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ABSTRACT

In this paper, the influence of the Static Var Compensators (SVC) on distance relay protection
when connected to the sub-transmission network of the Nigerian 132-kV grid system is
investigated. This is carried out by monitoring the error margin of the fault locator associated
with the distance protective relays when SVC is connected to the transmission line. The location
of the SVC is selected such that there is a common primary source of power to the sub-
transmission network (Ikorodu-Sagamu 132-kV transmission line) and the SVC, which is a
shunt-connected device located on Ikorodu 132-kV bus. The fault is simulated at 33.6 km and
60.4 km respectively from the Ikorodu 132-kV sub-station in MATLAB/ Simulink model and
the simulation results obtained are used to investigate the influence of SVC on distance
protective relay when connected to the 132-kV power transmission line. The results of the line
faults are obtained with respect to earth for both zones one (1) and two (2) when SVC is
connected and disconnected for all shunt type of faults. Thus, indicating under-reach and over-
reach characteristics of the distance relay, when the SVC is connected and disconnected, while
the transmission line protection showed no under-reach or over-reach characteristics for line-to-
line fault for both zones with the SVC connected or disconnected. The results of this study show
that though SVCs improve the quality of power to consumers, there is a tendency for under-
reach and over-reach characteristics of the protective relay to be displayed when the relays are
disconnected and connected, which introduces error margins to the fault locator in distance
protective relays. Therefore, more detailed dynamic simulations are recommended for reducing
the error margin.
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1 Introduction

Static Var Compensators (SVC) are one of the most basic
Flexible Alternating Current Transmission Systems (FACTS)
available today [2]. SVC’s are versatile in their application as
they are used to correct and maintain the voltage profiles of
power transmission lines and also to improve the amount of
power delivered through the transmission lines [2]. The
control of reactive power is the SVC’s primary responsibility
as it either injects or absorbs reactive power when connected
to the grid network. When the voltage profile is low, the
thyristors trigger the capacitive mode to add reactive power
for the voltage profile to return to normal. Similarly, when the

voltage profile of the transmission line is high, the thyristors
trigger the inductive mode and the SVC adds reactive power
for the voltage profile to return to normal [2].

Globally, many industries have employed the use of SVCs due
to their dual functionality of maintaining a normal voltage
when the network variables or reactive component in the
power system are either highly capacitive or inductive [1].
Industries such as power companies, railway, oil & gas
companies, steel companies, mining industries have all
switched to the use of SVC’s because of lower maintenance
costs, increased plant and energy efficiency, lower overall
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system losses [1]. In Africa, the use of SVC is gaining
popularity as companies such as Eskom located in South
Africa improved the quality of power delivered by connecting
five (5) -50/250MVAR and -10/35MVAR to their 400kV and
132kV power grid respectively [2]. In Nigeria, the popularity
of SVC is just getting a boost as the Transmission Company
of Nigeria (TCN) is geared towards improving the quality of
power delivered. TCN recently commissioned 25-MVar and
60-MVar Fixed Capacitor Banks at Keffi and Apo 132/33kV
Substation located at Nassarawa and Abuja (F.C.T.)
respectively. The project is an emergency approach aimed at
improving the voltage profile being supplied by TCN under
the $13 Million Japanese International Cooperation Agency
(JICA) grant. NISSIN Electric, a Japanese power company
conducted detailed research on the voltage deficit to Abuja
and environs [3].

FACTS controllers are numerous and their point of
application for optimum performance differ. They are used in
distribution and transmission networks for voltage profile
correction and reactive power control. Distance protective
relays are vital at ensuring distribution and transmission lines
are adequately protected in the event of a fault. Electrical
signal quantities (Voltage and current) are utilised by the
distance protective relay to calculate apparent impedance. The
distance protective relay has many types of architectures such
as lens, mho, modified, mho, peanut, impedance, quadrilateral
and elliptical [4].

