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TWO SIMULTANEOUS FAULTS IN MIDDLE VOLTAGE DISTRIBUTION 
NETWORK 

Daniel KOUBA, Lucie NOHÁČOVÁ 

ABSTRACT 

This paper deals with the method of solution of two simultaneous faults in the middle 
voltage distribution network, specifically two-port network theory. The main focus of this 
thesis is on the earth faults, in the resonant earthed neutral system of the middle voltage 
network and hence simultaneous single-phase earth faults are described in detail. Theoretical 
formulations are used to solve examples and results are commented. 

1. INTRODUCTION 

Simultaneous single-phase earth faults can occur at the same or different phases and at the 
same or different places. The two-port network theory helps to solve many cases of 
simultaneous faults. It is based on the theory of symmetrical components for basic unbalanced 
faults. The use of this method is limited by the principle of superposition to linear systems 
only and assumption is a phase reference A. However, any phase could be chosen as the 
reference, but the choice of phase A results in the simplest mathematical derivations. The aim 
of the detailed analysis of the simultaneous faults is to detect the size and character of the 
fault currents, and to find factors which affect its size. The theoretical solution 
of simultaneous faults will be an initial basis for a further analysis of methods for reducing 
residual fault current, specifically shunt resistor. 

2. WO-PORT NETWORK AND SIMULTANEOUS FAULTS 

By the application of the theory of two-ports it is possible to extend the method of 
symmetrical components to calculate the fault at two nodes in the network. Apart from a 
single fault, this method also enables us to determine the conditions for any type of fault in a 
different location in the network. Generally we can use this method for the same or different 
types of two simultaneous faults, i.e. open-circuit and short-circuit faults, single-phase or 
multiphase. 
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Fig.1 General two port 

Figure 1 illustrates a general two-port with the positive direction of currents and voltages. 
The positive direction, which is defined, is essential for the theory of two-ports. This two-port 
can be described by a system of two equations expressing the input and output voltage: 

;       (1) 

Where  is the impedance parameters (or z-parameters) of two-port. Admittance, hybrid and 
inverse hybrid parameters can be made depending on the types of faults (more details in [1]). 
However, we need only z-parameters for the calculation of two simultaneous single-phase 
earth faults in this paper. The question is how to identify the z-parameters matrix elements, 
which will be equivalent to the network problems. 

2.1 Impedance parameters 

In the case of radially operated networks, the calculation of fault currents in two points is 
not complicated. Equivalent impedances to each point of fault are given by the sum of the 
impedance from the power supply to the fault, i.e. input and output impedance of two-port 
( , ). 

These impedances to individual fault points can be usefully divided into the parts, where 
both fault currents pass through and a part affected by only one fault current. Part of the 
network with both the fault currents actually represents transfer impedances that are identical, 
i.e. . 

For example, two distribution lines with a fault supplied from a transformer station E-HV 
(Extra-high voltage) to MV (Middle-voltage): The common part affecting the state in both 
fault locations will be the equivalent impedance of power supply node of E-HV network and 
the impedance of a supply transformer. The impedances of each line will form parts which are 
affected by only one of the fault currents. It is not necessary to include other middle-voltage 
lines to the equivalent circuit because we assume the fault currents do not pass through them. 
This explanation is shown in Figure 2 below. 

 
 

 
 

 
 

  
 

 
 

 
 

 
 



22ND Expert Meeting "KOMUNALNA ENERGETIKA / POWER ENGINEERING", Maribor, 2013 3 

It is important to note that in case of unbalanced faults we have to consider the calculation 
of symmetrical components in the positive, negative and zero sequence systems. The case of 
transformer stations with two distribution lines suggests the use of T-pad type two-port. 

 

Fig.2 Example of a radial network 

2.2 Equivalent circuit 

Every sequence components system must have its own two-port. Positive sequence is 
active. Negative and zero sequences are passive and thus do not contain power sources under 
the condition of balanced phasors of supply voltages. As we anticipate two faults, we have to 
include two power sources at two different nodes in the network. If we take the network as 
shown in Figure 2, then positive sequence and negative sequence two-ports will look like this: 

 

Fig.3 Positive and negative sequence 

Two-port negative sequence system is approximately the same as the positive sequence 
system with the exception of power source. Further, we separate the input and output 
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terminals of sequence two-port networks via isolation transformers. Ratio of these isolation 
transformers is 1:1 under the condition of reference phase A and it may include a phase shift 
equal to  or . If the condition of reference phase A is not met, it is 
necessary to rotate the phasors of voltages and currents in the affected phase using phase shift 
in such a way that the phase angle will be identical with the reference phase A. This is 
achieved by changing ratio of isolation transformers (  or ) for positive and negative 
sequence system using the following picture: 

