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This paper deals with the modeling of transient phenomena in power system using the tool Matlab / SimPowerSystem. 
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I. INTRODUCTION 

For a correct dimensioning of electric overhead lines and the 
correct setting of electrical relays in the power system (PS), it is 
necessary to know the short-circuit current conditions at the particular 
place of the system. It is necessary to determine the maximal and 
steady-state values of short-circuit currents in the PS. Calculation of 
the above-mentioned variables is done on the known parameters of 
network elements and also the connection of particular equipment – 
resources, overhead lines, loads. The calculation of short-circuit 
conditions includes all the power sources and contributions from 
electrical rotating machines. 

Calculation of short-circuit currents is based on solving differential 
equations or simplified algebraic equations – it is necessary to know 
the impedances and power supply values of the particular circuit 
branches to the point of short circuit. From these data, there is 
calculated the value of short circuit current in the point of short circuit 
and also there is determined the contributions from particular power 
sources. 

Because of arising the asymmetrical fault conditions in the three-
phase systems, it is appropriate to simplify the system of nonlinear 
equations. Unsymmetrical three-phase system is usually replaced by 
symmetrical components of positive sequence, negative sequence and 
zero sequence system phasors. 

Currently, there are many commercial and free downloadable tools 
that can carry out the mentioned analysis. One of the frequently used 
is the tool of Matlab and its toolbox Simulink/SimPowerSystem, in 
which there were realized the following simulations of transients on 
the selected part of the radial network (area in the eastern part of 
Slovakia). 

II.  ANALYSIS OF TRANSIENT PHENOMENA IN 22 KV 

GRID 

In this section, there will be presented the results of simulations of 
some selected transients that may occur in the 22 kV network. 

Network model is determined by parameters of the model 
elements. As the network is ineffectively grounded, one of the 
transients can be a ground connection. Model of PS is a part of the 
22 kV network located in eastern Slovakia. The data of transformers, 
overhead lines and power supply were assigned according to provided 
data. The loads were intended on the optimal operation loads 
conditions. The system has 17 load locations; every load location has 
its switch for disconnection, respectively connection. In the case of 
multi-load branches in one node, there is placed common switch for 
switching the entirely section. 

Figure 1. Scheme of a selected part of the PS 

According to presented scheme in Fig. 1, there is created in 
Matlab/SimPowerSystem a network model (Fig. 2). 

Figure 2. Scheme of a selected part of the PS in Matlab/SimPowerSystems 

In Fig. 2 there is presented the PS model, it is an inefficient 
grounded network. There are located also particular out-coming lines, 
respectively loads. The presented part (section) has a length of main 
overhead line AA-AL 8121 m. Sections have their main switches, 
which are labeled S17-S20. These switches, if it is necessary, in the 
case of repairing or revision, disconnect the entire section from the 
supply voltage source. Transformers transform voltage level from 
22 000 V to 420 V in the loads sections. Another data of model 
elements were assigned by available technical specifications. 

III. 3-PHASE SHORT-CIRCUIT ON OVERHEAD LINE 

In this type of failure there it occurs by the metal connection of all 
three phases. In Fig. 3 there is a part of a network, where there was 
localized 3-phase short-circuit failure. In this case, the load No. 17 is 
disconnected. Three-phase short circuit occurred before load switch 
No. 8 at time t1 = 0,04 s, and the failure was removed at time 
t2 = 0,1 s. 
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Figure 3.  Part of the PS with highlighting on fault location (3-phase short-
circuit) 

As one can see in figure. 4a, there is a occurring of overvoltage in 
all three phases. During a short circuit rising, in phase L3 it can be 
read at the time of tk1 = 0,0401 s the value of overvoltage on voltage 
level U3k,max = 32 996 V. After removing the fault (at the time of 0,1 s) 
then occurs to repeat overvoltage with the highest voltage level in 
phase L2 to U2K,max = 54 327 V (at the time of tk2 = 0,1017 s) in the 
negative half period. To eliminate overvoltage and impulse currents, it 
is recommended, as in this case, using of overvoltage arresters. 

During a short circuit there are occurred the increasing of current 
from I = 89,02 A to a peak short-circuit current in phase L3 of 
ip3 = 4977 A (at time t1 = 0,049 s) (Fig. 4b). Such impulse currents can 
be very dangerous for the devices in the network. For dimensioning of 
the equipment and setting overcurrent protection it is therefore 
necessary to ensure proper setting of the protection. Improper setting 
of protections could cause a permanent dynamic and thermal effects of 
short-circuit current that can damage equipment in the network. 

a) 

b) 
Figure 4.  Characteristics of voltage (a) and current (b) during the three-phase 

short circuit 

According to similar procedure there can be determined the 
characteristics and values of another types of failures, such as the 
example in Fig. 5. 

a) 

b) 
Figure 5.  Characteristics of the current during the two-phase metal (a) and 2-

phase earth short-circuit (b) 
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