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Abstract. IEEE PES sponsors a panel session in the summer
power meeting in Seattle on laboratory education in power
engineering. Six short and one full paper summarize the
opinion of the panelist. This paper contains the summary two
of the presentations.

The objective of the panel is to discuss the roll of laboratory
education in power engineering at both the graduate and un-
dergraduate level. The question is what type of laboratory
courses is needed? Power electronics, electric machines, sys-
tem simulation, etc?

The second objective is to assess the status and value of com-
puter-based virtual laboratories. This includes the presenta-
tion of experience with virtual laboratories and a list of avail-
able tools.

The teaching of power system operations can be improved
using a simulation laboratory. The available simulation tools
and the assessment of their value will be an important topic
of the panel.

Last, but not least, the last presentation will give opposing
views, arguing for the traditional laboratory use. This paper
contains the summary two of the presentations.

1. MODERNIZATION OF CLASSICAL ELECTRIC MACHINE
LABORATORY

A. Introduction

One of the major problems of electric power education is
the lack of hardware knowledge. The students concentrate on
the use of computers and writing programs, The lectures-con-
centrate on the theory and the development of problem solv-
ing ability. There is no time to teach the hardware.

Simultaneously, industry expects basic hardware knowl-
edge from the young engineer. It is very disappointing when
a graduate engineer is unable to distinguish between an in-
duction and synchronous motor or can not recognize the
three-phase system.

The laboratory exercises together with site visits are the
major sources of the hardware knowledge. Traditionally the
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power laboratory has large, several horsepower machines.
The operation of these machines requires special skill and is
not without danger. Consequently, the laboratory requires
constant supervision. The fashionable open laboratory
method, where the student selects the most convenient time
for work, can not be used because of safety problems. We
found that old-fashioned 5 — 20 hp rotating machines make
students uneasy, and these machines convey a message of
obsolescence.

The industry. uses digital data acquisition systems. Even
the modernized university laboratories use old fashioned
analog meters. The students must read the results and make
notes. This creates a constant source of errors that has been

- eliminated in the industry by the use of digital data acquisi-

tion systems. Unfortunately, the state-of-art digital data ac-
quisition system is expensive.

The laboratory exercises are found to improve practical
knowledge. However, this requires the use of real motors and
transformers. Is it important that the students assemble the
circuits to obtain a hands-on experience? The computer-
simulated motors are useful economical tools to teach con-
cepts; however, the student should see and handle the hard-
ware that he or she tests.

Another aspect of the modernization of the laboratory ex-
perience is to increase students’ interest in electric power. A
student using modern equipment realizes that electric power
engineering is not an obsolete subject. Electric power uses
new technology and modern computer based equipment.

The objective of this paper is to propose the modernization
of the classical power laboratory.

B. Laboratory Modernization

Most universities have replaced the old large machines by
small modein 50-100W machines. The most frequently used
are Canadian manufactured laboratory units {1]. Figure 1
shows a typical unit. The upper part has six slots, which is
suitable to accommodate different experiments. In this case
Figure 1 shows the test of a capacitor start single-phase in-
duction motor placed in the middle of the test set up. The left
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side of the motor is the power supply, the right side contains
the capacitors used to start the motor. The upper row shows
the analog volt (left), current (right) and watt (middle) me-
ters. This is a versatile and friendly set which pleases the stu-

dents. The only problem is that the motors operate with 120V

or 208V, which can be a safety problem. ASU is experi-
menting with the reduction of the line-to-line voltage to 60V.
This would results in a line to ground voltage of around 35V.
The low voltage would eliminate the safety problem and
permit the use of the open laboratory.

Figure 1. Motor test setup [1].

Considering the basic energy conversion course, the labo-
ratory should support the lecture. We recommend two hard-
ware exercises and eight experiments.

The purpose of the hardware exercises is to teach the con-
struction of a transformer and motor.

1. Transformer technology. The students receive a
bunch of iron core laminations, winding holder and
wire. First they make a winding with 50-80 turns
and assemble the transformer with, and without,
overlap. This is followed by the measurement of
magnetizing current and turns ratio. The third part is
the calculation of the magnetizing cutrent from the
dimensions.

2. Induction motor technology. The students disassem-
ble a single-phase induction motor and identify the
parts and measure the dimensions. The flux induced
voltage is calculated from the measured values.

The recommended tests are:

1. Three phase power, VAR, VA, power factor meas-

urement.
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Transformer test (Open, short circuit and load test).
Three-phase induction motor test.

Single-phase induction motor test.

DC shunt motor test.

DC series motor test.