This study attempts to focus on the mho architecture for
distance protective relays as it can accommodate up to six (6)
zones of protection but primarily only four (4) will be
considered. These four zones are zone one (1), zone two (2),
zone three (3) and zone four (4) which is also known as zone
three (3) reverse. Zone one (1) usually covers 80-90% of the
protected line, zone two (2) covers 100% of the protected line
plus 20-50% of the next neighbouring line, zone three (3)
covers 100% of the protected line plus 125% of the next
neighbouring line, zone four (4) is a zone with its direction of
protection placed in the reverse approach and its reach is 10-
25% of the protected line. time and current grading
coordination of all protective relays in the grid network must
be done to avoid unnecessary tripping [5].

The benefits that could be derived from the application of
distance relay protection in power systems are numerous.
These include, but not limited to, improving the stability of
the grid, providing protection to the transmission network
against transient, semi-transient and permanent faults,
providing backup protection to the feeder and transformer,
increasing the efficiency of the grid network, causing a
significant reduction in the maintenance costs and reducing
transmission line losses. Besides, the introduction of SVCs as
indicated in this research will help at improving grid stability,
reduced fluctuations of Voltage profile, reduction in
transmission line losses and an improvement in overall grid

efficiency. The under-reach and overreach tendencies of
distance protective relays for shunt faults observed in this
research is a result of the introduction of SVCs.

2. Material and methods

It is well-known that distribution systems are affected by
stochastic events such as faults on lines, sudden failures of
power plants and random variations in demand.

The occurrence of faults on transmission lines is inevitable.
However, the influence of their occurrence is not expected to
have a significant impact on the operation of the system by the
timely isolation of affected parts from the healthy parts of the
system. These faults are usually classified into Line-to-Earth
(L-E) fault, Line-to-Line-to-Earth (L-L-E) fault, Line-to-
Line-to-Line-to-Earth (L-L-L-E) fault, Line to Line (L-L)
fault.

2.1. Single line-to-earth

This is the most common type of fault. It is averaged that 80%
of most transmission line faults are single phase to earth in
nature. The type of faults can be either a result of lightning
strikes, external or internal events. For reference, we will
adopt Phase A as our reference phase [6]. If phase A is
subjected to SLG fault, as shown in Figure 1, the magnitude
of the current flowing through the ground can be expressed as
follows:

V
Ipp = ZLFF 1)
IFB = 0 (2)

The equivalent circuit is drawn from all the Thevenin’s
equivalent impedances derived from the zero, negative and
positive sequences as shown in Figure 2 [1,6].

F
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- I+ J7| =0 Llc=0
+ E/ J}A FB \F

-

Figure 1. Diagram showing a Single Line-to-Earth Fault (L-E)
(8l.

From equivalent circuit, shown in Figure 2, we can write
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Figure 2. Sequence diagram for a Single Line-to-Earth Fault (L-
E) [8].

Considering the voltages, we have

Vao
Va1
Vaz
01 [Zo+2Zs O 0 Loy ©
- VF - 0 Z1 + ZF 0 . Ial]
0 0 0 Z,+ Zpl Ly,
Therefore, the fault current through A is
3X Vg
Ipp = (6)

Zo+ Zy + Z, + 3Zp

2.2. Double Line to Earth Fault

This type of fault can easily manifest to L-L-L-E fault if not
cleared within the shortest possible time and it is represented
in Figure 3. The interconnection of the positive, negative and
zero sequence networks is shown in Figure 4.

A
B
C

’ [
N
E

ENN

Figure 3. A Diagram showing a Line-to-line-to-Earth fault (L-L-
E)[8].
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Figure 4. Sequence for a Line-to-line-to-Earth fault (L-L-E) [8].

From Figure 4,

Ve
Iy =
(Zy+ Zp)(Zo+ Zp + 3Zy) (7
G+ Z0) Y (7T 7, + 22, ¥ 32, )
(Zo+ Zp + 3Zy)
logp = — (8)
(Zy + Zp)(Zo + Zp + 3Zy)
(Zy+ Zp)
Iy = ©)
(Zy+ Zp)(Zo+ Zp + SZg)
1fZ, =0
Iy = Ve
al —
(Z2)(Zo + 3Zy) (10)
G+ (757, + 32, )
(Zo + 3Zp) )
= — . 11
laz ((z2 + Zo+ 3Zp)) (11)
Ipo = ( 2 ) 12
O \(Zy+ Zo+ 3Zp) (12)
If Z,=0&Z, =0,
I Ve
a1 = Z,x Z, (13)
@)+ (725%)
Ipp = ( Zo ) I 14
az — (ZZ+ZO-a1 ()
I = ( Z2 ) I (15)
a0 — Zz + Zo -fal
The total fault current through the neutral is given by
ITL = 31[10 = IB + IC (16)

