
Power system simulation 

Virtual lab for power 
system simulation 
Part 1 Interactive design of power 
networks and ~oad-flow analysis 
Imnprovcnients in the speed cf PC nzicroprocessors have enhanced the possibilities 
of building PC-based simulation tools i ~ i  the area of power systems. This article 
describes a lowcosi PC-based tool that  can be used in  college laboratory 
sitnulation of networks and systems, as a continuing [raining programmefor 
pi-ojiessional engineers and as a system design and u.nulysis tool. The tool provides 
the user with ihe capability of drawing one-line diagrams and interactively enters 
component pamrneters and sa.ves data into afile. The tool also includes load-pow 
andysis packages using the methods available (Gauss-Seidel, Newton-Raphson, 
Jacobi, Fast Docoupled) for coniparal ive purposes in laboratories and trai.ning 
sessions. 

by J. M. Ngundam, E. R. Ngalemo Ngalemo 
and F. Kenfack 

nstallatioii of power engineering labora- 
tories in engineering schools ancl training 
institutions in general is costly and takes 
up eiiornious amounts of space. Given 

lhese clilliculties, practical work 011 power 
systems is limited if  at all to  a few experiments 
thal are less costly in terms of equipment and 
slYdce, For developing countries in particular, 
additional difficulties such as limited avail- 
ability of experts in the area must he takeii into 
account. Developments in electrical engineer- 
ing are attracting many more undergraduates 
to the glamorous areas of cornputer engineer- 
ing and science, computer/telecommunica- 
tions/infornmtion teclmology and control engi- 
neering, and not power systems. It is likely that 
the more developed countries are experiencing 
these difficulties to a lar lesser extent. 

A possible sol~ition I O  the above difficulties 
is IO de\>elop a virtual power systems laboratory 
for use in practical work, training ancl system 
simulation and design. In order to cut costs 
arid enhance its affordability eve11 to poor 
countries, the tool preseiitrd iii this article 

has been developed to run on low-performance 
computers as well. 

This article therefore presents a new PC- 
based graphical interface lor analysing power 
systems networks. Its capabilities include: 

drawing one-line diagrams 
data entry of device parameters via siniple 
click on device symbols 
use of several methods (Gauss, Gauss 
Seidel, Newton-Raphson, .Jacobi and Fast 
Lkcoupled). component symbols 
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properties: 

U 
Each component has a graphical repre- 
sentation and an internal set of parameteis 
Each component 15 created tlirough a simple 
click in the work field alier its style ha5 been 
selected in a toolbox. 
Each coinponelit can be repositioned by 
dragging it to lien locations 
A device can he connected t o  a bus by 
bringing the end of the device near the bus 

2 Illustration of first 
screen 

3 Example of a network 
designed using the 
symbols shown in Fig. 1 

The tool has been developed with Xirho Pascal 
as the programming language. The program 
runs on Microsoft DOS Version 4.0 and higher. 
I t  can run on IBM PCs or compatibles. 
Although Fortran compilers have also devel- 
oped visual capabilities, it is not available to 
us. In the future, i t  might be useful to develop 
a similar loo1 in Fortran for comparison 
purposes. The objective in doing so should be 
to determine the hest programming approach 
in t e r m  of speed, accuracy etc. 

A user manual to make it easy for users t o  
undertake simulation and system design as 
described in this article accompanies this tool. 

Representation of the network 
Electric power networks are generally repre- 
sented in the form of one-line diagrams with 
each element connected to a bus and buses 
linked through lines. A network is composed 
of generators, transformers, buses, lines and 
loads. Particular elements of real networks 
such as breakers are not o f  interest now 
because such elements are passibe with no 
particular effect on system analysis. They are 
considered as part of the control system. Each 
component has a name and characteristics. 
Thus we have power (active and reactive), 
resistance and reactance for generators, resist- 
ance and reactance lor transformers and lines, 
power (active and reactive) for loads and lor 
buses we have just power. llowever, their 
nominal voltages and currents further describe 
all of these elements. Characteristics are 
transformed into per unit values to simplify 
calculations 

This depends on the orientation of the com- 
ponents For instance, a horizontal generator 
can not be connected to a horizontal bus. 
Each component can be selected through a 
simple click on the graphical symbol repre- 
senting it. 

