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Figure 1 (Color online) A NURBS surface (p=3) represented by the
physical mesh in black color and the control point mesh in blue color.
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Figure 3  (Color online) The condition numbers of the stiffness matrix
of'the original system indicated by the red solid line and coefficient matrix
of the interface problem indicated by the black dot line with different
mesh size.
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Figure 6 (Color online) (a) The CPU time for computational tasks for different mesh size during a Newton iteration step; (b) the CPU time for com-
putational tasks during solving the interface problem for different mesh size.

F1 ARLEET FHOEE b &> 1B (s) LA R i b

Table 1 The CPU time for computational tasks for different number of thread during a Newton iteration step and the corresponding speedup ratio

LR LA BT DI 35 R B LU 4 it DI 55 5 R Tl AR THE TS A T A% AR I []
2 47.88(1.0) 21.05(1.0) 25.21(1.0) 2.18(1.0) 98.78(1.0)
4 23.91(2.0) 10.60(2.0) 13.41(1.9) 1.20(1.8) 51.55(1.9)
6 17.60(2.7) 7.46(2.8) 10.09(2.5) 0.91(2.4) 37.44(2.6)
12 9.59(5.0) 431(4.9) 6.35(4.0) 0.60(3.6) 23.56(4.2)

t=0.64s

t=098s t=112s t=124s

B 7 (P4 hOR 1) i A i LA 38 Bl 3o v 6 A i R g 2R

Figure 7 (Color online) Six typical dynamic configurations of the slider crank mechanism.
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Figure 8 (Color online) A spatial net system based on domain decom-
position method.
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Figure 9 (Color online) The CPU time of 1 s long simulation for dif-
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Figure 10 (Color online) Six typical dynamic configurations of the spatial net system.
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An efficient parallel algorithm for flexible multibody systems
based on domain decomposition method

LIU Cheng, YE ZiSheng & HU HaiYan

Key Laboratory of Autonomous Navigation and Control for Deep Space Exploration, Ministry of Industry and Information Technology,
Department of Engineering Mechanics, School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China

Recently, a large number of lightweight flexible structures are successfully used in the field of aerospace industry,
intelligent robot and 3D printing. Because of the increasing flexibility of elastic components, some large scale mechanical
systems will perform typical rigid-flexible coupled dynamic characteristic. Previous studies have indicated that the
traditional modeling methods of the flexible multibody system based on the assumptions of small rotations and small
deformation, such as the floating frame of reference method, can not lead to correct results for the dynamic response of
those large deformation structures. Under the framework of Isogeometric analysis, the basis functions of the NURBS
are employed to discretize the displacement field of elastic components with large deformation. Based on the large
deformation theory of the continuum mechanics, the geometrical nonlinearity of planar structures undergoing the overall
motion and large deformation is accurately taken into account. In order to improve the computational efficiency, some
efficient formulations to calculate the elastic force and the tangent stiffness matrix are proposed via the invariant matrix
method. Furthermore, based on the finite element tearing and interconnecting (FETI) method, an efficient parallel
algorithm is presented to deal with the dynamic equations of motion for flexible multibody systems. First, the governing
partial differential equations of multibody systems are transformed into a set of nonlinear algebraic equations after
spatial and time discretization. Then, the preconditioned conjugate gradient method is exploited to solve the linearization
equation in parallel. Compared with the existing parallel direct methods for flexible multibody systems, the proposed
method can improve the computational efficiency significantly. Finally, several numerical examples are given to validate
the effectiveness of the proposed parallel algorithm, including the complexity, the speed-up ratio and the scalability.

flexible multibody systems with large deformation, domain decomposition, parallel computation, finite element
tearing and interconnecting (FETI) method
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