Considering the voltage equations, we have
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VaO
Val
Va2
01 [Zo+Zr O 0 Iy @1
Vp] - 0 7+ Zp 0 , Iall
0 0 0 Z,+ Zp) Ly,
ForZp=0and Z; =0
Vao = Va1 = Vaz = Vi — (Ia1-Z1) (18)
Considering the phase voltages, we have
Va= Voo + Va1 + Vo = 3V (19)
VA = VC = 0 (20)
Considering the line-to-line voltages, we have
Vaip=Va— V=V, (21)
Vee =Vp— Ve =0 (22)
Vea=Ve=Va=-V, (23)

2.3. Three Phase-to-Earth Fault

A balanced three-phase fault is shown in Figure 5 whose
impedance diagram is depicted in Figure 6. It is the most
severe type of fault but rarely occurs. The zero and negative
sequences are zero in this type of fault. Consequently, only the
positive sequence represents the interpretation of the fault.
When the magnitude of the fault voltage is not known, it is
usually assumed to be 1.0520°V [7].

A

B |
Cc

w Ira + lFa + IFc
N
E T

Figure 5. A Line-to-Line-to-Line-to-Earth fault (L-L-L-E) [8].
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Figure 6. Sequence network for a Line-to-Line-to-Line-to-Earth
fault (L-L-L-E) [8].

From Figure 6, the phase voltages are,

Vo= LiZp = Vy (24)
Vg = aVgy (25)
VC = aVal (26)

The line-to-line voltages can be expressed as
Vig =Vi— Vg =1 = a®)V, = V31,Z.230°  (27)
Voe =Vg— Ve = (@® —a)V, = V3I,Z.2 -9  (28)
Vea=Ve— Vo= (a— 1V, = V31,Z,2150°  (29)

2.4. Phase-to-Phase Fault

This is a fault that occurs on the two phases B and C
simultaneously as shown in Figure 7. The sequence network
for such a system is shown in Figure 8 and the resulting
equations are as follows:

A
B
C

| IFc =-IFB
A\

Figure 7. A diagram showing a Line-Line fault (L-L) [8].
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Figure 18. Network sequence for a Line-Line fault (L-L) [8]

IB = _IC (31)
Ial - = Ia2 (32)
— Vc = lnZs (33)
1 0
1 a? (a® — a)ly
When
— _ _ VE
Vao - 011(11 - _Iaz —_ m (35)
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The current through the phase B and the phase voltages at A,
B and C are expressed respectively as

o N3V \3290°X Vp (36)
B i+ Zy+ Zp Zy+ Zy+ Zp
Va 1 1 1 0
VB = |1 a2 a Val (37)
Ve 1 a a*llVy
The line-to-line voltages are then
Vag =Va— Vg (38)
Vee =V — V¢ (39)
Vea=Ve—=Va (40)

2.5. Concept of distance protection

To accurately determine the fault point on a very long
transmission line, a distance relay is of utmost importance.
Consider the circuit shown in Figure 9, it is assumed that the
relay is located at point A and the relay has a reach of Zset. If
an internal fault occurs (F1), the relay will trip but if an
external fault occurs (F3) the relay will be restrained. From
Figure 9, Distance relay zones can be mainly categorised into
three (3) zones of protection. Zone 1, Zone 2 and Zone 3.

