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ABSTRACT

The developed software for the short-circuit anialys intended for the students of the power ergging
study programme offered by the University of Wesheia. The program is based on the method of
symmetrical components. The power system elementn@delled by equivalentcircuits. The software was
developed in Borland Delphi. The results are reearihto text files and also displayed graphicakythe phase
vector diagrams that are suitable for teaching mses.

1. INTRODUCTION

The University of West Bohemia (UWB) representedisy Department of Electric Power Engineering and
Environmental Engineering offers the Bc., MSc. &dD. study programmes directed towards the elegtneer
engineering. The short-circuit calculation belongghe fundamental knowledge of the graduate eegieso
that the practical knowledge of short-circuit cddtions are required within the framework of seV@@urses.
Computer-based training has become an integrabp#ine seminars.

The software tools used in the courses up to nevwoat-of-date at present time. Due to running e BIOS
the data input and control of the former softwasesomewhat “user-unfriendly”. From this reason deeided
to develop new software tool, user-friendly compyegram with special reference to clearly disptayesults
that would be suitable for teaching purposes amtrstanding solved problems.

2. DESCRIPTION OF THE SOFTWARE

The developed software for the short-circuit analys called TeNeCo (according to the names of its
authors). The computer program is based on theciptin of superposition and the method of symméirica
components [1], [3]. There are several approxiometithat have been used to simplify the fault dat@mns: a
balanced power system is assumed; shunt elemergptethe earth capacitance of power lines are otglethe
middle position of transformer tap changers is 8®t;voltage magnitude of generators and infeedsristant.
The complex numbers and proportional units are usélde program. The power system elements are leode
by equivalentr-circuits, and the power system by the admitanc&ixndbus. The use of the bus impedance
matrix Zbus provides a convenient means for calimgéehe fault currents and the post-fault voltagesociated
with various types of faults. The bus impedancerim@bus is obtained by using the LU decompositiogthod.

Because the Windows is widespread operating systeamhave decided for the Borland Delphi that is
appropriate tool for developing Windows-orientaggablications. The Borland Delphi is well known dfije
oriented programming system. At present the Obfi¢nted Programming (OOP) is also used in the powe
system analysis [2]. Particular network elementatrices, faults etc. are defined as the objecth it own
structure and methods (similar to the functions jpretedures). From view of a programmer the dédiniof the
objects and the programming of the methods is dempanding and time-consuming work. On the othedhan
the advantages connected with the future exteitgibile veryconsiderable.



3. DATA-INPUT EDITOR

For data input, the interactive editor with fullpport of Drag&Drop technology was developed (FigThe
icons on the panel allow data entering. In the séagroup of icons there are icons for enteringpi@meters of
nodes, power lines, transformers, supply networkisgenerators.
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Fig.1 Data input editor (supply network — transfaer — power line)

After clicking on an icon the data form of giventwerk element is displayed. The data form contéiimss
for entering parameters of the network element. ddta form of a power line is shown on Fig.2.
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Fig.2 Data form of power line parameters

The identification, the nominal voltage, the segdémd and receiving-end nodes, the length and the

parameters of the power line can be written. Faitifation of data entering the data form contatims list box of
the most frequently used power lines (so calledtype power lines). The editor for entering thegoaeters of
the type lines is also built in the computer progr&imilar data forms are developed also for tteiohetwork
elements.

The network elements displayed on the panel assbwoxh their symbols should be connected by mouse

clicking.



