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Internal Winding Fault Protection for Shunt Reactors

Aleksander Dolgicers', Dmitrijs Antonovs®, Riga Technical University

Abstract — Existing protection techniques for shunt reactors
can’t guarantee sufficient sensitivity for inter-winding faults due
to limited precision of current transformer. To solve this usage
problem of input resistance of resonance contour formed by
reactor bank inductance attaching wiring capacitance is
proposed. Difference between input resistance profiles of
damaged and healthy bank is used as a fault criterion.
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I. INTRODUCTION

Oversupply of reactive power generated by power lines
leads to overvoltage and preliminary aging of equipment.
Moreover, capacitive loading of generators may lead to self-
excitation and endanger system stability. Installation of
shunting reactors (ShR) helps to keep reactive power under
control. Different kinds of protection are used for ShR. The
most popular of them are over current protection, distance
protection (mostly using reserved zones of line terminals) and
differential protections. For protection of split-faze reactors
unbalance relays can be incorporated. Usage of reverse
sequence over current relays can give good results, especially
for mono-coil reactors, where such relays are the most
sensitive for inter-winding faults. But all mentioned protection
techniques do not guarantee safe protection against inter-
winding faults, especially when only a small part of the whole
winding is short-circled. The common source of low
sensitivity lays in the current transformer (CT) error. The
change in the current caused by fault may be much smaller
than CT error. Usage of resonance characteristics is proposed
to solve inter-winding fault protection problem.

110-330 kV bus bar

TV

L~
Q ™M
TA,

T
I i
fgTaA,

Fig. 1. ShR connection to the 110-330 kV bus bar

Il.  SHUNT REACTOR AS A RESONANCE CONTOUR

Let’s discuss connection scheme for one bank of ShR at 110
— 330 kV substation (Fig. 1).

The ShR phase bank is connected to the bus bar through the
circuit breaker Q; attachment current is controlled using
current transformer TA;; control over earth current for

differential protection is maintained using TA, Voltage
transformer TV is used to measure bus voltage. Capacitor “C”
represents connection wires to earth capacity plus bank high
voltage input terminal capacity. Relatively to the “a” point
ShR with connection bus may be represented as RLC circuit as
shown in Fig. 2 (ignoring connection bus resistance)
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Fig. 2. Equivalent scheme of ShR with connected bus

where C is capacity to the earth of ShR input terminal and
of connection bus; L is ShR inductance; and Rgg is winding
resistance. If the whole winding consists of m turns, the whole

m
active resistance will be Rg :ZRi' where R; is active
i=1
resistance of wind number i. Relatively “a” point circuit may
be considered as an oscillating contour where current
resonance is possible. Resonance frequency is determined
from the equation:
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Relative frequency w, (resonance frequency) is determined
in the following way:
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Input conductance at the resonance frequency is purely
active and is equal to:
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1. FAULT REGIME OF SHUNTING REACTORS

Let’s now discuss ShR where n from total m winding turns
are short-circuited. The simplified scheme is shown in Fig. 3.

L

Fig. 3. ShR when n turns of winding are short — circuited

Such ShR may be considered as transformer with one
winding of m-n turns and another one with n turns (Fig. 4).
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Fig. 4. Faulty ShR as transformer
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Fig. 5. Equivalent scheme

In Fig. 5 the contour equivalent scheme is shown.
Resistance R, and inductance L, are reduced to the primary

n 2
winding, particularly Rz*:Zri(%) and input
i=1

resistance at the resonance frequency is:
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For healthy ShR:
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Denoting Z I, asryand Z r=r, equations (6) and (7)
i=1 j=n
may be rewritten as (8) and (9)

2 !2
, m-n -L
ra(m—n] +r
n
, (- L)
Riy = . 9
—r+r — (9)

It is obvious that in case of faulty ShR, failed winding part
appears in the contour input resistance as value

m-n) . .
( j —1 times bigger than that in case of healthy ShR.
n

Resonance frequency will be changed because inductance L’

