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Preface

ing with control engineers, or even a control engineer. But I am
going to assume that you are a manager.

Managers of control engineers sometimes have a difficult chal-
lenge. Many companies promote top managerial prospects laterally
into unfamiliar technical areas to broaden their outlook. A manager
in this situation often will have several process control engineers
reporting directly to her and she needs an appreciation for their
craft. Alternatively, technical project managers frequently supervise
the work of process control engineers on loan from a department
specializing in the field. This book is designed to give these manag-
ers insight into the work of the process control engineers working
for them. It can also give the student of control engineering an alter-
native and complementary perspective.

Consider the following scenario. A sharp control engineer, who
either works for you or is working on a project that you are managing,
has just started an oral presentation about his sophisticated approach
to solving a knotty control problem. What do you do? If you are a
successful manager, you have clearly convinced (perhaps without
foundation) many people of your technical competence so you can
probably ride through this presentation without jeopardizing your
managerial prestige. However, you will likely want to actually critique
his presentation carefully. This could be a problem since, being a
successful manager, you are juggling several technically diverse
balls in the air and haven’t the time to research the technological
underpinnings of each. Furthermore, your formal educational
background may not be in control engineering. The above-mentioned
control engineer, embarking on his presentation, is probably quite
competent but perhaps he has been somewhat enthralled by the
elegance of his approach and has missed the forest for the trees (it
certainly happened to me many times over the years). You should be
able to ask some penetrating questions or make some key suggestions
that will get him on track and make him (and you) more successful.
Hopefully, you will pick up a few hints on the kind of questions to
ask while reading this book.

You may be an engineering student, a practicing engineer work-

Xvii
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The Cursé of Contrdl Engineering

The fundamental stumbling block in understanding process control
engineering is its language—applied mathematics. I could attempt to
skirt the issue with a qualitative book on control engineering. Not
only is this difficult to do but it would not really equip the manager
to effectively interact with and supervise the process control engineer.
To do this, the manager simply has to understand (and speak) the
language.

If terms like Z—z or J.:d te* strike fear in your heart then you should

consider looking first at the appendices which are elementary but
detailed reviews of the applied mathematics that I will refer to in the
main part of the text and that control engineers use in their work.
Otherwise, start at the beginning of the book. As you progress
through it, I will often show only the results of applying math to the
problem at hand. In each case you will be able to go to an appendix
and find the pertinent math in much more detail but presented at an
introductory level. The chapters are the forest; the appendices are
the trees and the leaves.

You may wonder why much of the math is not inserted into the
body of the text as each new topic is discussed—it’s a valid concern
because most books do this. I am assuming that you will read over
parts of this book many times and will not need to wade through the
math more than once, if that. After all, you are a manager, looking at
a somewhat bigger picture than the control engineer.

Also, you may wonder why there are so many appendices, some
of them quite long, and relatively few chapters. You might ask, “Are
you writing an engineering book or an applied mathematics book?”
To those who would ask such an “or” question I will simply pause for
a moment and then quietly say, “yes.”

Style

The book’s style is conversational. I do not expect you to “study” this
book. You simply do not have the time or energy to hunker down and
wade through a technical tome, given all the other demands of your
job. There are no exercises at the ends of the chapters. Rather, I foresee
you delving into this book during your relaxation or down time;
perhaps it will be a bedtime read...well, maybe a little tougher than
that. Perhaps you could spend some time reading it while waiting in
an airport. As we progress through the book I will pose occasional
questions and sometimes present an answer immediately in small
print. You will have the choice of thinking deeply about the question
or just reading my response—or perhaps both!

On the other hand, if this book is used in a college level course, the
students will likely have access to Matlab and the instructor can easily
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assign homework having the students reproduce or modify the figures
containing simulation and control exercises. I will, upon request, sup-
ply you with a set of Matlab scripts or m-files that will generate all the
mathematically based figures in the book. Send me an e-mail and con-
vince me you are not a student in a class using this book.

References
There aren’t any. That’s a little blunt but I don’t see you as a control
theory scholar—for one thing, you don’t have time. However, if you
are a college-level engineering student then you already have an
arsenal of supporting textbooks at your beck and call.

A Thumbnail Sketch of the Book

The first chapter presents a brief qualitative introduction to many
aspects of control engineering and process analysis. The emphasis is
on insight rather than specific quantitative techniques.

