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Abstract: Recent years, power companies pay more and more attention to power quality, and a large amount
of money is invested in the power quality monitoring device. Using power quality monitoring device
distributed in power system, this paper introduces a distribution network fault locating scheme basing on
limited data provided by power quality monitoring device. The scheme can not only achieve fault locating
taking advantage of power quality monitoring device, but also increase maintenance efficiency.
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1. INTRODUCTION

At present, basing on the power grid topology, and operation mode information, and the limited
measurement information provided by power distribution automation or power quality monitoring
system, it is a hot spot to realize the accurate positioning of electrical fault points in the distribution
network™. In this paper, we will introduce a fault locating scheme based on the limited data in the
distribution network. The scheme ascertains the candidate fault area and electrical fault types
according to the observation value of current and voltage at the limited observation point before and
after the failure firstly, further realizes the fault locating which is strong support to grid security,
stability and reliable operation!®?!,

Traditional fault locating methods, such as Impedance method and Travel wave method™, achieve
good effect when applied to fault locating of transmission network. However, the distribution network
has complex structure, lots of branches, insufficient transformer and less fault locating devices,
difficulties occur when apply those methods to accurate fault locating of distribution network.
Although fault principle of small current grounding system are studied, but the existing fault locating
methods of distribution network not only need to install a large number of voltage and current
transformer, high precision data collectors for acquiring transient zero sequence component, but also
only the fault section can be located®®. In order to save the cost of the power grid, and to accurately
locate the distribution network fault, a fault locating scheme based on the limited data in the
distribution network will be introduced.

2. OVERALL SCHEME OF ACCURATE FAULT LOCATING

The proposed fault locating scheme contains four steps. Firstly, determining the moment of power
grid failure before locating in order to distinguish the data before and after the failure. Secondly,
Judging the fault type according to the three phase voltage phase information of the monitoring
points. Thirdly, based on the judgment of the upstream and downstream of the fault source, obtaining
the collection of possible fault lines or bus lines, and the candidate area of the fault can be located.
Finally, building the optimization model based on the short-circuit calculation, and obtaining the fault
distance and fault resistance by solving the above model. Thus the accurate fault locating is realized.
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Figl. Steps of fault locating scheme
3. DETECTION OF FAULT OCCURANCE

The locating scheme aims at locating the distribution network fault based on the limited measurement
data. The scheme relies on recorded current and voltage information measured by power quality
monitoring device of limited nodes to locate. Before locating, what need to do first is to determine the
moment of power grid failure so as to distinguish the data before and after fault locating conveniently.

When the power system has a short circuit fault, there is basic phenomenon that the current increases
dramatically. In some conditions, the maximum instantaneous value of the current can be up to 10 to
15 times the rated current. Besides, while the current increases dramatically, the voltage in the system
will drop considerably. For example, when a three-phase short circuit occurs, the voltage of the short
circuit point will be reduced to zero, and the voltage of each point near the short circuit point will be
significantly reduced!”.

It can be concluded that when the proposed scheme locates, the current and voltage measured by the
power quality monitoring device of the limited node can be changed greatly if a short-circuit fault
occurs in the monitored distribution network. That is to say, we can acquire the fault moment by
monitoring changing of the current and voltage measured by the power quality monitoring device of
the limited node.

4. JUDGEMENT OF FAULT TYPE

The closer the measuring point is to the point of failure, the lower the voltage amplitude is, the more it
can represent the actual situation of the fault point. So when determining the fault type, the lowest
monitoring point voltage in the three phase voltage amplitude of each monitoring point should be
extracted as a basis of judgment firstly. Then, calculate the mean value of the three-phase voltage
amplitude of this monitoring point U, and determine the fault type by comparing the magnitude of
the three-phase voltage amplitude with the mean value and monitoring zero sequence component
information. The criterion is as follows:
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1) If the fault type is single-phase earth fault, there will be characteristic that the voltage amplitude of
one phase is lower than the mean value, while the other two phase voltage amplitude is higher than
the mean value, and the difference between the three-phase voltage amplitude and the mean value

should be greater than that of a certain threshold p, .

2) If the fault type is phase-phase earth fault or phase-phase fault, there will be characteristic that the
voltage amplitude of the two phases is below the mean value, while the other phase voltage amplitude
is higher than the mean value, and the difference between the three-phase voltage amplitude and the

mean value should be greater than that of a certain threshold p, . Besides, for phase-phase earth fault
the zero sequence component should be greater than one value p,,, and for phase-phase fault the zero
sequence component should be less than one value p,,.

3) If the fault type is three phase earth fault, there will be characteristic that the difference between the
three-phase voltage amplitude and the mean value should be less than a certain threshold p, .

