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In this paper, the analysis of impedance - differential protective algorithm dedicated for transmission line protection
relay is presented. Measurements of current and voltage at both line ends enable to formulate a differential impedance
which constitutes efficient criterion for protection purposes. Special attention is focused on algorithm operation in case
of external faults appearance, which have to be distinguished properly due to security reasons in both situations -
without and with CTs saturation. The sensitivity and the reliability of the presented protection algorithm were evaluated
based on simulation carried out in ATP-EMTP simulation program. References 9, tables 1, figures 3.
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Introduction. All of following features: high selectivity for all fault types even in case of power system with
multi-terminal transmission lines, toleration to high line loading [1], fast operational speed for weak infeed/no-infeed
terminal or stable operation in the presence of both high frequency ac- and dc components occurred during system
faults [2], characterize current differential protection (CDP). Moreover, due its simple principle which required only
information about current signals, CDP is easy to apply [3]. Based on these features, the current differential protection
has been widely used as a protection for transmission line of any length. However, both security and sensitivity of
current differential protection can be disturbed by current transformer (CT) saturation mainly caused by a high value of
fault current amplitude or/and decaying dc components in fault currents or in-rush currents with a long time constant
[4]. Such situation can occur especially during external faults with heavy CT saturation and may cause redundant
operation of classical differential protection. To avoid maloperation and improve its reliability several methods can be
found in the literature [5], [4, 6, 7], Since this solutions do not guarantee desired effects for all situation, new protection
ideas are still required to improve relay operation, especially while CTs saturation happens.

The authors of this paper present the concept of impedance - differential protection introduced in [8] which can
be applied as a main protection in transmission line. Based on the voltage and current measurements from both line
ends, the differential impedance is calculated. The performed investigation are focused on the evaluation of the
algorithm in case of external faults with special attention to possible occurrence of CTs saturation. For this purpose,
several cases of both internal and external disturbances without and with CTs saturation are depicted and analyzed. The
examination of algorithm were performed using the fault data obtained from ATP-EMTP.

Analysis of impedance-differential protection. The basis of impedance - differential protective algorithm [8]
is explained by utilization of single phase model of the faulted transmission line (Fig. 1). It is assumed that d is per unit
distance from terminal S to F (fault point).

In Fig. 1 Z; represents the lumped line impedance, while the line shunt admittance is defined in (1) and the line
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Based on Fig. 1 the following equation can be formulated:
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The voltage coefficients Vs, Vk in (2) are replaced by their average
value results in
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The differential impedance and the compensated differential impedance are expressed as follows:
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Hence, the locational differential impedance is obtained
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Therefore, the fault location is described using (6) where real part is considered to exclude imaginary part which can
appear in case of measurements and calculations errors
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Moreover, in case of external faults, the locational differential impedance is equal to 0. Therefore, it allows to
distinguish if the fault occurs in or outside the protected line. For the sake of briefness the calculations of asymmetrical
faults in three phase system are not presented in this paper. However, the locational differential impedance is almost the
same what is proved in [8].

In accordance to (5) when the fault appears in the middle of the line, the compensated differential impedance is
equal to Z; /2 - the same as in case of external faults. It forces to define additional criterion to overcome this problem. In
[9] the authors have been proposed to calculate the integrated impedance (Z;;) for faulty phase (¢)
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The sign of imaginary parts of integrated impedance, both during external faults and normal system operation,
is negative [9]. While internal fault occurs, the sign of imaginary part of Z;, is always positive [9].

The evaluated protective algorithm is presented in [8]. At the beginning, synchronized information about
voltages and currents from both line sides is collected. Based on current signals, the fault detection criterion is checked
(1* condition). This criterion is expressed in (8) where /g7 is a threshold value. In case of fault condition, the algorithm
analyzes whether the fault is internal or external

|Log | +[Lug| > 5z (8)
Subsequently, Z; oc and d are evaluated. The compensated differential impedance is computed according to:
Y V-V
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where voltages (Z'S ,Z'R ) are calculated from (10), where 0, 1 mean zero- and positive-sequence components.
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Thereafter, regarding (6) the fault location can be determined. If calculated distance is equal to half of line length which
can be achieved in case of midpoint and external faults (2" condition), the criterion including calculation of integrated
impedance imaginary part is used (3" condition).

