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Enhancement of the Performance of a Mechatronic System

Abstract

Saturation happens in different locations in the system which affects the
performance negatively. Improvement is considered a very interesting point of
research. To overcome the drawbacks of such a phenomena; in this work, a
combination of vector control and backstepping control technique is presented
and tested on an experimental set. The proposed controller has proved its ability
to improve positioning system performance in the presence of saturation.
Practical implementation and experiments had been carried out to validate the
simulation results.

Keywords: Saturation; Permanent magnet synchronous motor; Backstepping
control; Non linear control; PMSM.






Summary of the M.Sc. Thesis

Enhancement of the Performance of a Mechatronic System

There have been great efforts to develop high performance control schemes to
enhance the performance of the mechatronic servo systems. They are subjected
to a group of serious non-linear problems, such as Dead-zone, backlash,
hysteresis and saturation which exist in mechanical, hydraulic, magnetic, and
other types of system components.

Saturation is a very common nonlinear phenomenon in engineering systems. It
exists in different parts of a control system, such as actuators or sensors, due to
the capacity limits of those physical components. Among saturation happening
at different locations, of special interest and common occurrence are systems
with input saturation.

Hence, input saturation has been widely studied since1950s, and significant
advances have been reported over the last decade. However, the number of
available results by taking saturation into account in the design is still limited
due to the difficulty of the problem.

For linear systems with control effort constraints, many methods have been
proposed for control law design, such as stable feedback regulation, anti-windup
schemes, error governors, reference governors, and approaches based on
exploitation of positively invariant sets. For linear systems with bounded
controls and control-rates, a small gain approach is used to obtain a stabilizing
control law. For non-linear systems, optimal control approach has been
investigated. For a class of nonlinear systems the unforced dynamics of which
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are Lyapunov stable, a bounded state control for global stabilization is used.
Intelligent compensation of actuator nonlinearities for a class of nonlinear
system was considered using neural networks (NN).

This thesis presents position control technique for permanent magnet
synchronous motor (PMSM) with saturation problem based on nonlinear
backstepping technique. Backstepping Control as an effective non-linear control
design methods is used usually associated with Lyapunov-based law, so that the
whole closed-loop system can meet the expectations of static and dynamic
performance.

The mathematical model of the PMSM is established in the d - q coordinates.
For its characteristics; Backstepping Control theory is adopted. An experimental
set of PMSM AC Servo System is established. PMSM is as its implementation
of components. dSpace system is as control core. Intelligent Power Inverter
which is produced by SEW is its power-driven core.

In the process of system design, the adjusted parameters are less in the
Backstepping Control design than vector control design. The location tracking
only needed four parameters in Backstepping Control design and need seven
parameters in vector control design. Therefore the Backstepping Control is more
easily to design and to achieve in engineering than the vector control.

As long as the parameters are greater than zero during Backstepping Control
design, the system will be stable. The selected system parameters may cause
instability in the vector control. So the need of classical control theory such as
root locus method and so on to solve the Eigenvalues of the transfer function and
ensure that they are in the left-ping.
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This thesis aims at the non-linear mathematical model of the permanent magnet
synchronous servo motor and proposal of Backstepping Control Strategy. The
simulation and experimental results show that Backstepping Control strategy can
guarantee the global uniform asymptotic stability of the system. Among The
advantages of the proposed control strategy are simplicity of designed structure,
the adjusted parameters are relatively less. Easiness of achievement in
engineering applications.
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