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Abstract. With the increasing penetration of the renewable power energy sources, the potential fault current of the
distribution power systems changes more frequently as the connection structure of the distribution power system
varies from time to time. Traditionally, the fault level can be estimated through short circuit analysis which is time
consuming and sometimes difficult as it needs to know the parameters of the transmission line and transformers as
well as the structure of the power system. In this paper, an online-used fault level prediction method is proposed via
monitoring the phasor value of the local positive-sequence voltage and current. The ratio of the voltage change and
current change are used to distinguish the natural deviation of the load from the switching operations or disturbances
on the grid side. Several continuous changes of the voltage and current caused by load fluctuations are recorded and
used to parameterize the equivalent circuit of the power system and to estimate the fault current level. A fuzzy logic
identifier is used for adaptively selecting and recording the satisfactory changes by defining an index of confidence
level. The implementation of the proposed scheme is demonstrated in a relay after introducing a low-voltage blocking
function. A typical distribution power system with renewable generators is established in PSCAD/EMTDC and is
used to verify the effectiveness and accuracy of the proposed method under various load changing conditions.

1 Introduction
Circuit breakers are of great importance to the safety of
the transmission and distribution power system, which
will disconnect the fault component or the electricity
supply affected sections of the grid in case of a fault.
These circuit breakers must be chosen with a high enough
capacity to break the possible flow of current even under
the worst fault conditions [1]. The network infrastructure
also needs to be able to withstand the current flow during
the period before the circuit breakers isolate the affected
network to prevent destructive failure. Therefore, the
fault level prediction (FLP) is needed both for the
planning and operation of a power system. Then the
satisfying circuit breaker is selected from the available
product list. Normally, the fault level is calculated by
investigating the parameters of the transmission line and
transformers in the power system and there will be a
margin for the breaking capacity so the breakers can have
the ability to cope with the increase of the fault level in a
near future [2].
However, with the increasing penetration of
distribution generators (DG), such as the wind power
plants and the photovoltaic (PV) power plants, the fault
level or fault current of the distribution power grid
changes dramatically more often than ever before [3].
Sometimes the extreme fault current will exceeds the
capacity of the breakers and lead to switching off failure
which will threat the safe operation of the power system.
Nevertheless, the settings of the protection relays also

need to be changed according to the new operation
conditions [4]. For example, if a big proportion of the
supplying power source changes from traditional
generators into PV plants, the fault current will decrease
as the convertors’ contributions to the fault current is
negligible. Under this circumstance, the previous setting
value of the protection relays could be invalid for
disconnecting short circuit fault, which may lead to
overheating problems for the devices, such as
transmission lines and transformers. Therefore, an online
used FLP is required to predict the real-time fault level of
the power system.
Traditionally, the fault current can be calculated by
utilities in two ways, or a combination of both: (1) Using
empirical principles to calculate the fault level by
summing the known contributions from the major
elements in the power grid, i.e., transformers or
generators; (2) Creating an analytical parameterized
model of the power grid section that is closely related to
the fault level and compute the result mathematically.
Both the methods are valid for the FLP during the power
system planning period. The rough model can be used
and a conservative value can be acquired using the first
method, while the latter method can provide an accurate
result but is complex and time consuming, so it has been
used mainly at higher network voltages (for example at
33kV and above)[5, 6].
In the last two decades, some model free methods
have been proposed to predict the fault level of a radial
network or a radialized section of an interconnected
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network using the measurements of the local voltage and
current [7-9]. The impedance of the power-supply
network is evaluated from the naturally occurring
disturbances in [10], then the fault level is calculated. The
results are encouraging and the method can be used
online for continuous assessment of the fault level. Some
portable device can be expediently used for calculating
the fault level by connecting to the terminal of the
breaker and measuring the voltage and current change
induced by the deviation of the loads or by artificial
disturbances [11]. A predictive fault level algorithm is
proposed using the locally measured voltage and current
in a protection relays by distinguishing the disturbance on
the load side from on the grid side in [12]. However, only
the sudden load change is used and a fixed threshold
value is set for identifying the change of the voltage or
the current. For the slow load changing scenarios, the
method could be invalid for the power grid.
There are also some other methods can be used for
calculating the equivalent impedance of the power system
as well as the fault level in a more active way. In [5], the
artificial disturbances are applied to the power system
and the change of the voltage and current are used for
calculating the impedance. In [13], the harmonic current
with a frequency band around the fundamental frequency
is injected to the power system and then the impedance
and fault current are estimated. Some hybrid techniques
use both the artificial (or controlled) disturbances and
natural disturbances to measure the voltage and current
change and to predict the fault level [14]. The
disadvantages for these methods are obvious as extra
hardware investment is needed.
In this paper, an adaptive fuzzy logic identifier is
designed to detect the feasible load fluctuations for
estimating the fault level. The change of the voltage and
current are recorded and monitored simultaneously for a
specified time duration. Three quantized variables, ie.,
the change of the voltage, the change of the current and
the calculated equivalent impedance, are analyzed and the
weighted summation of the three states is used as the
index to identify the desired fluctuation occurs on the
load side. Then the fault level is calculated when the
fluctuation is obvious enough and a confidential level of
the result is given at the same time.

