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Application of Superconducting Fault Current Limiter (SFCL)

on High Voltage Power Transmission System
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Abstragh)

Nowadays, demand of electricity in Thailand is rapidly increasing. As a result, the
generation sector has to provide the sources of electricity to serve the power demand growth.
Moreover, the alternative energy development plan for the next 10 years of Thai government
(AEDP 2012-2021) might affect the generation and transmission systems to expand more rapidly

and more sophisticatedly. The expansion of the generation and transmission systems may result
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in a higher short-circuit current that might be higher than the interrupting current of the circuit

breakers or other protective devices in power systems. As a result, a high short-circuit current

may cause severe damages on equipment of power systems. This paper proposes an application

of superconducting fault current limiter (SFCL) on high voltage power transmission system in

order to limit the fault without affecting the normal operation in power systems. The results from

computer simulations on various configurations of using the SFCL are analysed in order to obtain

more efficient use of the SFCL by considering the ability to limit the short-circuit current and

the size of SFCL.

\\\ Keywords

fault current, fault current limiting method, superconducting fault current limiter
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GENERATION DATA

Bus | Bus | Voltage S Q Q |Bus| Bus |Voltage| S Q Q
No. | Name | (PU) MVA " min | max | No. [ Name | (PU) | MVA o min | max
30 | WIT1 1.02 350.0 [ 0.85]-105.0 [ 1925 | 9 | N1T1 1.02 800.0 | 0.85 | -240.0 | 440.0
30 | W1T2 1.02 350.0 | 0.85|-105.0 | 1925 | 25 | E6T1 1.02 350.0 | 0.85 | -105.0 | 192.5
11 | w2T1 1.02 640.0 | 0.90 | -125.6 | 251.2 | 30 | WTG 1.00 136.0 | 0.85 | -24.48 | 51.4
33 | WaT1 1.02 350.0 | 0.85|-105.0 | 1925 | 20 | Sppl 1.00 1450 | 0.85 | -26.1 | 54.8

2 C2T11 1.02 800.0 | 0.85|-240.0 [ 440.0 | 8 | Spp3 1.00 145.0 | 0.85 | -26.1 | 54.8

2 c212 1.02 800.0 | 0.85 | -240.0 | 440.0 | 22 | Spp5 1.00 145.0 | 0.85 | -26.1 | 54.8

3 C3T1 1.03 1000.0 | 0.85 | -300.0 | 550.0 | 22 | Spp6 1.00 145.0 | 0.85 | -26.1 | 54.8

3 c312 1.03 1000.0 | 0.85 | -300.0 [ 550.0 | 6 | Spp7 1.00 1450 | 0.85 | -26.1 | 54.8

3197 2 Fayandoutaalniln 230/115 kv
TRANSFORMER DATA

Bus | Bus S AV % X1 Xo Bus | Bus S AV % X2 Xo
No. | No. o MVA | /Tap | (PU) | (PU) | No. | No. e MVA | /Tap | (PU) | (PU)
10 30 2 300 1.25 0.14 | 0.14 1 14 1 200 1.25 0.14 | 0.14
10 20 1 200 1.25 0.14 | 0.14 2 15 3 200 1.25 0.14 | 0.14
11 31 2 300 1.25 0.14 | 0.14 3 16 3 300 1.25 0.14 | 0.14
12 32 2 300 1.25 0.14 | 0.14 4 18 2 200 1.25 0.14 0.14
12 32 1 200 1.25 0.14 | 0.14 5 19 2 200 1.25 0.14 0.14
13 35 3 200 1.25 0.14 | 0.14 6 20 3 300 1.25 0.14 | 0.14
9 27 2 300 1.25 0.14 | 0.14 7 21 2 300 1.25 0.14 | 0.14

a1
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m319fl 3 Foyasnuaalniln 116 kv way 230 kv

LINE DATA (POS, NEG )

