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Preface

As its title suggests, this is an introductory text to the theory and
practice of chemical process control. It is intended to cover the needs,
as these pertain to the scope of basic chemical engineering education, (1)
of a first undergraduate course in process dynamics and control, and (2)
of the first part of an advanced undergraduate or graduate course in
process control.

During the last ten years, academic research and industrial practice

in chemical process control have been shaped by the following impor-
tant realizations:

1. The structure of chemical processes has become increasingly com-
plex, due to better management of energy and raw materials. As a
consequence, the design of control systems for complete plants
now constitutes the focal point of engineering interest, rather than
controller designs for single processing units. Furthermore, the
design of a control system has become intimately related to the
design of the process itself.

2. Designing a control system implies identification of control
objectives; selection of appropriate measurements and manipula-
tions, as well as the determination of loops connecting these; and
identification of the proper control laws. In other words, it is a
much more involved question than the traditional one of control-
ler tuning.
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3. The advent and rapid growth of digital computers has revolution-

ized the practice of chemical process control and has allowed the
industrial implementation of advanced control concepts.

Today, it is widely believed that education in chemical process con-
trol has not been adapted to follow modern directions, as these are
depicted above. The present text represents an attempt to bridge the
classical approach to process control problems with the current and
future trends and needs. It is primarily an educational vehicle rather
than a practical guide to the solution of specific industrial problems.
Here, the emphasis is on understanding the nature of process control
problems and their attributes, as well as on systematizing the approach
to their solution. Needless to say, several design tools and methodolo-
gies have also been included, but with reduced emphasis. Thus it is
hoped that the following aspects will emerge after studying this book:

1. Chémical process control is a subject of study with its own intrica-
cies and challenges. It is intimately related to chemical engineer-
ing science and practice, and as such it is not the degenerate child
of any other branch of engineering.

2. The design of a control system is not a mathematical problem, but
should be perceived as an engineering task, with all its attractive
challenges and practical shortcomings.

3. A good understanding of physical and chemical phenomena tak-
ing place in a chemical process is of paramount importance for
the design of simple and effective control schemes.

4. Several alternative control configurations are usually possible for
a given processing unit or a complete plant. The selection of the
“best” among them is the central question to be resolved.

5. There exist a plethora of analytical tools and design methodolo-
gies that one should be familiar with before attempting to tackle
process control problems.

The text is divided into seven parts. Each part includes a number of
chapters with a common general orientation.

Part I (Chapters 1 through 3) represents a general introduction to the
control aspects of a chemical process. An attempt is madé to define
what we mean by process control, to identify the needs and incentives
for process control, to analyze the design questions and formulate the
problems that must be solved, and to provide the rationale for studying
the material that follows in the subsequent chapters. ’

Part II (Chapters 4 and-5) introduces the reader to the modeling
requirements for process control. It demonstrates how we can construct
useful models, starting from basic principles, and determines the scope
and difficulties of mathematical modeling for process control purposes.



Preface XX

Part III (Chapters 6 through 12) is devoted to the analysis of static
and dynamic behavior of processing systems. The emphasis here is on
identifying those process characteristics which shape the dynamic
response for a variety of processing units. The results of such analysis
are used later to design effective controllers. Input-output models have
been employed through the use of Laplace transforms.

Part IV (Chapters 13 through 18) covers the analysis and design of
feedback control systems, which represent the control schemes encoun-
tered most often in a chemical plant. Emphasis has been placed on
understanding the effects which various feedback controliers have on
the response of controlled processes, and on the selection of the most
appropriate among them. The subject of controller tuning has been
deemphasized, and as a consequence, the traditional root-locus tech-
niques and frequency response tuning methods have been scaled down.

Part V (Chapters 19 through 22) deals with the description, analysis,
and design of more complex control systems, with one controlled out-
put. In particular, Chapter 19 introduces the concept of feedback com-
pensation with Smith’s predictor, to cope with systems possessing large
dead times or inverse response, Chapter 20 describes and analyzes a
variety of multiloop control systems (with one controlied output) often
encountered in chemical processes, such as cascade, selective, and split-
range. Chapter 21 is devoted exclusively to the analysis and design of
feedforward and ratio control systems, while Chapter 22 makes a rather
descriptive presentation of adaptive and inferential control schemes:
why they are needed and how they can be used.

