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Recently, the new finite element method which uses NURBS as shape functions was proposed. It is very

promising because it can directly use CAD data to describe geometry and discretize problem domain. In this

case, CAE models are not approximated but represent exact geometry. So, it can contribute to more accurate

results. In addition, it can greatly reduce CAE costs in that simulation models don’t have to be made up

independently. But in spite of these advantages, the method using NURBS have also some disadvantages.

NURBS surface cannot be refined locally. T-splines are recently developed surface modeling technique. A T-

spline surface is a NURBS surface with T-junctions and is defined by a control grid called T-mesh. The T-

junctions enable T-spline surfaces to be refined locally. That is, it is possible to add a single control point to a

T-spline control grid without propagating an entire row or column of control points and without altering the

surface. In this research, the finite element analysis using T-splines is studied. In this analysis, CAD data are

used directly for engineering analysis. Some problems with complex geometry are solved. And the results will

be compared with ones of conventional FEM.
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Fig. 1 An example of a T-spline: the T-mesh and the
surface

Fig. 2 An example of patch combination: using T-
splines(left) and NURBS(right)
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Table 1. Comparison of conventional and spline-
based finite element analysis

Analysis input

Conventional FEA Spline-based FEA
Relincment (global or local) Nodal points Control points
Mesh Knot

Knot vector extraction (1-spline only) Polynomial NURBS or T-spline
Approximate geometry Exact geometry

Construction of shape lunctions Partition of unity (0) Partition of unity (O)

o ) Compact support (O) Compact support (O)

Finite clement analysis Kronecker delta prop. (O) | Kronecker delta prop. (X)

Fig. 3 Analysis procedure of spline-based finite
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Fig. 4 Infinite plate with a circular hole
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(a) (b)
Fig. 5 (a) Initial NURBS mesh, (b) locally refined T-
spline mesh

Fig. 6 Analysis result ( 0 )
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