 

Fig.4 Settings of ratio of isolation transformers 

The ratio of isolation transformer of zero sequence systems are always 1:1. 
We have already mentioned that two simultaneous single-phase earth faults are characterized 
by z-parameters. The series connection of component systems applies to both of these faults. 
This means that the resulting interconnection input and output terminals of sequence two-
ports will be analogously serial. The resulting equivalent circuit of two simultaneous single-
phase earth faults is shown in the next Figure: 
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Fig.5 The resulting equivalent circuit 

Mathematical description of the equivalent circuit can be found for example in [4]. 

3. CALCULATIONS OF SELECTED FAULTS 

The network (which was) subjected to the calculation of two simultaneous single-phase 
earth faults has the following default parameters: 

Supply E-HV node:  
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(to MV side, corresponds to  ); 

Supply transformer 110/22 kV:  

   

MV distribution line: 

R1 = 0,245 Ω/km; R0 = 0,525 Ω/km; 

L1 = 0,92 mH/km; L0 = 5,34 mH/km; 

Capacitive current (by C in the Figure 3): 220 A; 

Resistance of the earthing system: Re = 5 Ω; 

Leakage current resistance and compensation coil resistance: Rs = 2 Ω; 

Distance from supply transformer to fault at node i: 10 km 

Distance from supply transformer to fault at node k: 20 km 

As shown in Figure 3, the replacement scheme was further completed by shunt reactor 
consisting of a parallel resonant circuit with the network capacity (slightly out of tune) 
representing resonant earthed neutral system and the resistance of the earthing system.  

3.1 Simultaneous two single-phase earth faults (at different phases, i.e. 
cross-country earth-fault) 

We can see in the resulting phasors diagrams the phase-to-neutral voltage at node i try to 
achieve the phase-to-phase voltage, but a second fault in node k in a different phase deforms 
the voltage and decreases the voltage in the second affected phase. The phasors of voltage of 
the affected phase at the node k is in phase opposition with the phasors of voltage at node i 
and also the fault currents at different nodes in the network are in the phase opposition. These 
diagrams resemble two-phase short-circuit fault. 
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Fig.6 Phasors diagrams of two simultaneous single-phase-earth faults (at different phases) 

3.2 Simultaneous two single-phase earth faults (at the same phases)  

Furthermore, we can simulate the single-phase fault in the same phase at the both nodes by 
changing ratio of the isolation transformers pursuant to the above mentioned theory. The first 
computation is without shunt reactor for the isolated neutral system and then with the shunt 
reactor for resonant earthed neutral system. 

As we can see in the following Figure 7, the voltages of affected phases are zero at the 
both nodes. Phase-to-neutral voltages of healthy phases rise to phase-to-phase voltages. Fault 
currents have the capacitive character and are divided between two nodes in the ratio 2:1. 

 

 

Fig.7 Phasors diagrams of simultaneous two single-phase-earth faults (at the same phases) 
isolated neutral system 

The following figure shows the resulting diagrams with the shunt reactor. 

Phase-to-phase voltage Fault currents 

Node i Node k Node i Node k 

Phase-to-phase voltage Fault currents 

Node i Node k Node i Node k 
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Fig.8 Phasors diagrams of simultaneous two single-phase-earth faults (at the same phases) 
resonant earthed neutral system 

Shunt reactor does not affect the character or size of the voltages during the fault. In 
contrast, phasors of currents are almost the real (slightly higher inductive character) and their 
size is about 10x smaller than in the previous case. The ratio of 2:1 has remained the same. 

4. CONCLUSION 

The two-port network theory applied to the symmetrical components provides a 
transparent solution of two simultaneous faults. The formation of equivalent circuit and 
elements of the matrix  was derived. The computation of any affected phase via ratio of the 
isolation transformers was also explained. Then we demonstrated the theoretical derivation in 
the practical calculation of two simultaneous faults in the middle voltage network. Fault 
currents of simultaneous faults were divided according to the line lengths considering the use 
of the same cross-section of lines, the common power transformer and resistance of earthing 
system. The inclusion of fault resistance would significantly affect the size of fault currents 
for both solved nodes. The theoretical solution of simultaneous faults will be an initial basis 
for the further analysis of methods for reducing residual fault current in resonant earthed 
neutral system, specifically shunt resistor. 
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