Bus | Bus | Cct | Dis Ri, Xi2 Biy Bus | Bus | Cct | Dis Ry Xio By

No | No | No | km | Q/km/cct | Q/km/cct | @/km/cct | No | No | No | km | @/km/cct | Q/km/cct | Q/km/cct
3 8 70 0.056 0.491 2.835 20 23 50 0.045 0.293 3.997
1 2 50 0.028 0.308 3772 7 8 80 0.028 0.308 3.772
1 3 50 0.028 0.308 3772 21 25 20 0.045 0.293 3.997
14 17 40 0.089 0.394 2.960 22 26 20 0.089 0.394 2.960
1 4 80 0.056 0.491 2.835 24 25 20 0.045 0.293 3.997
50 0.028 0.308 3772 27 28 50 0.045 0.293 3.997

80 0.028 0.308 3.772

28 29 120 0.089 0.394 2.960

160 0.028 0.308 3.772

10 11 80 0.056 0.491 2.835

20 0.089 0.394 2.960

11 12 80 0.056 0.491 2.835

60 0.089 0.394 2.960

11 13 100 0.056 0.491 2.835

N
[
[N IO I OO U RN NN BN S B Ol I N I N

120 0.056 0.491 2.835

[Nl N B Ol U B ORI NG Ol O O N

32 33 20 0.089 0.394 2.960

Tuand 2 uaneszuudemidaninfidnsnday
sk usTULdeindalninsesuLsesiulnin 230
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Isc_Rated 50 kA (230 kV )
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20 ey i
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RMS Values

(SFCL : Set Impedance to Limit Fault at 30% - 80%)
30.816 kA
7| 28209kA

27.512kA

26.835 kA

26.177 kA
25.540 kA
24.921 kA

@ Limit Fault 80%

Limit Fault 70%
—— Limit Fault 60%
~=— Limit Fault 50%

6.20 Limit Fault 40%
--------- Limit Fault 30%
rrrrrr No SFCL
-1.50 -
0.450 0.500 0.550 0.600 0650 [s] 0.700

AT 21 nzkaana9asiluAn RMS WatdSuwuna

a o ¢ o o o 5[’ ~al
UNBAUBAINMNAN T VDY SFCL bUNTUN 3
Energy (MJ)
350, v '
3000 (g Limit Fault 80% (Zsfcl = 99.23 Ohm)
Limit Fault 70% (Zsfcl = 57.91 Ohm)
250 | ——Limit Fault 60% (Zsfcl = 37.23 Ohm)
Limit Fault 50% (Zsfcl = 24.82 Ohm)
200} | > Limit Fault 40% (Zsfcl = 15.56 Ohm)
- —— Limit Fault 30% (Zsfcl = 10.64 Ohm)
=
150
100
50
3 L L e o b s s bbb bbbd
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65
Time (s)

il 22 wasnugadpves SFCL (MJ) Waifn
Ann9asfitva €3_115 lunsdifi 3

4.4 nydifnenil 4

annsdfnmd 2 Tude 4.2 Hfansan
femusupswosszuulunsdifiqnsal SFCL An
AU FEmensellainarinew denalinnsie
vovszuplisessunsdifinnnudemy 1 aunsal
meluszuy (N-1) Fedulunsdifnwndfedszend
T#a1u SFCL 2 i Ansaimuniesisuanslunmd
23 AnNI2ULEIARERAI9RT AuNTEIFAm 4.4.1
SFCL 14 2 #pyhanuauunf waz 4.4.2 SFCL 1
galdaansarianulddusadis indneasiida
C3_115 ¢

C1._230

]

€2.230

€311 C312

P9
"

C4.115  E3_115

AW 23 naBinsa SFCL snunsdifneni 4

(

8

44.1 Andneasfita C3_115 faan 0.5
T wasANWIANGS B aMAANITLAAAINRT
0.14 U7 ANNANIFABN VUIANTERERAINRTT
AnTuliunnanas fesansunmi 24 wazdounn
ARANAILFFANYDALIN (First Peak) fiabanslunin
i 25