Synchronous generator test.

® N kWD

Synchronous motor test.

The concept is that in each case the students perform the
open circuit and short circuit, or blocked rotor tests and cal-
culate the equivalent circuit parameters. After that, they load
the motor or transformer and measure voltage drop, speed
variation, torque, input power, etc. The same values are cal-
culated from the equivalent circuit and the measured and cal-
culated values are compared. This method assures that the
students see a practical use of the test.

C. Measuring Method

In industry most laboratories use digital data acquisition
systems. It is suggested that the hand held digital and analog
meters be eliminated entirely, and replaced b¥ digital data
acquisition systems. We developed a LabView™ program [2]
based system, but other hardware/software combinations may
be used to interface the primary sensors with lap-top comput-
ers, PCs, and base station computers in the laboratory.

The basic system consists of three current transformers
(CTs) and three voltage dividers. The clip-on current trans-
former provides 0.05-5V voltage between 0.1-10A. A Lab-
View card placed in a PC digitizes the voltages generated by
the CTs and voltage dividers. Figure 2 shows the simple
LabView program used for this test.

Figure 3 shows the appearance of the test results on the
screen. These test results are stored in an Excel file. The test
results include the power in watts and the rms. current and
voltage values. In addition, the student can save 2-3 cycles of
the digitized voltage and current waveform.

Digital techniques permit more elaborate tests and collec-
tion of data. It should be recognized that the laboratory exer-
cises must be upgraded to utilize the advantages of digital
data acquisition. Some software may be provided to the stu-
dents to accomplish more complex calculations and tests. At
ASU the students use the Mathcad® program to evaluate the
test data. As an example, the digitized waveforms permit the
calculation of harmonic content by FFT analysis and the cal-
culation of the total harmonic distortion (THD) factor. The
students like to use the digital data acquisition system.
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Figure 3. Test results of the PC screen [2].

] 3, The introduction of digital data acquisition systems
D. Conclusion. has improved the students’ evaluation of the labo-
1. This paper presents an example of a modemized ratory.

classical electric machine laboratory by using small
modern low-voltage machines and digital data ac- E. References

quisition systems. [1] Theodor Wildi, Michaela J De Vito: “Investigations in
2. The introduction of simple technological exercises Electric Power Technology”. Lab-Volt System Inc.

have improved student understanding of basic hard- 1997

ware.
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(2] Gary W Johnson: “LabVIEW Graphical Programming”.
McGraw Hill, Inc. 1994.

II. COMPUTER SIMULATION IN PLACE OF LABORATORY
EXPERIMENTS

A. Introduction

One of the difficulties of teaching power engineering is the
sheer size of generation-transmission-distribution systems.
Indeed, the components of such power systems alone are
large enough to fill specially equipped high voltage laborato-
ries. How then, can the student be exposed to these large
systems that can span continents and more importantly, be
taught the fundamental principles of design, analysis, opera-
tion and control of such systems?

After the 1965 Northeast blackout, it became quite clear
that the design and analysis of power systems could no longer
be done by hand and even the transient analyzers available in
those days were not scalable to the problem size. Digital
computers were employed universally for the analysis of the
behavior of power systems. Hence, the use of simulation has
become an integral part of power engineering practice and
also, power engineering education.

The main question then is not whether simulation should
be used for teaching, because simulations have been used in
power engineering courses for over 30 years, but whether
simulation can be used to teach concepts that are normally
taught in the laboratory. In other words, digital computer
sirmulation has been used to teach analysis of power systems
but can we now use it to teach the more ‘hands-on’ or the
operational side of power engineering?

The answer is that the technology is now well developed to
be able to teach the operation and control of large power
systems by digital simulation in laboratories. However, it is
not quite correct to say that this implies the replacement of
present laboratories with computers. Most of the present
laboratories in power engineering education are used for
teaching the behavior of components, mainly rotating ma-
chines and transformers but also protective relays, bushings,
insulators and other such components. What the technology
promises today is the ability to do laboratory type experi-
ments on, and hence learn, the behavior of large power sys-
tems, something that has not been possible earlier. Thus the
argument in this section is not to replace the present hardware
laboratories but to enhance them with virtual laboratories that
bring in a new dimension.

B. Simulations

The dramatic increase in the power of the digital computer
has made simulation of larger systems and faster phenomena

more feasible today than ever before, The real time simulq—
tion of electromagnetic transients for small power systems is
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possible today and so is the real time simulation of electro-
mechanical transients of large power systems. Moreover the
graphical user interfaces (GUI) of today are such that the
simulations can be watched on the screen in so many ways
that the understanding of these phenomena, and hence student
learning, can be enhanced significantly.

