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Development of EMTDC model for Resistance type Fault Current
Limiter considering transient characteristic
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Abstract: Nowadays, one of the serious problems in
KEPCO(Korea Electric Power Co~Operation) system
is the more higher fault current than the SCC(Short
Circuit Capacity) of circuit breaker. There are many
alternatives to reduce the increased fault current
such as isolations of bus ties, enhancement of SCC
of circuit breaker, applications of HVDC-BTB(High
Voltage Direct Current-Back to Back) and FCL{fault
current limiter). But, these alternatives have some
drawbacks in viewpoints of system stability and
cost. As the superconductivity technology has been
developed, the HTS-FCL(High Temperature
Superconductor ~Fault Current Limiter) can be one
of the attractive alternatives to solve the fault
current problem. Under this background, this paper
presents the EMTDC (Electro-Magnetic Transient
Direct Current) model for resistance type HTS-FCL
considering the nonlinear characteristic of final
resistance value when quenching phenomena occur.

Key Words: Resistance type FCC, Transient
model EMTDC

1484 2dsled, AdAZe e
A7) o] xdgake]l nAAF ZVIEG Aok &
HAY, AETREY oz Qs Az W

;

o2 B b
oo 1ot . [

o
=)
re
2 :
oL
By

= AR 2712 Aol @

& A% UMM BARD ABEF B}

#eldE 44, HVDC-BTB A4 59 s g 2+

S QEd, 43¢ veIAd AT A= As
2] L

7t
oo A REArATY AEATH AUd T
oA 3 e gAY Ay A4
g ARAV|ATY AEdrd AT
LzE4 1200249 99 10¢
AAletg 20039 7¢ 09¢

AR o dASET AFAHEE AsAlF ol
glol 2R/ AFEH7E 29, HVDC- BTB 28]
v e IVMETD AdHer H&x A ==
Aol At ((4~5)). ot 2L 2A=FF7Y AT
A4S daiAe g edxd sdA 2A=TR
719) BAEART 1A F AAZHIL AT HoF @
o F, Aol sy AR SHHE

Quenching @7Jol EAse nAAFE dA = &
EEAd Wig 77l mddo] dasith AF7HA Al
RN A= IFFH7IY 5HE PSS/E F&
EMTDC 7baA & 2d& A&sto] zhadksiAl dEs
o gth (6) 28y, B = dAME n3AFY 225

of Agdtel BR7 AEF WE, WAYIWs WS
5 B ABEA Sl 2AE @77 29 &
$4¢ dzad

(=]
o golAw, YAAF ol nPAFA 29 9
ARt Srsle nAARE DASE oletz A
= =4g D At AR 58 W 218
v d¥dzrt AR Fe dddx 4 F o=
Aot wad AFYR fEYon R + o
o oleld 2AERRI FRUL ANEELE U
g E 13 2o
£1  2ARSRI FRY ARS4
%= NE =3 W3
R e
e | AR BgEy g | DDIERS
" wnean s 2ee 0y | 527
st -
a T as o), Fe2 04
ora| A% ABB ¥4
=3 g .
" §70) 23 dadelis/ | dF |Tab
A5 24

le 1. Fundamental characteristics of HTS-FCLs

E 194 A 2ARINEFINE =39 v}
Tz st et AFAR HEEAo] &
A, N EFErt @ 4 &40 AE &
Ay g, wegkd, F271d e &%

o4 &

o
S

Z
Fe| Tz B

o> o



2 S=EEMz M2IE=EX, 53 2F, 20034 98

gl = —
Hr} go]& Aoz HyztHET

AFAFE Aste APE 2AzdFI FEHE
4L FHete Fo AHUEHE Fosd £ 29 2o
(6. & 200 &Ad7] @8- (CBseo), TR71 374
AAF(Top), 771 #HE A F(Ren), d 71 TAA

[e]
e el HAF A3 n3AF JAEHR} 43
#dEol lon, A& AT 54 weA 2
EIE= )

