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This paper deals with an analysis of impedance-differential protection algorithm applied to locate faults on a double-
circuit transmission line. In particular, the study of fault location accuracy for the case of using the relation between
currents for negative-sequence not for zero-sequence, as it was presented so far, is provided. It results from the well-
known fact that zero-sequence impedances are in practice considered as quite unreliable data. Therefore, one has to
limit usage of zero-sequence impedance parameters as much as possible. Such approach was applied in this paper and
therefore the use of the additional relation of currents for negative-sequence is under investigation. The fault signals
from ATP-EMTP simulation on the sample double-circuit transmission line was applied for evaluating the fault
location accuracy. References 8, figures 4, table 1.

Keywords: double-circuit line, transmission line, fault location, ATP-EMTP, simulation, algorithm, negative and zero
sequences

Introduction. Due to their economic and environmental advantages, double-circuit transmission
lines have been extensively utilised in modern power systems. However, the different possible configurations
of double-circuit lines, the possibility of occurrence of faults involving two circuits combined with the effect
of mutual coupling, makes their fault analysis much more complicated than for single-circuit lines [1].
Different protection schemes for the double-circuit line [2, 3] have been proposed which face problems,
mostly due to mutual coupling between the circuits. It causes that the relay becomes overreached or
underreached depending on the network characteristics, operating status and fault location [3].

In this paper, an analysis of impedance-differential protective algorithm of transmission line [4] is presented.
The considered protection [4] utilises the measurements of both currents and voltages from line ends. Based on the
voltage and current measurements, the differential impedance is calculated. This method provides reliable internal
faults detection. In addition, the impedance-differential protection method allows for fault location, which is
indisputably a great advantage. The distance to fault determination [5] can be utilised for an inspection-repair
purpose. This paper is analysing the fault location feature of the impedance-differential algorithm. In particular, a
comprehensive evaluation of fault location accuracy with the use of the simulation data is presented.

The following sections of this paper briefly recalled the concept of impedance-differential algorithm
for single-circuit transmission line initially described in [4] and improved in [6]. Then, in order to implement
investigated algorithm for double-circuit line, its modification is described. The method presented in this
paper replaces the usage of a zero sequence component analysis [7] for consideration of the mutual coupling
existence between lines by the usage of a negative sequence component analysis. Next, testing results of the
proposed distance to fault calculation in double-circuit lines are compared with the method presented in [7].

Analysis of impedance-differential algorithm. The evaluated impedance - differential protection
algorithm dedicated for a single-circuit line was primary introduced in [4] and improved in [6]. Although,
authors in [7] adapted this algorithm for utilisation in a double-circuit line. The modification of the algorithm
[7] is presented in this chapter.

At the beginning of impedance-differential protection algorithm, information concerning each phase
voltages and currents from both line ends is collected, and next, the fault detection criterion is verified. This
allows discriminating normal and faulty conditions in the protected line. The criterion is stated as:
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where Igzr is the threshold value and I, I, is the current in phase ¢ at the line terminal S, R. If the fault
condition is fulfilled, the algorithm checks whether the fault is internal or external based on the phase
difference between the phase angle of the calculated positive sequence impedances [6]. Then, the
compensated differential impedance (2) is expressed according to:
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where Vs’ and Vi’ are obtained from the following equation:
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It is assumed that the fault (F) is on the line S-R, at the relative distance d [p.u.], counted from the bus S.
Thereafter, the fault location can be determined using:
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Fig. 1 However, the formula (3) cannot be applied directly for a

double-circuit line, see Fig. 1 (schematic diagram of power
network with a double-circuit line), because in this case it is required to consider the existence of mutual
coupling between lines during single phase-to-earth faults.
For this aim, the symmetrical components analysis is utilised. Fig. 2 represents the positive, negative, and
zero sequence network for a double-circuit line.
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Taking into account the third equation from (6)
concerning zero sequence components, the equation (7)
R can be rewritten as:
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The missing d can be derived from negative sequence
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components analysis and can be stated as:
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Thus, equation (8) can be rewritten as:
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Finally, the voltage difference K'sq, - K}eq, from the equation (2) can be written for phase ¢ =L1:
(iso"'iko)(ZSz_ZRz +ZIL£R2) (11)
(lsz + le )
For the remaining single-phase-to-earth faults (L2—F, L3—FE) analogous equations are valid.
Simulation results. For assessing the presented algorithm, the model of the 400 kV, double-circuit

transmission line supplied from both ends has been investigated. The simulation tests were performed in
ATP-EMTP [8], while the fault location algorithm was implemented in MATLAB. The sending equivalent

