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This column provides examples of cases in which students have gained knowledge, insight, and
experience in the practice of chemical engineering while in an industrial setting. Summer interns and
coop assignments typify such experiences; however, reports of more unusual cases are also welcome.
Description of analytical tools used and the skills developed during the project should be emphasized.
These examples should stimulate innovative approaches to bring real world tools and experiences
back to campus for integration into the curriculum. Please submit manuscripts to Professor W. J.
Koros, Chemical Engineering Department, University of Texas, Austin, Texas 78712.
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INTRODUCING
GRADUATE STUDENTS
TO THE INDUSTRIAL PERSPECTIVE
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t has long been recognized that there is a wide gap

between industrial practice and most university research

and that this gap seems considerably pronounced in the
field of chemical process control. In the extremes, academic
researchers deal almost completely in applied mathematics,
emphasizing proofs and theorems, while it is likely that a
process control engineer has had no formal training in pro-
cess control and his knowledge has come largely from on-
the-job training. It is not surprising that there is almost no
exchange of ideas between these two groups since they do
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not speak the same “language” and neither group, in general,
appreciates the value of the other. The academic feels that
the process control engineer does not understand the funda-
mentals of process control, which is generally true, while the
process control engineer feels that the academician does not
understand how to make process control work in an indus-
trial setting, which is also accurate.

The truth of the matter is that both the academic and the
process control engineer could greatly benefit from the knowl-
edge held by the other. Process control engineers could
better perform their job if they had a fundamental under-
standing of the principles of process control. Likewise, the
developments produced by academics would be more likely
to have an impact on the practice of process control if they
understood the key issues associated with the industrial imple-
mentation of process control.

In the Department of Chemical Engineering at Texas Tech
University, the process control program is aimed at the in-
dustrially relevant study of advanced methods in chemical
process control. Moreover, we strive to instill an industrial
perspective of process control in our graduate students so
they are prepared to perform industrially relevant research
and upon graduation have the knowledge and skills to effec-
tively perform in an industrial setting. This paper addresses
approaches that we have found useful; these approaches
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involve a combination of classroom instruction, research
activities, interaction with industrial control engineers, and
summer internships.

original control engineer moves on to a new assignment, the

controller will fall into disuse. Industrially, the KISS prin-

ciple (Keep It Simple, Stupid!) is well established from a
maintainability standpoint.

ELEMENTS OF THE

Finally, interpersonal skills have a tre-

INDUSTRIAL PERSPECTIVE Teaching graduate mendous effect on the effectiveness of a

The practice of process control is based on students the fundamental | process control engineer. Being able to
issues such as process knowledge, controller | principles of technology is | work effectively in a group setting is es-
reliability and maintainability, and operator obviously important, sential in today’s chemical processing in-
acceptance. A key distinguishing character- but putting these dustry. There is no place where interper-

istic of chemical process control engineers is
their reliance on process knowledge in the
application of process control. This knowl-
edge is based on understanding the opera-
tional objectives and constraints of a process
unit and understanding how the units com-
prising the process are interconnected. With
this knowledge, the control engineer can
implement control approaches that are com-
patible with and even enhance the overall
operational objectives of the process.

As a simple example, consider the prob-
lem of tuning a level controller. Without re-
gard to the rest of the process, the level con-
troller can be tuned to provide very tight
level control. If, for example, the outflow
from the level controller serves as the feed to

students in a position
where they are prepared
to function effectively in
an industrial setting is
also important.

We have found that the
industrial perspective can
be effectively integrated
into the on-campus
program through the
classroom, research group
activities, and
interactions with
industrial
representatives.

sonal skills are more important for a pro-
cess control engineer than in dealing with
operators. If an operator does not trust the
ability of a process control engineer or
does not like the engineer’s attitude, the
engineer’s controller will not be used even
when it works well. Control engineers who
are effective are able to get the opera-
tors to assume “ownership” of the con-
trol project. This is usually done by
soliciting information from the opera-
tors and listening to their input. Telling
the operators what they should be do-
ing or how they should do it is the fast-
est route to failure. Although we do not
attempt to teach interpersonal skills di-
rectly, we do make sure that our stu-

a reactor, tight level control would likely be

undesirable since it would result in sharp changes in the flow
rate to the reactor. On the other hand, for certain cases tight
level control may be required. Therefore, knowing how the
controller fits into the rest of the process is a prerequisite to
properly implementing control. In other words, overall pro-
cess knowledge is important to insure that a cost effective
solution to the control problem has been obtained.

Process knowledge is valuable as a consistency check for
a process control application to ensure that the application
will effectively fit into the overall process scheme. Research-
ers have recently shown that process understanding is very
useful in designing control systems for complex units."!

