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Abstract

The paper aims to solve instructional problems in the study of power system transient
stability. The problem appears due to the presence of complex solution procedures
which require time and effort, as well as the need for instructional media by which the
power system stability can be determined. To satisfy these objectives, the computer
aided learning technique is used by developing an assisted computerized instructional
programs according to stages of the instructional design, which involve identification of
the instructional goal, the conduction of the instructional analysis, the conduction of the
learners analysis, the medium’s suitability consideration, writing of the performance
objectives, the criterion referenced tests development and the simulation strategy which
was followed in developing of instructional strategy, in which the learner can observe
the power system stability after the selection of its parameter values. Also the
development of power system mathematical model, the display screen design and the
flowcharts structure were achieved. Then the algorithm is implemented in BASIC
using a the personal computer . The program is formatively evaluated to make the
modifications on it by the conduction of the quality review and then seven staff monbers
who teach thin subject matter were acked to determine the program efficiency by
responding to questionnaire made for this purpose. In order to show the programs
validity, twenty learners were subjected to pretest and they used the programs
experimentally and then were subjected to posttest. After that the learners utility from
the programs was tested by the questionnaire made for this purpose. From the
evaluation we can deduce that the programs are considered to be good tools in the
demonstration of the basic concepts, increasing the learners, motivation and their by
responding to achievements was affected positively.
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Introduction

Transient stability studies of large power system involve extensive amount of numerical
calculation and therefore require considerable computer time. The increased need for more
efficient and economical solution procedures, to allow extensive studies in order to insure
compatibility between design and operation, has motivated a search for faster solution
techniques. Two possibilities for improving the speed of transient stability studies are
investigated in this work.

In the first, a method of improving numerical integration techniques has been devised for
use in the traditional step by step approach. In the second, a search has been undertaken for
methods that make possible the prediction of the stability or instability of a power system, by
solving the relevant differential equations up to the fault clearing time only. To obtain a time
solution and observe whether the various machines tend to lose or maintain synchronism is a
lengthy and time-consuming procedure.

However, in most transient stability studies, the important question is whether the system
is stable or not in the post fault period without the need for considering the detailed behavior
of the state variables in the time domain. Therefore, any method that can predict system
stability with only partial use of the step by step integration procedure may reduce the
computation time needed for solution [ 1 ].

Different international organizations like UNESCO, ALICSO and ASCISCO have called
to use computers in education. Simulation programs cover principles of education
programming represented by active output response, control of stimulus and instantaneous
feedback, gradual advance and gradual decay information. Computer programs are also used
to represent certain situations and expect the results through interaction of different factors,
which follow a system, designed in advance [ 2 ]

The computer also helps in finding suitable environment and conditions to make the
simulation operation successful especially for cases where it is impossible to be done

practically because of its high cost or its danger to lives [ 3 ].

Computer Simulation and Engineering Education

Engineering education is more adopted to computers, many programs for teaching drawing
and design have been developed like the computer aided design instruction (CADI) and
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computer aided design (CAD). Computers have been used in the field of artificial intelligence
through experts system in different engineering sciences to achieve educational aims [ 4 ].

Computer simulation in education is considered as effective procedure in teaching some
engineering phenomena, students may not be stimulated by simulation only but they learn
also through interaction with the phenomenon as they do in actual life. Simulation procedure
is used also to study system behavior or system dynamics to have the general concepts and
understanding of such system [ 5 ]. Technical characteristics of computer helped in widening
simulation applications in engineering education and helped in solving engineering design
problems, which may have models of different degrees of detail [ 6 ].

To study a certain problem, simulation procedure is needed to represent the system
behavior and logical mathematical relations between system variables. After obtaining a
system (under study) in a completely controlled way, results obtained from change of
different factors or variables affecting system behavior have to be looked at carefully [7].

Computer simulation advantages in engineering education may be summarized as follows:

(I) Possibility to study the system without using the actual one.

(IT) Mathematical operations can be done very fast.

(IIT) Possibility of changing some of the parameters or quantities used.

(IV) Measurement of different variables.

(V) Different methods may be used to evaluate the results in a short time.

(VI)Some of the results may not give enough accuracy without repeating the solution many
times.

(VII) Graphical results may be obtained [ 4,5 ].

Simulation has three educational modules

(I) Procedure simulatiomn
(IT) Situational simulation.
(IIT) Process simulation

Each has its own way of teaching element and its own decisions for example in the
procedure simulation there should be a context, representation, actions, reactions of the

system or feedback, sequence of simulation, learner control and simulation completion [ 6,7 ].

Electrical power engineering education

In the present time electrical power systems are very large due to the interconnection of
different power areas.