Zsu _KRLI + ZRO - Zso _Zu lRo + = dgu LSLl - (1 - d)ZlL lRLl . (10)
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58 ISSN 1607-7970. Texn. enekmpoounamira. 2020. Ne 6



system S is assumed to be strong (S /:S =30GVA4), while the receiving one R is weak (S e = 5GVA ). The
model includes ideal CTs and currents and voltages are filtered by anti-aliasing filters of 1kHz /3 =330Hz cut
off frequency. The currents and voltages phasors estimation is done using the DFT. The data of the
considered transmission line for positive and zero sequences are: Z;; =(0.0267+ j0.3151)Q/km
Ci; =0.013uF /km Z,; =(0.0275+ j1.0265)Q/ km C,; =0.085uF / km ,ZOm =(0.1896 + j1.5671)02/ km

In order to test the proposed algorithm, short-circuit simulations have been conducted inside the line,
for two different line lengths — 50 km, 100 km. The faults have been applied inside the protected zone,
referring to S side at distances of d = 0.1; 0.2;...0.9 [p.u.] The studies included phase-to-earth (L1-E) faults.
Presented results in Table concern L1-E faults, in view of different line lengths. The example: L1-E fault at
40% of 50 km line, R;= 1 €, is presented in Fig. 3 — 4. In Fig. 3 are presented currents at busbar S and R and
in Fig. 4 is indicated the computed distance.
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The computed distance to fault is defined as an average of all obtained values within the third cycle
of fault interval. The error of the protection algorithm is defined as:

error(%) =(d,,,, —d,, )*100, (12)

where d, is the actual (used in simulation) distance to fault referring to the S side in [p.u.] and d.,mpis
calculated distance to fault in [p.u.]. The presented results (Table) concern phase-to-earth (L1-F) faults inside
the line, whereas the fault location errors were determined as follows: error, — use of zero sequence
component analysis (as presented in [7]), error, — use of negative sequence component analysis.

50km 100km
dyer, The algorithm used in [7] Presented algorithm The algorithm used in [7] Presented algorithm
[p-u] eomp[P-1] errory| %] eomp[p-1] errory[%] eomp[P-1] errory| %] deomp[p-1] | error[%]
0.1 0.1003 0.0284 0.0732 2.6754 0.0985 0.1452 0.0649 3.5146
0.2 0.2003 0.0267 0.1769 2.3119 0.1989 0.1127 0.1696 3.0362
0.3 0.3002 0.0245 0.2805 1.9494 0.2993 0.0675 0.2746 2.5445
0.4 0.4002 0.0210 0.3841 1.5885 0.3998 0.0214 0.3795 2.0529
0.5 0.5002 0.0152 0.4877 1.2305 0.5002 0.0241 0.4844 1.5614
0.6 0.6001 0.0060 0.5912 0.8764 0.6006 0.0618 0.5892 1.0786
0.7 0.6999 0.0074 0.6947 0.5271 0.7009 0.0857 0.6939 0.6108
0.8 0.7997 0.0254 0.7982 0.1832 0.8009 0.0899 0.7984 0.1647
0.9 0.8995 0.0476 0.9016 0.1558 0.9007 0.0701 0.9025 0.2549
Max - 0.0476 - 2.6754 - 0.1452 - 3.5146
Avg. - 0.0225 - 1.2776 - 0.0754 - 1.6465

From Table, it is visible that computations concerning negative sequence component enabled the
algorithm to locate faults in double-circuit line, however, were less accurate than in case of zero sequence
component analysis. The accuracy of the presented fault location algorithm raised according to the increasing
length of the line. The maximal error obtained by the presented algorithm exceeded 2.6% for 50 km line and 3.5%
in the case of 100 km line. In contrast, the results concerning maximal error calculated in case of the algorithm
based on zero sequence components analysis was smaller than 0.2%. The average error for the proposed
algorithm did not exceed 1.7% and for the algorithm presented in [7] was smaller than 0,14%. What is more,
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better results concerning average error computations are obtained for a shorter line, in case of both algorithms. It
can be concluded that the impedance based fault location algorithm works correctly for all simulated cases.

Conclusion. In this paper, the idea of impedance-differential protection for a double-circuit transmission
line is presented, which enables for internal fault detection, but can also be used for faults location. The main interest
of this paper is put on the fault location function compatible with the considered protection. Based on simulation
results, it can be concluded that the method can be applied effectively for double-circuit lines with different lengths.

The carried out investigations has revealed that accuracy of fault location with incorporated relation of
currents for negative-sequence is somehow deteriorated in comparison to the case of using the relation relevant for
zero-sequence [7]. However, the accuracy is still acceptable and thus the approach introduced in this paper (use of
the relation for negative-sequence) can be applied if the high level of unreliability of zero-sequence impedance
data is the case. It causes that the usage of zero-sequence impedance parameters can be limited.
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HCCJIIEJOBAHUE AJITOPUTMA UMITEJAHCHO-IU®®EPEHIIUAJIBHOM 3AIIUTHI