The second chapter continues the qualitative approach (but not
for long). It will spend some serious time dealing with how the
engineer should approach the control problem. It will suggest a lot
of upfront time be spent on analyzing the process to be controlled. If
the approaches advocated here are followed, your control engineer
may be able to bypass up the development of a control algorithm
altogether.

Since the second chapter emphasized process analysis, the third
chapter picks up on this theme and delves into the subject in detail.
This chapter will be the first to use mathematics extensively. My basic
approach here and throughout the book will be to develop most of
the concepts carefully and slowly for simple first-order systems (to be
defined later) since the math is so much friendlier. Extensions to more
complicated systems will sometimes be done either inductively
without proof or by demonstration or with support in the appendices.
I think it is sufficient to fully understand the concepts when applied
to first-order situations and then to merely feel comfortable about
those concepts in other more sophisticated environments.

The third chapter covers a wide range of subjects. It starts with an
elementary but thorough mathematical time-domain description of
the first-order process. This will require a little bit of calculus which
is reviewed in Appendix A. The proportional and proportional-
integral control algorithms will be applied to the first-order process
and some simple mathematics will be used to study the system. We
then will move directly to the s-domain via the Laplace transform
(supported in Appendix F). This is an important subject for control
engineers and can be a bit scary. It will be my challenge to present it
logically, straightforwardly, and clearly.
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Just when you might start to feel comfortable in this new domain
we will leave Chapter Three and I will kick you into the frequency
domain. Chapter Four also adds two more process models to the
reader’s toolkit—the pure dead-time process and the first-order with
dead-time process.

Chapter Five expands the first-order process into a third-order
process. This process will be studied in the time and frequency
domains. A new mathematical tool, matrices, will be introduced to
handle the higher dimensionality. Matrices will also provide a means
of looking at processes from the state-space approach which will be
applied to the third-order process.

Chapter Six is devoted to the next new process—the mass/
spring/dashpot process that has underdamped behavior on its own.
This process is studied in the time, Laplace, frequency and state-space
domains. Proportional-integral control is shown to be lacking so an
extra term containing the derivative is added to the controller. The
chapter concludes with an alternative approach, using state feedback,
which produces a modified process that does not have underdamped
behavior and is easier to control.

Chapter Seven moves on to yet another new process—the
distributed process, epitomized by a tubular heat exchanger. To study
this process model, a new mathematical tool is introduced—partial
differential equations. As before, this new process model will be
studied in the time, Laplace, and frequency domains.

At this point we will have studied five different process models:
first-order, third-order, pure dead-time, first-order with dead-time,
underdamped, and distributed. This set of models covers quite a bit
of territory and will be sufficient for our purposes.

We need control algorithms because processes and process signals
are exposed to disturbances and noise. To properly analyze the
process we must learn how to characterize disturbances and noise.
So, Chapter Eight will open a whole new can of worms, stochastic
processes, that often is bypassed in introductory control engineering
texts but which, if ignored, can be your control engineer’s downfall.

Chapters Eight and Nine deal with the discrete time domain, which
also has its associated transform—the Z-transform, which is introduced
in the latter chapter. As we move into these two new domains I will
introduce alternative mathematical structures for our set of process
models which usually require more sophisticated mathematics.

In Chapter Five, I started frequently referring to the state of the
process or system. Chapter Ten comes to grips with the estimation of
the state using the Kalman filter. A state-space based approach to
process control using the Kalman filter is presented and applied to
several example processes.

Although the simple proportional-integral-derivative control
algorithm is used in the development of concepts in Chapters Three
through Nine, the eleventh chapter revisits control algorithms using
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a slightly different approach. It starts with the simple integral-only
algorithm and progresses to PI and the PID. The widely used concept
of cascade control is presented with an example. Controlling processes
subject to white noise has often been a controversial subject, especially
when statisticians get involved. To stir the pot, I spend a section on
this subject.

This completes the book but it certainly does not cover the
complete field of process control. However, it should provide you
with a starting point, a reference point and a tool for dealing with
those who do process control engineering as a profession.

If you feel the urge, let me know your thoughts via

dmkoenig@alumni.uchicago.edu.

Good luck while you are sitting in the airports!

XXi
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