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Abstract

Control of a manipulator with a passive joint which has neither an
actuator nor a holding brake is investigated. The manipulator has three
rotational degrees of freedom in a horizontal plane, with the third joint being
passive. Such underactuated mechanical systems have fewer control inputs
than degrees of freedom and arise in applications, such as space and

- undersea robots, mobile robots, flexible rohots, walking, brachiating, and
gymnastic robots, The Lagrangian dynamics of these systems may contain
feedforward nonlinearities, non-minimum phase zero dynamics,
nonholonomic constraints, and other properties that place this class of
systems at the forefront of research in nonlinear control.

The dynamic constraint on the free link is shown to be second-order
nonholonomic. The main objective of this work is to demonstrate trajectory
planning and control of planar robots with a passive rotational last joint
using the Dynamic Feedback Linearization (DF L) method. The byproduct of
the method is the straightforward design of exponentially stable tracking
controllers for the generated trajectories. Possible extensions of the approach
and its relationships with the differential flatness technique are briefly
discussed.

Real-Time 3D animation and Real-Time Simulation results using Virtual
Reality Toolbox™, Real-Time Windows Target™, Real-Time Workshop®,
and interfaced to Simulink® under the MATLAB® environment are
reported for a 3R underactuated robot moving in a horizontal plane. The
reason behind Real-time 3D animation and Real-Time simulation is to
provide animated real-time tools in a realistic fashion to demonstrate the
effectiveness of the controllers in tracking the desired trajectory and to
provide a tool for researchers to test their proposed controllers and observe
the behavior of the 3-DOF underactuated manipulator in real-time.
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