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Major Department: Chemical Engineering

Robust control is the stabilization and control of systems characterized by
uncertainties and perturbations. It is an area of process control that seeks to
automatically apply control techniques to a family of real world systems, rather than an
impractical ideal perfect model. An important concept is that nonlinearities, plant
uncertainty, and time delay may destabilize a system. Although this delay very often can
be reduced through optimal sampling and measurement techniques, it is nonetheless
omnipresent in numerous engineering applications. The research in this area has been a
balance of theory and application.

The theoretical topics include the derivation of sufficient conditions to robustly
stabilize several different uncertain linear and bilinear delayed systems subject to
perturbations. A few special concepts are employed in the stability analysis including the
Lyapunov and Razumikhin techniques and norms and associated matrix measures.

Sufficient conditions are derived to guarantee the stability of the time-delay system under



state-feedback control in the presence of time-varying, nonlinear uncertainties. The
derived conditions are then cast in the form of linear matrix inequalities to allow for easy
calculation. A systematic algorithm is then presented which highlights the steps involved
in the robust controller solution process. Finally, several illustrative examples emphasize
the effectiveness and simplicity of the derived approach.

The applied research has dealt with a number of different projects. The first one
is involved with simulation and control of emulsion polymerization. A first-principles
model and controller are derived, and simulations are performed and compared to
experimental and simulation results found in the literature. Next, an emulsion
polymerization apparatus is designed and constructed and the controller is integrated via
a real time data acquisition and control system. Another project deals with a study of the
effect of recycled content in nonwoven polypropylene fabric production.
Characterization of fibers produced via a spunbond pilot line elucidates an understanding
of the degradation of the fiber properties with recycling. Recommendations for
modification of the production process are discussed with and implemented by the project
sponsor. The final project is involved with the determination of black liquor heat transfer

correlations for a Kenics static mixer.



CHAPTER 1
INTRODUCTION

1.1 Delay-Dependent Robust Stability Conditions for Delayed Systems

The robust stabilization of several uncertain systems is considered. Linear time-
delay models are employed with system nonlinearities appearing in two different terms:
the first term includes perturbations that are allowed to be nonlinear and/or time varying,
and the second term accounts for nonlinearities in the input channel. For a class of
uncertain plants with delays in the state variables, sufficient robust stabilization
conditions are derived. These conditions are given in terms of scalar inequalities that are
easily calculated. Moreover, they do not require the solution of Lyapunov or Riccati
equations. Instead, induced norms and corresponding matrix measures are used to yield
stability criteria that are easy to evaluate. A key observation is that nonlinearities and
plant uncertainty may destabilize the time-delay system. Finally, a design procedure to
find a robustly stabilizing feedback matrix is given followed by an example that

thoroughly illustrates the results.

1.2 Robust Stabilization of a Class of Bilinear Systems

The robust asymptotic stabilization of a class of uncertain bilinear systems with
delays in the state variables is considered. Sufficient conditions are derived to guarantee
the stability of the time-delay system under state-feedback control in the presence of

time-varying, nonlinear uncertainties. Use is made of the matrix measure to yield a



general robust-stability condition and a characterization of the associated domain of

attraction for the nonlinear system.

1.3 Systems with Input Delay — Design for Robust Stability and Performance

A static state-feedback controller is designed for a system that includes an
uncertain input delay and a conically bounded state-dependent perturbation. The ultimate
goal is to robustly stabilize the system with respect to all allowed delays and
perturbations. In addition, the design seeks to satisfy a 2-norm constraint in the control
input. The technique is based on satisfying sufficient conditions expressed as linear
matrix inequalities (LMIs). A Lyapunov-Razumikhin approach is employed in the
stability analysis to produce one set of LMIs, while the input constraint introduces
another group of LMIs. The method yields an analytical expression for a state-feedback
gain matrix that stabilizes the closed-loop system for all uncertainties and satisfies the

input constraints.

1.4 Modeling and Simulation of an Emulsion Polymerization Reaction

One of the most highly used and effective industrial polymerization techniques is
emulsion polymerization, despite the fact that it has never been quantitatively well
understood or modeled [Min and Ray, 1978]. Emulsion polymerization is simulated with
a central focus on the monitoring of the evolution of the particle size distribution (PSD)
as a function of time. A brief background of the kinetic mechanisms and several
interesting phenomena involved in emulsion polymerization is presented. Next, the
modeling approach and coding techniques employed in MATLAB/SIMULINK are
outlined. The architecture of the employed model is based on the dynamic structure first

proposed by Kiparissides, and several versions of the model of varying complexities are