Since the three-phase voltage amplitude of the symmetric fault in the actual system cannot be
identical, it is necessary to set a threshold to determine the symmetric fault. As long as the magnitude
of the three-phase voltage deviation is less than the threshold value, it can be considered that it is a
symmetric fault, whereas, it is an asymmetric fault. That is to say, in the case of asymmetric failure,
the magnitude of the three-phase voltage deviation of the three phase voltage deviation must be larger
than that of symmetrical failure.

The difference between phase-phase fault and phase-phase earth fault is whether there are zero
sequence components. Due to the existence of an ungrounded system in the actual system, the zero
sequence components of the phase-phase earth fault can also be very small. So the threshold of the

zero sequence component p,, is sometimes very small.

5. OBTAINING CANDIDATE FAULT AREA

This scheme determines the upstream and downstream relations of the fault source relative to each
monitoring point using the method proposed by reference [8]. Then narrow down the range of the
fault area according to relative position and grid topology.

The reference [8] thinks of the power side and the load side as a whole separately. The reference
analyzes the equivalent impedance of the non-disturbed side by analyzing change of voltage and
current during failure, and determines the upstream and downstream relations of the fault source
relative to each monitoring point by the symbol of the real part of the equivalent impedance. The
following is a brief description.

1

Fig2. Equivalent circuit of fault point detection and analysis

As shown in figure 2, it is assumed that the user's side fails and causes voltage drop at the
measurement point M. There will be:
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In the formula, U,
process before and during the fault.

le) and Uy, ly) are the basic-sequence voltage and current in the fault

The reference [8] proposed that the upstream and downstream relations of the fault source relative to
each monitoring point can be determined according the real(Z,) . The specific rules of judgment are

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page |7



Distribution Network Fault Locating Based on Limited Measurement Data

as follows:

(1) If real(Z,) >0, the relative relation is upstream;

(2) If real(Z,) <0, the relative relation is downstream;

Determine the relative relation between the fault point and the limited monitoring points according to
the above criteria. Then carry out comprehensive analysis based on network topology and relative
position of monitoring points. And candidate fault area can be obtained.

6. ACCURATE FAULT LOCATING

In the case of a known candidate fault area and fault type, it is the key to the fault locating to calculate
fault distance which fault resistance is related. The short circuit calculation is the basis of analyzing
fault resistance and fault distance, so the short circuit calculation method is introduced firstly.

6.1. Short Circuit Calculation Method

At present, the computer algorithm of short-circuit calculation is more mature. The complete
equipment parameter information can be provided by the safety production management information
system and equipment management system, and the voltage data of the monitoring point can be
obtained directly from the power quality monitoring system. Therefore, use the sequence component
method to calculate the voltage of the node under different fault types. In the sequence component
method, the voltage and current relationship of each sequence component is shown in formula (2)'.
Ur(nli) Uy _z®

mi mi, f
] _ 2 1
Umi __Zmi,flf (2)

j(0) _ (0) 1(0)
Umi __Zmi,flf
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I f

In the formula, the superscript (1) . (2) . (0) indicate positive, negative and zero sequence;
the U/ indicates the voltage of the monitoring point i before the failure; the Z,, , indicates the

mutual impedance between the monitoring point i and the fault point f; the I, indicates the fault
current.
6.2. Accurate Fault Locating Model

In order to accurately locate the fault, this scheme establishes the optimization model of fault locating
in the case of that the error of the actual observed value and the theoretical calculation value is
minimal.

The fault is located based on the voltage information recorded by the limited power quality
monitoring device. In particular, the fault locating model is established in the case of that the actual
observations and theoretical calculations of each phase voltage U .. U_ .+ U_ are minimal, and

that the fault distance p and fault resistance z, are optimized variables. The fault locating model is as
follows:

minJ(p,2,) = YU, ~U,(p.2))] )

m=1

In the formula, the constraint condition is 0< p<1,z, >0; the U, indicates the actual voltage of
the observation point m; the g indicates the total number of monitoring points; the U'mi indicates the
voltage of the observation point I; the U ( P, zf) indicates theoretical calculation of voltage; The
absolute value is the modulus of the complex number.

After establishing the accurate locating optimization model, the accurate fault distance p and fault
resistance z, can be obtained by solving the above model.
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7. CONCLUSION

Nowadays users pay more and more attention to power quality, so it is necessary to adopt simple and
reliable fault locating technique in distribution network. In this paper, A fault locating scheme will be
introduced based on the limited data in the distribution network. The scheme ascertains the fault
location according to the observation value of current and voltage at the limited observation point
before and after the failure, and it helps to improve the efficiency of maintenance in distribution
network.
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