4. SHORT-CIRCUIT ANALYSIS UNIT

The software is designed for solving the three-phago-phase, single phase and two-phase to griauts
and also the earth faults. The fault resistancethedre-fault voltages can be taken into accaunthe check
box (Fig.3) the user can select also the faulttfmrs{the node where the fault is occurring).
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Fig.3 Set-up of calculation process

After setting-up the calculation process will rifar unsymmetrical faults the sequence admitaceiceatr

1 v©@ (0) ®n -@ (0)
Yous  Yous ANAYous are built and then the sequence impedance matrzlt‘é’téS’ZbUS andZp,s are obtained by

using the LU decomposition method. For symmetrfaalts only the positive-sequence matrices areiredqu
The zero-sequence network of the power system dféer d/om positive and negative-sequence ones as a
consequence of transformer-winding arrangementspieit the dimension of positive, negative andoze
sequence admitance/impedance matrices are the Fdmeopen-circuit in the zero-sequence network. (8.9
wye-connected transformer) is modelled as a fiatgiimpedance of large numerical value (in thi® dd¥15) so
that the configuration of zero-sequence netwodoissistent with positive or negative-sequence ones.

Finally, the fault current and the during-fault tagjes in all nodes are calculated. Theoretical ¢grackd of
the short-circuit analysis is described in [1],.[3]

5. UNIT FOR DISPLAYING THE RESULTS

The results are written into text files, which &llthe students next data processing. There arededdhe
fault impedance, and sequence/phase fault curagtpost-fault voltages at all nodes.

The results are also displayed graphically as thas@ vector diagrams that are very suitable for
understanding the solved problems. For displayigrésults the special built-in viewer was devetb(€g.4).
The built-in result viewer allows displaying botietsequence voltages and the phase voltages eiesetodes.
The phasors of the sequence voltages have diffecdotir. There is also possible to save displayagrdm into
an image file.



~~ Prohlize€ wysledku

Seznam uzli sité: Fazomw) diagram napéti v [p.u] Im

beel ] 7| @J Wokreslovat :
g v Faze »
@ v Sousledna ]
Al e Zpétng F
. L] & Netotiva ]
ﬂ W Fazeh A

Projekt:

Di?lo?nkla &J v FazeB B
: i E’J fv Fazel (1

1F zkrat/zemni spojeni &

Umisténi poruchy:
Uzel 8

Odpor poruchy:

Rf =0 [akir]

Fiz =0 [ohm]
Poruchov{ proud [A]:

i"= 347489887
kA

[ Krezlit pomocné Gan

[ Kresltproud v poruge

) B B al

el e
unj
L]

| oL

i "o 0180 e
kC :

Zavfit

Uhel:53,67 ° Bod 1 [-1,35 :0,77] - Bod 2 [-1,4 ;-0,51]

Fig.4 Result viewer (earth fault is displayed)

6. CONCLUSIONS

TENECO is user-friendly application for the shoircait analysis. Due to easy data input editor #mal
graphical result viewer it is very suitable ford¢hag purposes.

The developed software is intended for the compodsed training. We suppose it will enrich the
classwork, meet the demanding requirements ofttigents, and improve their knowledge and also lefi¢he
courses offered by UWB.

7. REFERENCES

[1] Anderson P.M.: Analysis of faulted power systetB&E Press, 1995.

[2] Soman M., Khaparde M., Pandit S.: Computatianathods for large sparse power systems analysis - a
object oriented approach. Kluwer academic publsh2p01.

[3] Tesafova M.: Using the short-circuit analysis algorithm/software for the estimation of voltage dips,
Conference Zastosowania komputeréw w elektroteehzilavE 2004 Poznaii, Poland, pp. 195 —198

[4] Tesafova M., Némecéek M.: Tutorial software for short-circuit analysis in power system (in Czech),
Conference ELEN (Power Engineering) Czech Technicébersity in Prague, 2004.

Acknowledgement
This work was supported hite Grantova agentura Ceské republiky (Czech Science Foundation), research
project GACR no. 102/03/P091.

Author address:

Ing. Miloslava Tesafova, Ph.D.

Department of Power Systems and Enviromental Eeging
University of West Bohemia in Pilsen

Univerzitni 8, 306 14 Plzen, Czech Republic

E-mail: tesarova@kee.zcu.cz

Tel: +420 37 7634313



