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Abstract In the last three decades, the research in flexible multibody dynamics has made substantial
progress, in particular, the nonlinear finite element represented by the Absolute Nodal Coordinate Fro-
mulation (ANCF) has been widely applied to deal with the system of flexible multibody dynamics. How-
ever, in this formulation the slope vectors are selected as the element node coordinate, the increased
scale of the freedoms for the complex structures gives rise to the computational burden. Based on the a-
bove issues, the beam and shell elements described with Non-Uniform Rational B-Splines (NURBS)
curves and surfaces have been proposed in the frame of Isogeometrical Analysis (IGA). Based on the to-
tal lagrangian formulation, the deformation of the elements is described with the Green strain, and the
strain energy of the elements can be obtained. Besides, the elastic force and its Jacobian matrix of the el-
ements are also deduced. Finally, four case studies including both static and dynamic problems are given
to validate the proposed beam and shell elements. High efficient and accurate formulation has been pro-

posed in the research of flexible multibody dynamics.
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Table 1  Geometric and material parameters of

the four-bar mechanism

Characteristic Crank Link rod Jointed arm

Length/m 0.2 0.9 0.5196174

Mass/kg 0.6811 0.4740 1.4700

Tensile stiffness EA/N  1.257 X105 7.854>X10% 3.534X10°
Bending stiffness EI/N-m? 1.257X10% 1.534X10° 1,984 X10!

Young's modulus /Pa 1.000X10° 1.000X10% 5.000X108%
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Table 2 CPU time consumed by different elements (unit:s)

Number of elements ANCF NURBS

17 5.98 4.44

34 13.01 8.00

68 28.68 15.20

136 62.16 30.25
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Fig.14 The diagram of four-bar mechanism at different times
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Table 3 Displacements of the point A modeling with
NURBS and ANCF shell elements (unit: mm)

Number of elements ANCF NURBS
8§X12 2.654 2.705
16X 24 2.694 2.745
32X 48 2.755 2.761
Reference 2.760 2.760
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Table 4 CPU time consumed by different elements (unit:s)

Number of elements ANCF NURBS
4X4 54 42
8§ X8 253 186
16 X16 623 404
32X32 3623 2545
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