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USE OF FUZZY LOGIC SYSTEMS FOR
ASSESSMENT OF PRIMARY FAULTS
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In electric power systems, grid elements are often subjected to very complex and demanding disturbances or dangerous
operating conditions. Determining initial fault or cause of those states is a difficult task. When fault occurs, often it is an
imperative to disconnect affected grid element from the grid. This paper contains an overview of possibilities for using fuzzy
logic in an assessment of primary faults in the transmission grid. The tool for this task is SCADA system, which is based on
information of currents, voltages, events of protection devices and status of circuit breakers in the grid. The function model
described with the membership function and fuzzy logic systems will be presented in the paper. For input data, diagnostics
system uses information of protection devices tripping, states of circuit breakers and measurements of currents and voltages

before and after faults.
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Nomenclature

|AI|— absolute value of current change sensitivity
I; — current after the event
I,, — current value before the event
AU — absolute value of voltage change sensitivity
U; — voltage after the event
U,, — voltage value before the event

X/ — output variable

1 INTRODUCTION

In many papers based on this topic, the primary goal is
to determine the fault location in the grid, features of the
grid, its protection and the automatization [1-3]. Func-
tions of fault locations and basic methods for determining
fault locations in transmission grid are described [11,13].
The overview of specific factors which affect fault loca-
tions is often shown [2,10,17].

Very few researchers are working on determining and
analyzing primary events when complex or multiple faults
occurred using standard methods.

The literature often describes component methods for
fault location in transmission and distribution grids: fault
indicators, fault location software and statistical analysis
of fault frequency [8]. Other aspects are also described,
such as fault diagnostics and data on practically imple-
mented techniques for fault location [6]. In distribution
grids, the fault location is often done using software algo-
rithms which have been developed in the last few years.

The article describes problems in determination and
analysis of primary events for complex faults. The second
section describes primary fault and its state in electrical
power system. The third section contains an overview of
faults and unforeseen events on grid elements. The fourth
section contains synthesis of fuzzy regulator for primary
faults and unforeseen events on grid elements. The fifth
section describes test case of a real event in electrical
power grid.

2 DETERMINING PRIMARY
FAULT IN THE GRID BY SYSTEM
OPERATION AND CONTROL

The analysis of initial cause of disturbance or fault is
based on the change in grid topology and states of protec-
tion devices using SCADA system. Data classification is
based on different chronology, alarm and event lists from
which relevant data is derived for event analysis.

The most common faults in the grid are short circuits,
and their effects are forbidden changes in current and
voltage in affected point in the grid. These effects threaten
grid elements and prevent power feed to consumers.

In real time immediately after unforeseen event or
fault, System Operation and Control takes action based
on chronology, alarm and event lists, states of protection
devices and circuit breakers, and current and voltage data
from SCADA system. All gathered data with one-line di-
agram of the grid lead to conclusions of the fault. Modern
SCADA system is very complex as shown in Fig. 1.

* Croatian Transmission System Operator Ltd, Kupska 4, 10000 Zagreb * Power System Engineering Department at Faculty of
Electrical Engineering in Osijek, Croatia, zoran.baus@etfos.hr, lajos.jozsa@etfos.hr

DOI: 10.2478/jee-2015-0042, Print ISSN 1335-3632, On-line ISSN 1339-309X (© 2015 FEI STU



258

I. Petrovi¢ — L. Jozsa — Z. Baus: USE OF FUZZY LOGIC SYSTEMS FOR ASSESSMENT OF PRIMARY FAULTS

| S CAD A

Event list Chronology list

Topology list

One-line grid
diagram

T~ S

E4
El
E2
E3

Faulty grid elements

System operation
and control

Conclusion grid
action

Fig. 1. Block diagram of data gathering and decision making of SCADA
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Fig. 3. The overview of complete fuzzy system

The final decision making is always dependent on
knowledge and experience of System Operation and Con-

trol.

In complex and multiple faults, determination of the
primary fault is a big challenge because of errors in deter-
mining the exact time of single faults in all affected grid
knots. These errors can cause wrong decision to be made,

if wrong primary fault is selected.

3 FAULTS AND UNFORESEEN
EVENTS ON GRID ELEMENTS

To determine the initial cause of an unforeseen event
is a tall order. Almost all faults in the power grid can be
described with change of listed parameters and values:

e change of circuit breaker state (on transmission line,
generator or transformer field),

e change of flux or current on grid element (values span
from zero/low, normal to overload), also direction of
current (positive or negative change),

e change of voltage on grid element (values span from
zero/low, normal to high),

e alarm or trip of protection devices.