This leads to complicated problems, which need to be taught, and each is represented
mathematically. Teaching subjects of power system analysis like load flow, short circuits,
protection and stability for undergraduate and postgraduate require some details, in addition
to long mathematical procedures, which take very long time with such studies which will not
only introduce the student to interactive design methods and to the application of numerical
techniques in system analysis, but it will be very much relevant to his future career.

Personal experience in teaching such type of study to students. Therefore the example to
be taken here is about power system transient stability.
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Transient Stability Problem

Transient stability study is concerted with the t e allowed without k
S s for a fault or a sudden disturbance to stay at the system without

synchronism ] 89 |

To teach the student the effect of different factors affecting transient stability, step by step
methods are used to solve differential equations for analyzing electrical power system
transient stability.

Rung-Kutta fourth order method is used. Rotor angle and rotor speed are calculated,
graphs representing these variables are drawn to provide clear simulation of machine behavior
and to overcome difficulties faced by the learner when studying transient stability
[10,11].

Research Procedure

In order to write a workable program to be understood by students the following steps
should be taken into consideration.

1- Program design stage. This stage includes

(I) aim of program.

(IT) collection of references related to the subject.

(IIT) thinking how to write such a program.

(IV) organization of sequence of implementation of the program.

2-Program production stage. This stage includes

(I) production of necessary flow-charts.

(IT) decision about which computer language that will be used in program. (In this work
Fortran and Basic languages are used)

(IIT) decision about which graphs or figures that will be shown on the screen.

3-Program evaluation stage. This stage includes

(I) Revision of quality of program before demonstration
(IT) Experimental tests.
(III) Final evaluation.

Flow charts are drown in three interrelated levels to reflect the simple flow of the computer
training program.

First level flowchart does not include divisions and decision while the second level
program adds to the first level program decisions and branches. The third level moves to the
details related to programming.

APPENDIX A1 shows first, second, and third level flow charts to study details on power
system stability.
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User Interaction

1-Representation Production
(A) Writing of major texts

This includes, the principles and concepts of the text, denoted by T.

Symbol main text

T1 concept of system stability.

T2 concept of steady state stability .
T3 concept of dynamic stability .

T4 concept of transient stability .

TS understanding of swing equation .

Thus all necessary concepts and conditions are included to the subjectclear.
(B) Writing of secondary texts

These are instructions to direct the learner to interact with the program, denoted by D.
What follows shows some of such secondary texts available in the program.

Symbol Secondary text
D1 instruction to the learner to choose what is need from program.
D2 instruction to learner to interact with subparts of the program, it is possible

to leave this part or come back to it according to the needs of the learner.
2-Application example

A single machine connected to infinite bus system is taken as example system, details are
given in appendix (A2).

The learner may choose one of the available paths given, for example T4 a text that
includes the concept of transient stability. For more details he may go to secondary text. This
path represents procedure simulation of factors affecting the power system transient stability,
This includes:

(I) initial conditions.

(IT) critical clearing time.
(IIT) damping.

(IV) angular momentum.
(V) fault location.

When the learner chooses simulation of the effect of initial conditions, for example, the
program shows the effect of changes in input when other factors are fixed. The learner will
see the stability otherwise under the considered change in power.

Find out to know whether the learner is acquainted with this concept the program gives
questions and directions so that the learner knows the correct answer. Feedback procedure is
available for the learner to start from any point which he is not familiar with. Appendix (A3)
gives one complete path chosen as an illustration of the method.
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Conclusion

An instructional program for teaching the subject of power system stability is provided.
The program not only deepens the understanding of the subject but also minimizes the time
needed for teaching the subject to students.

These conclusions stem from the results of a questionomaire is gives to undergraduate and
postgraduate students, at the Foundation of Technical Education, College of Electrical &
Electronic Technologies, Baghdad, who attended a two session demonstration of program.

It is observed that the program desire and rouses incentive to learn the subject. The
program may also be useful to engineers interested in power system stability.

Appendix Al
Below is the first, second, third level flow chart to study details of power system stability.

First level flow chart
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Appendix A3

THERE ARE FIVE FACTORS WHECH EFFECT
POWER SYSTEM STABLITY

1INITIAL CONDITIONS
2.CLEARING TIME

3. DAMPING

4. ANGULAR MOMENTUM
5.FAULT POSITION

PRESS YOUR CHOICE (1-5)
THEN PRESS RETURN KEY?