Reach @ Fum

Extarnal Fault

faa) Irterral Fauk
f X

F1 FZ 3

DISTANCE
RELAY

ZL1

]

Zia

Figure 9. Zones of protection of a transmission line

2.6. Choice between Reactance and Mho

Algorithm

Impedance,

The reactance relay is preferred for use as a grounding relay
because it is more stable when used on short lines rather than
long lines. Consequently, the relay becomes unstable during
power surges unless if an additional relay is installed to
prevent such mal-operation. Mho type is preferred for phase-
to-phase faults, long line and lines with heavy power surges.
When a mho relay is used for the protection of a line section,
its operating characteristics cover the least space in the R-X
diagram. Impedance relay is preferred for phase faults related
to lines of moderate length. Arc resistance affects impedance
relay more than reactance relay but less than mho distance
relay. In this paper, mho relay is explored for our analysis [9].

3. Results and discussions

The one-line diagram of the network used as a case study is as
shown below;
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IKORODU - SAGAMU 132KV DISTANCE PROTECTION LINE DIAGRAM

IKORODU T.5, SAGAMU T.5

AYEDE T.5, JERICHO T.5.

132 KV 132 KV 132KV 132 KV
BUS BUS BUS BUS
—‘7 32KM 9KM 67 KM 2 KM
v ey T00MVA 132033 KV
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wz=000% o] oy JOMVA 132033 KV A 1
‘ o 9wz =10.18% 4
\A«j B _
__ 41KM

SAGAMU CEMENT T.5,

132 KV
BUS

ey 30MVA 132/33 KV

—Qu?— %Z=102T%

oy, SOMVA 132/33 KV
‘9— "hZ=1032%

e

Figure 10. One line diagram of Ikorodu-Sagamu 132kV distance protective scheme

A brief description of each of the components modelled in the
MATLAB/ SIMULINK environment is presented as follows:

3.1. The Distance Relay Simulink Model

The MATLAB/SIMULINK simulation is used to model a
variety of protective relays through current measurement
(which represents the current transformer), voltage
measurement (which represents the voltage transformer),
logic operations, Math operators, signal attributes and routing
etc.

The distance relay is accurately modelled through the
measurement of current and voltage parameters. The
measured impedance is compared to the calculated impedance
setting of the line, thus, the zone in which the fault impedance
occurs is identified. The distance relay also sends out a trip
signal to the circuit breaker to isolate the faulted area of the
network [6]. In MATHLAB/SIMULINK, each block is
separately modelled and thereafter connected. The main
blocks responsible for the proper modelling and operation of

the distance relay, in this paper, include Fault Detection &
Identification Block, Impedance Measurement Block, Zone
Detection & Time delay Block, Fault Locator Block and
Tripping Signal Block [6]. The complete model for the
transmission line incorporated with a distance relay and the
SVC is depicted in Figure 10. The Static Var compensator
(SVC) is a shunt connected device and it is usually applied at
the primary location of the distance relay. In this study, our
primary location is Ikorodu 132/33kV Sub-Station. In our
study, we considered an SVC designed by Pierre Giroux and
Gibert Sybille (Hydro-Quebec) for (MATHWORKS)
MATLAB which is sized as one (1) no Thyristor controlled
reactor (TCR) 109MVAR and three (3) nos Thyristor
switched Capacitor (TSC) of 94MVAR each. The
+300MVar/-100MVar SVC model designed by Pierre Giroux
and Gibert Sybille (Hydro-Quebec) is connected to a 735kV
60Hz transmission line and 200MW load. The SVC model
Voltage and frequency parameters were adjusted to match our
input voltage of 132kV and 50Hz respectively while all other
parameters remained the same as the original model designed
[10].
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Figure 11. The Complete transmission line, distance relay and static var compensator model.

3.2. The mho circle characteristics simulink model

The Mho Characteristic graph is drawn using the MATLAB
M-file and it shows the relationship between resistance and
reactance on a transmission line. In Figure 12, each Mho circle
represents a zone of protection as illustrated by the Legend of
the Mho Circle Graph. MATLAB codes was used for
representing the zones of protection on a Mho Circle Graph.
Figure 12 shows the picture of the Mho Circle Characteristics
graph.
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Figure 13. The Complete Distance Relay Model

Figure 12. Mho Circle plot

3.3.The Complete Distance Relay Simulink Model

The complete distance relay as shown in Figure 13 is a
combination of the fault detection and identification block,
impedance measurement block, zone detection and time delay
block, fault locator block and the mho circle characteristics
graph.
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3.4.The Static Var Compensator (Svc) Simulink Model

