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Abstract: [Purpose] To address the increased resistance and energy consumption caused by barnacle
attachment on ship hulls, [Method] a cleaning blade design method based on cutting theory is proposed. A
dynamic model is established using classical cutting and extrusion cutting theories. On this basis, an
idealized adhesion model of barnacles on the hull is developed in ABAQUS, and finite element simulations
are performed for single and double barnacle scenarios. [Result] The results indicate that a tool rake angle
of 20° can both meet barnacle removal requirements and reduce resistance and energy consumption. The
cleaning blade generates stresses significantly higher than the barnacle adhesion strength, verifying the
feasibility of a 20° rake angle. Compared with the ultrasonic cavitation technology currently used in ship
hull cleaning robots, the cleaning blade method demonstrates advantages in cleaning efficiency, stress
uniformity, and applicability under multi-barnacle attachment conditions, indicating promising engineering
application potential. [Conclusion] The research results can provide some references for the design of
cleaning blades for barnacle removal robots.
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Tab. 1 Attachment of Barnacles at Different Stages
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Fig. 1 Barnacle-Cleaning Robot Model
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Fig. 2 Cutting Force Model
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Tab. 2 Sampling Average Size of Barnacles
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Tab.3 Dimensions of the Idealized Barnacle Model
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Fig. 4 Cleaning Stress on the Barnacle Adhesive Base-Hull Contact Interface at Different Distances

from the Bottom of the Barnacles to the Cutting Tool (Single Barnacle Model)
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Fig. 6 Cleaning Stress on the Barnacle Adhesive Base-Hull Contact Interface at Different Distances
from the Bottom of the Barnacles to the Cutting Tool (Double Barnacle Model)
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Fig. 6 Cleaning Stress on the Barnacle Adhesive Base-Hull Contact Interface at Different Distances from the
Bottom of the Barnacles to the Cutting Tool (Double Barnacle Model) (Continued)
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