PRESS 6 TO EXIT MANUAL

FIRST GROUP OF DATA FILES
TO SIMULATE INITIAL CONDITIONS EFFECT ON POWER
SYSTEM STABLITY

FOURTH GROUP OF DATA FILES
TO SIMULATE ANGULAR MOMENTUM EFFECT ON POWER
SYSTEM STABLITY

PEPU TC SEC. DAMPINGP.U FAULT MP.U MP.U PEP.U TC SEC. FAULT DAMPING P.U

105 ........... 043 ,,,,,,,,,,,,, 00 ................ DIRECT003 TR 10033 ......... () 5 ............. 043 .......... D [RECT = o
2. 04 0.43 0.0 DIRECT  0.03 2. 0.036 0.6 0.43 DIRECT 0.0
3,03 0.43 0.0 DIRECT  0.03 3. 0.039 0.6 0.43 DIRECT 0.0

PRESS YOUR CHOICE (1-3) PRESS YOUR CHOICE (1-3)

THEN PRESS RETURN KEY? THEN PRESS RETURN KEY?

PRESS 4 TO EXIT MANUAL PRESS 4 TO EXIT MANUAL

ARCLE DE4

3 geeldIio
PRISS ANY KEY_I0_SONT

8.8000E T

SECOND GROUP OF DATA FILES
TO SIMULATE FUALT CLEARING EFFECT TIME ON POWER
SYSTEM STABLITY

TC SEC. PEP.U DAMPINGP.U FAULT MP.U
1041 .......... 0 6 ............. 00 ................ DIRECT ..... 003 ..........
2. 042 0.6 0.0 DIRECT  0.03
3,043 0.6 0.0 DIRECT  0.03
PRESS YOUR CHOICE (1-3)
THEN PRESS RETURN KEY?
PRESS 4 TO EXIT MANUAL

FIFTH GROUP OF DATA FILES
TO SIMULATE FUALT LOCATION EFFECT ON POWER SYSTEM
STABLITY

FAULT TC SEC. DAMPINGPU MPU PEP.U
1D1RECT .......... 04300 ,,,,,,,,,,,,,,,, 0 03 i
2. INDIRECT 043 0.0 0.03 0.6

PRESS YOUR CHOICE (1-2)
THEN PRESS RETURN KEY?

PRESS 3 TO EXIT MANUAL

ROTOR ANGLE DEG.

-1.2886E+82 _
8.8208E+e8 @.1200z+8!
PRESS ANY KEY TO CONITiMIE

2.2902E+01

DIREC

e g

e ©.50005-08
PRESS AHY KEY 10 CONTINUE
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Appendix A2
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DATA FOR EST ANALYSIS

The principal data for the system (under study) are tabulated below.

Item value

Generator rating 37.5 MVA
11.8 kV
Direct axis transient reactance, xd 0.232
Angular Momentum, M. 0.03374
Synchronous speed,wo 314.2 Rad/sec.
Inertia constant, H 5.3 kW-sec/KVA
GENRATOR TRANSFORMER

AND TRANSMISSION LINE DATA

Item value
Generator transformer reactance, xt 0.1323
Generator transformer resistance, Rt. 0.0056
Transmission line reactance, x1, x2 0.0468
Transmission line resistance,R1,R2 0.0172

All generator, generator transformer and transmission line reactances and resistances are
expressed in per unit on a basis corresponding to the generator MVA rating.



Al - Taqani, Vol. 18, No. 2, 2005

References

1- Allen, A.J.& Atkinson, P. “Cybernetic Computerized Learning of Positional Servo
(CYCLOPS)” Computer Aided Design of Control System, Proceeding of the IFAC
Symposium, Zurich Switzerland, 29- 31 August , 1979.

2- Auveril, M. Low & Kelton, David W. Simulation Modeling and Analysis McGraw Hill,
,1982.

3- Allen, A.J, Mitchell, R.J. Cybernetic Computerized Learning of Interactive Design 1EE
Colloquium on the Use of Personal Computer in Control System Analysis, Digest No. 83,
London, May 23, 1986.

4- Briggs, Leslie J. Instructional Design Prentice-Hall, New Jersey , 1977.

5- Detlef, Wildenberg “Computer Simulation in University Teaching” Proceeding of FEOL,
Paderborn, Germany, pp. 28-30, January , 1980.

6- Diekmann, K., Drebholz. R. “A Simulation and Analysis Program for the Education in
Automatic Control” IFAC Sympos, Vienna, Austria, 22-26 September , 1986.

7- Macdougall, M.H Simulation Computer System Techniques and Tools the MIT Press,
London , 1987.

8- Naylor, .H power system protection peter peregrines Ltd., Stevenage , UK, and New

York , 1990.

9- Kimbark, E.W Power System Stability Synchronous Machines Dover Publications, Inc.,

New York ,1972.

10-Putmanh. V., “Synchronizing Power in Synchronous Machines under Steady and Transient

Conditions” A.I.LE.E Trans., Vol. 45, pp. 1116-24, September , 1962.

11-Selden. B. Crary, Power System Stability, Vol. I, (Steady State Stability) John Wiley

&Sons, New York , 1954.