SVCs are shunt-connected devices. This particular model of
SVC was designed by Pierre Giroux and Gibert Sybille
(Hydro-Quebec) for (MATHWORKS) MATLAB and used to

L &

3

[é

Py A6 Y
LEL 113 A
Va [pu) b (purDaAY
va_ia [
@ (Wwar Wabe Prim
Qikbar] .
Wimeas el
Wrmeas Vel ]
aipha TR ideg)
abta TCR ideg) ‘Vabe_Set
numiber of TECs
RTAC
Signals & "
p—— ave

Figure 14. The Static Var Compensator (SVC) model

The SVC model has one (1) TCR of 109MVAR rating, three
(3) TSC of 94MVAR rating each and an SVC Controller [10].
The modifications that affected this model includes modifying
the voltage and frequency parameters to suit the required
parameters for this paper. Figure 14 shows the basic structure
of the SVC model used for the simulation.

3.5.The Svc Control System

The SVC control system is responsible for the controlled
firing of the thyristors to inject or absorb VAR into the system

study the impact of harmonics, transients and stresses on
power components during fault conditions. The model has
been modified to fit the parameters of this research project
which seeks to understand the consequence of SVC on
transmission line protection.

S opnday
18§ i

109 Myar

34 Mvar 94 Mhvar 94 MV ar

&V C Conirolier

based on the inherent system parameters. The SVC Control
system consists of four (4) components which include the
measurement system, voltage regulator, distribution unit and
firing unit [9,11].

The simulations were carried out considering faults occurring
in zone one (1) and zone two (2) of the distance relay
protective scheme. The results obtained are presented in Table
1.
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Table 1. Simulation result for the impedance and fault location as seen by the distance relay modelled in MATLAB/Simulink

Protectio SVC
connecti Types of fault
n zone
on status
L-E fault L-L fault L-L-L fault L-L-E fault L-L-L-E fault
2.296 + 1.698 1.997 + 2296 +

f‘ﬁ}gﬂf:;ce j4.553 j3.752 j4.954 j4.551 j149f573 “ 608;

zone 1 with svc (5.099) (4.118) (5.341) (5.097) ' '
fa”'t. 33.6 km 27.14km  3519km  3358km  30.36km
ocation
apparent  2.296 +j4.553 jléeffz }49557 . * j13;882;8 T 1997 +

sone 1 \S/\céhout impedance  (5.099) (4.118) (5.341) (4.295) j4.954 (5.341)
fault_ 33.6 km 27.14 km 35.19 km 28.29 km 35.19 km
location

summary for zone 1 distance relay Same Same Same over reach under reach
apparent  4.073+j8.211 ;‘5026061 ;‘5076767 * Jf‘é027131 T 4073 +
impedance 9.166 ’ ’ ' j8.211 (9.166

zone 2 with svc P ( ) (9.154) (9.672) (9.166) J ( )
fault_ 60.39 km 60.31 km 63.73 km 60.39 km 60.39 km
location
apparent  4.073 +]8.766 1.450;:2 1.45076766 * ;‘3077636 T 4073 4

20ne 2 \s/\\/lléhout impedance  (9.666) (9.155) (9.672) (9.666) j8.767 (9.666)
autt 63.69 km 60.32km  6373km  63.69km  63.60 km
ocation

summary for zone 2 distance relay under reach Same Same under reach under reach

Table 1 presents the results obtained when the SVC is
connected and disconnected from the transmission line for
both faults in zone 1 and zone 2. As shown in Table 1, our
analysis was based on the simulation of five different types of
faults on the network considering zone one (1) and zone two
(2). For instance, in zone one (1), considering the Single Line-
to-Earth (L-E) fault, the Resistance-Reactance (R-X) diagram
for the distance relay when SVC is connected with the
transmission line is shown in Figure 15 (a) while Figure 15 (b)
shows the Resistance-Reactance (R-X) diagram for the
distance relay when SVC is not connected for the same L-E
type of fault. Figure 15a and Figure 15b clearly show plotted
points (purple and red) at the same magnitude of Resistance
(R) 0f 2.296Q and Reactance (X) j4.553Q as shown in Table
1 for both Line-to-Earth faults with and without the SVC
connected to the bus. Consequently, in both conditions, the
distance relay was observed to have tripped at 33.6km. Thus,
indicating that during line-to-earth (L-E) fault conditions with
SVC connected or not connected the distance relay fault
location accuracy is not affected.

