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ABSTRACT

The finite element method (FEM) encounters mesh-related difficulties in dealing with problems involving extremely large deformation or crack propagation. Meshless method provides a solution to this, by evaluating field variables entirely based on a group of discrete nodes. As a result, this type of numerical method is receiving increasing attention from researchers and engineers. 

While the absence of mesh brings great flexibility and benefits in numerical simulation, it may also be a disadvantage if a problem domain is bounded by highly irregular boundaries or evolves to be complex during a computation. By highly irregular domain, it refers to a domain containing an arbitrary number of cracks, discontinuities, non-convex boundary portions and so on. Also, there shall be no restriction to the orientations and distributions of these geometrical features. In FEM, this situation causes difficulties mainly in the pre-processing work – meshing. Once a domain is discretized into elements, shape functions are constructed readily with the aid of nodal connectivity and no further consideration is required for the geometrical details during a computation, unless refinement of the domain is needed. However, in a meshless method, an irregular domain may cause difficulties in defining profile of influence domain and in computing nodal influence. The absence of mesh requires additional cost to repeatedly examine the boundary details of an irregular problem domain, thus undermining the efficiency and robustness of a meshless method. To compete with FEM, a general and robust algorithm must be developed.

A relay model is proposed aiming to provide a general solution for meshless approximations in irregular domains. The essence of this model is to formulate a hierarchical network of relay points within an influence domain, via which the influence from the source node is transmitted to the blocked areas. It resembles the network of relay stations in a radio communication system except that the influence (it is “signal” in radio communication) is relayed without being amplified at the relay points. In the model, a relay point is defined as a boundary node with only one of its two boundary segments visible to the source node (or an upper relay point). Relay points are ranked with their ranks assigned according to their relations with the source node. Each relay point governs a relay region whose profile is defined using a circle involute curve. As with relay points, relay regions are also ranked with their ranks inheriting from their respective governing relay points. In computation of nodal weights, an equivalent distance, taking into consideration boundary effects, is defined as a measure for points that have no straight connection with the source node. Numerical experiments have shown that the proposed model is general, effective and robust. 
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