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ABSTRACT

Initially itisvery difficult to find out internal fault in transformer. These internal fault are hazardous and causes
over heating of transformer oil and winding, it consequences as insulation failure because of this uninterrupted
power supply cannot be continued. It is more difficult to detect internal fault in small ratting transformer.
Buchholz Relay is classical method for detecting theseinternal faultsin transformer but this method is based on
generation of gasses during faults.

This work deals with a technique which is based on source formation of negative sequence current inside or
outside of transformer for detecting internal fault. The protection against these fault with the help of differential
relay connected both side of the transformer winding which compar e the phase difference of negative sequence
current.

Keywords: Setup lp - Negative sequence current for primary winding of transformer, | _— Negative sequence
current for secondary winding of transformer, M, —Preset value for magnitude comparison of deferential relay,

g__— Pre set value for phase comparison of deferential relay.
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1. INTRODUCTION

I nternd fault of transformer one of the biggest topic

to concern duetoitslow magnitude but highinjures
effect on transformers. Internal fault current of
transformer may damage. Thedielectric strength of
insulation which was provided at the time of
manufacturing between number of turns. Butitisvery
difficult tolocatethe exact position of internal fault of
transformer. Whichisasoknown asturntoturnfault
detection. According to |EEE standarditisnear to
impossible to generate a protection scheme which
provide protection against internal fault with required
standard of sensivity and time of responsewith exact

position.

Percentagedifferentia relay isonly availablemethod
which provide protection againgt thesetypeof internd
fault but for application of these type protection of
scheme the rating of transformer must exceed
goproximatey 10MVA. Below thisrating transformer
whatever current isgenerated during internal faultis
not enough high to detect by protection scheme. So
low level interna fault or low internal fault of lower
rating of transformer having agreat challenge of to
be sense by protection scheme. Some other
protection system like buchhol z relay may bealso
applicable here but duetoitismechanismwhichis
dependsuponlevd of oil takesmoretimetothesense
thefault duetothisinterna fault becomesvery serious
sometime.
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Aneffectideawasgiven by Kang, Leeandeta in
2004 which wasbased onincrement of flux linkage.
The sole idea behind thisisratio of primary and
secondary flux linkage must beequal to primary and
secondary winding under normal operating normal
condition of transformers. If itisnot sowhich means
theturnratioisnot equa toratioof primary flux linkage
to secondary flux linkage, it is clear indication of
presenceof interna fault.

In 1918 Dr. C.L. Fortescue present a paper
entitled“Method Of Symmetrica CoordinateApplied
to solution Of Poly Phase Network” at AIEEE. In
which heintroduced the basi c idea about sequence
component. Thiskey ideaof positive, negative, zero
sequence current which becomesvery hepful in study
of faultin power system.

Under baance conditionworking of power system
the sequencewill beR,Y,B but under faulted condition
the magnitude and phase difference between three
phase currentsare changed incredibly. To study these
faulted condition gpplication of sequencecurrentsare
in phase. The sequence which have same sequence
withorigina phaseknown aspositivesequencehaving
oppositeof origina phaseisnegative and sequence
which do not have zero sequence. It iswell known
that only positive component are always present at
alwaysnormal working conditions. Zero sequence
component are absent.

Whichmeansnegativeand zero componentisalso
present along with positive sequence component is
clear indication of faulted condition. So thisconcept
isapplicableto detect turnto turnfault with the help
of negativesequencecurrent, whichaso help generate
an effective sensitive, selective and fast response
protection system.

2. METHOD OF DETECTION OF
INTERNAL FAULT OF TRANSFORMER

The impedance offer by circuit to negative
sequence current is known as negative sequence
impedance current. Which haveacertain magnitude
with phaseangle. Under thiscondition of thisnegetive
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sequencecomponent thecircuit will follow Kirchhoff’s
law. If apower transformer isworking under normal
operating condition meansthen will be no external
faultsaswell asinternal faults. Then the source of
negative sequence current will be zero. Because
negative sequence current isabsent a normal operating
conditions.

Under faulted condition location of negative
sequence sourcewill changeeither insideor outside
of transformer.

a) External Fault

Fig.1. Direction of Negative Sequence Currents During
Externa Fault Condition

Abovefigure (1) showsabout theexterna faulted
conditions current the source of negative sequence
current is present outside the transformer in such
condition. Primary winding of transformer and
secondary winding of transformer onthesameside.
Sothedirection of flow of negative sequence current
isgivenby figure,

Inpwill enter into the transformer and | _ leave
transformer. So the phase sequence with respect to
transformer winding are oppositeto each other. if we
countl asal  having phaseangleof 0°. Thenl |
will countas|__having phaseangleof 180°. Sothis
phasedifferenceof 180° showsthat currentisentering
and leaving transformer properly. Hencethereisno
presence of into thetransformer. Itispresent outside
thetransformer.