When the simulation is carried out for Phase-to-Phase (L-L)
faults, the Resistance-Reactance (R-X) diagram for the
distance relay when SVC is connected with the transmission

line is shown in Figure 16 (a) while the Resistance-Reactance
(R-X) diagram for the same Phase-to-Phase (L-L) fault with
the distance relay but without the SVVC is shown in Figure 16
(b). Figure 16a and Figure 16b clearly show plotted points
(purple and red) at the same magnitude of Resistance (R) of
1.698Q and Reactance (X) j3.752Q as shown in Table 1 for
both Line-to-Earth faults with and without the SVC connected
to the bus. Consequently, in both conditions, the distance relay
was observed to have tripped at 27.14km. Thus, indicating that
during Phase-to-Phase (L-L) fault conditions with SVC
connected or not connected, the distance relay fault location
accuracy is not affected.

For Double-Line-to-Earth faults (L-L-E), Figure 17 (a) shows
the Resistance-Reactance (R-X) diagram for the distance relay
when SVC is connected while Figure 17 (b) shows the
Resistance-Reactance (R-X) diagram for the distance relay
when SVC is not connected. Figure 17a and Figure 17b clearly
show plotted points (purple and red) at the different magnitude
of Resistance (R) and Reactance (X). The purple plotted dot
in Figure 17 (a) has a Resistance (R) magnitude of 2.296Q2 and
Reactance (X) Magnitude of j4.551Q as shown in Table 1 for
Double-Line-to-Earth (L-L-E) with SVC connected while the
red plotted dot in Figure 17 (b) has a Resistance (R) magnitude
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of 1.824Q and Reactance (X) Magnitude of j3.888CQ2 as shown
in Table 1 for Double-Line-to-Earth (L-L-E) without SVC
connected. Consequently, the distance relay, with and without
SVC connected was observed to have tripped at 33.58km and
28.29km respectively. Thus, indicating that during Double-
line-to-Earth (L-L-E) fault conditions, the distance relay over-
reaches with the SVC connected.

For Three-Phase-to-Earth faults (L-L-L-E), Figure 18 (a)
shows the Resistance-Reactance (R-X) diagram for the
distance relay when SVC is connected while Figure 18 (b)
shows the Resistance-Reactance (R-X) diagram for the
distance relay when SVC is not connected. Figure 18a and
Figure 18b clearly show plotted points (purple and red) at the
same magnitude of Resistance (R) and different magnitude of
Reactance (X). The purple plotted dot in Figure 18 (a) has a
Resistance (R) magnitude of 1.997Q and Reactance (X)
Magnitude of j4.153Q as shown in Table 1 for Three-phase-
to-Earth (L-L-L-E) with SVC connected while the red plotted
dot in Figure 18 (b) has a Resistance (R) magnitude of 1.997Q
and Reactance (X) Magnitude of j4.954Q as shown in Table 1
for Three-phase-to-Earth (L-L-L-E) without SVC connected.
Consequently, the distance relay, with and without SVC
connected was observed to have tripped at 30.36km and
35.19km respectively. Thus, indicating that during Three-
phase-to-Earth (L-L-L-E) fault conditions, the distance relay
under-reaches with the SVC connected.
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Considering zone 2, for Single Line-to-Earth (L-E) fault the
Resistance-Reactance (R-X) diagram for the distance relay
when SVC is connected with the transmission line is shown in
Figure 19 (a) while Figure 19 (b) shows the Resistance-
Reactance (R-X) diagram for the distance relay when SVC is
not connected for the same Single Line-to-Earth (L-E) type of
fault. Figure 19a and Figure 19b clearly show plotted points
(purple and red) at the same magnitude of Resistance (R) and
different magnitude of Reactance (X). The purple plotted dot
in Figure 19 (a) has a Resistance (R) magnitude of 4.073Q2 and
Reactance (X) Magnitude of j8.211Q as shown in Table 1 for
Single Line-to-Earth (L-E) with SVC connected while the red
plotted dot in Figure 19 (b) has a Resistance (R) magnitude of
4.073Q and Reactance (X) Magnitude of j8.766Q as shown in
Table 1 for Single Line-to-Earth (L-E) without SVC
connected. Consequently, the distance relay, with and without
SVC connected was observed to have tripped at 60.39km and
63.69km respectively. Thus, indicating that during Single
Line-to-Earth (L-E) fault conditions, the distance relay under-
reaches with the SVC connected.