%2 Ay 2d=F

AL

7] stetvl g 7] 2% o
Table 2. Definition of R-type HTS-FCL Parameters

sGeuE| 7 & 8 9 -
Aetr] Aggg| dF7 dXAHY
CBsee | (ka) aperg e
I 3571 (FCL) R7] AR 9
U ERARKA) | MEAF
I G = A
I 771 B2AA Margin)
® AF(kA) a3k o (Hd Hst
AHF + Margin)
R‘ . E ] 53}- CBS(‘(‘ Iop %‘Oﬂ
o 4% Agg@ | A9
$27] ZapAl7H (_Quenchﬂingol3}Z
Trer (‘—Tr ])o A 2 F A3 gkol
msec gahe AL
DAEF dA F
T FF7] BEAAL | 2AEYEHE
REC (msec) BAstE AT,
A= Jx J8e

3. gy =dx 771 EMTDC 2 &

SANANAR olde] A
77} _J‘d A= 7F B3 H = Quenching H
of Byt Ade]l FTUEAl @tk ojH T FEhelA
A AP 7 Boetd FAE el HEHA A
g ol =2EA Hu ZAAoR aPdie dF
ZHAEHA Bk @A " AACdA st e 2R
49 NgY 2AEGHIY NEAA 2dLe T
g 13 2eH7). 28 12 2AEEFIA 22
AZAFIE 77 BN FE 20std 4%
AR A5 (top) o ABANE 7ML 2H=TRH7
o] 43 HAZ(Track)E WA F7kgE e
W3 fleh oy AR 27 wdste] 2=
F719] Aol dPHog FrHgre ofnl gt

_>.i rSL i g

Yariabie Resistance

Fault Current

Operation Stant

Cumrent 1.
! 1.0 ' E 1.0

l—_ﬁé_* = — lo::s - f

Track | 0.0

" Absolute
) Value ) Final Resistance

1 %, R ‘ ®_

=

a2d 1. AYY 2A=IF] dERY
Fig. 1. Standard Model of R-type HTS-FCL

3.2 EMTDC =@sHg

det e HuAl AYYXALARI UE =g
o 3t EMTDC Ed-S F+A3H
2e % 712 Algel tig mule] Bagtt

O @A) EMIDCH = 3% AF Adax AxEde] glo
o2 2AEFY) 3 A2AF AAAE AL
oF trt.

0 3% 13 2& di 24 g EMIDC 29 4
o] a7

=

748 AN ARZEE 34 45X AFE A
st endFe oeEe & AP 4EA AF
Fetn olg Farstel FAAU T 7 P A

i)
o

|
ol
ol
rir
of
i
fo ¥
=)
)
['.9‘.'4
oy
o,
T
11
o
e
r &
™
ol 02_‘,
i3
o
mL o o (0 o Ol b ¥C U oft ¢ g ¢

9. ged. BEate @A qak 7 A4

ARERe 44 39 4ax ARE Fohe Py

tlo

HHoz AHEsARt oqr)ddx o 7kx] dudE
vt dedcr #A% Am=@Y e e =
< 2T o nxss} A{ 59F 2 7lEe 4
Z op1d F e 3¢ AR dEA Ade FH&E
< b 44—:—3@]’0}7} et 19 29 22 =g
FAst e, 3¢ 484 Af AL 4 (DF
o}.(9)

I = \[—l(z'2 +&+72)

3PRRMS g Ve b c (1)

AN, Lipprus @ 384T AEA

Ipslp .0 @ m) A1He a, b, & AR *A
A

BLF.

IFCLA YOON's
IN B I_RMS

o -———X 3-Ph. RMS [———0

IFCLB _ IFCL
IN C Calcuiation

IFCLC 1

g 2. 34 AF AEA AN ¢uyE
Fig. 2. RMS Computation Algorithm for 3 Phase

Current

28 19 JEd AP ARV BHAH
2de niFFoll waEkA E@E?‘z 7] Aggte] A
Aoz Zrigtt. azy, AAEQ 2d=dFI A
Fdge nHAF Aviel gEe] x99 v EYFH
840 Jegg wow uwHddIHoz wgtdc wet
A, B e=Rdae 28 19 ERA AYE 2W=
a7yl RdE MAdte nFAF B¥ oz 2%
2 7} 249 54% wddta, ol AT ARE
o 9 MAgHog FF{Y Aol FH 54
7tA = EMTDC 292 fasigo), 23 32 2 J¢
A 7HEe APy 2Hd=EF 71 EMTDC UEQE vk