KAK JIOKATOPA HEUCITPABHOCTEM JJIs1 TUHUH SJIEKTPOIEPEJIAYN

IO. I'epaennep, 5. Uxnkoseku, b. Bpycuiiopna

Bpowiasckuit HayuyHo-TexHoJIOrHYecKHii Y HUBEPCHTET,

27, Boibxke:xe BoicnbsiHckoro, S0-370 Bpousas, [Toabma, e-mail: justyna.herlender@pwr.edu.pl

B cmamve nposodumcsa ananuz ancopumma umneoaHcHol ougpgepenyuanvHoll 3auumol, NPUMeHAEMOU 0151 onpedeneHus Mmecma
KOPOMKO20 3aMbIKAHUS 6 NApaiienbHol Junuu dnexkmponepedayu. Onpedenenue Oughgepenyuanvhozo umneoanca, KOmopbwiil
bazupyemcs Ha usMepeHul MoKo8 U HANPANCeHUll Ha 060UX KOHYAX JIUHUY, ABNAEMCs OCHOB0U dhgexmusnozo Kpumepus O
3auumul 0OUHOUHOU JUHUU dNieKmponepedaydu. OOHAKO IMOm Memoo umeem ceou HeOOCMAmKY 8 NpuMeHeHuy OJid NapaiieIbHou
JIOII. M3-3a 63aUMHO20 CONPANCEHUS MEHCOY NAPAIAETbHLIMU JUHUAMU OH OO0NHCEeH OblMb COOMBEMCMEEHHO MOOUPUYUPOBAH.
Kpome moco, npeonacaemas umnedancHo-oughpepenyuanvhas 3auuma Mmoxcem GuinoIHAMb @QYHKYUU OnpedeneHus mecma
Kopomxozo 3amvikanus. CucHanel, nomydeHHvie U3 NPOGOOUMBIX KOMNLIOMEPHBIX IKCHEPUMEHMO8 C UCHONb308AHUEM MOOelU
yuacmka cemu ¢ napanneavrou JIOI (npumensiace npocpamma ATP-EMTP), 0Ovinu ucnonv3o6anvl 015 OYeHKU MOYHOCHU
nokanuzayuu nogpedicoenus tunuu. buodin. 8, puc. 4, rabm. 1.

Knrouegvle cnoea: napannensHas nuHust snekrponepenauu, JIEIL, nokanuzanus koporkoro 3ambikanusi, ATP-EMTP, cumynsuus
QJIrOPUTM, 00paTHasl M HyJIeBas ITOCIIEI0BATEIbHOCTH.

JOCJI)KEHHSA AJITOPUTMA IMIIEJAHCHO-IU®EPEHIIAJBHOI'O 3AXUCTY

SAK JIOKATOPA ITOIIKO/KEHB JIJI JITHII ETEKTPONEPEIAYI

IO. I'epaennep, 5. Uxunkoseku, b. Bpycuiiopuu

Bpouwiasebkuii HaykoBo-TexHo/10riunmMii YHUBEpPCUTET,

27, Bub:xke:xe Bucnbsincbkoro, 50-370 Bpousas, [logabuia, e-mail: justyna.herlender@pwr.edu.pl

Y cmammi nposedeno ananiz aneopummy imneoancHo-OUpepenyiino20 3axucmy, wo 3acmoCco8YEMbCA Ol GUSHAYEHHA MICYs
KOPOMKO20 3aMUKAHHA y NApanevhill NiHil enekmponepedaui. Busnauennss oupepenyianbnoco imnedancy, sikuii 6azyemovcs Ha
BUMIPI CMpPYMI6 | Hanpy2 Ha 060X KIHYSX NiHil, € OCHOBOIO eeKmuU6HO20 Kpumepilo OJisi 3aXucny 0OUHOYHOT NiHil enekmponepedadi.
Oonax yeii memoo mac c6oi HedoNiKu 6 3acmocysanni 0na napanenvhoi JIEIL Uepe3z 63aemue cnomyuenus migxc napaneibHUMu
JUHIIMU Yell aneopumm noeuHeH Oymu iOnosiono mooughixoganuu. Kpim moeo, 3anpononoganuil imnedancHo-ougepenyitinuil
3axucm mooice BUKOHY8amu QYHKYii susHauenHa micys kopomkozo 3amuxanns. Cuenaiy, Ompumani 3 npogeoeHuUx Komn 1omepHux
eKCNepUMeHmi6 3 UKOPUCTNAHHAM MoOei OiisaHKu mepedci 3 napanenvhoi JIEII (3acmocosysanacs npoepama ATP-EMTP), 6yro
BUKOPUCMAHO 3A07I OYIHKU MOYHOCMI a0Kanizayii nowkooxcenns ainii. bion. 8, puc. 4, tabm. 1.

Kniouosi cnosa: napanensHa ninis enexrponepenadi, JIEI, mokanizanis kopotkoro 3amukanus, ATP-EMTP, cumysmis anropury,
3BOPOTHA 1 HYJIbOBA MOCIiIOBHOCTI.
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