442 Andnnersiita C3_115 M 0.5
3wl SFCL 1 ga yeudsman Weiindnasasd
a1 0.55 AW LaziwasAnwIANes IEaman
AZUEARNRT 0.14 AT AnwamIFamn Lile
SFCL 1 gm v uaumadiivaan 0.55 3unii puna
nszuadnINasTTAfNTY wisenssnifitans
NMUATZUEENINATVBTRIAAUITNINDS Aananely
AT 25 waz 26 denasruufeasianusiua
59930 N-1uazndenugaiduves SFCL asan
MINAANTTUAGR9RT FaT 1 way 2 Twunads
wansluA Wi 28

B i
RMS Values ;
(SFCL: Set Impedance to Limit Fault at 50%)

32.6F 1--0.501 s

| 30816 kA
0.501

L I S— 20222 kA T

13.8f -

4.40

No SFCL
| e SFCL
-5.00 . : :
0.450 0.500 0.550 0.600 0.650 [s] 0.700

AT 24 nazunadneasiiudn RMS Tunsdifi 4

62.0,

No SFCL
=== 2SFCL
2 SFCL (1 SFCL has failed)

Instantancous Values
(SFCL 2 ea : Limit Fault at 50%)

0.17}

-20.4)

41, i i
0.450 0.500 0.550 0.600 0.650 [s] 0.700

Al 25 nszuaansasiduatnslunsdifi 4

?)



M

nsuszgne [Borugunsnisanansziadasopsstiacoudovaa Tusuudgoradoliiausogo

42.0
RMS Values
(SFCL 2 ea : Limit Fault at 50%)

32, 0,501 5 4
2.6 30816 kA 0.551

26,540 kA

0.501 s
20222 kA

4.40

No SFCL
2 SFCL
= 2 SFCL (1 SFCL has failed)

=5.00
0.450 0.500 0.550 0.600 0.650

Al 26 nszuaansasidua RMS Ty
SFCL 1 laivineu

[s] 0.700

Instantancous Values
(SFCL: Set Impedance to Limit Fault at 50%)

20.8|

0.204

No SFCL
= SFCL

=41.0°
0.450 0.500 0.550 0.600 0.650 [s] 0.700

At 27 nszuadaasurdvnglunsdi 4
Tae SFCL 1 flaivineu

Energy (MJ)
70 T ¥

B0 | === Limit Fault 50 % (Zsfcl 1 = 13.24 Ohm)

== = Limit Fault 50 % (Zsfcl 2 = 27.49 Ohm)

50

40

30

20

0.5 0.55 0.6

0.45 i
Time (s)

3 0.35 0.65

il 28 nasugydves SFCL (MJ) Weiin
dmreasfia C3_116 Tunsdifl 4
annuamsfnlunsdifinmni 1-4 nsussynd
I#nunsal SFCL snansndninvn3nanuIanIzue
P99 AaUARNEBALTN (First peak) WoIAndR9aT
Fuluszoy Tagvuianszuadnieasuazndsny
geuidzee SFCL (MJ) WasanmIaninnss e

anNas wndiRnsdl 1-4 Tuiawananeiy

%uagljﬁugﬂLLUUﬂﬂiﬁﬂg?\‘iLL&ZTUW@@NWLL@W&%BQ
SFCL wazannwanmsinmlunsdiil 1-4 du e
UYSuauneduiiuauduns SFCL aindnn3oan
YUNANTEHAANINATAY 50% DUNANTLUAAAINRT
waTNaeUgIaaaY SFCL (MJ) AnTuTvue
FILAANNAIUANTNT 4 (ﬂizLLaﬁﬂ’Nﬂiﬁauﬁﬂﬁg\i
SFCL #i9u1a 30.816 kKA)