77 Aggko] vdEH R
¥ 39 EMTDC 2doA v]x3
Zol AR v 2@ 7E 940
Ago] MEHEE FAE glom, T4

g
<
9 229 F7} FbsEES Aselsl

@571
¥ 53}

vy = f (Up, Temperature, Other Factors)
oA71A, Iy A F(Fault current)
Temperature @: 2%
Other Factors @ 7l

(2)

8719 4 SAd U@ BB ¥
e ojymz B eRdA:
do 24T FR719 FAEHS nFAt,

Ternp Temp
/ 1
|_RMS YOON's FoL R
HTS-FCL R-Type 1 —
IFCL 7] » FCLR
Qther MODEL
Other 7]

(a) A3

Z2AEEHF7] EMTDC 24 /ex
(a) EMTDC

Model Layout of R-type HTS-FCL

Operation Star Current (¢4

FOLRNRER Ry R s
N (395, 25991 22K 558
.50 - IETIES W
g " vaars Funcion
) R_OUT
(A I M oy |
s '
_r ‘ ther LinerNonlinear |
ﬁ Other o~
EsT \
108

FCL S AIZHms)

FCLR >

(b) AP 2HAETHF7] EMTDC =29 U &
{b) EMTDC Model Conternts of R-type HTS-FCL

a8 3. AFFRA=I}FY] EMTDC 2
Fig. 3. EMTDC Model of R-type HTS-FCL
’ 4. AEHRED 2

4.1 84 M

2 RN Ay AYFEAEAR)
zde) ATHE aAE BN} ALY
e AZsac. A4 2AAS, 71E dolH,
AW B AR @7 S8E BAE s ohe
o,

4.1, HADIY B
¥ w804 /lge EMTDC 299 184< 3
171 95kl SAATE) AN FHE AAE

ol

SHENMEERT BT EHE T2{st EMTDC ZEH 3
g AR &, 29 49} Zo| 154kV $5AE 5
B e ¢ 2AT GEAQ §4 AEHE A

Kol
=2
B Az Ade s 1849 #d 154kV 7
5 2 AW ZgA T

Agoz wodtan. ols 2 |

A g A7) e mewEs setole g A8k

W oolesh o] B 4 AT tFd Tt &

A4uE 2ol g & 9

0 $4WT 4L UEiE Fu Rue) 5719
3 A ANPAS WP E wHRD FAS
& A9 $AvY 54 42 28 + Aok
A71M, A9 AMAaE A FAAE ARE 7o)
2 Hga

0 AT eAAHd meb nPgEE FY 5+ e
2949 $AdRs & FavAe d24eE
meld & gt AusE wHsHod, vE A

o] & dZe] 4(core) H
58 (resistivity) 2 2 % 3} 7]
E4& 2o F Y-
AF BHo] 2A% 77|02z 4

O

ot

ﬂ°"

re

-

2

ki ok

2 o

ot

_>L:
L)

e qor 2

2 o —

olE  AA
(Crossbond grounding) 48} 2 ©]
3t iAo AT E BHLR 3

Z, AA Aoy HAE AAY FAIHE TUHE X
g Zojtk, oy X Als A2 Ud FF

=8

4.1.2. sllA cloje]

i

7l EMTDC ®Elo} f842 4237 skl AHga

dolH We&g Nesw oest 2ot

O $5AE 57} A : 1.02,10°(PU) & 1.020°
FAATE] AWA LAEAS FdsE 154KV
$5AT mAel 49T fPeEA AT A
A 0.02pu, 947 Aole 10°2 ARG, 24
xde) webd ALT GRS wAFAA ANG
4% AT JEHow ¥ d7E ngsHolLe
BAge) 57 ARG mepd 2A 4BE wAE
%

O A PP ;22239 £85.0°(F AT
)
A @ 154k ABel wMAH Y A9
g 31.5kA 2 50.0kAR FRETH. mEkA
2HE §8719 B84 BY] AAAE AT =
Holxel 34 BergFol 40kA FEIWA 31.5kA
A7)7h Mo} e A9E APetanh B,
A4YNR2g A9 o] AASAEY, AR
2 $ruge) A9YNDLE FYe) A getdo

