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Analysis for the Ferroresonance on the Transformer by Overvoltage and
Prevention Measures
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Abstract - Ferroresonance is a non-linear vibrational phenomenon that is generated by the electrical interaction of the
inductance component with the capacitor component of a certain capacitance as the device of the inductance component such
as a transformer is saturated due to the degradation, the waveform distortion of current and voltage, and the oscillation of
overcurrent and overvoltage in a system. Recently, ferroresonance was generated from the waveform distortion of current and
voltage, or the overvoltage or undervoltage phenomenon caused by the nature of an electrical power system and design
technology of the transformer in the three phase transformer system. Hence, in general, ferroresonance analyzed by converting

to the LC equivalent circuit. However,

in general, the aforementioned analytical method only applies to the resonance

phenomenon that is generated by the interaction of the capacitance of bussbar and grounding, and switching as the capacitor
component with PT and the transformer as the inductance component in a system. Subsequently, the condition where
ferroresonance was generated since overvoltage was supplied as line voltage to the phase voltage and thus the iron core is
saturated due to the interconnection between grounded and ungrounded systems could not be analyzed when single phase PT
was connected in a A/Y connection system. In this study, voltage swell in the configuration of grounded circuit of a step-up
transformer with the A-A connection linked to PT for control power and the ferroresonance generated by overvoltage when
the line voltage of the A-A connection was connected to the phase voltage of the grounded Y-Y connection were analyzed
using PSCAD / EMTDC through the failure case of the transformer caused by ferroresonance in the system with the A-A
/Y-Y connection, and subsequently, the preventive measure of ferroresonance was proposed.
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PT(Potential Transformer) 2X} 3|20 AQsh= HOHO] AAE]
ACH3]. 2) ASAA T HEZ17F 2(Phase)l} AANO] E=
FH5t59] At thAl AHTAIE Atolo] AZE Y AN 1RE HIF
A YEA = AZHE BHlE 7Ie BV e JAAS
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Fig. 1 Ferroresonance circuit
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Fig. 2 Ferroresonance occurred while being cut off
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Fig. 5 Flux-current characteristics of inductor in the
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Table 1 Specifications of the distribution transformer

R [kV] 22.9/0.4
8% [MVA] 05
%UTEA [pu] 0.04
HE [pu] 0.002
&< [pul 0.01
2X}E B3} [ohm] 10

(2) 13200[V] QI7IA] BIAEIZIAIA 234 (H]2E3Sh
(a) Hysteresis curve when input voltage is
13,200 [V] (unsaturated)

(b) 22,900[V] QI7tA] SIAEIRIAIA 24 (ES})
(b) Hysteresis curve when input voltage is
22,900[V] (saturated)
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Fig. 12 Hysteresis curve characteristics of the distribution
transformer
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Table 2 Specifications of the step-up transformer and the PT

S8 HYY PT
e [kv] 6.6/22.9 13.2/0.23
g [MVA] 2 0.0002
%R EA [pu] 0.06 0.0142
HE [pul 0.002 0.002
s [pul 0.01 0.01

229

COUPLED
oM
T AT
SECTION
VCVITs
1000m

COUPLED
oM
TeT
SECTION
ALOCTED
1000m

604 3 MvaR]

it

v

91991 D 622

(M 1000

AR D|
- 1,234 2= OFF 02041

J¥ 13 & A Ak
Fig. 13 System diagram of failure case

A1 Hmd|
1234 25 OFF

a8 14 19 109] AEANET] R Y
Fig. 14 Inside composition of new switch at the Fig. 10

% 132 % 62 PSCAD/EMTDCE 0]&sto] HZXo| 9|
ot EAR ABE AIEHOIM BIRCE 18 14&= 18 139 A

1547



HM7|&s=gX 643 115 20154 11€

VIl 22X 1 on 22X 2 on (BST)

¥ 15 OJ8 139 a/Y GZ ABAAS SRHATI(VIDS
HIZHY7|(VI2)9] WY, AF uHy

Fig. 15 Voltage and current waveform of the step-up
transformer and distribution transformer in system
connected A/Y at the fig. 13
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Fig. 16 Voltage and current waveform of the step-up
transformer and distribution transformer in system
connected Y/Y at the fig. 13
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T8 140049l seEerE AHEriel AMolg PT7F Bl A
Z250] Aen, A )~@)al 9 pTe HJrgez Aydstt
TSt A-aZg4d SEHYY] 2 BY2 18 173 Eo

ARg2z FdEnt &, agddolde dd@gol Exlistal, PT
E JRg8es AEEo], Aaa Arete] AtRtolet A
Aotz RS =7t FJHr.

