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Abstract— Undesirable operation of distance relays is due to
occurrence of load increase but not because of fault. That
operation has contributed to voltage collapses worldwide and it
has played a part in many major blackouts. This problem
occurred because of distance relay failed to differentiate between
fault occurrence and load increase in power distribution system.
This research presents a new approach to improve the
identification of fault occurrence and load increase to prevent
distance relay mal-operation. The main objective of this research
presented in this thesis is basically focuses on how to differentiate
between fault occurrence and load increase in transmission lines.
Besides, the other objective is to study the characteristics of fault
and load increase and their effects in transmission lines and also
to develop the method that can clearly distinguish between fault
occurrence and load increase by developing and simulating the
IEEE 9 bus test system using PSCAD Software. The analyses of
voltage have been done at the corresponding buses of the
simulation system. The study on Fast Fourier Transform (FFT)
has shown the different of voltage profile between fault and load
increase.
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L. INTRODUCTION

The relay criterion is to be chosen that it should trip only
under fault condition which the relay is designed to protect the
power system. Distance relay is one of the types of relay and it
also known as impedance relay. Distance relays usually use the
ratio between voltage and current (which in turn produces
impedance) as the principle of ratio comparison, where the
impedance is proportional to the distance in transmission lines
[1]. These relays are widely used as the main protection
scheme for long extra-high-voltage transmission lines
transmitting power at 132 kV, 220 kV and 400kV. For 60 kV
transmission lines and 11 kV distribution lines, distance
protection would not be economically viable and hence
overcurrent relays are used. This also because of overcurrent
principle cannot easily deal with the change in the direction of
power flowed. [1, 2]

However, the relay operating criteria becomes complicated
as the relay should operate in faulty conditions and it should
not operate when there is no fault. As what was happened on
November 4™, 2006, any tripping events that occurred on line
loading during significant system is also known as distance

relays. In North Germany, a distance relay on the Wehrendorf
end of the Wehrendorf-Landesbergen 380kV transmission line
is operated on load when the largest disturbances is occured in
Europe. It was concluded that the distance protection operated
as designed and might have prevented an even more severe
blackout. [2]

In order to prevent the distance relay mal-operation, it is
important to study how to improve the reliability of distance
relay performance. This can be done by identify the
characteristics of fault and load increase. Analysis of voltage
through simulations of IEEE 9 bus system using PSCAD is
used to achieve the objectives.

II. THEORETICAL BACKGROUND

Backup coverage is one of the important notions associated
to the zone selection and allocation. The multiple zones of
protection are typically used for different sections of the
transmission line. The distance relay operates in three different
operating zones. Each zone of protection will be set to cover
the transmission line according to specific length [3]. Zone 1 is
used as a primary protection because it will trip instantaneously
for faults occurred along the transmission line. If there is fault
occurs within the Zone 1 coverage, the relay will immediately
sends the tripping signal to the breaker. This zone will cover
the protection line about 80 — 90% of the transmission line. The
distance relay of Zone 2 is delayed to allow Zone 1 relays to
operate first. It will protect the remaining part of a transmission
line not reached by Zone 1 and extends into neighboring
transmission line. While the times of Zone 3 allow the
corresponding relays either in the Zone 1 or Zone 2 which is
closer to the fault to operate first. Figure 1 shows the selection
of the overlapping zones for transmission line protection. [4, 5]

Figure 1. Selections of the overlapping zones for transmission line protection.



These zones of protection can be selected by locating a
relay at a line terminal. As mentioned above, the length that
corresponds to the relay coverage is determined in the
percentage of the line length between the relay terminal and
neighboring relay terminals.
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Figure 2. The blocking principle of relaying with fault directionality
discrimination.

For example of the relaying scheme operation, Figure 2
shows the implementation of blocking principle where the
relaying zones are used. Each relay operates with two
operations which are forward overreaching (FO) and backward
reverse (BR).

