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1. INTRODUCTION

Power systems have to be planned, projected, cotestt, commissioned and operated in such a
way to enable a safe, reliable and economic supptite load. The knowledge of the equipment loadihg
the time of commissioning, the prediction is neaegsn the future for the design and determinatibrthe
rating of the individual equipment and of the powgstem as a whole. Faults, i.e., short-circuithenpower
system cannot be avoided despite careful planmdgdasign, good maintenance and thorough operafion
the system. This implies influences from outside slgstem, such as faults following lightning str®keto
phase-conductors of overhead lines and damageshtfscdue to earth construction works as well &srnal
faults due to ageing of insulation materials [1duk currents therefore have an important influeocehe
design and operation of power systems equipmente Mwan 83% of the occurred faults on the 220 @@ 4
kV overhead transmission networks in Group Sonedgazingle phase to ground type [2].

Distance protection relays have been widely apptisdthe primary protection in high voltage
transmission lines due to their simple operatinggiple and capability to work independently undeost
circumstances [3], [4]. The TCSC belongs to the FAQroup of power systems devices. The conceteof t
TCSC has been around since the mid 1980s, witfirgsi&known commercial installation being in 1993 [n
the United States of America. Essentially a TCS@& iariable reactance device that can be usedoioder
an adjustable series compensating reactance teanieal transmission line. Its advantage oveeoteries
compensating devices is that its reactance camdiantaneously and precisely controlled. This mdkes
TCSC well suited to enhance the stability of a posystem [3], [5]. The presence of the FACTS device
the faulted loop introduces changes to the linampaters seen by the distance relay.
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The effect of FACTS device would affect both theasly state and transient trajectory of the
apparent impedance seen by distance relays dbe t@agt response time of FACTS controllers withpees
to that of the protective devices. The impact ofCHA devices on distance protection varies depenaling
the type of FACTS device used, the applicationvibich it is applied and the location of the FACT&/ite
in the power system.

The effect of different types of TCSC on distancetgction of transmission lines has been reported
for general research on the influence of TCSC ertiinsmission lines protection in [6] while thepewt on
communication-aided distance protection schemestarditigation is reported in [7]. Authors in [8tudy
this impact on numerical relay using computatioiné¢lligence based ANN method. In reference [9% th
Zseenby distance relay for inter phase faults with TC&Ca double transmission line high voltage is §ein
studied and in [10]. Comparing TCSC placements oabf circuit line at mid-point and at ends from
measured impedance point of view is mentioned i.[The authors report in [12] a comparative stofly
GCSC and TCSC effects on distance relay settingjrigle 400 kV Algerian transmission line. However,
there is no work reported on mitigation of the iripaf midpoint TCSC compensated transmission lores
distance protection.

In this paper study effect of variation voltageeitted Yrcsd by TCSC ininductive and capacitive
mode on short-circuit parameters is presented with taste fault R-) varied between 0 to 10Q, the
impact on resistance and reactance measured lyyingdase of earth fault at the end of transmissiondime
with the presence of TCSC installed on 400 kV miglsingle transmission line, short-circuit calciglaton
presence TCSC is important for settings relay iarourrent protection, distance protection and ciffigial
protection, ...etc.

2. VOLTAGE AND REACTANCE INJECTED BY TCSC

The compensator TCSC mounted on figure 1 is a ¢fperies FACTS compensators. It consists of
a capacitanced) connected in parallel with an inductantg ¢ontrolled by a valve mounted in anti-parallel
thyristors conventionallg andT,) and controlled by an extinction angt {aried between 90° and 180°.
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Figure 2. Apparent reactance injected by TCSC.

This compensator injects in the transmission lineable reactanceX{csg indicated by figure 2.
The characteristics of the TCSC are determined ftbenseries capacitor and reactor circuit paramseter
shown in figure 2. The steady-state TCSC powerue@qgy reactanc¥rcsc () as a function of thyristors
control angle ) can be calculated from equation (1), based canatysis of thyristors current [13-14].

