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ADVANCED POWER ENGINEERING EDUCATION
USING DIGITAL SIMULATION
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Summary - This paper provides a view regarding new
requirements for pawer engineering education as well as
impact that those requirements may have on education in
the fumure. An increased interaction berween academia
and industry is recognized to be one of the most
important cemponents of the future enhancements in the
power engineering education. A recently funded project
in the education area is used as an illustration of possible
approaches to accommodating the reguired changes.
Furture use of the simulation I!mchnohrgy mn the education
process is promoted as a powerful approach to the
enhancements. An example of a consorium relationship
with industry is discussed as a possible direction for long
term indusiry invalvement in the education process.

Keywords: Education-Power Systems-Power Electron-
ics-Digital Simulation

1. INTRODUCTION

TAML''s Power Engineering Program offered through
the Department of Electrical Engineering is an example
of a well euablished power engineering education
activity with over one hundred undergraduste and
graduate students in attendance each year [1]. The
traditional mature of TAMU's Power Engineering
Program is representative of the power enginesring
education in the USA. The program includes both power
systems and power electronics topics. [t offers 5
standard undergradute courses {Power Systermn Analysis [
and [l, Electromagnetic Energy Conversion, Elecironic
Drrives, and Power Electronics) and over a dozen
graduate courses in wvarious areas of power system
control and protection as well as power electronics and
elecronic drives. With ten Faculty engaged in the
program, this makes this program one of the largest in
the nation and hence a sizable experiment for the

continuous justifying of its role and reinventing of the
means of adjusting to the prevailing educational needs,

One of the main challenges that has greatly affected
power engineering programs in the USA, such as the ane
at TAML, is the introduction of the new paradigm in the
utility industry: deregulation and increased competition.
As a consequence, the -Mational Science Foundation
together with the Electric : Power Research-:Institute
issued - & request for proposal (RFP) for projecs 10
enhance power engifeering education to accommodate
the changes. - Under this RFP, TAMU was awarded
together with Washington State University, a joimt
project for the MERIT 2000 proposal [2). The proposal
has financial support and participation of four major
utilities and fowr vendors. . This provides for close
cooperation  berween the . ressarchers - and . industry
representatives.  This paper gives. assessment of the
emerging requirements and their impact on the education
as seen from TAMU Power Enginesring Program's
prospective, Examples related to the. possible
approaches to the education enhancement are discussed,
The goals of the MERIT 2000 project are introduced
promading the simulation technology as an important
ingredient of the improvemsnt process. The TAMU's
model of cooperation with indusiry, as a way of
continued probing of the possible directions for further
changes, is also presented

I. EMERGING REQUIREMENTS

Introduction of deregulation in the wtility industry in the
USA and other parts of the world has been observed by
the academic institutions at different levels of interest.
They are ranging from one extreme of denying that
deregulation has any subsianiive potential impact on
power engineering education 1o the other extreme of
assuming that the power enginsering sducation will have
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o be wtally transformed. The midstream views wers
quite unanimous that a change is regquared, but thers was
ng agreement as to what the extenmt of the change or its
direction should be [3].

The TAMU"s Power Systems Group has taken the view
that the introduction of deregulation and  ndustry
competition may changs the whole paradigm of power
engineering cducation, and hence an wrgent need 1o
adjust to the new paradigm has been expressed through
the MERIT 204} project goals, The simplificd model for
the paradigrn can be represented as given in Figure |

De-regulation—Litility Competition—MNew In-
dustry Paradigm (Customer Fogus) —Mew
Engineer  Profile (Versatile Indusiry Needs)
—Mew  Swodent  Profile  (Multidisciplinary
Education Goals) —Mew Education Paradigm
(Customer Focus) —University Competition—
MERIT 2000

Figure 1. Model for the Change in the Paradigm.