_040}31 N
o



N
o
H
Hi
2
H
Rl
rfo
ol
1o
L]
i
Gl
A
(o5
ral
Do
for

., 20034 93

AIMIIHLIN

seHIEIN

RN

AOHNINLIN

:E@ ot
"
e

k7'
TS

7

LAl

WL HR3Y
Pindhindebdedebutel Y

LA
L S

+

.y
an—" g W [ ”ﬂ'

161

#} zf =
-| ={&
=

nyu b gans

e e _F

m

el f

ol

IEHAG AR W

B
ok
Fe :.
i ir
B
h¥

EXEY]
;[&

LFTYY
o
q d

O 4. A¥E A=/ A

2oAE (34 154kV F7HAE)

Fig. 4. Simulated Target System for R-type HTS-FCL (KEPCO 154kV Equivalent System)
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Fig. 4. Simulated Target System for R-type HTS-FCL (KEPCO 154kV Equivalent System)
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Table 7. Case Study Analysis Results by Nonlinear
Characteristics
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Fig. 6. Case Analysis Result that consider Nonlinear
Characteristics of HTS-FCL Final Resistance

o o [
2

ol (ol
o% 1%
flo 0
1y
z

N
£ o2
>

O

6.8 2

3y 2ALIFI)] EMTDC 24
=

2 AAFo) Hgstel HANE
FHIQEN, A7ARE FHa JEHE Ge

N
rl
i
o
fl
&
off
ok
ot/
a



O £ dPdAMe 2AZTdF7IY vHyg EHS 2o
3lg et A Hl A E4 oﬂ %ff} 353 BA A&
Ags A= ZY E}E}H < HlAy EA o
3 AEY o8 HE83 04? 63@ HaAol 9l

g 223, 2 A% A4S AAAE 5] e
Hel A% 440 e A7E Bastch w9, B
A7 AP AP o] FEJZALRF | AP
243 4% NAE 98 Ao Azut

ZAte 2

‘B ATe 21AI7IZE2E AFUIEARIQ A
2R ESE7IAE AT A7H) AL o8]
FEHAFUL

“This research was supported by a grant
from Center for Applied Superconductivity
Technology of the 21st Century Frontier
R&D Program funded by the Ministry of
Science and Technology, Republic of Korea”

. ol

0
Mo

(1) #5388 ALALA,
A Bl 2B 51_31/\1"

(2) A IAT+Y KH"“%* AFFH 71N
1996, 12

[3) =774, "HTS-FCL S4v|m

(4} M. Noe, B. R. Oswald, "Technical and
economical benefits of superconducting
fault current limiters in power systems”
IEEE Transactions on applied
superconductivity, June 1999,

(5] J. N. Nielsen, J. J. Ostergaard, "Applications of
HTS fault current limiters in the danish utility
network”, IEEE Trans. Appl. Supercond. 9
1347-1350

(6] gd] AFR TN, “ZALHF7] FPue HE",
2000. 6

[7] H. Kameda, “Setting method of specific
parameters of a superconducting fault current
limiter considering the operation of power system
protection” IEEE Trans. Appl. Supercond. June
1999

[8) Charles A. Gross, "Power System Analysis”,
1986

(9] EMTDC Manual. Custom Model. 2001

ASEAL NddE 4

HE", 2002. 6

123t EMTDC ZElzjfgt 7

A A & A

A9 (FHE)

1962 7€ 3044, 1985 F-4id
7% a £ 19879 §
T EPHAD. 19934
W) 19989 ¥ vjstel
(Fu), AA FEANAT
CEE LA DEED

N

=
~
>
> o R
> 2 oh N &

2L
JE

> ok

e

ATE (R

19749 7¥ 644, 1997 FAbgstw
HA71Estd £, 199¢ & dighd A
Zigstst Ed(HAh). A dxdrd

CIREEREC L

oA (EHA)

19754 99 13U AL, 1999 e o &t
A7 Fea 9. 20013 Eoigkd A7)
T EP(HAN. 200393 FAEY A
NEes MR @4 dFAIAT

_ﬂ )\]X-]E’:JA])\E'":.,_

AR |