Chapters 23 through 25 constitute Part VI and are devoted to mul-
tivariable control problems. The emphasis here is on generating alterna-
tive control configurations in a systematic manner and screening them
for the best. It is not meant to cover all aspects of multivariable control,
and only one design technique (relative-gain array) is presented for the
selection of the least interacting loops. Simple, noninteracting contrc}
loops are also designed for low-order systems. Chapters 23 and 25 offer
an introduction to the control design problems for complete cl?emica]
plants. Also, they outline systematic procedures which can be used to
synthesize control schemes for such complex systems.

Part VII (Chapters 26 through 31) is an introduction to process
control using digital computers. Initially (Chapter 26), the characteris-
tics of a digital computer control loop are analyzed in terms of the new
hardware elements as well as the new control design questions.
Chapters 27 through 29 provide the analytical tools for analyzing the
response of open-loop and closed-loop discrete-time dynamic systems.
Chapter 30 outlines the most popular procedures for designing digital
feedback controllers, while Chapter 31 discusses computer-aided, on-
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line identification of chemical processes and its use for the develop-
ment of adaptive control systems.

The present book is the culmination of seven years of teaching
process control at the University of Minnesota and the National Techni-
cal University of Athens. It was designed in such a way as to provide a
simple, smooth, and readable account of process control aspects, while
providing the interested reader with material, problems, and directions
for further study.

With few exceptions, every chapter contains the proper amount of

material for just one lecture. In order to maintain continuity and flow

of the main text, two mechanisms have been used. First: specific details
are usually grouped at the end of each section under the heading
Remarks. Second: additional, useful, but not necessary material has
been put into appendices at the end of the corresponding chapters.
Many examples have been used throughout the text either to explain
some concepts or to demonstrate the use of various techniques. Not all
of the examples need to be covered during a lecture hour, and some of
them can be left for individual study.

To enhance the educational value of the book, a series of Things to
Think About at the end of each chapter, as well as a large number of
homework problems at the end of each part, have beén included. Occa-
sionally, the Things to Think About will direct the reader to find the
answers in other books, papers, or handbooks, which he or she can find
listed in the sections of annotated bibliography at the end of each part.

I am vastly indebted to many people who have helped and inspired
me, in various ways, to start, continue, and complete this book. First
and foremost, my gratitude goes 1o the “Chief,” Neal R. Amundson, for
supporting me at the conception of this book and strengthening my
resolve in so many direct and indirect ways. Rutherford Aris, Arnie
Fredrickson, and Skip Scriven may not have realized what an influence
their generous presence, “teachings,” and friendship have had in shap-
ing this book. Thanks are due to J. Wei for his encouraging words to
continue with this project, and to M. M. Denn for being so gracious and
helpful when this book was in its embryonic stage. The constructive
criticism of J. M. Douglas has been immensely helpful. His generous

permission to use passages from his work on the control system design .

for complete plants is gratefully acknowledged.

A. W. Westerberg and K. Jensen read the manuscript and used it for
classroom teaching. Their thoughtful and valuable reviews and sugges-
tions have helped enormously to improve the book. T. Umeda, I. Hashi-
moto, M. Morari, Y. Arkun, J. Romagnoli, S. Svoronos, M. Nikolaou,
and K. Christodoulou contributed many useful remarks, corrections,
and suggestions. To all of them, I want to express my sincere gratitude.

W —
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I cannot find words to describe the debt I owe to all of my colleagues
at the University of Minnesota for having created a stimulating atmos-
phere of academic excellence, the basic element of any long-lasting
endeavor.

Shirley Tabis typed the original manuscript with great care, artistic
taste, skill, and dedication. unparalleled in my own experience.

I owe a special debt to my wife, Eleni. She has participated in every
stage of this book’s development. She copied in her own careful manner
my original scribbles (quite often more than once) and a large number
of line drawings, proofread the manuscript several times, and edited it
for mistakes, while at the same time she was carrying our first son and
nurturing him through his first steps. I am without words to thank her.

Finally, to my parents and brothers goes my eternal gratitude for
their love, support, and dedication.

George Stephanopoulos
Athens, Greece
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