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This dissertation described our preliminary research in analyzing a mechanical structure and
improved stability of zero dynamics for a simple mechanical system with 2 degrees of freedom. The
zero dynamics occur in the mechanical systems that have fewer actuators than the number of
degrees of freedom. In general, control of unstable zero dynamics or nonminimum—ﬁhase systems
are complicated problems. In this paper, we introduced a new method for improving the stability of
zero dynamics and control by using mechanical'sﬁucture. That is internal dynamics part controlled
by action of counter force/moment proceed along two basic stages. We started with an energy
shaping stage where we modify the potential energy of the systems in such a way that new potential
energy functions had a global and unique minimum in the desired equilibrium. The final state was to
modify dissipation functions to ensure asymptotic stability through damping injection. Demonstrate
this method to the inverted pendulum on cart. Conseqﬁently the nonminimum-phase system to
become the minimum-phase system. In addition, we proposed condition to prove unstable zero
dynamics of the systems with exclusively kinetic energy, the zero dynamics are unstable except for

some rare situations.