Simulation results. The main aim of simulation was to assess operation of the evaluated algorithm if CTs
saturation takes place. The simulation tests have been done for a representative model of a power system with 400 kV
transmission line developed in EMTP-ATP (Fig. 1). The overhead transmission line is modeled as transposed one with
distributed parameters (positive sequence line impedance - Z;;=0.0276+j0.315, and capacitance - C;;= 0.013uF, zero
sequence line impedance - Zy =0.275+j1.0265, and capacitance, Co;=0.0085uF). The line is supplied from both sides,
whereas the sending equivalent system S is assumed to be strong (of high short-circuit power Sis"=30 GVA), while the
receiving one R is weak (Sz"=5 GVA). Additionally, the developed model includes CTs (1000/1 5P30 30 VA) with
adequate magnetizing characteristic, that are installed on the sending and receiving sides of transmission line unit.

The large number of simulations have been performed to verify the presented protection method for exhibiting
their results in statistical manner. Different line lengths — 50, 150 and 200 km have been taken under consideration
whereas the faults have been applied inside the protected zone, referring to S side at distances of d = 0; 0.1; 0.2;...1 p.u.
and also beyond the protected zone, behind both terminals S and R, respectively. The studies included four different
short-circuit types: three-phase fault (L1-L2-L3) and different types of asymmetrical faults (phase-to-earth (L1-E),
phase-to-phase (L1-L2), and phase-to-phase-to-earth (L1-L2-E) faults).The examples inserted in Table concerning
faults occurred at line terminal (d = 0) as well as external faults (EX.). The obtained results indicate if 1%, 2" and 3™
conditions of protective algorithm are fulfilled.

As it is presented in Table, the protective algorithm enables to detect all of occurred inner faults, even this
located at the beginning and at the end on the line. This situation is caused by the fact that threshold value of current is
exceeded and 1* condition is fulfilled. The obtained results in case of external faults (with CTs saturation) are not in
accordance with theoretical assumptions as it is presented in Table. In case of short line, it means for 50 km line, trip
signal of protective relay is sent independently of fault type. The fault detection signal is forced by the fact that
calculated current fulfilled 1™ condition. Moreover, for this instance, the distance calculations done by investigated
algorithm are incorrect and obtained values are different than expected value equal to half of the line length. It indicates
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that also 2™ condition is also fulfilled and the

Line length, | Place Fault Fault Comments 3" condition (dedicated for external faults) is
km detection _ useless. The situation is different in case of
L1-E YES Incorrect decision longer lines when the observed currents is
50 S L1-L2 YES Incorrect decision not such deeply saturated in comparison with
(EX) | L1-L2-E YES Incorrect decision short lines. Nonetheless, in many cases, the
L1-L2-L3 YES Incorrect decision fault criterions are also verified as a true and
L1-E YES Incorrect decision the trip signal is also issued.
50 R L1-L2 YES Incorrect decision
(EX) | LI-L2-E YES Incorrect decision _
L1-L2-L3 YES Incorrect decision The sample example concerning
LL.E YES Correct decision phase-to—phase external fault at busl?ar R
— (fault resistance 0 Q) for 200 km line is
_ L1-L2 YES Correct decision . . . L
50 d=0 — depicted in Fig. 2, while the fault detection is
LI-L2-E YES Correct decision S R
— indicated in Fig. 3. It can be seen that CT get
L1-L2-L3 YES Correct decision . . .
— into saturation three periods after fault
L1-E NO Correct decision inception time, which is especially seen at the
200 EI){( L1-L2 YES Incorrect dec¥s¥0n sending side (Fig. 2) — note that small CT
(EX) | L1-L2-E YES Incorrect deqs;on saturation is observed. It can be concluded
L1-L2-L3 YES Incorrect decision that even for this external fault the incorrect
LI-E NO Correct decision decision is obtained which means that
200 S L1-L2 NO Correct decision tripping signal was sent to breakers (Fig. 3).
(EX)) | L1-L2-E NO Correct decision
L1-L2-L3 YES Incorrect decision
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Fig. 2 Fig. 3
Conclusions

The purpose of this paper was to examine the concept of impedance — differential protective algorithm for
transmission line while CTs saturate. In normal operation condition (without CTs saturation) the demonstrated
algorithm enables either for internal faults detection and for fault location.