When the simulation is carried out for the Phase-to-Phase (L-
L) faults, the Resistance-Reactance (R-X) diagram with the
connection of the distance relay and installation of the SVC is
shown in Figure 20 (a) while the Resistance-Reactance (R-X)
diagram for the same L-L fault with the distance relay but
without the SVC is shown in Figure 20 (b). Figure 20a and
Figure 20b clearly show plotted points (purple and red) at the
same magnitude of Resistance (R) of 4.066Q2 and Reactance
(X) j8.201Q as shown in Table 1 for both Phase-to-Phase (L-
L) faults with and without the SVC connected to the bus.
Consequently, in both conditions, the distance relay was
observed to have tripped at 60.32km. Thus, indicating that
during phase-to-phase (L-L) fault conditions with SVC
connected or not connected, the distance relay fault location
accuracy is not affected.

For Double-Line-to-Earth faults (L-L-E), Figure 21 (a) shows
the Resistance-Reactance (R-X) diagram for the distance relay
when SVC is connected while Figure 21 (b) shows the
Resistance-Reactance (R-X) diagram for the distance relay
when SVC is not connected. Figure 21 (a) and Figure 21 (b)
clearly shows plotted points (purple and red) at different
magnitude of Resistance (R) and Reactance (X). The purple
plotted dot in Figure 21 (a) has a Resistance (R) magnitude of
4.073Q and Reactance (X) Magnitude of j8.766€2 as shown in
Table 1 for Double-Line-to-Earth (L-L-E) with SVC
connected while the red plotted dot in Figure 21 (b) has a
Resistance (R) magnitude of 4.073Q and Reactance (X)
Magnitude of j8.766Q as shown in Table 1 for Double-Line-
to-Earth (L-L-E) without SVC connected. Consequently, the
distance relay, with and without SVC connected was observed
to have tripped at 60.39km and 63.69km respectively. Thus,
indicating that during Double-line-to-Earth (L-L-E) fault
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3.6.Summary of Results

The simulation result when a highly inductive load of
130MVAR is applied into the real-life scenario setting of the
Ikorodu-Sagamu 132kV transmission line setting being fed
from a source of 600MVA short circuit. The simulation result
shows a case of very high voltage despite the highly inductive
load due to the surplus amount of source power. From the
simulation results obtained for zone one (1) and zone two (2)
as represented in Table 1 and Figure 23, the following
observations were made during the simulation;

The known fault application points are 33.6km and 60.4km
respectively. When SVC is applied, the simulation result
shows us that the SV C takes care of the over-voltage condition
by stabilizing the voltage, as this is evident in the fault location
results, which are close to the applied point of fault. Table 1
shows that the fault locations for both zone one (1) and zone
two (2) lies close to the point of fault application. For zone
one (1), the fault is applied at 33.6km (80% of protected line
settings) and the distance relay sees fault locations such as
33.6km, 27.14km, 35.19km, 33.58km, 30.36km and 28.29km.
For zone two (2), the fault is applied at 60.4km (143.8% of
protected line settings) and the distance relay sees fault
locations such as 60.39km, 60.31km, 63.73km, 63.69km and
60.32km.