The main shift in the paradigm has been fram a limited
scale competition in the industry in the past to the
sweeping customer focused competition in the future.
As @ comsequence, a8 major change in the education
paradigm has been focused on  moving from the
traditional general service role to @ new customer
(student) focused competitive role. It nesds m be
recagnized that this view of a competitive environment
in the universities may not be universally acknowledged
a5 4 viable assessment of the needs and requirements
This paper makes this point of view as a premise for
further presentation of some important issues.

As a consequence of the changes caused by deregulation
and increased competition, a variety of distinet
components of the competence profile for the technical
staff have been recognized by the industry, These profile
components are summarized in Table | pointing at the
reasans for each of them

As a result of the mentioned industry changes, a variety
of the impacts of the changes on the power engineering
education are discussed next.

3. IMPACTS ON
EDUCATION

POWER ENGINEERING

The competitive environment in the wtility industry has
produced a variety of sirategies being developed by
various Academic Institutions 1o cope with required
adjussments. TAMUS's Power Enginesring Program has
defined the following three components of the sirategy:

*  Make appropriate changes in the curriculum
*  Develop state of the art laboratory infrastructure
= Secure close ties with industry

Table I. New Componenits of the Industry Staff Profile
Introduced by Increased Competition

Frafile Compelitive Reasons
Component

Multidisciplinary | The indusiry 15 becoming

Engineering technalogy driven with a strong

| Background emphasis on aulemation and cost
| reduction.

The industry is focusing more on

Custamer the specific customer needs with a

Relation Skills | sendency to diversify services and

maximize profits.

The industry is expecting more

Team Warlk coherent and flexible professional
Attitude teams aimed at offering maore
efficient and profitable services
| The industry is promoling a
Business | bortem  line  approach fo any
Background futurs  investments  targeting |
| reduction in operating and capital |
COsL,
B The ndustry 15 expanding its |
Intzmational imvestments  in the global |
(Global) Wiew | intemational markets o diversify

its financial partfalio,

This section of the paper is devoted to discussion of
some basic premises for each of the strategy components.
The rale of the simulation technology being a major
ingredient of the sirategy is also presented.

A1 Changes in the Curriculam

Having in mmnd the new engineers” profile discussed in
Table 1, it was felt that the curriculum needs to be
rezngineered to include more interdisciplinary subjects
and technalogy flavor [4]. A definite need 1o create an
industry-like environment with enhanced interaction
among students and extensive lab experience was also
recognized. At the same time, it was important
preserve the core goal of teaching the power engineering
fundamentals whers new methodology for facilimting
this teaching goal would need to be developed.

A lot of thought was given to the non-engineering skills
and experiences such as personal communication,
teamwork and customer relation that the engineers need
to learn, It was concluded that these skills and
expericnces are very important and  should be
incorparated in the process of teaching rather than being
tmught as separate cusmculum subjects. On the other
hand, fundamental knowledge in the areas of business
and marketing as well as soeial and political issues thar
may be of concern 1o the engineers working in a
deregulated highly competitive market, was considered
important but not fitting into the power engineering
curriculum, It was decided that the students should be
encouraged 10 take the courses in those areas offered by
the departments specializing in those disciplines.



With the basic goals outlined, a single but very imporant
question was identified: if there 5 a fxed Aumber of
credit hours availzble to teach the power engineering
subjects, how can the enbanced breadth and the requiret
depth of the fundamentals both be aceommedated at the
same time.

After an extensive scarch for an answer, it has been
found that the wntroduction and extensive use of
advanced simulation technologies may help in answering
the above mentioned question. [t was eavisioned that the
use of the simulation technology in both the classroom
and in the labs can help in achieving some of the
menticned goals. While it can assist in reducing the time
required 1o tzach some of the subjects, it also allows for
the additional time needed for introducing some new
subjects. The arcas of possible improvements and
deseription of the intrinsic features coming from the use
of the simulation technology are given in Table 1L