From listed parameters, the cause of almost every mo-

mentary or permanent fault can be determined. In order

to determine the fault location and to form primary fault
diagnostic system, the following parameters and informa-
tion must be gathered:

e generator (circuit breaker state, current flow),

e transmission line (circuit breaker state on each side,
current flow),

e bus bar (voltage change or value),

e load (circuit breaker state, current flow).

The listed parameters and information are necessary but

sufficient to conclude the cause and time of the fault in

all grid elements. From this information, the initial cause
of fault can be found using fuzzy regulator.

4 SYNTHESIS OF FUZZY REGULATOR

During synthesis, the designer must describe rules for
output change in respect to input change. Fuzzy rules
are always conditional statements in which the causing
part presents condition in application domain, and the
consequence part presents control of the managed system.
These rules can be attained by experience, that is by
observing an experienced operator in a dynamic process.
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The core knowledge in expert fuzzy systems contains
knowledge expressed by fuzzy logic with indicated input
variables and subscripts denoted as (X1, Xo, X3, and
X4). Following variables are described as:

e alarm or trip of protection — ZAST,
e circuit breaker state change — SP,

e grid element current — SEM,

e voltage change on grid element — PN.

Figure 2 represents a block diagram of fuzzy regulator
with given input variables.

Four parameters above are divided in few categories,
that is few values spans. Parameters X; and X5 can
have values of 0 or 1 in fuzzy system. Their membership
functions can also have values of 0 or 1, as each parameter
is given two belonging functions of the fuzzy system .

Parameters X; and Xs can have values between 0
and 1 in the fuzzy system. Within this same system,
each parameter can have few values, or few membership
functions.

Figure 3 shows fuzzy system for determining the pri-
mary fault in the power system.

4.1 Input variables and membership functions

For complete understanding of the fuzzy system con-
struction and conclusion, it is necessary to determine and
describe every variable and its corresponding membership
function.
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Alarm or trip of protection - ZAST

The first variable of the fuzzy regulator denoted with
ZAST gives value determined by the state of protection
device. In this scenario, two states are possible:

Steady state, which characterizes no change in the
state of protection device.

Altered state, which characterizes a change caused by
alarm or trip of protection device.

The graph of membership function ZAST is shown, in
Fig. 4. Value 0 corresponds to the steady state, whereas
the alarm or trip state is shown by value 1.

Circuit breaker state change — SP

The second variable of fuzzy regulator denoted with
SP represents value determined by the state of the circuit
breaker. In this scenario, two states are possible:

e Steady state, which characterizes no change in the
state of the circuit breaker.

e Altered state, which characterizes a change in the state
of the circuit breaker.

The graph of membership function SP is shown in Fig. 5.

The value 0 corresponds to the steady state, while value 1

is allocated to a change in the state of the circuit breaker.

Grid element current — SEM

The third variable of fuzzy regulator denoted with
SEM and represents the value of change in the current
of the grid element. In order to determine the current
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change throughout the grid element, it is necessary to
define and determine sensitivity indexes of the change in
the current in the existing grid element.

If the absolute value of current change sensitivity is
denoted by |AI| and defined by the change of current
in a certain grid element in respect to the current value
before the fault on unforeseen event, then the absolute
value of current change sensitivity is defined as

(1)

I, — 1,
INEE

1,

where I; represents current after the event and I, repre-
sents current value before the event. If values of absolute
sensitivity have values

>1, (2)

I -1,
INGE

1

then the current value increases through the grid element,
and reaches the fault current, which signifies that there
is a great positive change in the fault current.

If values of absolute sensitivity have values

<1, (3)

I, — 1,
INGE

1

then the current value decreases through the grid element,
and reaches the value of zero, which signifies that there
is a great negative change in the fault current.

If, on the other hand,

A =|

It - In
n
then here is no significant current change in the grid
system; that is, the current shows small and slow changes.

The corresponding membership function is shown in
Fig. 6, where NV denotes a high negative sensitivity,
M denotes a small sensitivity, and PV denotes a high
positive sensitivity.

In this case, chosen values for absolute current change
sensitivity and sensitivity indexes are as follows:

e If a value span of absolute current change sensitivity
is from 0 to 1.0, sensitivity index is denoted by NV.
e If a value span of absolute current change sensitivity

is from 0.8 to 1.2, sensitivity index is denoted by M.
e If a value span of absolute current change sensitivity

is higher than 1.2, sensitivity index is denoted by PV.