Xresd@) = Xc[l_ A+ q 1)

IJAPE Vol. 1, No. 2, August 2012 : 93 — 104



IJAPE ISSN: 2252-8792 a 95

Where,
_ K? (a+sin(a)j @)
K2-1 T
K.o g
2 K.tan(j— tar[j
B= 4'2K cos (gj. 2 2 3
K -1 2 Vi
And,
o=2.(1-0q) (4)
_A (5)
w
1
AN=—— 6
7ic (6)

Vernier modeallows the TCSC to behave either as a continuctmhyrollable capacitive reactance
or as a continuously controllable inductive reactarit is achieved by varying the thyristors firiaggle in
an appropriate range. However, a smooth transftiom the capacitive to inductive mode is not petaait
because of the resonant region between the two srja8¢

A variant of this mode is the capacitive vernierdapin which the thyristors are fired when the
capacitor voltage and capacitor current have opp@silarity. This condition causes a TCR curreat thas a
direction opposite to that of the capacitor curreéhereby resulting in a loop-current flow in th€3C
controller. Another variant is the inductive vemiaode, in which the TCSC can be operated by haaing
high level of thyristors conduction.

In this mode, the direction of the circulating @nt is reversed and the controller presents net
inductive impedance. The active and reactive patidoad busbar with TCSC is :

V.V .

- AB 7

& ©) Lt XTCSC(a) Sm(é) @
2

Q(9) = Yo __ Vil cog9) ®)

ZAB * XTCSC YA ABi- X TCSC

Indices (-) for capacitive boost mode and (+) fapacitive boost mode on equations (7) and (8).
The voltage at load busbar with TCSC is defined by:

Ve =Vou * Viesd@) 9)
Vew =Vaw—AV (10)

Where, Vg w and Vit is voltages at load busbaB)(and at source busbaf)(without TCSC
respectively, andV is voltage drop on transmission line

3. PHASE TO EARTH FAULT CALCULATION
Figure 3 shows transmission line in case of a sipphse (phase A) to ground fault at busbesth
fault resistance in the presence of a TCSC insenemtidline, while figure 4 shows the equivalemtuit.

Source
Load

Earth 7777

Figure 3. Transmission line with TCSC in midline.
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Figure 4. The equivalent circuit with TCSC.

With TCSC inserted in midline, the total impedanééransmission lineZdxg tcsq is:
ZAB—TCSC= RAB+ J[ X ABt X TCS(,GV)]
The basic equations for this type of fault [16]/]&re:
l,=1.=0
Vo=Vt + V=R 1#0
The symmetrical components of currents are:
lo 11 11,
1 a al

1 B

wlk

1, 1 a allg
From equation (12) and matrix (14), the symmetricahponents of currents become:
I +1,+1 5= %A
The symmetrical components of voltages are:
V, 1 1 1|V,
V=21 a &\
v, 1 a a|\
From equation (13) and matrix (16), the direct comgnts of voltage become:
V==Vt V) + R Iy

ANd,  V, +Vioge - |1|:Z;B'l * Xiesat Z;Bl:| =AtB+C

Wl

Where, the coefficientd, BandC are defined as:

1 (Z 4
A:—_{—( A;OixTcsco"' Azaoj'lo}

3

1 (Z Z
B= _5{_( A282 * Xeseo t A;ZJ |2}
C=R.I,

(11)
12)

(13)

(14)

(15)

(16)

7

(18)

(19)

(20)

(21)
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The coefficientZ,g rand Zr¢sc rare defined for simplicity as:

ZAB—T = ZABl + ZABZ + ZABO (22)
XTCSC—T: XTCSG+ X TCSZ+ x TCS (23)
NS 4
V VTCSC 3 |: AZB . t XTCS€ T+ AZB- T:| +R FI (24)
From equations (22), (23) and (24), the currepthatse A) in presence TCSC on midline is given by:
_ 3.(Vs * Viesd) (25)

=
Z, Z
(A?)i XTCSC—T+( AZEHJ"'S-RF

From equation (15), the symmetrical componentauafents in presence TCSC on midline are:
— Vs iVT(:sc (26)

l,=1,=
(ZAZB_Tji XTCSC—T+( ZA;T)"'&RF

The direct components of voltages in presence TQ8C

I, =

Vl = Vs t VTCSC_ (ﬁ * XTCSQ + 228'1). |1 = (st £V CSC) [ z AB_ 7 TCSC +3. R][ (27)
AST"'XT cse 1t A2&T+3'RF
Where, the coefficientdag' and Xgcsc are defined as:
Zyg' = Zpgpt Lpgg=2.Z g, (28)
XTCSC| = XTCSQ + X TCSo 2 X TCSt (29)

The inverse components of voltages in presence T&8C
— ZABZ ZAB2 (VS +V. CSC) [ Z AR T TCS.(Z] (30)
V2 - 2 +XTCSC2+ 2 I - 7 7
( AZB_Tji ><TCSC—T-l_( AZB_T)+3'RF