Table [1. The Benefits of Using Simulation Technology

Possible Intrinsie Features of the
Improvements Simulation Technologies
Enhanced Simulation enables sensitivity su-
Underssanding | dies and detailed representation of
| of the complex phenomena which leads
Fundarentals | to better grasping of the fundamen-
tals.
Simulation requires selection of
appropiate data, models, and en-
Joint Swudent gineering trade offs between per-
Projects formance and accuracy which can
be defined as separate tasks for dif-
ferent individuals on the same pro-
jeeL
| Indusiry-like | Simulation provides an ideal en-
| Skills and vironment to study practical prob-
Experiences | lems without requiring physical in-
dustrial installations.
Savings in The process of writing the required
Classsoom equations to explain various com-
Teaching Time | plex issues can be readily simpli=
for a Selected | fied by wisvalizing the problems in
Tapic | 2 more efficient way using simula-
| tions.

3.2 State of the Art Laboratery Infrastructure

The power enginsering education, o be competitive,
needs to familiarize sdents with laboratory facilities
that they may use as thev enter industry jobs. This goal
is not new and was always a subject of great concem to
the power enginsering programs. However, the cost of
providing elaborate laboratory infrastructure, matching
the industry standards, was always excessive and for the
most part not affordable for academic instinmions.

The role of the simulation technolegy enabling
construction of relatively low cost digital power system
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simulators <an be explored in the futwre,  This
technology 15 quite affordable and can be conveniently
implemented in the academic institutions since it only
requires @ computer, appropriate application software,
and possibly some interfacing hardware,

A summary of the major developments in the simulator
technology 15 given in Table (11, Each of the mew
developments is correlated to the commerncial products
available on the US market today

Table 111, Summary of the Simulator Technology
Developments

e

New Simulator
Technalogy
Developments
Application Programs
for Planning and

Commercial Products

Short Circuit, Load Flow,
| Transient Stabiliry, Long-

Engineering term Stability, Voltage
Stability Programs
EME functions ncluding
Operator Tealning AGC, Economic Dispatch,
Simulators State Estimation, Security
Assessment
COpen-Loop Electromagnetic Transient
Simulators for Programs, Data File Replay-
Dievice Testing and | ing Programs, Programs for
Evaluation | Automated Device Testing
Real-Time Real-time Eleciromagnetic

Simulators for
Device In-the-Loop -
Testing and
Evaluation

Transient Program, Programs
for Testing the Real Time
Interaction Betwesn Devices
and Power Systems

3.3 Close Ties with Industry

The impomance of the interaction with industry has been
recognized by TAML's Power Engineering Program and
others long ago [5]. Since the early 80's, the program
hinel established farmal ties with the utility industry in the
state of Texas to facilitate support of the research
activities. Up until today this connection has been
maintained and produced some benefits for both parties.

In the context of the future relationship, in partcular
regarding the educational process and use of the
simulator technology, several explicit areas of mutual
benefits can be defined. The areas where indusiry can
provide invaluable information for the educational
process and university can provide a very important
service (o the industry, in reference to the wse of the
simulator technology, are summarized in Table [V. For
each of the areas of cooperation, brief discussions of the
reasons for interaction and related benefits are outlined,

Interestingly enough, one major research effort in the
arca of development of new digital simulatars, that was
underiaken jointly by TAMU and wtility industry for the
past ten years, has produced a vasiery of outcomes that
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can fit in all of the categories mentioned in Table V.
The simulator research funded by a number of utilities
{Houston Lighting & Power, Florida Power and Light,
Western Area Fower Administration. Commonweath
Edison, Pacific Gas and Electric, Bonneville Power
Administration) and EPRI was aimed at developing both
the real-time and open loop digital  simulator
configurations [6-8]. As a result of this development, a
varnety of sections of the actual power system were
modeled using the data provided by the industry [9]. As
a part of this activity, 8 number of useful tests on
distance relays were performed to evaluate some of the
products that the industry was already using or
contemplating of using in the future [10,11). As a result
of this experience, a short course on advanced testing
applications using digital simulators was defined and
offered to the industey [1]. Finally, a number of research
projects were initiated where digital simulators played an
important rele as an advanced experimental test bed [9-
12].

