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Abstract-.Tba frrrurtsoaelce b r lonJiiaar llronaraa
phrlotncro! lhat .rr rfiaal porcr trctworkr Tha abnor al rrtaa
of ian[oDk! aDd t]lNianE or 3lcady 3aata ovclao]L!6 rnd
ovarcurraDb ahal it aalsaa at! oilco dalltcrcua for akriaal
aquipmatrL Tha farroEsotrrtrcr may taka pLar ribcn ahc anrr of
rn indoctiv. d.rhc bcc!fi.! latlntad .nd ib clrr.Dt!-llur
chracacriltic bctlrnca non-lincrr. Tf,is prpcr p]tsaots tha
nittrtion of f.nrft3ontncc cfu on dilLrlnl typ6 ol
tr'.nrfornrcr c!!figurrtion. Thrcc diftEol typcs of conf4untioo
.rr .r.]yz.d by pl.ciot ttc rBirt m..t tb. low voltrlc sidc.nd
thc higt vohrgc sid.. Thc cimrhtioo b dor. by cliit MATLAB
Simuliak 7.10.0.

Kcyiordr-FcrmE3onucc, Trrorforrn MATLAB,
Ov.rvolbgg Co!fi$rntioo Coarcctior

I.INTRODUCTION

FcrrorEsonance is a nonlinear elec{rical phenomenon
which can occur if an inductance with imn mre is fed by
altemating current voltage soulc€ through I capacitive
component Il. Nou/adays, ferroresonance is a widely studied
phenomenon in power systems inyolving capacitors, salurable
inductors and low losses.

Studi€s have shown thet ceiain power system
configuralion will increase a network's snsceptibility to
ferroresonance. Prctection and switching equipment that

qprates on a single.phase basis may leave seclions of a
netwod( open circuited, effectively caeating a series LC circuit
tbat is excited by the rcmaining phases [3].

The objestivc of this paper is to mitigate thc
ferroresonance cffect on high volt ge tsansformer in power
system, Three diffsrenl types of transformer configuration are
studied with different position of resistance is locsted at low
volt8ge side and high voltsge side.

The ferroresonance phenomenon appears after
tansient dislurbances (eansient overvoltageg lightning or
temponry fsult) or switching operations (trsnsformer
energizing or fault clearing). lts effects arc characreriud by
high sustained overvoltages ard overcurrents with maintained
levels of curent and voltage \ aveform distorlion, poducing
extremely dangarous consequenc.es [2].

Fenoresonance can happen at any voltage level with thc
appropriate combination of capacitancc, nonJinear inductance
and low losses- SMies and field experience have shoun that
certain power system configuraiions are more susceptible to
fenorcsonance than others. The most fitquent cases arc list€d
below [4]:

. voltage Transformsr cnergizod through grading
capaciton of open circuit br€akers.

. Volt8ge Transformers connected to an isolat€d or
resonant neutral system.

o Power Transform€is ene4ized in only one or two
phases.

o Lightly loaded Power Transformers connected to I
cable nawork wirh low shon circuit power.

. Single phase switching (fuse blowing) in distribution
netrryorks.

For ferroresonance overvoltage !o caus€ th€ early demise
of the lighhing arEster, thrEe conditions need to b€ m€€ts.
First, the right smount of shu c8pacitanc€ needs to be
connect€d to the transformer. Second, the transformsr needs
to be lightly loaded. Finally, a single phase fsults needs !o
occur on the syst€m. The first condition dep€ndents on the
configuration of the system. Th€ other t\,rio will be determined
through the operation ofthe system [51.
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II. MI-]THODOLOCY

ln order to investigate the ferroresonsnce
phenomenon in power system. The nctuort in figure I is buill
using MATLAB Simulink 7.10.0. Enlargeinent of the circuit
is provided in appendix.

i
i-E

FiSure I Simulated circuil oo MATI-AB

A three phase 250 MVA, 40O kV/230 kV u'ansfomer
is connected to the end of lo0km transmission line. A thrce-
phase RLC load is connected to low voltage side of
kansform€r. SingJe phlse switching is applied ao th€ circuit !o
crealc ferroresonance cffe€1 iD th€ Eansfonner. Resi$anc€ is
used to mitigate thc fenorcsonance effcct. Rcsistance is placrd
at tl,'io diffqent position, low yoltage sido and hiSh voltago
side. Throe difi€rcnt typ€s of u'ansfofln€r oonfiguration are

studied. The flowchart of the methodolory is shoun in ligure
2_
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FigurE 2: now chart ofproject implemcnlation

2

Start

Built and Simulsle the circuit
using MATLAB Simulink and
verifo the paramet€r for
ferroresonanc€ to occur.

Create switching €ffect to
prqduc.e ferroresonance and
obsewe the efTect on three
different type of transformer
configuration.

Inject resislance in the circuit:
l) at low voltage side.

