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ABSTRACT

This work presents the recently developed combination ofrivethods, namely the discrete null space
method which is suitable for the accurate, robust and effitime integration of constrained dynamical
systems (in particular for multibody dynamics) and a newaagh to discrete mechanics and optimal
control (DMOC) [1]. The structure preserving time-stegpeqguations of mechanics subject to holo-
nomic constraints are formulated in terms of the states antt@s using a constrained version of the
discrete Lagrange-d’Alembert principle. Together wititiah and final conditions on the configura-
tion and conjugate momentum, the reduced time-steppingtiems (implemented by the discrete null
space method) serve as nonlinear equality constrainthiéominimisation of a given cost functional.
The algorithm yields a sequence of discrete configuratiogsther with a sequence of actuating forces,
optimally guiding the system from the initial to the desifethl state.

Inspired by space telescopes like e.g. the Hubble telesedpese change in orientation is induced by
external spinning rotors, a multibody system consisting ofain body to which rotors are connected
by revolute joints has been analysed. The goal is to deteroptimal torques to guide the main body
into a prescribed final position, whereby the system stamtiseands at rest and the objective function
represents the control effort which has to be minimisedufeid. shows subsequent configurations of
the system. The right hand diagram illustrates the evalutiiithe kinetic energy and the total angular
momentum. Because there are no external torques actingeasy#tem, the total angular momentum
remains zero at all times, which is correctly captured byalgorithm. At the same time, an overall
rotation occurs during the motion, which may be thought cd geometric phase.
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Figure 1: Rigid body with three rotors: configurationg at 0, 20, 50 seconds and evolution of energy
and angular momentuni (= 0.1).
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