Table IV. Areas of Mutually Beneficial Cooperation

with Indusiry
Arcas of Mutual Benefits
Cooperation
Collection of Data | The industry can provide data
fior Practical for practical problems, which in
Simulation turm can be used to define impor-
Examples tant examples for the teaching
process,
The indusiry may use the univer-
sity"s advanced laboratory infra-
Advanced Testing | structure for performing some

Services Using
Digital Simulators |

specialized equipment tests,
which produces a chance for
students to learn practical
applications

Shor Courses for
Continuing
Education with
Hands-on
Experience

The university con offer unigue
hands-on shor courses for the
industry exposing the industry
staff to some state of the an
equipment for experimental
studies. |

Research Project

Requiring Advan-

ced Experiments
Using Digital

Simulators

| The university can engage in

some practical research where
the use of an advanced labora-
tory infrastructure enables some
studies that may not be possible
to carmry by the industry.

4. MEETING THE CHALLENGE FOR A

CHANGE

This section describes some recent efforts at TAMU
aimed ar improving TAMU's abiliy 1o mest the
challenge for a change. This discussion fallows the three
midjor strategy components mentioned

Table ¥, Mew Curriculurmn lssuss
Curriculum Subjgect to be Covered
lasue
Traditional prineiples of energy |
CONVETSIoN; new sources of pow-
Energy Sources | er; advanced energy storage and

and Conversion

concept of cogeneration; self-
sustainalble energy utilization for
cleaner environment

Tradiional steady-state and tran-

=

Pawer System sient analysis methods: ad-
Design, Analysis | vaneed control devices; trans-
and Cantral ferting capability analysis; use
of wide area measurement
syslems
Traditional principles and con-
Protective cepts; digital relaying; synchro-
Relaying, nized sampling applications; a-
Monitoring and | daptive and system-wide relay-
Local Comrol ing; automated faull analysis and
equipment dingnostics
Traditional SCADA and RTU
Advanced designs; integrated’coordinated
Technologies for | digital substation designs; use of
Power System fiber optics; advanced local and
Automation and | system-wide communications:
Control new fransducess, imelligent
systerm applications
Traditienal study of harmanics
Power Quality | and related mitigation techni-
Design and ques; advanced concepts of pow-
Assessment er quality assessment; the use afl
power electronics
Teaditional functions; advanced
Distribution automation; high impedancs
Swstems and fault detection; fault location;
Automation real-lime pricing; custosmer in-

formation systems; outage
management

Deregulation and
Mark st
Competition

Traditional vs. new concepts;
energy markets; power pool
arangemenis; unbundling of
services; pricing of auxiliary
SETVICEE, NEW SEFVices

Standardization,

Indusiry Recom-

mendations and
Cuality Assurance

Mew standards for communica-
tions; device interfacing stan-
dards; power quality standards;
130 2000 Series of guality assur-
ance standards

Social,
Environmental
and Ecomonic

Impact

Issues of the regulatory pact and |
the ebligation to serve; emission
control issues; environmental
impacts; societal benefis and

corporate profits

Communication
Skills, Team
Waork, Marketing
Srrategies

Ciost benefits of technical salu-
tions; team work: behavioral
paterns; leadership role; utility-
customer relationship




earlier, namely curriculum adjustment, development of
laboratory infrastrueture, and interaction with indusiry,

4.1 MERIT 2040 Froject

The title of this N3F project suggest the basic goals of
the effort: Multidisciplinary Education Using Curricu-
lum Re-engineering, Industry Parmnership and Simula-
tion Technology [3].

The main objectives of the project are:

« Create an example of a new re-engineered
curriculum for undergraduate and graduate power
engineering education.