The power flow simulation that shows the steady state op-
eration of a large power system has been available for over
30 years and has been used extensively. It is more recently,
however, that decent GUIs for power networks have become
available. Moreover, standardization of power flow data has
now made the data from real power systems available to peo-
ple outside the traditional power companies. Thus, it is possi-
ble for a student to study the steady state behavior of the
whole Eastern Interconnection by changing generation and
load patterns, by disconnecting and connecting branches, etc.

This is invaluable hands-on experience available to stu-
dents today, something that would take years of on-the-job
exposure for engineers and operators only a few years ago.
Are there phenomena that can only be seen on such large
systems through an easy GUI? The answer is overwhelmingly
yes. Unexpected parallel flows (known as ‘loop flow’ in the
industry), voltage collapse without any contingency, unex-
pected limit violations after a contingency, are all very hard
to predict for a large system and simulated exposure to such
exposure is the only way to quickly familiarize someone with
such phenomena. The GUI is important because the old-style
tabular displays are not very conducive to quickly grasping
behavioral phenomena.

C. Operator Training Simulators (OTS)

Operator training simulators are a more advanced version
of power system simulation in which the steady state simula-
tion is augmented with some real-time dynamic simulation
[1,2]. In present day OTSs, the dynamics represented are that
of the slow response of the power plants [3], as well as the
uniform frequency behavior of the whole system in response
to load changes. The decreasing price and increasing power
of computers has now made it feasible to even simulate the
electromechanical response of individual generators, but such
an OTS has not yet appeared commercially.

In addition, the GUI is particularly designed to mimic that
normally used by the operator in a control center. This is a
significant difference from the usual power flow GUIs like in
Figure 1, and the trainee/student can actually see another
level of substation detail like breakers, transformers and gen-
erators in a substation as shown in Figure 2. This detailed
view of the power system coupled with the changes reflected
in real-time exposes the student to exactly the same environ-
ment as a system operator sitting in a real control center.
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Figure 1. A typical one-line diagram of a power system.

Figure 2. A typical substation diagram in a control center GUI.
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The main advantage of such a simulator is its teaching
capability. Many scenarios can be rapidly presented to the
student, something that may take years to encounter on the
job, and particularly extreme scenarios can be presented
that, hopefully, will never be encountered on the job. Most
important, is that the scenarios can be made very realistic
[4] by ensuring proper modeling and benchmarking against
the real system.

At Washington State University, we have such an OTS
available for student use. Although it has mainly been used
for research, experiments are being developed to teach
students the different phenomena that are otherwise diffi-
cult to teach. Automatic generation control (AGC) and
voltage control are two areas that have been identified as
particularly suitable for this environment.

D. Concluding Remarks

Although it is quite obvious that power system simula-
tions are excellent tools to use for ‘hands-on’ experience,
setting up this virtual environment requires a completely
different set of logistics than a hardware laboratory. First,
the maintenance of such a laboratory requires computer
system analyst support rather than technician support. Al-
though computer support is readily available in all Electri-
cal Engineering departments today, the specialized knowl-
edge required to maintain power systems software is not.
Thus it falls to faculty and graduate students to maintain
the rather complex set of simulation software that often
includes GUIs and database managers not familiar to them.

Second, the software environment for these advanced
simulators has not been very stable. Until recently, only
the Unix environment has been capable of handling such
software, and the absence of standardization in Unix on
different platforms has created many porting difficulties.
The present day NT environment, and the de-facto stan-
dardization of Linux, will largely solve this problem.

Third, the maintenance of the database for a large power
system including all its substation configurations requires a
lot of effort that is simply not available at universities.
Again, standardization of the database has helped this
situation. What will really simplify this is if industry
makes their system data available to universities in stan-
dard formats, just as their power flow data is now available
publicly.

Finally, these simulators are still so new that their po-
tentials as teaching tools are not yet realized. It takes a lot
of effort to develop scenarios, but more than that, it takes a
lot of understanding to develop scenarios that are particu-
larly suitable to teach certain concepts. Often, the faculty
do not have the practical experience required to find the
best scenarios and may need to partner with utility person-
nel more familiar with the particular power system to do
s0.
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Nonetheless, the potential for the utilization of such
simulators in teaching is almost endless. We are on the
verge of developing more new simulators and the tools to
make their use even easier. Without any doubt, these
simulators will turn out to be better teaching tools for such
large systems than the component based laboratories used
today. However, there will always be a need for the pres-
ent laboratories to teach the components.
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