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Many algorithms for calculation with automatic grid refinement exist and very efficients
ones are based on the Full Multigrid with localization (FMG) scheme [1,5,6]. This iterative
scheme uses multigrid resolution initialized with a solution calculated on a coarse grid.
If a given level of accuracy is not satisfied, a finer grid is constructed and a multigrid
resolution is applied recursively to the new set of grids. Such algorithms show better
rates of convergence than classical iterative resolution methods such as Gauss-Seidel or
preconditioned conjugate gradients.

A big obstacle using this kind of scheme with Finite Element Analysis (FEA) is to deal
with the refinement of non-straigth geometric boudaries. FEA implies an approximation
of the geometry constructed with the CAD software. Therefore, the construction of a fine
grid from a coarse one without data on the exact geometry is not possible [2].

The introduction of IsoGeometric Analysis (IGA) [3] allows the calculation of mechanical
problems using an exact representation of geometric boundaries. The use of IGA with
FMG allows to circumvent the need to go back to the CAD geometry to refine curved
boundaries.

Here, we propose an automatic grid refinement with controlled accuracy algorithm for
2D elastic problems in the static case using IGA with NURBS basis functions and based
on FMG with localization algorithm. A preliminary calculation is done on the geometric
mesh from the CAD software, a finer grid is constructed and the FMG resolution starts.
The precision criterion used to initiate a refinement is based on the energy density error
between two successive grids [4]. Prolongation operators used for that kind of approach

are the natural ones, resulting from the standard geometric refinement algorithms used
in CAD.
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Figure 1: Results for the L-shaped plate

The algorithm is tested for several classical problems and shows very good rates of con-
vergence.

Such a method can also be seen as an algorithm with automatic local grid refinement for
IGA with controlled accuracy, avoiding propagation of refinement due to the tensor prod-
uct structure of NURBS. The advantage of this method compared to hierarchical B-splines
or T-splines is that we are able to perform local refinement for IGA in a less intrusive way
for software already using a Galerkin formulation with NURBS basis functions.

REFERENCES

[1]
2]

Venner, C. H., & Lubrecht, A. A. (2000). Multilevel methods in lubrication, Vol. 37.
Elsevier Science.

Adams, M., & Taylor, R. L. (2000). Parallel multigrid solvers for 3D-unstructured
large deformation elasticity and plasticity finite element problems. Finite elements
in analysis and design, 36(3), 197-214. Elsevier.

Cottrell, J. A., Hughes, T. J., & Bazilevs, Y. (2009). Isogeometric analysis: toward
integration of CAD and FEA. Wiley.

Cavin, P., Gravouil, A., Lubrecht, A.A. & Combescure, A. (2005) Efficient FEM cal-

culation with predefined precision through automatic grid refinement Finite Elements
i Analysis and Design, 41, 1043-1055. Elsevier.

Rannou, J., Gravouil, A., & Baietto-Dubourg, M.C. (2009) A local multigrid X-FEM
strategy for 3-D crack propagation International Journal for Numerical Methods in
Engineering, 77, 581-600. Wiley Online Library.

Biotteau, E., Gravouil, A., Lubrecht, A.A.; & Combescure, A. (2010) Multigrid
solver with automatic mesh refinement for transient elastoplastic dynamic problems
International Journal for Numerical Methods in Engineering, 84, 947-971. Wiley
Online Library.