Based on the simulation results done for short-circuits inside the protected lines, in case of CTs saturation, both
features have been still retained. Nevertheless, the situation during external fault with CTs saturation is different. In
many investigated cases the presented protective algorithm sends a trip signal. In view of its possible maloperation, the
protection selectivity is not maintained. It indicated that presented concept has not sufficient performance to be applied
in transmission line in such a form. The criterion of fault detection has to be refined to works properly in all situations
(with and without CTs saturation, internal and external faults). The proposal aiming to improve the described protection
algorithm is to recreate saturated current signal by using voltages from both line ends and current from not saturated
side. This can be considered as the future investigations of the evaluated protection technique.
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HCCJEJOBAHUE AJITOPUTMA 3AIIUATHI, JEMCTBYIOIIEN HA OCHOBE JJU®®EPEHIIHAJIA
NUMIIEJAHCA JIUIsI BHEIIIHUX K3, C YYUETOM HACBILIEHUSI TPAHC®OPMATOPA TOKA
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IIpogeden ananu3z anrcopumma peie 3awumul JUHUU DNEKMponepeoauu, Oelicmayiouje2o Ha OCHO8e UMepeHus Oug-
Qepenyusna umneoanca. HMsmepenue moka u HANPAXCeHUs HA 0OOUX KOHYAX NUHUU NO3BONAEM BbIYUCIUMb Oude-
PeHyuan uMneoancad, KOmopulii UCHOIb3yemcs Kaxk d¢hgexmuensiti kpumepuii ynkyuonuposanus 3auumolt. Ocoboe
BHUMAHUE YOeNaemcs yCiouam cpabamoleanus pene 6 cayuae enewinux K3, komopvie mouno 001dicHbl Obimb onpe-
OejleHbl KaK npu HACblenuu mpancgpopmamopa moxa, max u npu e2o omcymemeuu. OCHO8HbIE XapaKMEPUCMUKU peie
nO 4Y8CMEUMENLHOCU U HAOEHCHOCIU ObLIU UCCIE008AHbI C UCNONLIOBAHUEM DE3YIbIMAMO8 MOOEIbHbIX IKCHEPU-
MeHMO8, 8bINONHAEMbIX ¢ npumeHeruem npoepavmsl ATP-EMTP. bubmn. 9, Tabmn. 1, puc. 3.

Knroueewie cnosa: muddepeHmanbaas 3amuTa, JHHAS JIIEKTpoNepeadn, HackIeHne TpaicopmaTtopa Toka, ATP-
EMTP, cumynauus.
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Ilposedeno ananiz anrcopummy peie 3axucmy JAiHii eniekmponepedaui, wo i€ HA OCHOGI 8UMIPIOGANHs Jupepenyiana
iMnedancy. Bumiproeanns cmpymy ma Hanpyeu Ha 060X KiHYsxX AiHii 0ae 3moey pospaxysamu ougepenyian imneoancy,
AKUL BUKOPUCMOBYEMbCA AK ehekmusHull Kpumepii @ynkyionysanna 3axucmy. Ocobaugy yeazy npuoileHo eumoeam
cnpaybogyeans pene y eunaoxy sosuiwmix K3, wo nosunni Oymu eusHaueni AK npu HacuueHHi mpauncgopmamopa
moka, max i 3a 1020 giocymuocmi. OCHOGHI XapaKmepucmuKky pejie 3a 4ymiugicmio ma HAOIUHICMIO OOCHIONCEHO 3
BUKOPUCIMAHHAM Pe3Yibmamie MOOebHUX eKCnepumenmie iz sacmocysantnim npoepamu ATP-EMTP.

Bi6x. 9, Tabmx. 1, puc. 3.

Knrwowuoei cnosa: nudepeHnintHnii 3axucT, JiHisS eleKTponepenadi, HacudeHHs TpaHcdopmaropa ctpymy, ATP-EMTP,
CUMYJISIIISL.
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