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ABSTRACT: This paper presents the impact study of GTO Controlled Series Capacitor (GCSC) parameters on MHO distance
relays measured impedance for 220 kV protected electrical transmission line in the presence of phase to earth fault with
fault resistance. The study deals with a 220 kV electrical transmission line of Eastern Algerian transmission networks at
Group Sonelgaz (Algerian Company of Electrical and Gas), compensated by series Flexible AC Transmission System (FACTS)
i.e. GCSC connected at midpoint of the line. The transmitted active and reactive powers are controlled by three GCSC’s. The
effects of maximum reactive power injected as well as injected maximum voltage by GCSC on measured impedance by
distance relays is treated. The simulations results investigate the impact of GCSC injected parameters (reactance, voltage
and reactoilve power) on measured resistance and reactance in the presence of earth fault with resistance fault for different
cases study.
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INTRODUCTION

Fault currents have an important influence on the
design and operation of equipment and power
systems. In Algerian Company of Electrical and Gas,
more than 80% of the occurred faults on 220 and 400
kV overhead transmission networks are single phase
to ground type. However, phase to phase faults are
the most common fault type after single phase to
ground faults.

Distance protection relays have been widely applied as
the primary protection in high voltage transmission
lines due to their simple operating principle and
capability to work independently under most
circumstances [1-2]. The basic operation principle of
distance relay is based on the fact that the line
impedance is fairly constant with respect to the line
length. However, the implementation of FACTS
Controllers in power system transmission for
enhancing the power system controllability and
stability have introduced new power system issues in
the field of power system protection that must be
considered and analyzed [3]. Some of the concerns
include the rapid changes in line impedance and the
transients introduced by the fault occurrence with the
associated control action of the FACTS Controllers.
The presence of the FACTS devices in the faulted loop
introduces changes to the line parameters seen by the
distance relay. The effect of FACTS device would affect
both the steady state and transient trajectory of the
apparent impedance seen by distance relays due to
the fast response time of FACTS Controllers with
respect to that of the protective devices. The impact
of FACTS devices on distance protection varies
depending on the type of FACTS device used, the
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application for which it is applied and the location of
the FACTS device in the power system.

The effect of different types of series FACTS devices on
distance protection of transmission lines has been
reported: for Thyristor Controlled Series Capacitor
(TCSC) in [4-7] and for Static Synchronous Series
Compensator (SSSC) in [8-9], for shunt FACTS devices
the type Static Synchronous Compensators
(STATCOM) is study in [10-12] and for Static Var
Compensators (SVC) in [13-14]. However, the authors
have not come across any reported work on
mitigation of the impact of midpoint series FACTS
compensated  transmission lines on distance
protection.

In this paper we report the impact of variation of
maximum reactive power injected by GCSC for three
case study in the presence phase to earth faults
(phase A) at the end of the transmission line with
resistance fault (Rg). The GCSC is located on 220 kV
midline of the Algerian transmission line between
substations Ain M’lila and Khenchela  which is
protected by MHO distance relay installed at busbar A.
The study concerns the impact of injected parameters
(XGCSO Veese and Qccsc) Of the GCSC on the measured
impedance by distance relay Rsen and Xsen for
protected transmission line in presence of resistance
fault which varies between 5 to 50 Q.

The compensator GCSC mounted on figure 1.a is the
first that appears in the family of series compensators.
It consists of a capacitance (C) connected in series
with the electrical transmission line and controlled by
a valve-type GTO thyristors mounted in anti-parallel
and controlled by an extinction angle (y) varied
between 0° and 180° [15-17]. Controlled series
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compensation, apply dynamic control of the degree of ~ where, the relation of injected voltage is:

series compensation in a long line.
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Figure 1. Transmission line in presence of GCSC system.
a). Control principle, b). Apparent reactance.
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The reactive injected power by GCSCis:
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The active and reactive power at busbar B with GCSC is
defined by following equations:
V.V,

Fy)= R j. BGCSC Sin(ﬁ) @
0,(0)=Py(8) =2 — -0 —cos(5) (8

AB GCSC AB GCSC

where,

{VB = VB.W + VGCSC )

Vow =V, —AV
The Vawand Vgwrepresent voltages at busbar A and B
respectively without GCSC.