Input and output data can he accessed in a 
window created froin a menu command with 
the possibility of editing input values. nata can 
be saved in a database, which consists of one 
text file. lnternal data representations and 
manipulations are completely transparent to 
the user. The tool includes the possibility of 
panning horizontally and vertically across 
the diagram. This is accomplished merely by 
moving the mouse at the edge of the design 
screen. Copying, cutting and pasting features 
are also available from the ‘edit’ menu 
corninand. The Y matrix of a network can be 
shown from the ‘aiialysisN matrix‘ menu 
cominaiid. Analysis parameters such as 
convergence error or initial values can be 
changed through the ‘optionshnitial values’ 
inenu command. Particular information rela- 
ting to the method of analysis is show11 after 
each analysis. Thus, the number of iterations, 
the computation time and the memory 
required are shown lor each method alter 
analysis. Via the integrated help engine, the 
user is quickly provided with an online help, 
oriented diagram manipulations, analysis and 
component parameters. 

Implementation 
The prograin was developed in Turbo Pascal 
Version 5.5 environment. We chose this en- 
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viroiiinent because it is a simple programming 
language that we are used io, ancl ii provides a 
large number of routines for graphics nianage- 
ment. Furthermore, a module for window 
interface representation was already developed 
in this language. 

Each component is internally represented 
as a sei ol records representing co-ordinates, 
input and output parameters. I t  has the 
following form: 

component = record 
co-ordinates 
input parameters 
output parameters 
style. 

Components are drawn according to their style 
and direction and, when selected, with a 
different colour ancl inarker surrounding it. 
The shapes are as shown in Fig. 1. 

Line shapes are automatically generated and 
depend on positions and the directions of 
buses linked by the line. The set of  coinpoiients 
is represenled as a chained list. Therelore, the 
inaxiinuin number ol  componenis depends 

only on Lhe memory capacity ol  the compuLer. 
A module for complex calculations was 

cleveloped to enable 1’ matrix computation. A 
complex quantity is defined as a set of two real 
values as follows: 

complex = record x, y: real end 

The module contains basic operations on the 
complex quantity They are addition, sub- 
traction, product, conjugate, division. 

This io01 has been named SIMULTEC. It is 
software for DOS, which is in the form of a 
standalone executable program assocjated 
with a help and a graphic interface file. It runs 
on a computer with the following niiiiinial 
characteristics: 

300 khyte of hard disk space 
286 processor with an arithmetical co- 

640 kbyte of RAM 
processor 

Example of use of SIMULTEC 
Design of thc  network 
From the file menu select ‘new tile’: the work 
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field is blanked. In the toolbox, click on 
generator, then click in the work field: a 
generator is created at the position where you 
want it. Do the same toor other components. 
Double click on each element and enter its 
parameters in the dialogue box that appears. 

6 Example of application 
to a network 

Run unulysis 
Select the analysis preferred froin the options 

menu. In the analysis menu select the method. 
A h  completion of the analysis, the results are 
given in a dialogue box. From the file menu 

select ‘save’ and entcr a fileiiame in the dialogue 
box that appears (Figs. 2.5). 

Application 
The network in l3g.6 has heen analysed using 
the methods described above and the results 
of two of the important inethods are provided 
in two bar charts (Fig. 7) for lwo diflerent 
tolerance limits. Memory space required is 
2.2khyte. 

Comment on the vaults 
The charts in Fig. 7 show, for analysis of just 
two methods, that for a lower tolerance limit, 
the Newton-Kaphson inethod has a shorter 
duration of analysis and the number of 
iterations are almost double that obtained 
with the Gauss-Seidel method. For a higher 
tolerance limit, even though the duration of 
analysis is still lower for the Newton-Raphson 
method, the nuinher ol iLerations is about the 
same in Lhis case compared to the Gauss-Seidel 
method. In fact, these results are in conformity 
with theory The Newton-Raphson method 
is a powerful iiicihod Tor solving non-linear 
algebraic equations. I t  works faster and is sure 
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