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A Structure-Preserving Algorithm for Hamiltonian
Systems With Nonholonomic Constraints

MAN Shumin, GAO Qiang, ZHONG Wanxie
(State Key Laboratory of Structural Analysis for Industrial Equipment;
Department of Engineering Mechanics, Dalian University of Technology,
Dalian, Liaoning 116023, P.R.China)
( Contributed by ZHONG Wanxie, M. AMM Editorial Board )

Abstract : Based on the concept of variational integrator and the Lagrange-d’ Alembert principle
with dual variables, a high-order structure-preserving algorithm for Hamiltonian systems with
nonholonomic constraints was proposed. Based on the variational integrator, a discretization
form of the Lagrange-d’ Alembert principle with dual variables was obtained by means of appro-
priate polynomials and quadrature rules. On the basis of this discretization form, a numerical in-
tegration method was given with displacements at both ends of the integral interval as independ-
ent variables. Meanwhile, the nonholonomic constraints were strictly met at the endpoints of
the integral interval and the control points within the interval. The symmetric property of the
proposed algorithm was proved. Numerical examples show that, the proposed algorithm has a
high convergence order, strictly meets the nonholonomic constraints and has good long-time

behaviors.

Key words: nonholonomic constraint; variational integrator; structure-preserving algorithm;
dual variables
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