Figure 2 shows typical current and voltage waveforms IMPEDANCE MEASURED BY MHO DISTANCE RELAY

for the GCSC of Figure 1, for a given blocking angle y.
[16]. It is assumed that the transmission line current
(1), is sinusoidal.
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Figure 2. GCSC current, voltage waveforms
and switch control
This compensator injected in the transmission line AB
between busbar A (source) and B (load) a variable
capacitive reactance (Xccsc). From figure 1.b this
capacitive reactance is defined by the following
equation [18-19]:

Xoese (1) = X [l “2y —lsin(zﬁ)} ()
T T

K= }/Cccsc-a’ @)

The conduction angle (8) which varies between o to
90°, is defined by next relation:

where,

ﬁ=ﬁ—2y=2(%—yj 3
From equation (3), the equation (2) becomes:

Xeese(B) =Xyt {1_(Lﬁ]_lsm(”(”_ﬂ))} (4)
T T

Distance protection has been widely used in the
protection of EHV and HV transmission lines. The basic
principle of MHO distance protection involves the
division of the voltage at the relaying point by the
measured current [1], [29]. The apparent impedance
so calculated is compared with the reach point
impedance. If the measured impedance (Zse,) is less
than the reach point impedance, it is assumed that a
fault exists on the line between the relay and the
reach point.

The basic principle of operation of distance protection
is shown in figure 3. The input to the relay point is
the phase voltages and line currents transformed
with the help of voltage transformer (VT) and current

transformers (CT).
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Figure 3. Principle of MHO distance protection
in presence phase to earth fault.

The voltage would fall towards zero at the point of
the fault. The impedance measured by MHO distance
relay (Zsen) in presence phase (A) to earth fault is
calculate by flowing equation [20-21]:

V,
V
seen e = IA i KO .10 = Rveen + ] 'Xveen (1 O)
I Relay KZ
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Z K

where, K _Z-4 and K,=—C

(11)

PHASE TO EARTH FAULT CURRENT CALCULATION ON
PRESENCE GCSC

Figure 4 is shows the equivalent circuit for

transmission line en presence single phase (phase A)
to ground fault with fault resistance (Rg) at busbar B
with GCSCinserted on midline.
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Figure 4. The equivalent circuit with GCSC

The total transmission line (Zas.ccsc) impedance with
GCSCinserted on midline is given by:

Z 45 oosc = Rup +j[XAB _XGCSC(ﬂ)] (12)
Regarding reference [22], the basic equation for this
fault is:

1,=1,=0 (13)
V.=V+V,+V,=R..I,#0 (14)
The coefficients Zagrand Zecsc.1 are defined for
simplicity is:
Ly =Ly, +Zp,+ 2,5, (15)
Xoese-r = Xgesea ¥ Xoesca ¥ Xaesco (16)

From figure 4, the symmetrical currents components
are:
VS + VGCSC

[ZAS‘T j + Xoeser +(ZA§‘T ) +3.R,

(17)

I =1,=1I=

(18)
From equations (17) and (18), the current in phase A is:
3‘(I/S+VGCSC) (19)

I,=
(ZAST ) + Xoeser + ( ZA;T j +3.R,

where, [ +1,+1, =I—A

The symmetrical components of voltages are:
v, 11 1]V,
Vol==|1 a da |V,

v, 1 @ a Ve

From equation (14) and matrix (20), the voltage at

phase A is:

% (20)

3.RF.(VS + VGCSC)

