partitioning of the cut-
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ting task prior to path planning was conducted by taking into account factors such as the size of the holes to
be cut and the time required for cutting assistance, thereby enhancing the reliability of the partitioning.
Following path planning, adjustments were made to the partitions based on the principle of minimizing the
time difference, achieving a balance in the time consumption of the two partitions and minimizing the stag-
gered distance. Position constraints were introduced in the path planning utilizing genetic algorithms,
which reduced the collision risk of cutting head. It was applied in conjunction with the fuzzy CMeans clus-
tering algorithm and the Kmeans clustering algorithm for partitioning and path planning of both simulated
3D parts and actual automotive body parts. The performance of the proposed algorithm was evaluated
based on metrics such as idle travel length, cutting time, and partition gap. Results showed that for simu-
lated 3D parts, the task-balancing algorithm outperformed the other two clustering algorithms in terms of
time difference and partition gap, and exhibited better stability in idle travel length. For the actual produc-
tion of B-pillar parts, all three task partitioning algorithms were consistent and effective. For the actual
production of car door inner panels, the task-balancing algorithm was superior to the clustering algorithms
in terms of idle travel, and its advantages in time difference, maximum time, and partition gap were more
significant.
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