— Y

b) Internal Fault

Fig.2. Direction of Negative Sequence Current in Internal
Fault Condition
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|, will leave the transformer and | _ leave
transformer. So the phase sequence with respect to
transformer winding are sameto each other. Thusif
wecount| asal having phase angle of 0°. Then
|_will countasl__having phaseangleof (°. Sothis
phasedifferenceof 0° showsthat currentsareleaving
transformer. M eansthe negative sequence sourceis
present inside the transformer. Hencethereisan
interna fault ispresent into thetransformer.

3. PROTECTION TECHNIQUE

Thisprotection schemeisonly applicablewhen
thereisno phasedifference between primary winding
current and secondary winding current due to
manufacturing of transformer. Which meansif the
primary winding of transformer isconnected in delta
then secondary winding must bealso connectinddlta
or primary winding of transformer isconnectedin star
then secondary winding must bea so connect in star.
Either in deltaor in star to generate same phasein
both sdeof current Under normal operating condition.
thissecond limitation of thisprotection techniqueis
turn ratio should be one. Thesetwo limitation are
basi cally indicate about protection scheme. Applied
protection scheme is based on two types of
comparison. Which are magnitude dependent
comparison and phase dependent comparison.

Thefirst stageismagnitude dependent comparison-

Inthisstage negative sequence currentsthat isprimary
side negative sequence currentsand secondary side
negative sequence currents are compared by
connectioncircuit of differentia relay connected both
side of transformer. Relay is already set at 1% of
preset vaue(M pre). If the outcome of the comparison
Isless than preset value of differential relay than
second stageiswill not execute. In caseif out- come
of comparison ismorethan preset value than only
second stage comparison will execute. Phaseangle
comparisonissecond stage of comparisoninthistype
of protection scheme. Inthisstagethe phaseangle
between primary s denegative sequence currentsand
secondary side negative currentsare compared. The
pre set (epre) valuefor thisstageis zero degree (0°).
But for practica application zero degreepreset vaue

do not make effective sense. Due to presence of

linkage and linkagereactancein coreof transformer.

So the actual set value of pre set value for phase

comparison stage must be cal culated according tothe

rating of transformer before application of this
protection scheme. L et thiscal cul ated va ueisdenoted
by €.

Then,

(2) If thecomparison between phaseangleof primary
S de negative sequence current to the phaseangle
of negative sequence current islessthanvauepre
set valuee. Which meansthefault isexterna and
tripsignal will issueaccording to external fault of
transformer.

(2) If thecomparison between phaseangleof primary
side negative sequence current to the phase of
negative sequence current isgreater than valuefor
pre set value é (near to 180°). Which meansthe
faultisinterna andtripsignal will issueaccording
tothisinternal fault to disconnect thetransformer
from themain power system.

4. RESULT AND DISCUSSION

Astheresult showninfig (3). Whichisshowing
the phase displacement 0°. According to given data
infigure(3). In thisfigure the phase displacement
between primary side negative sequence current and
negative side negative sequence current is1.428° as
per calculation. Which meansit islessthan pre set
value of differential value (the pre set value of
differentia relay is2.245°) which meansthefaultis
externa asthefigure (4) showsintheresult. Where
thecomparison

Time

Fig. 3. Phase Differencein External Fault of Transformer
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between amplitudeislessthan 1%. So the secondary
stage comparison will take place. Which is phase
comparison.

Fig.4. Magnitude differenceininternal fault of transformer

Asfigure(5) whichisshowing the phasedisplacement
180°. Accordingto givendatainfigure(5). Inthisfigure
the phase di splacement between primary sidenegetive
sequence current and negative s de negative sequence
current is1.428° as per calculation. Which meansit
islessthan preset valueof differential value (thepre
set valueof differentia relay is2.245°) which means
thefaultisinternd asthefigure (4) showsintheresult.

Phase [

Fig. 5. phase differenceininternal fault of transformer

Wherethe comparison between amplitudeislessthan
1%. So the secondary stage comparison will take
placewhichisphase comparison.
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5. CONCLUSION

Thispaper describe about the protection scheme
of transformer based on negative sequence currents.
Whichisvary insufficient easy and effectiveto gpplied
on the basis of protection scheme depends upon
negative sequence currents many other types of
protection systems can be developed whichisbased
on signa swhich generate dueto comparison of phase
angle. Asshowninfigure(5) and by application of
this protection schemewe can protect of high rating
of trandformer againgt minor internd faults
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