MTNT 4 UAASHANNSANINTAIT 1-4

Fault Limit lsc
Zsea Energy
No. | Location | Fault SFCL
Q) (M)
(%) (KA)
C3 115(A) | 50 22936 | 9579
1 10.921
C3_115(B) | 50 26494 | 2248
2 | c3115 50 8937 | 20.223 | 200.44
3 | C3.115 50 20819 | 26763 | 31.04
50(1) | 13.242(1) 62.92(1)
4 | 3115 20222
- 50(2) | 27.489(1) 28.03(2)
B ajnan339
DU M———

nansAnElunsaifnm 4 Aensussandls
9 SFCL 2 7a fianumanzauiige esannd
SFCL 1 9a Wianufanainldansnsnrinauls
nszuadeaITiAnduaziinung 26,54 kA Fedfanssh
ANVNARAAM IMUNTTUAARINATVBAUTRTALTNINDS
wazuanantundsugadaiiifadulugas
NaUARaR2933284 SFCL 1 wag SFCL 2 fzwa
Wiz 62.92 MJ waz 28.03 MJ Wunaldsznda
fiuiilunsfiase SFCL ws1zawewes SFCL 4y
2YALVUA szuunantiu (Cooling System) V89
gunIal wazsruunasifusesivwnalngiiuame
Wosassundsnugads (M) WoiAndnaeas
agnslsfimu unanudfiansanenuimnzaume
sumedaiisewidy wngluilaatumadszyng

85



HAINSSUEIS UN.

T#a1u SFCL flsziuusesulnih 115 kv e 230 kv
Fadulaseniasosuareglugresiamnyszansam
mavhouesgUnsal dewaldaeussginsal
finswasuudasldimanzansensinigdinig
fulassgenans uiluibesfunsdsznuman
ATRANTUIRN 2 @ Ap 1) L’?‘luamﬂumﬁﬁ@@?ﬂ
auUnsal (Investment Cost) U IUABUAKAUD
wazszuunaadures SFCL  2) Wuawuluns
UfRnauazigednm (O&M Cost) lnalupuinn
diowalulad SFCL gndszandldauluszuusa
maslninegunanaty Feraslinainanging
fulATEgMans wazmesumede Wameny
wsnzanwazAnAlun1sUzynd [ SFCL Tu
srupseragluni

B 1Na13819DY

[1] Khorrami M, Nader M.S. and Nejhad N.
K. 2010. Short Circuit Current Level Control
and its Effects on Circuit Breakers Transient
Studies, Hyper Sciences Publisher Journal of
Electrical Engineering: Theory and Application
1(1):4-17.

[2] Adapa R. 2006., Fault Current Management
Guidebook, EPRI Solutions Inc.

[3] Taylor T., Hanson A., Lubkeman D. and
Mousavi M. 2005. Fault Current Review Study.
ABB Inc,,

[4] Sarmiento H. G., Castellanos R., Pampin
G., Tovar C. and Naude J. 2003. An Example
in Controlling Short Circuit Levels in a Large
Metropolitan Area. , IEEE Power Engineering
Society General Meeting, 13-17. July 2003.

[6] DTT Technology programme, 2004, The
Performance of Networks Using Alternative
Network Splitting Configurations, WS3.

[6] Kovalsky L., Yuan X., Tekletsadik K., Keri
A., Bock J. and Breuer F. 2005. Applications
of Superconducting Fault Current Limiters in
FElectric Power Transmission Systems. IEEE
Transactions Applied Super-conductivity 15
(June 2005): 2130-2133

[7] Power A. J. 2002. An Overview of
Transmission Fault Current Limiters. Leatherhead
: The National Grid Company plc.,

[8] Mann T.L., Zeiglcr J.C. and. Young T. R.
1997. Opportunities for Super- conductivity in
the electric power industry, IEEE Trans. on
Applied Superconductivity, Vo1.7, No.2, pp.239-
244, June

[9] Noe M.B. and Oswald R. 1999. Technical
and Econo-mical Benefits of Super-conducting
Fault Current Limiters in Power System, IEEE
Trans. on Applied Superconductivity, Vol.9,
No.2, pp.1347-1350, June 1999.



