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to plan a continuing literature for their rapidly growing profession. From industry
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Reese, John V. N. Dorr, M. C. Whitaker, and R. S. McBride. From the universities
came such eminent  as William H. Walker, Alfred H. White, D. D. Jackson,
J. H. James, Warren K. Lewis, and Harry A. Curtis. H. C. Parmelee, then editor
of Chemical and Metallurgical Engineering, served as chairman and was joined
subsequently by S. D. Kirkpatrick as consulting editor.

After several meetings, this committee submitted its report to the McGraw-Hill
Book Company in September 1925. In the report were detailed specifications for a
correlated series of more than a dozen texts and reference books which have since
become the McGraw-Hill Series in  Engineering and which became the
cornerstone of the chemical engineering curriculum.

From this beginning there has evolved a series of texts surpassing by far the
scope and longevity envisioned by the founding Editorial Board. The McGraw-Hill
Series in Chemical Engineering stands as a unique historical record of the devel-
opment of chemical engineering education and practice. In the series one finds the
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ations and processes, thermodynamics, kinetics, and transfer operations.

Chemical engineering is a dynamic profession, and its literature continues to
evolve. McGraw-Hill, with its editor B. J. Clark and its consulting editors, remains
committed to a publishing policy that will serve, and indeed lead,. the needs of the
chemical engineering profession during the years to come.
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PREFACE

The field of process control has grown rapidly since its inception in the
evidence of this growth in the body of knowledge is easily found by comparing the
lengths of the textbooks written over this time period. The first process control book
(Cealgske, 1956) was a modest 230 pages. The popular Coughanowr and
(1965) text was 490 pages. The senior author’s first edition ( 1973) was 560 pages.
The text by Seborg et al. (1989) was 710 pages. The recently published text by
Ogunnaike and Ray (1994) runs 1250 pages!

It seems obvious to us that more material has been developed than can be taught
in a typical one-semester undergraduate course in process control. Therefore, a short
and concise textbook is needed that presents only the essential aspects of process
control that every chemical engineering undergraduate ought to know. The purpose
of this book is to fulfill this need.

Our intended audience is junior and senior undergraduate chemical engineering
students. The book is meant to provide the fundamental concepts and the practical
tools needed by all chemical engineers, regardless of the particular area they eventu-
ally enter. Since many advanced control topics are not included, those students who
want to specialize in control can go further by referring to more comprehensive texts,
such as Ogunnaike and Ray (1994).

The mathematics of the subject are minimized,  emphasis is placed
on examples that illustrate principles and concepts of great practical importance.
Simulation programs (in FORTRAN) for a number of example processes are used to
generate dynamic results. Plotting and analysis are accomplished using
aided software (MATLAB).

One of the unique features of this book involves our coverage of two increas-
ingly important areas in process design and process control. The first is the interac-
tion between steady-state design and control. The second is plantwide control with
particular emphasis on the selection of control structures for an entire multi-unit pro-
cess. Other books have not dealt with these areas in any quantitative way. Because
we feel that these subjects are central to the missions of process design engineers
and process control engineers, we devote two chapters to them.

We have injected  examples and problems that  the interdisci-
plinary nature of the control field. Most control groups  industry utilize the tal-
ents of engineers from many disciplines: chemical, mechanical, and electrical. All
engineering fields use the same mathematics for dynamics and control. Designing
control systems for chemical reactors and distillation columns in chemical engineer-
ing has direct parallels with designing control systems for F-16 fighters, 747 jumbo
jets, Ferrari sports cars, or garbage trucks. We illustrate this in several places in the
text.

This book is intended to be a learning tool. We try to educate our readers, not
impress them with elegant mathematics or language. Therefore, we hope you find
the book readable, clear, and (most important) useful.
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When you  completed your study of this book, you will  covered the
essential areas of process control. What ideas should you take away from this study
and apply toward the practice of chemical engineering (whether or not you specialize
as a control engineer)?

I. The most important lesson to remember is that our focus as engineers must be
on the process. We must understand its operation,  constraints, and
uncertainties. No amount of detailed modeling, mathematical manipulation, or
supercomputer exercise will overcome our ignorance if we ignore the true subject
of our work. We need to think of Process control with a capital P and a small c.

2. A steady-state analysis, although essential, is typically not sufficient to operate
a chemical process satisfactorily. We must also understand something about the
dynamic behavior of the individual units and the process as a whole. At a mini-
mum, we need to know what characteristics (deadtimes, transport rates, and ca-
pacitances) govern the dynamic response of the system.

3. It is always best to utilize the simplest control system that will achieve the desired
objectives. Sophistication and elegance on paper do not necessarily translate into
effective performance in the plant. Careful attention must be paid to the practical
consequences of any proposed control strategy. Our control systems must ensure
safe and stable operation, they must be robust to changes in operating conditions
and process variables, and they must work reliably.

4. Finally, we must recognize that the design of a process fundamentally determines
how it will respond dynamically and how it can be controlled. Considerations
of controllability need to be incorporated into the process design. Sometimes the
solution to a control problem does not have anything to do with the control system
but requires some modification to the process itself.

If we keep these ideas in mind, then we can apply the basic principles of process
control to solve engineering problems.

Michael L. Luyben
William L. Luyben
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