2
m-n
. Input
n

resistance chart depending on frequency with different n as it
is shown in Fig. 6.

includes failed winding part with ratio (

V. PROTECTIVE DEVICE DESCRIPTION

Thus, short-circuit in the ShR winding may be discovered by
change of resonance contour input resistance. To measure
such resistance at different frequencies presence of high
harmonics in the network voltage may be used. Using Fourier
transformation a spectrum of bus voltage U(w) and ShR
current I(w) may be acquired and the so-called “frequency
profile” of contour input resistance Z(w) can be derived
branches, profiles. Such measure will also reduce the impact
of CT errors. Possible device architecture is shown in Fig. 7.
Input voltages and currents are filtered by analogue filters
to reject components with frequencies above Nyquist
frequency, converted to digital form by a set of Analog-to-
Digital converters; and spectrum analysis is performed with
Fast Fourier Transformation routine. Resistance profile
increase in real part of Z(w) at frequencies close to resonance

1
=—— is a clear signal of inter winding fault. A
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memory stored profile may be used as a reference profile, but
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Fig. 6. Input resistance as function of frequency
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Fig. 7. Device architecture
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changes in winding resistance caused by temperature change ~ o,
will make the usage of quite significant dead zone unavoidable  time calculus, volume multiplier may be

and will lead to decrease in protection sensitivity. More n
preferable solution is to use another bank profile as a reference  included within settings.

average of other banks or, in case of split — winding reactor
parallel Z(@) or to simplify calculations it is a real part
Rin(w) is calculated on the basis of Fourier coefficients. Ay

Integral equation (10) may be used as profile-to-profile  max Ay | becomes bigger than square of setting value.
difference criteria.

A command to break the circle is given if value

AC
Omax 7 b4 2
An= J‘{ZA(‘O)_( B(w); C(w)} dav. (10) V.  CONCLUSION

Usage of ShR input resistance change at resonance
Physically it represents energy of difference between A frequen_cy _allows creating a highly sensitive protection against
phase profile and average of B and C, dissipated on 1 ohm  Inter-winding faults.
resistor. Minimal frequency wnin should be below resonance
@r. Wmax Should never be higher than Nyquist frequency. Using VIl REFERENCES
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Digital integration techniques may be used to calculate
equations (11). In case of ideal device Fourier transformation
will yield a bar function which has non-zero values only at
frequencies which are multiplied by main frequency. In case
of real device, profile will have non-zero values for all
frequencies due to limited precision of clock oscillator. But
since all the values are measured in the united time base, all
errors will have uniform structure and (11) may be replaced by

sum, for example, A, when @, =@y is
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where @, is fundamental harmonics frequency, for 50 Hz

.|
networks @, =100z, K, =int| —= | To reduce real-

@,

Aleksandrs Dolgicers, Dmitrijs Antonovs. Suntéjo3o reaktoru aizsardziba no starpvijumu isslégumiem.

Reaktivas jaudas parpalikums, kas tiek generéts linijas, noved lidz sprieguma limena paaugstindjumam, kas, savukart, izraisa ierices
priekslaicigu izieSanu no darba un apdraud energosistémas stabilitati. Lai kompens&tu reaktivas jaudas parpalikumu tiek lietoti Suntgjosie
reaktori. Lai aizsargatu Sunt€joSus reaktorus no bojajumiem tiek lietotas maksimalas stravas aizsardzibas, distantaizsardzibas rezerves zonas
un diferenciala aizsardziba. Tomér, augstakminétas aizsardzibas nenodro§ina precizu strapvijumu isslégumu noteikSanu. Zema aizsardzibas
jutiguma iemesls ir stravas izmainas, kuras izraisa Isslégumu, samérojums ar stravmainu mérisanas precizitati. Lai risinatu starpvijumu
1sslégumu problému, tiek piedavats lietot ieejas kontiira pretestibas izmainas frekvencés tuvas kontiira rezonanses frekvencei.