Voltage change on grid element — PN

The fourth input variable of the fuzzy regulator is de-
noted by PN and gives the value of change in the voltage
of grid element. In order to determine the voltage change
on the grid element, it is necessary to define and de-
termine sensitivity indexes regarding the voltage change
through the grid element. If the absolute value of volt-
age change sensitivity is denoted by |AU], it is defined

I. Petrovi¢ — L. Jozsa — Z. Baus: USE OF FUZZY LOGIC SYSTEMS FOR ASSESSMENT OF PRIMARY FAULTS

by the change of voltage at the certain grid element in
respect to voltage value before the fault on unforeseen
event. The absolute value of voltage change sensitivity is
then defined as

Lt Ln
AU| = ’7
| | lrn

: (5)

where U; represents voltage after the event and U, repre-
sents voltage value before the event. If values of absolute
sensitivity

AU

U, —U,
=|—7|>1, 6
| - (6)

then there is an increase in the voltage on the grid ele-
ment, which means that there is a greate positive voltage
change.

If absolute sensitivity

<1

Lt Ln
AU| = ’7
| | lrn

; (7)

then there is a decrease in the voltage on the grid element,
and voltage reaches the value of zero, which signifies a
great negative voltage change.

Lastly, in the third case, if

U, — U,
AU :’7
AUl Un

~ 1, (8)

then there is no significant voltage change in the grid
element, or voltage change is small and slow along with
its memebership function.

The corresponding membership function is shown in
Fig. 7. The sensitivity index defined by NV denotes a
high negative sensitivity, M denotes a small sensitivity,
and PV denotes a high positive sensitivity.

In this case, chosen values for absolute voltage change
sensitivity and sensitivity index are as follows:

e If a value span of absolute voltage change sensitivity
is from 0 to 1.0, sensitivity index is denoted by NV.

e If a value span of absolute voltage change sensitivity
is from 0.7 to 1.3 sensitivity index is denoted by M.

e If a value span of absolute voltage change sensitivity
is higher than 1.3, sensitivity index is denoted by PV.

4.2 Decision making rules data base and assess-
ment of primary fault

Fuzzy system rules data base is dependent on knowl-
edge and experience of operator-expert. Rules are deter-
mined and stored in few basic guidelines for different grid
elements.
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Table 1. Example of decision making of fuzzy system for assess-
ment of primary fault on one grid element

Rule number ZAST SP SEM PN Output
variable Xj;
1 D D PV M SK
2 D D PV NV  PK
3 SK
4 SK
35 NK
36 NK

Table 2. Transforming output variables from fuzzy to express sys-
tem

X; PK SK TK NK

Express variable 1 2 3 4

1. Fault location decision making rules for transmission
line

e No current, open circuit breaker, overload not regis-
tered = fault on transmission line

e No current, open circuit breaker, overload registered
= shutdown caused by overload

e No current, closed circuit breaker = voltage collapse

e Too high power flow = overload
2. Fault location decision making rules for bus bar
e All circuit breakers in the node open, flow equals zero,

voltage equals zero = trip of bus bar protection

e Necessary signals = voltage

261
3. Fault location decision making rules for load

e No current, closed circuit breaker = load fault
e No current, open circuit breaker = grid fault

4. Fault location decision making rules for generator

e No current, closed circuit breaker = generator fault
e No current, open circuit breaker = grid fault

Based on these expert rules, decision making rules are de-
rived for assessment of primary fault, simbolically shown
in Tab. 1. Data base has 36 rules (2 x 2 x 3 x 3 states).

From Tab. 1 it can be seen that the output variable
X} can have four states: PK (primary or initial fault), SK
(secondary fault), TK (tertiary fault) and N (no fault).
These four states can be denominated with numbers, as
in Tab. 2.

Every tested or diagnosed grid element can have only
one state, or value: 1, 2, 3, or 4. The final product is a
list of elements E1, Fo, ..., E,, arranged from 1, 2, 3, or
4, as follows
1. List with one element on which the primary fault oc-

curred.

2. List of elements on which secondary faults occurred.
3. List of elements on which tertiary faults occurred.
4. List of elements with no faults.

Fault lists and primary fault assessment are done au-
tomatically based on already determined priorities and
order, as shown in Fig. 8.

Using modern SCADA with fuzzy logic prevents hu-
man errors made by less experienced operators. The main
advantage of the fuzzy system is that it enables fast in-
formation processing and gives an overview to expert op-
erator for decision making.

