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PREFACE

Since the first edition of this book was published in 1965, many changes have
taken place in process control. Nearly all undergraduate students in chemical
engineering are now required to take a course‘in process dynamics and control.
The purpose of this book is to take the student from the basic mathematics to a
variety of design applications in a clear, concise manner.

The most significant change since the first edition is the use of the digital
computer in complex problem-solving and in process control instrumentation.
However, the fundamentals of process control, which remain the same, must be
acquired before one can appreciate the advanced topics of control.

In its present form, this book represents a major revision of the first edition.
The material for this book evolved from courses taught at Purdue University and
Drexel University. The first 17 chapters on fundamentals are quite close to the
first 20 chapters of the first edition. The remaining 18 chapters contain many
new topics, which were considered very advanced when the first edition was
published.

A knowledge of calculus, unit operations, and complex numbers is presumed
on the part of the student. In certain later chapters, more advanced mathematical
preparation is useful. Some examples would include partial differential equations
in Chap. 21, linear algebra in Chaps. 28-30, and Fourier series in Chap. 33.

Analog computation and pneumatic controllers in the first edition have been
replaced by digital computation and microprocessor-based controllers in Chaps.
34 and 35. The student should be assigned material from these chapters at the
appropriate time in the development of the fundamentals. For example, obtaining
the transient response for a system containing a transport lag can be obtained easily
only with the use of computer simulation of transport lag. Some of the software
now available for solving control problems should be available to the student;
such software is described in Chap. 34. To understand the operation of modem
microprocessor-based controllers, the student should have hands-on experience
with these instruments in a laboratory.

XV



XVi PREFACE

Chapter 1 is intended to meet one of the problems consistently faced in pre-
senting this material to chemical engineering students, that is, one of perspective.
The methods of analysis used in the control area are so different from the previous
experiences of students that the material comes to be regarded as a sequence of
special mathematical techniques, rather than an integrated design approach to a
class of real and practically significant industrial problems. Therefore, this chap-
ter presents an overall, albeit superficial, look at a simple control-system design
problem. The body of the text covers the following topics:

1. Laplace transforms, Chaps 2 to 4.

2. Transfer functions and responses of open-loop systems, Chaps. 5 to 8.

3. Basic techniques of closed-loop control, Chaps. 9 to 13.

4. Stability, Chap. 14.

5. Root-locus methods, Chap. 15.

6. Frequency-response methods and design, Chaps. 16 and 17.

7. Advanced control strategies (cascade, feedforward, Smith predictor, internal
model control), Chap. 18.

8. Controller tuning and process identification, Chap. 19.

9. Control valves, Chap. 20.

10. Advancegrodyssamics, Chap. 21.

11. Sampled-data control, Chaps. 22 to 27.

12. State-space methods and multivariable control, Chaps. 28 to 30.
13. Nonlinear control, Chaps. 31 to 33.

14. Digital computer simulation, Chap. 34.

15. Microprocessor-based  controllers, ~ Chap.  35.

It has been my experience that the book covers sufficient material for a one-
semester (15-week) undergraduate course and an elective undergraduate course or
part of a graduate course. In a lecture course meeting three hours per week during
a lo-week term, I have covered the following Chapters: 1 to 10, 12 to 14, 16,
17, 20, 34, and 35.

After the first 14 chapters, the instructor may select the remaining chapters
to fit a course of particular duration and scope. The chapters on the more advanced
topics are written in a logical order; however, some can be skipped without creating
a gap in understanding.

I gratefully acknowledge the support and encouragement of the Drexel Uni-
versity Department of Chemical Engineering for fostering the evolution of this
text in its curriculum and for providing clerical staff and supplies for several edi-
tions of class notes. I want to acknowledge Dr. Lowell B. Koppel’s important
contribution as co-author of the first edition of this book. I also want to thank
my colleague, Dr. Rajakannu Mutharasan, for his most helpful discussions and
suggestions and for his sharing of some of the new problems. For her assistance
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CHAPTER

l

ANINTRODUCTORY
EXAMPLE

In this chapter we consider an illustrative example of a control system. The goal
is to introduce some of the basic principles and problems involved in process
control and to give the reader an early look at an overall problem typical of those
we shall face in later chapters.

The System

A liquid stream at temperature T is available at a constant flow rate of w in units
of mass per time. It is desired to heat this stream to a higher temperature Tg. The
proposed heating system is shown in Fig. 1.1. The fluid flows into a well-agitated
tank equipped with a heating device. It is assumed that the agitation is sufficient

to ensure that all fluid in the tank will be at the same temperature, 7. Heated fluid
is removed from the bottom of the tank at the flow rate w as the product of this

heating process. Under these conditions, the mass of fluid retained in the tank
remains constant in time, and the temperature of the effluent fluid is the same as

that of the fluid in the tank. For a satisfactory design this temperature must be
Tg. The specific heat of the fluid C is assumed to be constant, independent of
temperature.

Steady-State Design

A process is said to be at steady state when none of the variables are changing with
time. At the desired steady state, an energy balance around the heating process
may be written as follows:

gs = wC(Ts — Tj) (1.1)

1