232 /H719 HAIE AR 1, 2 on

a8 182 18 601A ZHH7] AlolE ARl 10] on HE =

4D 9 413 2o SUE WAV BY FRER0 95
HidE el Bdol HRgIZ7E 7+ HACE 7] AMolg &
QA 2 on He £, QTS HLVI0M HRFZE FEE B
A HIFE W] Y zsto] ot BEFR7F Wl Pt
A Hon, 3) Hide WekrIZh PTY WHRshz Qleh B it
A7 S0l oal dayt L] JdsAE12]0% A (4)~6)1t
4ol BYY Fefo] HOIX|al AYIt Cedel A50] BHOE §7]

SWHA ALY CHO O] JSTiT =S SAl A-AZEd
SYHL7] 2x}F0A A eR22,900[VDO] FAT Y-yAA Hf



A} Ab AF | peeeeeeeeee
AY B C¥ | A% B4 ca
AdEdl _ CHjy
2&( \ I/ gsl

| \ )

Se #e| 2%t

HIME M| 1AtE

T¥ 18 I8 69 AR 1, 2 onAl HIFAl S
IS HAY|9) A Y9 H5E

1et712H =R

Fig. 18 Reciprocal action of the coil and the iron core
between the grounded distribution transformer and
the ungrounded step-up transformer when the
switch 1 and 2 is on at the fig. 6

g "WYY 135
QA7 o] HiEE

AR} 13,200[\/])011 SFEOZHN IE 0]

HeE7F A (N~16)1 Zo] Hd 23t S&S
S HL) &, didEg WHekrE A <4>~<6) olst B& M¢t 514
OF AAI} C”O] Hero] ArsshH, Al (D 2ol AATF CA
AH50] E7eith wEoh, AAM CAMS TpEIQtl olsf Al (99 2
o] #fal A0 %7}0}1 Hal ApEol B7H= Al DA Zol
FF7eL ogEA o] 716ttt olofl, A (11)OIA] 4l A0
S QIYHC EZSHEZR] AXH 4] 16)1} Z0] QIEH9] ]
A7 QoA mie 2 ARV ey 4o ESHErE 2
shel 42 SlAHZAA BHo0E AHHAIH 89 Ao &
20| E7Yeto] FAlol o] Z&sh= 880 WAoo 431

S2 230 37 PYEC,

O

= 6.6kV |

) | |
154/22.9kV 22.9/6.6kV SR 1 ol g 6.6/22.9kV

a8 19 J8 69 A/Y

24 AKX H371 LA

Fig. 19 Prevention measures of ferroresonance in the

connected A/Y system at the fig. 6

H
&
L
2
10
o
i:3

o7l ABF EA 2 Wi

Trans. KIEE. Vol. 64, No. 11, NOV, 2015

GlESE= S v = K Sl A== quX10] SASIICY. whEtA
olgt g dde EXeP] floide A WA dHoRE 1Y
199 Zo] ZLHAY] IAEW S "] 2”5E HA Y2
O wAsior A3de UAE + Atk 11 Olfe HidE HY
719 ST gHetol Ydstol prol Wetdatt st
Al ot FHRIgZ F+dol HA Zon, aEeto] IZFEAl ot
FAalEsyt BAER goh d3do] BEEHA] geth A
HE HZIE MEASHE ZoITh 1.2014 28 Hieh 2o
Hel7le gdAdolA 15T A1ge ddsket, 44704
HAIE AU A AAsHo] abdeto] Q7o Fi=E
st HA Z=thd 230 g Exd o+ Arh

3.2

HIE ASoIM B3Ro| BAHLE 9L & LI s
Hiol 2ol ofgl JRle] A7t YUtk 58, BBW M2 oG
& HRY AUAE d&2e JVIAQ 4SAEOE LC SRR
2 HEeto] ML Atk Ju, Rl oJst 3Re B
Agh Ay PSHA Fal oW, ARE Sl 2 Aol
AL PTOl Q5 AgdetE AXElz de B4 sl
1, Z/SYHLY] aZH9 ARt Mid g M) "Rl YE
Ao ARt IpEQto] QIVtEoRN A mlge HIRo| g
Moith= g AlEEoES Sall AEHATE ES o] HAIS
7] QleiME DE/sY HYZIE FA YEH dRges Al
ofH, Z/8% W7o uiddE #HerIvt drgem dgsto]
PTO] A o7t LHER a1, BHESE SN & A=
e AEdode Sof U5 ElO*E} 2) ES Mg HYVIE
MaASI FAZY HIE AMEGeE dATE e
side BAg o ik mek FIZP0] FE YAy E Het