5 TEST MODEL OF PRIMARY FAULT
ASSESSMENT ON COMPLEX EVENT

In order to define the specific advantage of methods for
determining the primary event, it is necessary to review
it on a simple experimental example of the network with
a complex event. Let us then consider a system where
a very large number of consecutive interrelated conse-
quently created events can be reviewed. In this case, the
operator-expert is not able to quantify the events that
emerged from the system in a short time due to the large
number of events. In addition, it needs to determine the
cause of the fault and determine the primary failure, and
then take the steps to establish the normal state. Table 1
provides an overview of the list of events from SCADA
with accompanying screen displays network status. This
is the list of SCADA — KRD list — 530 events, which oc-

curred in 4 minutes.

SCADA with S3 110 kV on the basis of the data ob-

tained on the measurements, incentives and protection
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Table 3. A part of a complex event from the SCADA system

Time Location Object State event
0 1 TR 1 110/35 kV Switched off
0 2 DV 1 Switched off
0 3 TR2 110/35 kV Switched off
0 4 TR2 110/35 kV Switched off
+1 5 DV 2 Switched off
+2/ 6 TR2 110 kV Switched off
+3 7 DV 3 Switched off
_y 8 TP 1 400/110 kV Switched off.Busbars
protection
_y 8 VP Damping Coil Switched oﬁ_ Busbars
protection
_y 8 VP 1 Switched off. Busbars
protection
A ] VP2 Switched oﬁ_ Busbars
protection
_y 8 VP 3 Switched off. Busbars
protection

Table 4. A part of events to determine the primary event by using
fuzzy system

State event
Switched off

Time Location Object Priority

—4 8 TP 1400/110 kausbars protection 1
4 8 VP Damping Switched off
N Coil Busbars protection 2
, Switched off
—4 8 Vi1 Busbars protection 2
Switched off
!
—4 8 VP2 Busbars protection 2
, Switched off
—4 8 VP3 Busbars protection 2
0 1 TR1110/35kV ~ Switched off 3
0 2 DV1 Switched off 3
0 3 TR2110/35kV Switched off 3
0 4 TR2110/35kV Switched off 3
+1 5 DV2 Switched off 3
+2 6 TR2110kV Switched off 3
+3 7 DV3 Switched off 3

activities and indications on the state of devices, we have
information on the following sizes
1. The voltages at the network elements: U; = 0.2U,, .
2. Electricity at the network elements I, = 14kA,
Tgw1 = 2 KA, Tgpo = 2.5 kA, I4,35 = 1.8 kKA.
3. Situation of all system elements switches III 110 kV
bus off.
4. Effect of bus protection.
Based on these values of parameters we have following
values in the fuzzy system for the characteristic elements
of the network as shown below

1. Due to incentives or protective action (Fig. 4)
W(ZAST),, = D.
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2. Due to changes in the state of switches (Fig. 5)

3. Due to the increase in current through the elements of
the network (Fig. 6) u(AIl), >1.

4. Due to voltage drop on the element of the network
(Fig. 7) p(AU), < 1.

If there are multiple network elements that meet the

requirement of 5.1, the primary event and the affected

network element is determined by the highest value of

u(AI), . That is achieved in the event of bus protection

action on some bus system. In all other cases, this condi-

tion is not met. For the above case, the following applies:

w(ZAST),, = D,
(AL, > 1,

Primary particular event is determined based on the
rule of inference, and the output size will have a value
of PK. This value, marked with PK in the fuzzy system,
will be converted into a distinct with a value of 1 as it is
defined in the Table. 2.

All other values of fuzzy values that do not meet the
criteria of 5.1 represent the secondary event or tertiary
event in the power system. Finally, the established list of
events will be determined and put together on a priority
basis by applying the rule base of fuzzy logic. Table 4
provides an overview of a part of the list of events to
determine the primary event with the application of fuzzy
systems based on the information about the state of the
network.

From a crowd of indiscriminately processed events,
a very complex priority list of events in the network is
established, without chronology. In this way, as shown, it
is unequivocally pointed to a primary affected element of
the network and a priority list of events is created.

6 CONCLUSION

Complex disturbances in power systems demand very
difficult and fast actions by the operator, often beyond
their capabilities. The existing methods for primary fault
assessment are slow and unreliable.

By creating fuzzy system, it is possible to find primary
fault from large number of alarms and events by organiz-
ing, quantifying and analyzing. Fuzzy system is based on
linear membership functions. It allows correct and fast
information on initial cause, which largely contributes to
system security and reliability.
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