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Fig. 1 Process of generating a floe ice polygon
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Ship dimensions and computational para-

meters in DEM numerical simulations
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Fig. 7 Navigation of ship in broken ice field with various
ice floe sizes simulated with DEM
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resistance of ship under different ice thicknesses
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Fig. 9 Relative critical size of ice floe under various ice thicknesses
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Influence of ice floe size on ice resistance of ship hull in broken

ice field based on discrete element analysis

ZHANG Xin-ao', YU Bin®, YANG Dong-bao', LIU Lu®, JI Shun-ying"'
(1. State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Dalian University of Technology,Dalian 116024 ,Chinaj;
2. Marine Design and Research Institute of China,Shanghai 200011, China;
3. School of Naval Architecture Engineering,Dalian University of Technology,Dalian 116024 ,China)

Abstract: The ice resistance affects the safety and navigation performance of a ship when sailing in a
broken ice field. In this paper,icebreaker Xuelong is taken as the research object. The three-dimensional
discrete element method(DEM) is used to numerically simulate the ice resistance of ship structures in a
broken ice field. Based on a random generation algorithm, the irregularly shaped area of broken ice is
modeled to form a complex initial broken ice field. Considering the force of seawater on the hull
structure,the calculation model of the broken ice resistance of the hull is established. And the DEM
results are compared well with the DuBrovin equation for ice resistance in a broken ice field. Based on the
DEM simulated results,and the influence of ice size on broken ice under different ice thickness and speed
is studied. Based on the Lindqvist formula of hull ice resistance in a flat ice region,the critical scale of the
transformation from broken ice to layered ice is obtained. The critical size of floe can be used as a
criterion to identify the broken ice area and level ice. This work can provide a certain reference for the

safe navigation of ships in the polar ice regions.

Key words:icebreaker;discrete element method;broken ice field;ice floe size;ice resistance



