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USAGE SIMULATION METHODS FOR EDUCATION

Ondiej Cerny?, Radovan Dolgek?

The paper deals with usage of computer simulatiathods for education at Department
of Electrical and Electronic Engineering and Sigmalin Transport, Jan Perner Transport Faculty,
University of Pardubice. Current situation of raalwtechnics is very complicated and sophisticattl b
from viewpoint of railway infrastructure and fromewpoint of transport means. The particular parts
of system are necessary to be analyzed from viewpbitheir behaviour and from viewpoint of influzn
to surrounding parts of the whole system. Therefioelents as future railway experts must be trained
for ability of problem identification and suitabteesign of problem solution. This readiness of etgper
for real operation of these devices is one of th@rgoals of lecturers from the mentioned departmen
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1 Introduction

The department educates students in field of esthnics, electronics and safety equipments for al
transport modes. During study, students are actpdhinwith traction systems as well.
The problems at these systems, which can occunglwperation, are simulated by computers. The
problems of parts are shown in the simulation. &bl are trained for finding of reasons
of the problems and for knowledge of fault effacthe system. After that they try to find the comeat
solution.

The example of solving problem: An electric locometwith diode or thyristor rectifier is in the
section of track. This locomotive represents thera® of harmonics which are propagated through the
catenary [1], [2]. Creation of the physical modehbt possible for this case. Accuracy and beligab
of simulations depend on input parameters and rsaefetxamined circuit parts.

2 Solution problem

Firstly, it is necessary to analyze the whole systAt the Czech Railways two systems AC and DC are
used. AC 25 kV system consists of main parts:

* Feeding Line 110 kV
e Supply substation with FCD
 Catenary
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» Electric locomotive
And DC 3 kV system consists of main parts:
* Feeding Line 22 kV
«  Supply substation with {2pulse rectifiers
 Catenary
» Electric locomotive

For the computer simulation, AC system was cho$és. electric circuit consists of the main parts
which are mentioned above at AC system. The locomqiresents a load but also a source of parasitic
harmonic currents. The large number of electrisabimotives, which are used at the Czech Railwas, h
diode or thyristor rectifier representing a currdr@monic source. Current harmonics pass through
catenary, transformer of supply substation, feediimg 110 kV and then power system. Therefore it is
necessary to use Filter-Compensation Devices (R&€BY)ipply substation to their elimination the highe
add harmonic (i.e.™ 5. FCD has two series LC branches of tfi& &@d the B harmonic and
a decompensation branch. The tuning of the LC Imesmc is not adjusted to
the number of the harmonic exactly but it is doner flower of value as
nz = 2.90 - 2.95 ands= 4.98 - 5.00. The device has to have sufficietatlinput impedance (4u= 500 -

900 Q) for used control frequency ripple (216.7 Hz) whistused by supplier. This condition is realized
by a suitable option of £and G values in the LC branches [3]. The decompensdiranch contains:
reducing transformer, thyristor phase controlled atecompensation chokes. The control is made to
inductive power factor DPF = 0.98 of input of efel power.
The models have to be made for each part of tmactieystem which is used

in simulation.

2.1 Problems of Short-circuits at AC system

The AC system as traction circuit consists of ume parts as were mentioned above except an e&ctri
locomotive. The situation, when the catenary asyldse is represented by one section, is on the Fi
The short-circuits is made in traction voltage maxm at the end of the catenary.
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FEEDING LINE SUPPLY SUBSTATION CATENARY
110kV WITHFCD length 50 km
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Fig. 1: The catenary is represented by one section.

The effects to FCD and behaviour of supply substedire demonstrated by simulation. The situation,
where configuration of traction line is differerg,demonstrated, see Fig.2.
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Fig. 2: The catenary is represented by sectiotis railway
station.

The differences at propagation of voltage surgesraarked in particular points of traction circgie
Fig. 3 and Fig. 4. The curves of currents for trentioned cases are shown on Fig. 5 and Fig. 6.

Fig. 4: Voltage surge for
sections of catenary with
railway station.

Fig. 3: Voltage surge for one
section of catenary.

Fig. 6: Current for sections
of catenary with railway
station.

Fig. 5: Current for one
section of catenary.

For example: The voltage surge can get triple aikpealue of traction voltage theoretically at
catenary represented by sections with railway@taffhe problem occurs at separate voltage sumyes t
station sections. Overvoltage does not depend orbauof station tracks. It depends on length dita

tracks. The other details you can find in [4], [5].
The other example at study of the traction circ¢siieffect of position of locomotive to spectra in
catenary.
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FEEDING LINE SUPPLY SUBSTATION A B
110 kv WITHFCD

Fig. 7: The situation for position effect of locotive.

The main problem of solution of this example ararging parameters of electrical locomotive
during running which are dependent on the waysrwind) (i.e. used speed ratio), locomotive load and
track gradients. These parameters have also eifeetaveform of generated current harmonics by
locomotive. The situation is still more complicat&dthe operation railways when in this sectiois ot
only a locomotive but more locomotives. Excitatioh current harmonics in catenary is caused by
electrical locomotives. These harmonic waves patsaaght the catenary. They have different effact i
the various positions of track. A harmonic spectraesult of simulation of single-track which desl
from supply substation at the beginning of sectbtrack. When the locomotive will be in the sentia
nearness of the supply substation (i.e. point A) anthe end of catenary (i.e. point B), for these we
receive the different spectra under the same paessnef locomotive, see Fig. 8, (note: The fundatalen
harmonic is cut).
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Fig. 8: Spectra excited by locomotive in position A
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Fig. 9: Spectra excited by locomotive in posit®n

The difference of amplitudes excited by resonamneguency of catenary is shown in figures. In the
case of two locomotives with the same parameteng;hware located in mentioned traction circuitthis
spectra shown in Fig.10. This spectra is diffeteah before. More information can be found in [&],
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Fig. 10. Spectra excited by locomotives in possid and B.

3 Conclusion

The paper demonstrates only a small part of prold&tmaction system solved by computer simulations
which are used during study at Department of Hleadtrand Electronic Engineering and Signaling in
Transport. Computer simulations are very useful #llngdtrative not only for study of some student
examples but also at simulations of real statedesices when it is not possible to create physivadiel

of the devices (e.g. higher financial costs). Algbavhen it is not possible to do real fault staieshe
devices repeatedly (e.g at traction system thenaageor short-circuits at the catenary).

All problems, which can occur in real operationpmat be solved during lessons but future railway
experts should be able to decide possible cauggafiiem based on acquired knowledge. This better
readiness enables them quicker and more appropraibéem solution.
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