Reliability is a major issue for industrial process control.
A controller may perform well 99% of the time, but if it
upsets the entire plant even 1% of the time, it is unaccept-
able. On-line factors of 95% are considered good, but it is
not acceptable for a controller to create major upsets
even occasionally.

The amount of effort required to keep a controller on-line
with an acceptable service factor relates to the maintainabil-
ity of the controller. Maintainability is a key issue with
industrial process control. For example, a high-maintenance
controller may function well as long as the control engineer
who implemented it is maintaining it. But as soon as the
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dents are aware of their importance, es-
pecially when dealing with operators.

APPROACH

There are a variety of ways to convey to graduate students
the sense of an industrially relevant approach to process
control. They include

* Classroom and laboratory material and exercises

® Research projects

* Research group meetings

e Interactions with industrial process control engineers

e Summer internships in industry

The classroom is an ideal venue for introducing the ele-
ments of the industrial process control point-of-view. At
Texas Tech, we offer three graduate courses in process con-
trol: a first course, a course on model-based control, and a
laboratory course. There are no specific lectures on the topic
of industrial process control practice; instead, the topic is
interspersed throughout each course. That is, as each topic
and method is presented, a discussion of how it is addressed
in industry is added. In addition, certain simulator software
is used to give the student the feel of a dynamic process for
controller implementation and tuning. To effectively inte-
grate the industrial point-of-view into the classroom, it is
essential to have instructors with significant industrial ex-
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perience. This experience can come from full-time em-
ployment with industry or by working directly with in-
dustrial plant operations.

As the students perform their research, there are always a
number of issues that come up in the pursuit of maintaining
industrially relevant research. On many occasions, our weekly
research group meetings involve discussions of research pa-
pers from other groups. During those times, a number of
interesting issues arise that are related to industrial relevance.

One of the best ways to convey the industrial perspective
is to promote direct interaction between the student and the
industrial process control engineer. We have semiannual
consortium meetings (discussed later) during which the lead-
ing control engineers from our member companies visit our
campus. In addition, a number of our research projects re-
quire frequent input from industrial experts.

While the previous approaches have largely occurred on
campus, the summer internship approach requires the stu-
dent to join the company for a summer and to work as a
control engineer in a plant. Obviously, for the students to be
effective as summer interns, they must have been exposed to
the elements of the industrial process control perspective on
campus. The summer internship demonstrates first-hand the
various elements of the industrial perspective, which greatly
increases the student’s understanding of these important is-
sues. In addition, in several cases, a graduate student has
gone on-site for periods of just one to two weeks to install
control software (the result of their research projects).

CONSORTIUM

The Texas Tech Process Control and Optimization Con-
sortium was established in 1992 as a mutually beneficial
arrangement between industry and the Chemical Engineer-
ing Department. We currently have eleven industrial mem-
bers representing the major sectors of the chemical process-
ing industry: the leading refining companies, chemical com-
panies, and control consulting companies.

The Consortium is an indispensable element in our effort
to expose students to the industrial practice of process con-
trol. During the semiannual meetings, the industrial repre-
sentatives of our member companies review and guide our
advanced control research to keep it industrially relevant. In
addition, they serve as a major source of research ideas and
as a source of industrial data. During the fall Consortium
meeting, graduate students present posters on their research
and the industrial visitors have an opportunity to discuss the
research approach and results directly with the students. The
students are often inspired by the opportunity to interact
with process control experts from these leading companies.

ESTABLISHING A SUMMER INTERNSHIP

The key to establishing a successful summer internship
experience is ensuring that all parties involved benefit, i.e.,
190

the student, the company, and the university. The first
step is to establish an industrial contact who will sell the
summer internship idea within the company. We have
used our Consortium contacts and other professional con-
tacts for this purpose.

Many companies have a summer internship program in
place, but they are typically used for recruiting undergradu-
ates. As a result, the industrial contact usually only has to
convince a mid-level manager to use one of the allotted
summer internship positions for a graduate student.

An advantage for the company is that with a graduate
student they are more likely to have a summer intern who
will actually accomplish something significant. Typically,
undergraduate summer interns are not trusted with much
responsibility. For example, an undergraduate is usually as-
signed to an engineer and given small tasks such as tracing
utility lines or completing backlogged paperwork.

In order for graduate student summer interns to be suc-
cessful, the company must be willing to give them enough
responsibility so they can have a chance to make signifi-
cant contributions during their three-month tenure. Be-
fore giving the student such responsibilities, the supervi-
sor must have confidence that the student has the skills to
be successful. Students are usually watched closely until
they prove themselves.

It is best if at least a portion of the summer internship
assignments directly relate to the student’s university re-
search. This is not always possible, but it is certainly desir-
able. It is usually easier to establish a summer internship for
a graduate student if the student is a U.S. citizen.

The advantages to each of the parties involved for the
summer internship program described above are

The Company ® The company is exposed to a highly qualified
potential employee and to technology that it may not have.