Lai noteiktu bojajumus, tiek piedavats salidzinat aktivas pretestibas profilu, kas atkarigs no frekvences, ar vidéjo divu paliekoSo fazu
reaktoriem ar neskeltiem tinumiem un paraléla zara profilu reaktoriem ar $keltiem tinumiem. Pielietojot ieejas pretestibas izmainas
Suntgjosiem reaktoriem frekvencu diapazona, kas ir tuvs rezonanses frekvencei, dod iesp&ju izveidot augsti jutigu aizsardzibu pret starpvijumu
bojajumiem.
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Adnexcaunap Jdoiaruuep, IMATpHii AHTOHOB. 3aIMTA HIYHTHPYIOLIUX PeaKTOPOB OT MEeKBUTKOBBIX 3aMbIKAHMIA.

M30BITOK peakTUBHOM MOIHOCTH, T€HEPHUPYEMOH JIUHUSMH, BeACST K IOBBINICHHIO YPOBHS HANPSDKEHUS, YTO, B CBOIO OYepenb, MIPUBEACT K
MPEXJEeBPEeMEHHOMY BEIXOJLY OOOpDYIOBaHHS H3 CTIPOS WU YrpOXKaeT YCTOHUYMBOCTH DHEProCHCTeMBI. /[l KOMIeHcamuu HU30BITOYHOI
PEaKTUBHOI MOIIHOCTH HCIOIb3YIOTCS IIYHTUPYIOIIHE PeakTophl. JJd 3aliuThl HIYHTHPYIOIIMX PEAKTOPOB OT IMOBPEXKJIEHHI HCIONB3YIOT
MaKCHMaJIbHbI€ TOKOBBIE 3aIIUTHI, PE3€PBHBIC 30HBI AUCTAHIHOHHBIX 3alIUT U quddepeHnnanbHble 3amuTsl. OIHAKO MepeunCcIeHHbIE 3aIUThI
He 00ecHneunBaloT HaJEXHOr0 OOHapyXCHUsS MEXKBUTKOBBIX 3aMbIKaHHU. IIpHunHONH HU3KOH YyBCTBHUTEIBHOCTH 3aIlUT SBIISIETCS
COM3MEPUMOCTh M3MEHEHHUs TOKa, BBI3BAHHOI'O 3aMbIKaHHEM, C IOIPELIHOCThIO TpaHcdopmaTopa TOKa. Jliusi pemieHus HpoOIeMbl
MEKBUTKOBBIX 3aMBIKaHHI IIpeiiiaraercsi HCIOIb30BaTh H3MEHEHHE BXOJHOI'O CONPOTUBIECHHUS KOHTypa IIPH YacTOTaX ONU3KHX K
PE30HAHCHOI YacTOTe KOHTYpa.

IToBpexxJieHUsl ONpPEeACNIIOTCS CpaBHEHUEM NPOQIIS 3aBUCHMOCTH aKTHBHOI'O COINPOTHBIICGHHS OT YacTOTHl CO CPEIHHUM 3HA4YEHHEM JABYX
npyrux (a3 s peakTOpoB C HEPACINCIUIEHHBIMH OOMOTKaMH U IpOoQuUIeM IapaulelbHOH BETBH IS PEaKTOPOB C PACIIEIUIEHHBIMH
obMoTkaMmu. VMcnonp30BaHNE H3MEHEHUsI BXOJHOT'O COINPOTHBICHHS NIyHTHUPYIONIUX PEaKTOPOB B JUAIa30HE YacTOT OJIM3KUX K PE30HAHCHOM
4acTOTE, I03BOJIET CO3JaTh BhICOKOUYBCTBUTENbHYIO 3alIUTY IPOTUB MEKXBUTKOBBIX IIOBPEXKIEHUMN .
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