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Fig. 1. Kinematics of a flexible body.
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Fig. 2. A node-to-segment contact pair.
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Fig. 6. (color online) Simulation results of penalty function method with different penalty parameters:

(a) Velocity of the back point P; on the plate; (b) time history of contact force.
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Fig. 7. (color online) Comparison of simulation and experiment results: (a) Velocity of the back point P;

on the plate; (b) time history of contact force.
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Dynamic modeling method of flexible bodies with
contact /impact based on interactive mode*
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Abstract

To solve the contact/impact problem of flexible bodies in arbitrary shape, the finite element method is widely
used to discretize the contact bodies. In the finite element method, two contact models are mainly used to compute the
contact force, i.e., penalty function method and additional constraint method, which are different in constraint imposition
strategy. The penalty function method regards the contact effect as a force function of local penetration at the contact
point and its rate. This method has gained significant popularity because it does not bring extra dimensions to the
dynamic equations and does not need to solve constraint equations either. However, as the non-penetration constraint
is not precisely satisfied in the contact process when using the penalty function method, the accuracy of the numerical
simulation depends on the choice of the penalty parameter. On the other hand, the additional constraint method can
strictly satisfy the contact constraint condition by introducing the Lagrange multipliers into the dynamic equations, but
the method poses some numerical difficulties due to the additional effort required to solve the multipliers. Considering
the advantages and disadvantages of the two contact methods, the interactive mode method is proposed. This method
divides the whole model into local static module and main dynamics module. The static module establishes a local finite
element model of the contact region to compute the contact force, and the main dynamics module is used to obtain the
kinematic variables of the whole body. In the simulation, the two modules are coupled by exchanging displacements and
forces in each time step. In the current integration step, the main dynamics module provides the displacements of the
boundaries of the local contact region at first, the values are transferred to the local finite model to compute the contact
force next, and then the contact force is fed back to the dynamics module for the calculation of the next step. The
proposed method combines the advantages of both the additional constraint method and the penalty function method,
in which not only the artificial selection of penalty parameter is avoided, but also the non-penetration constraint of local
contact region is satisfied and the numerical solution is convenient. The validity of the proposed method is verified by the
comparison between simulation results and experimental results of a rod-plate impact case. Furthermore, a multi-point
impact problem of a slider sliding in the gap chute is presented to validate the proposed method of dealing with the

general impact problem.

Keywords: contact/impact, interactive mode method, penalty function method, additional constraint
method
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