Furthermore, the distance protective relays see these fault
locations as either over-reach or under-reach. The over-reach
and under-reach are evidence that error margins are
introduced when SVCs are connected. Static Var
Compensators do not affect Phase to phase faults. The

tabulated data of Table 1 and plotted dots in Figure 16 and
Figure 20 clearly shows that for Phase-to-Phase (L-L) faults,
the distance protective relay sees the same magnitude of
Resistance (R) and Reactance (X) for both zone one (1) and
zone two (2). Similarly, Figure 23 shows a Bar chart
comparison for each fault type with and without SVC
connected. The similar magnitudes of Resistance (R) and
reactance (X) for both zone one (1) and zone two (2) can easily
be seen deduced.

Static Var Compensators appear to be more consistent in their
operation for zone two (2) faults. From the tabulated data in
Table 1, the result shows that for all shunts faults in zone two
(2), the distance protective relay under-reaches for all shunt
faults to Earth faults and no effect for all phase to phase faults.
For zone 1, the distance protective relay under-reaches for
Three-Phase-to-Earth (L-L-L-E), over-reaches for Double-
Line-to-Earth (L-L-E) and no effect for all phase-to-phase
faults (L-L) and Single Line-to-Earth (L-E) faults. Figure 22
shows graphically that zone two (2) fault results appear to be
more consistent for all shunt faults, unlike zone one (1) shunt
faults which varies from no effect to under-reach and over-
reach distance relay tendencies.

12

10
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without SVC
connected Zone 1

MAGNITUDE

o N B OO
[
]
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Connected Zone 2

without SVC
N N N Connected Zone 2
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Figure 23. Distance relay response with and without the
installation of SVC

1. Conclusion

The efficiency of transmission lines is very vital. The need to
expand the grid means that the quality of power supplied must
be improved upon. The use of Static VAR Compensators is
encouraged by its lower cost compared to STATCOM. In this
research, the results gotten and analysed satisfies the
objectives of this study. The study's comparison of results
between when an SVC is connected to the transmission grid
and without the SVC connected shows that there are under-
reach and over-reach tendencies for faults that occur both in
Zone one (1) and Zone two (2).

Figure 22 clearly shows the under reach and overreach fault
locations of the distance protective relay when different types
of fault occur. The research revealed that for Phase-to-Phase

anl\YRIS NI MANAS Journal of Engineering, Volume 10 (Issue 1) © 2022

www.journals.manas.edu.kg



http://www.journals.manas.edu.kg/

A.S. Alayande, S.O. Akinbode, 1.K. Okakwu, A.O. Oyedeji | MANAS Journal of Engineering 10 (1) (2022) 1-16 16

(L-L) faults in both Zone One (1) and Zone Two (2), they are
unaffected by the presence of SVC in the grid network. From
Figure 22, the magnitude of Resistance (R) and Reactance (X)
for both phase-to-phase (L-L) faults of zone one (1) with and
without SVC connected are the same. Similarly, the
magnitude of Resistance (R) and Reactance (X) for both
Phase-to-Phase (L-L) faults of zone two (2) with and without
SVC connected are the same.

It is of paramount importance to note that there is an error
margin when an SVC is connected to the transmission grid and
without the SVC connected. The under-reach and over-reach
tendencies are clear proofs that the relay sees an error margin
when the SVC is connected for both zone one (1) and zone
two (2). However, the distance protective relays did not show
any error margins to Phase-to-Phase (L-L) faults for both
scenarios. Site Adaptive setting is encouraged to be
implemented since each line section has various parameters
introducing errors into the fault location calculations as seen
by the distance relays.

Further research on algorithm development to mitigate the
inaccuracies in fault locator introduced by the presence of
SVC in the Transmission Company of Nigeria (TCN) 132kV
Power Grid Network. Further study in the use of other types
of FACTS devices is highly recommended using this same
methodology. Researchers can also simulate Zone three (3)
zone of protection to show if the same behaviours in this
research are observed.

Although, the linear predictor is used to obtaining forecast
values in this study, it is recommended that other approaches
such as Auto-Regressive Moving Average (ARMA) model
can be used to enhance the accuracy of the model equation.
Also, the study can be further carried out to show the trend of
individual fault occurrence which will help the transmission
company to have better plans towards mitigation the
occurrence of faults and maintenance strategy so as to
improve customer satisfaction.
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