For FO operation, the setting selected to the relay is in
forward direction, occurrence of fault can be “seen” from the
relay position toward the neighboring line terminal and
beyond. While the BR setting is operate in backward direction
so that the fault occurrence behind the relay can be “seen”. In
this case, it may cause the power flowing in the reverse
direction.

As shown in Figure 2, the relay R1 which is located at A
has “seen” the fault X1 in the FO zone. However, the relay R1
has been blocked by relay R2 which has “seen” the fault X1 in
the BR zone. Hence, the relay R2 send the blocking signal to
the relay R1 so that it will not operates.

Another case shown in the Figure 2 is fault X2 occurred in
between relay R1 and relay R2. Both relays operate
instantaneously since both of the relays are in zone FO. [5, 6]

[II. METHODOLOGY

To illustrate the effectiveness in distinguishing between
fault occurrence and load increase condition, the proposed
method is shown in Figure 3.

Firstly, the apparent impedance (Z,) has been monitored
continuously either it enter the tripping zone or not. Once the
apparent impedance enters one of the tripping zones, there are
two possibility conditions that may be occurred, either fault or
load increase. In order to distinguish between these two
conditions, the difference value of magnitude is obtained. In
this case, the difference between magnitude 2 and magnitude 3
have been calculated for the analysis.
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Figure 3. Flowchart of the proposed method.



B. System Simulation IV. RESULT AND DISCUSSION

As a solution for this study, the IEEE 9 bus test system is The instantaneous voltage sinusoidal waveforms of fault
simulated to obtain the difference between fault and load  and load increase condition are shown below in Figure 5 and
increase [7]. The recommended method to prevent distance  Fijgure 6 respectively.
relay operates during load increase is by analyzing the voltage
on the corresponding buses. Figure 4 shows the test system that
has been used for this simulation. There are three generation Main  Graphs 3
buses which are located at bus 1, 2 and 3. Bus 5, 7 and 9 are the
load buses.
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Figure 5. Instantaneous voltage, V waveform of fault.
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C. Procedure of the Simulation Test } -
i) IEEE 9 bus system has been designed by using PSCAD Figure 6. Instantaneous voltage, V waveform of load increase.
Software.
ii) The occurrence of fault is created at several different From Figure 5 and Figure 6 above, the Fast Fourier

buses. szult is applied to the pus at time, t=5 sec and Transform (FFT) is used to obtain the magnitudes of the
the duration of fanlt occurred is 0.1 sec. voltage. Figure 7 shows the magnitudes of voltage obtained
iii) At the load buses, which locate at bus 5, 7 and 9, loads ~ during fault condition while Figure 8 shows the magnitudes
are set to be increased. For the bus 5 and 7, the loads during load increase condition. The “X,” and “X;” at the
increase 4 and 5 times respectively in order to get  magnitude bars indicate the value taken to calculate the
better performances to illustrate the load increase  difference of magnitude’s value. The calculation will be
condition. Load increase at bus 9 is used the same discussed later.
value.

iv) The breaker operation is set at time, t = 8 sec, so the
load increase is occurred at that time.

v) Thus, the RMS voltage drops during fault and load
increase are fed into an online Fast Fourier Transform
(FFT), so that the magnitude and phases of the
harmonics present can be determined.
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vi) The circuit has been simulated and the results show the
difference between fault and load increase.

vii) The data obtained are plotted in Microsoft Excel and
have been analyzed.
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Figure 7. Magnitude of fault.
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Figure 8. Magnitude of load increase.

Figure 9 shows the harmonic magnitude during fault
occurrence while Figure 10 shows the harmonic magnitude of
load increase condition. These two conditions have been
simulated at several buses so that various results can be
observed.
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Figure 9. The magnitude of fault shown in FFT.
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Figure 10. The magnitude of load increase shown in FFT.