The zero components of voltages in presence TC8C ar

\/0 :_(ZAB.O + XTCSCO+ ZABQJ | - RF Io__ (\/S— TCS& [ZABJ— TCSD+ R]: (31)

Z,e Z
(A;Tj * Xrese T+(A2EFTJ +3.R;

The coefficient,g' and Xgcsc are defined as:

Z,'= Lpgot Kicsca (32)
ZO‘ = ZAB.O — 7*CSCo (33)
S =3.d-1 (34)
§ =3.a1 (35)
From equations (27), (30) and (31), the three plhiakages on transmission line in presence of T@&C
VA - 3R: (\/S I \ZFCSC) (36)
(ZAB—T)i XTCSC—T+( ZAB— Tj +3'RF

2 2

y, =Vt Viesd (d-42+(4-) 2+ $ R an
( j TCSC-T ( AB_TJ +3'RF
2

+ 1

o VetV (a- ) 2+(a) 2+ SR )

C
( j XTCSCT ( AZB_TJ-'-‘?"RF
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4. CASE STUDY AND SIMULATION RESULTS

The power system studied in this paper is the 4@0ekstern Algerian electrical transmission
networks at Algerian Company of Electrical and G&aenelgaz) which is shows in figure 5 [18].

The relay is located in the busbar at Ramdane Djamulstation to protect transmission line

between busbak and busbaB respectively at Ramdane Djamel and Oued El Athenanbstation in Mila.
The busbat is locatedat Salah Bay substation in Sétif.

The TCSC is installed in midline and different casady for maximum injectedoltage Vcsci.e.

20, 30 and 40 kV respectively in case of phagetd earth fault at busb&® with different values oRr are
carried out.

Chefia

Dijendouba
(Tunisia)

Ain Beida

Ain M'lila

Load

Load

Biskra

Hassi Massoud

Figure 5. Algerian electrical transmission netwaikth TCSC.

Figures 6.a and 6.b show tKgcsccharacteristics curves on two modes ®Rgscas function of the
firing anglea of the TCSC compensator used in different caselystu
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Figure 6. Characteristic curve for TCSC; ¥)esc(a), b) Vrcsc(a).
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4.1. Impact of TCSC on Transmission Line

The figures 7.a and 7.b show the impact of TCSE€rtian in capacitive and inductive modes on the
power variation at load busba)(with angle line §) varied between 0° to 180°.
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Figure 7. Impact of TCSC on transmission line;Rg)(5), b) Qs (9).
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4.2. Impact of Injected Voltage on Short-Circuit Calculation
Figures 8 show the variation of the symmetricalrents |, 1, and I, respectively and figures 9

represent the variation of the line currebislg and Ic respectively as a function afjected Vicsc by
different TCSC study.
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Figure 8. Impact on the symmetrical currents.
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Figure. 9 Impact on line currents.

Figures 10 show the variation of voltagés V, and V, respectively and figures 11 show the
variation of line voltage¥,, Vg andVc respectively as a function of inject®gsc by different TCSC study.
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Figure 11. Impact of transmission line voltages.

5. CONCLUSION

In this paper, the effect of TCSC on the paramedérgrotective transmission line during single
phase to ground fault with fault resistance onteilgad transmission line 400 kV is being considered

The impedance of transmission lireeinfluenced by the injected voltaygcscof the TCSC, since
deviation of the measured impedance is not consBetause of the varying parameters of the injected
reactance by TCSC on inductive and capacitive eemiode adaptive methods should be utilized. Iiotol
increase the total system protection performancdeénpresence of series FACTS devices compensator o
transmission line care must be taken.

For specified systems, settings of different prites (distance, and overcurrent, ... etc.) can be
achieved based on the proposed setting princifMesreover following state of TCSC (capacitive or
inductive modes) in order to avoid circuit breakerwanted tripping changing the settings relay of
overcurrent and distance protection is necessary.

Appendix
A. Transmission line :
U, =400 kV, f, =50 Hz,lag = 360 km,Zxg 1= 0,1213 4 0, 4227Q/km, Zng o= 0,2426 + 1,2681Q/km.

B. TCSC study :

Case 1: Qcsc =+ 30 /-5 MVar, Vrcscma= 20 KV, L = 42,44 mHC = 39,788uF,
Case 2 : Qcsc= + 60/ -10 MVarVrcsc.max= 30 kV,L = 47,75 mHC = 35,36 7uF,
Case 3 : Qesc= + 90/ -15 MVarVrcsc.ma= 40 kV, L = 56,58 mHC = 29,841uF.
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