The Students ® Students are exposed to industry and industrial
operations directly related to their research area.

The University ® Projects of this sort enhance the university's
interaction with industry, providing industrial results for con-
trol approaches, and in certain cases, industrial data on pro-
cesses of interest. In addition, working directly with industry
can lead to the identification of fundamental problems that can
be assimilated into the university's research program.

SUMMER INTERNSHIP EXPERIENCES
» Student A

Student A was an undergraduate who joined our graduate
program after his graduation in the fall semester. During the
spring semester we made arrangements for a two-summer
internship for Student A. In addition, he took our first pro-
cess control graduate course in the spring semester. The
chemical company understood that his master’s research
project involved using neural networks for distillation con-
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trol and that he would spend a portion of his time with them
implementing the controller on one of their columns.

In discussions with supervisors from the chemical plant,
the decision was made that the student would spend the first
summer identifying the test column, closing material and
energy balances around the column, bench-marking a steady-
state simulator on the column, tuning the flow and level
controllers on the column, and evaluating the on-line prod-
uct analyzers. The first summer went as planned, with Stu-
dent A spending approximately 20% of his time on the tasks
relating to his control project and the remainder of his time
on various plant projects (controller tuning, trouble-shoot-
ing, etc.). The student required about one month to become
comfortable with the company’s distributed control system.

The company was pleased with the student’s performance
since he was handling the typical responsibilities of a pro-
cess control engineer for most of the summer. During the
following school year, Student A took classes and worked
with one of our PhD candidates on developing and testing
the neural network controller.

Student A returned to the chemical plant for the second
summer and installed and tested the neural network control-
ler. During the second summer the student spent approxi-
mately 50% of his time on his control project. The controller
used a steady-state neural-network model of the column
combined with a simple linear-dynamic model. The indus-
trial column exhibited much more complex dynamic behav-
ior; therefore, even though the neural network controller
understood the steady-state nonlinearity of the process, the
complex dynamics of the industrial column undermined the
effectiveness of the controller.

Although this control project did not result in a successful
industrial controller, the student did identify a fundamental
problem with the way that we were applying neural net-
works for control. As a result, we are currently studying
neural network controllers that can handle highly com-
plex dynamics behavior.

It is noteworthy to point out that the portion of the plant
where Student A was doing most of his work had some of
the oldest operators in the plant. In fact, this group of opera-
tors was well known for being difficult to work with. Through
patient efforts, however, Student A was able to build a
positive relationship with the operators so that by the
second summer they were doing all they could to help
him with his control project.

Finally, it should also be pointed out that upon graduation
with his master’s degree, Student A took a process control
position with the same chemical company where he had
done his summer internship.

» Student B

One of the industrial representatives from our Consortium
invited one of the authors (JBR) to attend a meeting on

Summer 1997

developing a company-wide approach for controlling C;
splitters (propylene-propane separation). Since Student B’s
PhD research involved C; splitters, he also went to the meet-
ing. We both made presentations on our research to the group
and participated in the discussions that followed. An approach
for controlling all the company’s C; splitters was developed
and endorsed by the membership of the committee.

Before we left, I proposed to the chairman of this commit-
tee that Student B be hired by the company for a summer
internship so he could demonstrate the proposed control
approach in their plant. About six weeks later, after a couple
of follow-up calls, the student received an offer for a sum-
mer job with the company.

When Student B joined the company for his summer em-
ployment, he was assigned to an ethylene plant that con-
tained a C; splitter. During the summer, he served as a
control engineer for this ethylene plant and was able to
implement the new control approach on the C; splitter. The
new controller was successfully commissioned and then
turned over to operations. The new controller remains in
service while providing enhanced propylene recovery and
reduced variability in the propylene product.

In addition, Student B worked with the temperature con-
trols for the ethylene furnaces. His efforts resulted in re-
duced outages due to furnace coking. The company deter-
mined that the benefits of the C; splitter and ethylene fur-
nace work is saving them in excess of one million dollars per
year. Once again, a major reason for the student’s successful
summer internship was the positive relationship that he de-
veloped with the operators. The company offered the student
employment for the following summer.

CONCLUSIONS

Teaching graduate students the fundamental principles of
technology is obviously important, but putting these stu-
dents in a position where they are prepared to function
effectively in an industrial setting is also important. We have
found that the industrial perspective can be effectively inte-
grated into the on-campus program through the classroom,
research group activities, and interactions with industrial
representatives. A summer internship experience for our
graduate students preceded by the on-campus prepara-
tions provides students with a comprehensive prepara-
tion for working in industry. Moreover, when the stu-
dents return to the university from an internship experi-
ence, they typically become disciples of the industrial
perspective and greatly facilitate the transfer and accep-
tance of the principles of industrial practice.
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