(1)

So the key point is to calculate E and Z .
Suppose  and  are constant and  changes
from  to  , which is based on the following two
assumptions: 1) There is no major changes on the
structure of the power grid upstream of CB2; 2) Only the
load downstream of CB2 changes significantly so as the
voltage and current at CB2 change from and to
and accordingly. Normally, there will be some large
capacity synchronous load connected to the feeder, such
as production line of factories or large electric motors. If
these loads trip on/off or fluctuate in a short time during
which there is no changes or only trivial alteration on the
structure and operation states on the grid side, then the
above assumptions are justifiable.
Consequently, the following equations will hold (the
directions of the current and voltage are as indicated in
Fig. 2):
̇ = ̇ + ̇ 

(2)

̇ = ̇ + ̇ 

(3)

This equation set is solvable if
and are different
and
. Essentially, it is a parameter
from
identification problem for the linear circuit model. Two
different states are enough to estimate  and  but
more different states would yield an accurate result.But if
the difference is trivial, the errors could be quite large
because of the inexactitude in the measurement, analogdigital conversion transition as well as the numerical
calculation.

Figure 1. Example of a distribution network.

2 Basic model and problem formulation
Thevenin Equivalent circuit can be used for calculating
the fault current level when only local voltage and current
is available. To make the paper self-contained, the basic
theory is illustrated as following. The details can also be
found in [12].
Take one distribution power network with DGs (in
Fig. 1) as one example. Suppose the fault level before the
breaker CB2 needs to be determined. The power system
upstream the breaker can be represented using the
equivalent circuit shown in Fig. 2 by Thevenin’s theory,
where  and  are the inner voltage and the
impedance of the equivalent voltage source, respectively.
If  and  are known, then the fault level can be
simply predicted as:

Figure 2. The equivalent circuit for fault level caculation.

However, in the practical power systems, the change
of the voltage and current can also be caused by the
disturbance occurs on the grid side (before CB 2 in Fig. 2).
Under this circumstance,  will change in the above
two equations. Consequently, we have to wait until the
next load fluctuation occurs to form the above two
equations with a new value of  . Therefore, it is critical
to identify the disturbance occur on the grid side or on the
load side.
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input and output variables properly; (3) Defining fuzzy
sets for all fuzzy variables [16-18].

When the disturbance occurs on the load side, from
the above two equations, it can be written as:


=−

̇
̇

̇
2− 1
̇
2− 1

̇

= − ∆∆ ̇

(4)

3.1 The Rules for Disturbance Identification

On the contrary, when the disturbance occurs on the
grid side, ie.,  is constant and  and  are
changeable, we can have the following two equations
using the Kirchhoff’s Voltage Law (KVL) on the circuit
from the breaker to the downstream load:
0 = ̇ − ̇ 

(5)

0 = ̇ − ̇ 

(6)

As mentioned above, there are three variables need to be
considered in fault level calculating process. Although
the disturbance direction identification principle is clear
as it directly compares Dir and zero, in practical
application a margin need to be given. If Dir is very close
to zero, it could lead to a mis-judgement as there exists
errors both in PT and CT sensor as well as in the
computation process. So the practical criterion is
specified as:

So we have:


=

̇
̇

̇
2− 1
̇
2− 1

̇

= ∆∆ ̇

 Dir   , grid side disturbance

  Dir   , ignored
 Dir  , load side disturbance

(7)

For the practical power system, the real part of 
and  will be greater than zero, which implies that the
transfer conductance of the power grid is not ignored and
there exits active load on the feeder, respectively. Then
for a set of directional unknown voltage and current
change, the following index can be used to distinguish
whether the disturbance occurs on the grid side or on the
load side:
∆̇

 = −  ̇ 
∆

(9)

where ε is a predefined small positive value. Using this
criterion, the unclear disturbance conditions, such as the
disturbances simultaneously occurred on both sides, are
ignored directly.
For the identification of the non-trivial voltage/current
change, it is obvious that a relative value (percentage)
will give a more reasonable result as for the same
variation the one with larger voltage/current amplitude
will be affected more slightly and vice versa. So the
percentage of the voltage and current change relative to
their average values are used for finding a non-trivial
disturbance which are noted as follows:

(8)

Specifically, when  > 0, it means the disturbance
or fluctuation occur on the load side; when  < 0, the
disturbance or fluctuation will be seen as occurring on the
grid side.
The above conculstion is based on the assumption that
the disturbance never occur simultaneously both on grid
side and on load side. It could happen (practically and
legally) but the chances are slim as the monitoring
devices can distinguish the two consistive changes in a
very short time, for example, two cycles (40ms). Even
they did happen exactly at the same time, this kind of
disturbance can be ignored and only the desired
flucuation on the load side is used to calculate the fault
level.
So there are three requirements for an accurate FLP
using the above mentioned method. Firstly, the location
or the direction of the disturbance need to be clearly
identified, only the fluctuation on the load side can be
taken advantage of. Secondly, and thirdly, non-tirval
changes of the voltage and current at the breaker are
needed to calculate the parameters of the equivalent
ciucuit with acceptable errors. The threshold value are
needed to quantitively define the non-trivial change of the
voltage or current. However, it is hard to find a once-forall settings as different power gird with a variaty of load
type will have a diversity of characteristics. A fuzzy logic
identifier is proposed to assess the disturbance in a more
adaptive manner, which will be illustrated in the sequel.

=
∆U
∆I =

|∆ |
 ̇ 1, ̇ 2

|∆ |
 ̇ 1, ̇ 2

= 2 ̇
̇

̇

̇
2 − 1
̇
1 + 2 
̇

= 2 ̇ 2+− ̇ 1
1

2

(10)
(11)

It is obvious that these two positive parameters, range
from 0 to 2, can be used for evaluating severity of the
disturbance or the extent of the load fluctuation.
3.2 Linguistic terms of the input-output variables
It is an important step to represent the problem in fuzzy
terms when fuzzy logic is used for problem-solving
procedure. Four linguistic terms, “Large”, “Medium”,
“Small” and “Zero” are picked out to describe the input
and output variables; appending positive or negative sign
to nonzero terms, totally 4 terms are used to describe
input variables Dir, ∆ and ∆I in the fuzzy system [16]:
(O, PS, PM, PL)
O
–
Zero;
PS
–
Positive Small;
PM
–
Positive Medium;
PL
–
Positive Large.
Confidential level is the output variable, note as ! ,
which represents the reliability of the disturbance and the
final fault level result, seven terms of none negative value
is required:
(O, PVS, PS, PLM, PM, PML, PL)
O
–
Zero;
PVS –
Positive Very Small;

3 Design of fuzzy logic identifier
The design of a fuzzy logic identifier usually includes
three parts: (1) The rules or principles of the problem; (2)
Selecting proper linguistic terms which can describe the
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Those of significant load change and clear positive Dir
will be of high reliability.

PS
–
Positive Small;
PLM –
Positive Light Medium;
PM
–
Positive Medium;
PML
Positive Medium Large;
PL
–
Positive Large.
The input and output variables of a fuzzy logic
identifier are usually specified within a range. But most
of the time, the variation range of a variable can’t be
confirmed accurately. So a proper closed interval is
needed, which the actual variation range can be projected
to, for facilitating the calculation.
According to the feasible operation states and
experiments, Dir can vary from  to
, but will be
mostly in the range of [−10, 10] and  can be defined as
0.001; For ∆ , it normally varies in the range of [0, 0.3]
as the voltage will not beyond the operating limitation;
for ∆I, it can be varied in a wide range of [0,2] supposing
the load can change in a wide range. In practical usage,
only the conditions with positive Dir value are concerned,
because the disturbance with a negative Dir will be
ignored as they are identified to occur on the grid side.
The number of the elements in the basic universe
should be more than twice of the total number of fuzzy
linguistic terms to ensure that the fuzzy sets can cover the
whole domain, and to avoid losing important information.
Here, the universes of Dir, ∆ , ∆I,are chosen as:
(0, 1, 2, 3, 4, 5, 6, 7)
The universe of the output variable CL are:
( 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13)

Table 1.The fuzzy logic rules for forming the!