+ Iavolve warious segments of the wtility and
manufacturing indusiry, as well as the consulting
and engineering services in the process of defining
multidisciplinary needs and practical examples for
the educational process.

+  Exploit unique expertise of the university teams and
industry advisors to  explors the simulation
technology and related benefits in implementing an
efficient methodology for classreom and laboratory
tesching.

The new education concept to be developed is based on
vartety of curriculum issues described in Takle V.

4.2 Laboratory Infrastructure Project

TAMU's Power Program Faculty have recognized the
need 1o enhance the laboratory and have submitted a bid
for the Academic Research Infrastructure {(ARI) Program
of NEF.

The proposal was appraved and a major grant for
development of a Power Quality Laboratory has been
abeained [13].

This laboratory has some generic features that can be
used for teaching a number of courses. The features are
listed in Table V1 together with an explanation of how a
featisre may be uged in the teaching process.

Table V1. Laboratory’s Generic Features and Uses

Feature Uses
Power System Modeling of power system
Modeling companents and sections

[rgital Simulation

Simulation of power system
phenomena such as faults and
other disturbances

Programmakble

Generation of power system

and Monitoring

Signal Sources wave forms through
| mathematical expressions
Data Recording | Capturing of field data for

analysis of various phenemena

Signal Processing
and Analysis

Analysis of the captured or
simulated signals

-
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Local Area Metwaork (LAM)

|

[edicared eneral Purpose | [Digtal LAN |
PCwih U0 | I warkssation | [Simulsor | [Serves
Imerface

b

ecarding
rstnamEntalion

r
[Programmakle Equipment
[Waveform Flumder Test

Fogure 2. Arrangemeant af the Equipment in the
Laboratory.

Arrangement of the computer equipment installed in the
laboratory is given in Figure 2

4.3 Interaction with Industry through EFPE]

As mentioned earlier, the Power Enginesring Program at
TAMU had established & tie with the industry through
the Electric Power Instituts formed in [964. Recently,
the Institute has changed its name into the Electric Power
and Power Electronics [nstiute (EFPEI) to reflect
broader scope of its activity. In addition, the Institute’s
mission has changed from a grant based program int a
consortium type activity with an annual membership
associated with a variety of services offered,

The list of basic membership options and related services
is given in Table VII.

Table ¥WII. EPPEl Membership Options and Related
Services

Membership Option | Helated Services

¢ LUse of the Laboratory

Infrastructure for

Various Studies

Support of Students

Benefit of the Assocate

Member

Participation in

Defining Customired

Short Cowrses

Benefit of the Member

Facilitatien of Joint

Research Projects

»  Regorts on EPPEL |
Activities

Associate Member

Member .

Industry Partner

Even though the consortia and membership concept may
look on the surface somewha: unrelated to the main
discussion of the educational improvements using digital
simulators, it i$ quite the oppoesite. The main actvities in
improving the seaching are dependent or availability of
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improving the teaching are dependent on availability of
extensive  simulation  infrastruchure The mes with
industry through the consortium are aimed ot rmsing the
funds for supporting and maintaining this infrastructure.
Al the same time, the exchange of information relaved 1o
the services for testing. shost courses and research
projects enable the teachers and students to get involved
in practical examples and activities

5 CONCLUSIONS

This paper has presented some pointed arguments for the
following conclusions:

#  The educational paradigm has been changed by
deregulation te include increased competition
and more direct focus on a student as a
customer.

=  Ina variety of new educational task, the change
of the curriculum to accommaodate simulation as
the main tesching methodology is  quite
promising.

# The simulation activities and examples give
studenits & chance to  develop  betier
understanding of the fundamentals as well as to
develop communication skills and team work
experiences,

= Inorder to utilize the simulation technology to a
full extent, the teachers may have 1o develop
rather extensive laborstory infrastructure which
can be implemented at a moderate cost.

= The relationship with industry is very impostant
since it can bring both financial support and
practical experience nesded to fully explain the
capabilities of the simulator techrology.
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