2) al high voltsge side
vary the
rqsistance value

Ferroresonancce
reduce

Analyzed the results
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III. RESULTS AND DISCUSSION

A. Wye-ll/ye Configuration

The result for wye-wye configuration transformer with
three different values ofresistance 50 kO. 500 kO and 5 MO
placed at low voltag€ side and high voltage side is shown in
figuro 3 to figure 9.

Figur€ 3: Simulation rEsult for *!,.-ry. coniiglratior before
inserting th€ r€sistor

Figure 4: Simuletion result for wyluy. con6guraticn \lfien
r€sistor 501() is cmnect€d at lor volEt. dd.

's

Figure 6: Simulation rcsult for ryG'wyc configuation *{len
resistor slm is connec't€d at bw volttga sldc

s
FigurE 7: Simulation result for wycwya corfigumtion \ifien
resistor Jom is coflnectcd af lth voltrSa lldc

FigurE 8: Simuhtion r€sult for [ycuyc configur&tion when
resktor 500m is corn.ct€d al hti volag. rH.

s

Figue 5: Simuhlion result for wy.-xy. configumtion lli|on
resistor 500m is connected al l0r voltrgc dd. Figure 9: Simulalion r6ult for rycfly€ configuratim M n

rEsistor Jlf,! is connectad at 4h "oLat 
sldc
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From the results obtained it can be s€€n lhat using 50 kn
resistanc€ plac€d at low voltage side, the fef,ror€sonsnc€ is
reduced. The fcnoresonance effect also can be reduced when
inscrting r€sistancc 500 kO ar high voltagc side. From thc
r€sults obtaincd, for wye-wye configuration, insdting a 50 ko
resistance 8t low voltage side is more cflective to rpduce the
ferroresonance effect.

B. Dela-llye Configwotion

The rcsults for delta-wye configuration famformer with
tlr€e values of resistancs 50 kO, 500 kO and 5 MO placed at
low voltagc side and high voltage side is shown in figwe l0 io
figure 16.

FiguE 12: Simutatio[ rBult for dalt].ryt configutttion vinco
r.sislor JrOf) is corue.r€d at bx vo&.f. dd.

FigurE l0: Simulation .6ull for dahr--y. rdrfigurrtion b.forr
iNerting the rEsistot

figurc l3i Siflulation rcrult fo. d.llr-wy. configuntion tricn
r€sistor Jllrl is connectEd al low voltatc aHc

Figure I I i Simularion rcsult for d.lll.rtc confiSF.tbn \r,hcn
rlsbtor ,fiO b corrrElod a lff voltrf. ddc

Figrf,e l,t: Siruhrioo r€suh fo. ddt .ry. co.rngurulon *ien
r6is1n Soltl is cau.Glod a ftf rlla. rld.
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Figurc 23: Siftulalion rcsult for *'ycffi conligur&tioD \Ihcn
rBistor Jrin is conn€cled al Ltt vo}.g. rldc

From the rcsults obtained, it can be seen that using
50 kf) resist8n€ placcd 8t low voltage side, thc
fcrrorcsonance is reduced. The sffect of the ferroresonance
also can bc reduced I inscting 500 kfl rcsistance at high
voltag€ side. From the results of both mitigation options, it
csn be s€on, insoning 50 kO resistance at low voltage side is
more effective to reduce the ferroresonancc eIIect.

FigurE 20: Simulation rcsuk for ry.ddn configualion *hen
resktor J,[ln b conn€cted at lo? voltrga ddc

3
Figue 2l: Simuladon result for wy.{dtr coofiguration when
resis{or J0lfl is conncctrd U tlfl vo .f..l&

FigurE 22: Simul6ikh nsuh for wyGddlr cmfi$ratixl ui'tEn
rtsirtor ,oAKl is coon cLd rt flf vlllrtr dda

Frcm the rcsults obtained, for three difiersnt types of
configuration, it can be secn that the wye$ta configuration
has a small eff€ct of ferror€sonance phenornemn due to
switching activity. lt can be seen that, by inserting 50 krl
resistance at low voltsge side for the three different type of
configuratiorq is morp elfective to reduce the fqrroresonance
effect.
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IV. CONCLIjSION AND FUTURE WORK

The simulation .€sults show thal the fe[oresonance
can occur in power system due to switching activity. To
mitigat€ the ferroresonancr effect, a r€sistor could be placed
either at low voltage side or high voltage side. For 250 MVA,
4OO kVD30 kV uye-delta connection, a damping resistor of
50 kO placrd at low vollage side give thc b€st result to
mitigate the feroresonanc.e effect.

For the future wo[k, this study can be carried oul to a
different size of transformer. Other than that, the e{fect ofthe
ferroresonance due to fault condition in transmission line and
due !o voltage transformer energized though grading
capacitor ofop€n circuit br€sker could be sudied.
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