After the result has been analyzed, it is shows that there is
no different during the first cycle of the disturbance, either in
fault occurrence or load increase condition. It is noticed that the
values of voltage for both conditions were dropped
significantly during the first cycle after the disturbance
occurred. The differences of the profile only can be seen at the
second cycle of the disturbance. The study will be discussed
later on.

ol |
T i
N\

0 - LES———
7.98 8

e X2 - X3 LOad
Increase

8.02 8.04

Figure 11. The graph of differences in magnitudes.

The difference in magnitude value, A is calculated from
following equation:

A=X, — X3 (1)
Where,

A : The difference in magnitude voltage.

X, : The second magnitude from fault and load increase
magnitude bars.

X3 : The third magnitude from fault and load increase
magnitude bars.

Therefore, the difference in magnitude value, A is
identified as an indicator to differentiate between fault and
load increase. The graph has been plotted as shown in Figure
11 to illustrate the difference between two of them. The data
are tabulated as shown in Table I until Table V.

TABLEL FAULT AT BUS 6, LOAD INCREASE AT BUS 5
Location of Difference in magnitude voltage, A
FFT
Measured Fault Load Increase
Bus 5 0.376738448 7.890216045
Bus 7 0.571309371 7.780933665

TABLE II. FAULT AT BUS 4, LOAD INCREASE AT BUS 5

Location of Difference in magnitude voltage, A
FFT

Measured Fault Load Increase
Bus 1 0.560279739 3.087014546
Bus 5 1.786127363 7.864259514
Bus 9 1.714095854 7.452640564




TABLEIII.  FAULT AT BUS 6, LOAD INCREASE AT BUS 7
Location of Difference in magnitude voltage, A
FFT
Measured Fault Load Tnc
Bus 5 0.376753824 8.400753874
Bus 7 0.571298755 7.933231489

TABLE IV. FAULT AT BUS 7, LOAD INCREASE AT BUS 5§

= S - "
Location of Difference in magnitude voltage,
FFT Measured
Fault Load Increase
Bus 8 0.93104776 7.146756516
Bus 6 1.197712949 820722996
Bus 4 0.84319844 7.339478924
Bus 9 0.907530923 7.467833442

TABLE V. FAULT AT BUS 5, LOAD INCREASE AT BUS 7

Yo ationor Difference in magnitude voltage, A
FFT Measured
Fault Load Increase
Bus 8 0.93104776 7.146756516
Bus 6 1.197712949 820722996
Bus 4 0.84319844 7.339478924
Bus 9 0.907530923 7467833442

As mentioned earlier, the difference characteristic of fault
and load increase have been clearly identified during the
second cycle of the disturbance. From the proposed method of
X, — X3, results tabulated at table above show the difference of
magnitude in fault condition tend to decrease towards zero. The
range of difference in magnitude voltage, A during fault
condition is from 0 and not more than 2. As shown in tables
above, the smallest value of A during this condition is
0.376738448 and the largest value is 1.786127363.

Different in the load increase condition, it still shows the
substantial difference in A. The range of A in this condition is
from 3 and not more than 9. Tables above show the smallest
value of A in load increase condition is 3.087014546 and the
largest is 8.400753874. Although the smallest value is
3.087014546, the range of A is significantly can be seen not
less than 7 for most data obtained.

Since the method proposed can not distinguish the different
between fault occurrence and load increase during the first
cycle of the disturbance, it means the method is not appropriate
to used for Zone 1 of the protection zone. This is because Zone
1 has to send the trip signal instantaneously. This method is
applicable to Zone 2 and Zone 3 since they have time delay
setting.

CONCLUSION

In order to avoid the false trip signal sent undesirably by the
distance relay, it is important to study the differences
characteristic between fault and load increase. The proposed
method for this paper is by differentiating the fault occurrence
and load increase by using (1). From the simulation result, it
can be concluded that the proposed method gives clear
differentiation between these two conditions during the second
cycle of the disturbance. However, the drawback of the
method as it only can be operating for Zone 2 and Zone 3.
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