HF7IQH M)l A4, Hetr19 H@KlOﬂ A H_
9l ’é;%:‘i} Y] ASEEES olslietH S

o

ﬂ~

References

[1] G.Morkyani, M.-R.Haghifam, “Analysis of ferroresonance
20kV  distribution
conference on power electronics and

in a network”,  International
intelligent
transportation system, p.p 31-35, 2009.

[2] Madhab Roy, Chinmay Kanti Roy, “A study on
ferroresonance and its depedence on instant of

voltage”, Third
international conference on power systems, Kharagpur,
p.p 1-6, India December 27-29, 2009

[3] SG Kim, JC Shin, HS Cho, ST Kim, “The
Improvement of Ferro-resonacne circuit in the W.S
Industries  Capacitor ~ Voltage Transformer”, KIEE

Summer Conf., p.p 485-487, July 2003.

switching angle of the source

1549



HM7|&s=gX 643 115 20154 11€

[4] Joo-Hun Lee, Jin Lee, Y.B.Youn, “The study on
ferroresonant suppression filters of CVT”, IEE Summer
Conf., p.p 461-463, July 2001.

[5] Gu bon il, Baek seoung gil, Kim chul kyu, Lee heui
seon, “A case study on Ferroresonance in an
underground distribution system of urban railway”, The
korean society for railway Spring Conf., p.p 1384-1389,
2013.

[6] E. Price, “A tutorial on ferroresonance”, Protective relay
engineers, p.p 676-704, 67™ Annual Conf. 2014.

[7] Paul S. Moses, Mohammad ASMasoum, Hamid A.
Tolivat, “Impacts of hysteresis and magnetic couplings
on the stability domain of ferroresonacne in asymmetric
three-phase three-leg transformers”, IEEE Transactions
on energy conversion, vol.26, no.2, p.p 581-592, June
2011.

[8] Yunge Li, Wei Shi, Furong Li, “Novel analytical
solution to fundamental ferroresonace-Part I : power
frequency excitation characteristic”, IEEE transactions
on power delivery, vol.2l, no. 2, p.p 788-793, April
2006.

[9] KS. Cho, KS. Kim, H.C. Kim, JR. Shin, “Analysis of
the Ferroresonance Characteristics in 3 Phase
Transformer Considering Lateral Length of the Primary
Cable”, KIEE Summer Conf., p.p 825-828, 97.

[10] Dan D. MAIRS, DON L. STUEHMm BRUCE A. MORK,
“Overvoltage on five-legged core transformers on Rural
electric  system”, IEEE transactions on industry
applications. vol.25, no.2, p.p366-370, March/april 1989.

[11] Jin-Geun Shon, Dong-joon Kim, Min-Gu Kang,
Hee-Jong Jeon, “Magnetic Flux Saturation Analysis of
Matching Transformer Considering Characteristic of
Dynamic Voltage Restorer(DVR)”, Trans., KIEE, vol.57P,
no.3, p.p236-243, SEP 2008.

[12] Dong-Yeol Shin, Donghyun Yun, HanJu Cha, “Problem
analysis by iron core structure of the transformer on
asymmetric three phase lines and prevention measures”,
Trans., KIEE, vol.61, No.10, p.p 1536-1541, 2012.

1550

£ = @ (Dong-Hyun Yun)
1975 7€ 27¥M. 20044 BHTHsiw A
ArFstt HAREY, S sSthstd ®71Est
EIREIONE F<}
Tel : 042-935-8547
E-mail : dhyun7585@gmail.com

Al & ¥ (Dong-Yeol Shin)
1966 4€ 1594, SHtisty A7) S8t
AMAFEY. 199281 ~2006E  SHE HLAFX|A}
. 20069 ~ SR SPE MO wiEA
T4 25, 2005 ESlEoF R AIRAQ
A7, 2006 olEo] AXLIojA =4}

A} 8t F (Han-Ju Cha)
1988 AMEth M7zt £9. 19908 2
shat] MAME7|Zs T HAMEY, 2004 T
=+ Texas A&M University, College station
(ZSHIAD, 1990 ~20018 LGARE G314
AT, 2005 ~SA BTt &7

3
B3} s