(ZAST j + Xoeser + ( ZAST j +3.R,

From equations (10), (17), (19) and (21), the measured
impedance Z., by distance relay is only related to:
O Parameters of transmission line : U,, I., Ras,
and X g,
O Current and voltage transformer ratios: Kcr
and Ky,
O Parameters of GCSCinstalled: Vcesc and Xeese,
Fault conditions: location nrand resistance Ry.
The electrical network 220 kV, 50 Hz studied in this
paper [23], is the eastern Algerian electrical
transmission networks at Sonelgaz group (Algerian
company of Electrical and Gas) is shows in figure 5.
The MHO distance relay is located on the busbar at Ain
M’lila in Oum El Bouaghi to protect the single
transmission line between busbar A and busbar B at
Khenchela substation HV/MV.
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Figure. 5. Algerian electrical networks study

The GCSC system is installed in the midpoint of the
protected line by a MHO distance relay. The
investigation were carried out for three case studies
respectively for 30, 50 and 70 MVar of injected
reactive power as well as for 10, 20 and 30 kV injected
voltage. The parameters of transmission line and the
installed GCSC are summarized in the appendix.
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A. Impact on transmission line protected

The figures 6.a and 6.b represent the variation of
reactive power (Qg) and active power (Pg) at the load
busbar B respectively as a function of injected Xccsc by
different GCSC.
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Figure 6. Powers Variation with respect to injected
reactance. a). Qg = f (Xoesc), b)- Ps = f (Xeesc)
The figures 7.a and 7.b represent the variation of the
resistance Rsee, and reactance X, respectively as a
function of injected Xccsc by different GCSC in the
presence Re.
7

(b)
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Figure 7. Distance relay measured impedance Variation Zeep.
G). Rseen = f(XGCSC)r b) Xseen = f (XGCSC)-

C. Impact of V¢csc on impedance measured by relay

Figures 8.a and 8.b represent the variation of R and
Xseen respectively as a function R for different injected
voltage Vqcsc by different GCSC study.
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Figure 8. Distance relay measured impedance Variation Zeep.
G). Rseen = f(VGCSC)r b) Xseen = f (VGCSC)-

D. Impact of Qccsc on impedance measured by relay

Figures 9.a and 9.b represent the variation of Ren and
Xseen as a function Rg for different injected Qccsc
injected by different GCSC study.
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Figure 9. Variation of impedance Z.., by distance relay.

G). Rseen = f(QGCSC); b) Xseen = f (QGCSC)-

CONCLUSIONS

The results are presented in relation to a typical 220 kV
single electrical transmission system employing
different GCSC (10 MVar/10 kV, 50 MVar/20 kV and 70
MVar/30 kV). The compensator is connected at the
midpoint of a protected transmission line by distance
relay. The simulation results show the direct impact
on the total impedance of a protected line for
different injected variable parameters Xccse, Veesc and
Qccsc of the compensator. As can be seen the
resistance R, and reactance X, respectively in the
presence of GCSC and in case of earth fault with
resistance fault Rr varied between 5 to 50 Q at the end
of the line are affected.

Therefore distance relay tripping characteristic
depends on many factors including the power system
structural and the pre-fault condition, the earth fault
resistance, and parameters of reactance injected by
GCSC based the maximum reactive power injected on
electrical transmission line. So, it is necessary to
modify the setting protection zones in order to
prevent circuit breaker nuisance tripping and improve
the performances of MHO distance relay protection.

A. Power source:

Us=11kV, f,=50Hz

B. Power transformer:

Urgr=11/220 kV, Stg = 200 MVA, X1,=j 0,213 Q,

Xtro =j 0,710 Q,

C. Electrical transmission line:

U,=220kV, Length =117 km, Z,=0,1213 +j 0,4227 Q/km,
Z,=0,3639 +1,2681 Q/k.

D. GCSC study:

Case 1. QMax =30 MVar, Vi =10 kV, Xemax=3,333Q,

Case 2. Quax = 50 MVar, Vyax = 20 kV, Xcmax = 8,000 Q,

Case 3. Quax = 70 MVar, Viyax = 30 KV, Xc max = 12,857 Q.
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