O
PS
PM
PL

0

1

2

PL

PM

3

4

5

6

7

Figure 3. Membership functions of input variables.
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The proposed scheme can be used in the protection relays
without extra investment. If there is a fault on the feeder
line, the relays will output trip signal in 100ms and the
FLP will be blocked at the same time because the fault
condition will lead to serious errors as voltage distortion
and the saturation of PT and CT. The practical
implementation can be found in Fig. 5.The FLP also has a
low voltage/current block function. If the voltage of the
feeder is under 0.7pu with respect to the rating voltage,
the FLP will be blocked to avoid giving a wrong result.
The phasor value of the positive voltage and current at
the studied breaker is recorded and the Dir, ∆ and∆I are
calculated. The confidential level will be analyzed using
the fuzzy rules in the fuzzy logic identifier. When the
disturbance on the load side is detected, the fault level
current value will be calculated. The output of the FLP
module consists of the predicted fault level and the
confidential level of the result. Only the local information
is used for FLP and it can be directly realized in the
relays without extra hardware investment. Though the
fault current obtained is non-real time and is not exactly
accurate. It is still helpful for the operators to know the
change of the fault level as well as the potential danger so
as to update the breakers or re-set the protection settings
timely.
A distribution power grid (shown in Fig. 6) is used to
test the effectiveness of the propose method. The
topology of the model is established in PSCAD/EMTDC
by referring to the typical complex distribution network
with the integration of DGs. The fault level at breaker
CB2 is studied and different types of load are connected
to the feeder, including motors, electric arc furnace,
constant resistance load and the composition of them.
The disturbance applied to the test system is as follows:
1) At 0s, all the main-sources are disconnected (Bi1 ~Bi6
are open); 2) At 6s, half of the main-sources are
connected (Bi1~Bi3 closed); 3) 10s, all the other mainsources are connected (Bi4~Bi6 closed). The composition
load changes randomly, the voltage and current at CB2

The values of the membership function are all in the
interval [0, 1]. 1 means that the object entirely belongs to
the member of the set and 0 means it is totally irrelevant.
When designing the fuzzy logic identifier, trapezoidal
membership is an effective choice. The linguistic terms
of input variables Dir, ∆ ,∆I, the universes of them are
all the same. Therefore, they have the same membership
function (in Fig. 3).The membership function of the
output ! is shown in Fig. 4.
PS

O

4 Simulation results

3.3 Membership functions

O

Dir

∆UI

13

Figure 4. Membership function of output variables.

Taking
advantage
of
the
close
relation
between ∆ and ∆I, we combine these two variables as
one input signal as they change simultaneously.
Consequently, the number of the fuzzy rules can be
reduced to4 *4 =16, the detailed tuning rules are
explicitly illustrated in Table I. So for different scenarios,
the fault level results will have different confidential level.

FLE

Figure 5. The practical implementation of the proposed scheme.
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Figure 6. The test power system model in PSCAD/EMTDC.
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Figure 7. The instantaneous voltage at Bf12.
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Figure 8. The instantaneous current at Bf12.
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Figure 9. The actual fault current and the predicted fault current.

dramatically at 6s and 10s, which is clearly shown with
the purple dashed line. For the predicted fault current,
because it needs to detect a non-trivial load fluctuation
before the FLP working, there is a delay for its updating.
But as soon as the fluctuation on the load side is detected,
the predicted fault level will be given (as the solid line in

are shown in Fig. 7 and Fig. 8 respectively. The actual
fault current (simulated using PSCAD) and the predicted
fault current are shown in Fig. 9 with dashed line and
solid line, respectively. Because the switching operation
on the grid side, the actual fault current will change
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2.

Fig. 9) and it has a high similarity with the actual fault
current value.
Eight other disturbances caused by motor power
adjusting and electric arc furnace operating on the feeder
are also tested using the proposed scheme. The maximum
change of the voltage and current are different for each
case. The dynamics of the voltage and current are not
plotted here because of page limitation. The final statistic
results are given in Table 2, in which the predicted fault
current and the corresponding confidence level are given.
It can be seen that the errors between the predicted fault
current and the real value is no more than 5%, which is
accurate enough for the planning and for reminding the
operators to upgrade the breaker or reset the protection
relays settings. The case with more obvious voltage and
current change will give out a more accurate result with a
high confidence level.

3.

4.

5.

Table 2. Test results for different scenarios.
Load
Type
Motor
load
electric
arc
furnace

max UI 

(%)

2e-2
3e-2
5e-2
10e-2
2e-2
3e-2
5e-2
10e-2

Errors between
actual and predicted
fault
current (%)
4.46%
4.0%
3.07%
2.82%
5.0%
4.6%
3.66%
2.58%

6.

Confidential
level

7.

4
3
5
7
3
5
6
8

8.

5 Conclusion
Inthis paper, a fault level predicting method is proposed
using local measurement of the voltage and current. A
fuzzy logic identifier is designed to adaptively rank the
severity of the disturbance and to distinguish the direction
of the disturbance in a distribution power system. The
member function of the fuzzy logic identifier, which is
essential to generate the confidential level of the final
result, is also detailed illustrated. The implementation of
the proposed scheme into a protective relay is introduced
and a distribution power system is used to test the
proposed method. The results show the effectiveness and
accuracy of the presented scheme.
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