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A basic study on protective relay testing using RTDS
in power system applying SFCL
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Abstract: The study for a protective relay system st7] fe Aot AR A AARCR 2AXIF
is one of the important technical issues on the 7l tigk RTDS HIAA7 AdAT+E §LHL°V]
power system application of Superconducting Fault Fom JlZzAguke] A8 FYPHJG3-5), £ < Fo
Current Limiter (SFCL). We used Real Time Digital AMe 7] A E RTDS 2A=3R7719] a4 E't” 6)=
Simulator(RTDS) to study the true interaction of the FREGs T, RTDSE ol &3l AAES w9 d <,
protection system with the power system. RTDS AAl AF71E RTDS dASted HaAA7e &%
modeling of SFCL is necessary to the detailed EA4E HESAG.

protective relay tests. In this paper, we developed an
analysis model using RTDS for studying the

transient behavior of 22.9kV SFCL and carried out 2. ESAMI] RTDS AAHA Y dbob
closed-loop testing of protective relays in
distribution power system with the developed SFCL B AFgi 83 RTDSE o83 H3AAY A
model. The SFCL model has the operation ANEL 1) RSCADE o] &3dto] AL wod
mechanism of 22.9kV hybrid SFCL being developed 2) RTDSZHE AAZF AEgoldL B Uox
by LSIS and KEPRI in Korea. The parameters of A& - AGEHEANTE AATI dEANTZ BolEd
the model are based on the test data of the real A nFARE #wdetn, 3) EaAAZIE A
SFCL. Power system planners and operators can RTDS® ztelrle] = “LEUH was D aaas)E
solve the expected problems in power system JewmdglFzs dARZ FA" AAz Jﬂ‘:"_‘—i A Y A
application of SFCL using protective relay testing H (Low-level test)o]th. A4 dl=go] dAd7AdLe
results. Fig. 13 2. Fig. 194, RTDSE Al E#olAd &
PA Ag e g Febr] g dAg S 43
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AARER 0 2000d 08¥ 319 Fig. 1. Closed-loop testing of protective relay in
AN 20099 08¥ 31¥ power system applying SFCL.
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Fig. 2. Configuration of hybrid SFCL developed by
LSIS and KEPRI.

Table 1. Specification of the Hybrid SFCL.
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Fig. 3. Voltage and current during quench state of
YBCO modules.
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Fig. 5. Test results of conventional power system without SFCL (Fault type : 3-phase fault, Fault location :
F1, Fault time : 0.2 sec); (Fault current) First peak value = 19kA, Rms value = 7.5KA.

Fig. 6. Test results of power system with SFCL (Fault type : 3-phase fault, Fault location : F1, Fault time
: 0.2 sec); (Fault current) First peak value = 11kA, Rms value = 6.5kA.
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Fig. 7. Test result of conventional power system without SFCL (Fault type : 1-line to ground fault, Fault
location : F1, Fault time @ 0.2 sec); (Fault current) First peak value = 14.7kA, Rms value = 6.6kA.

Fig. 8. Test result of power system with SFCL (Fault type : 1-line to ground fault, Fault location : F1, Fault
time : 0.2 sec); (Fault current) First peak value = 85kA, Rms value = 6.0kA.

Table 3. Test results. g AR F 101“]“} HFAFALAZI7E 1Fom
4% s Brh B AbdE agAFE o A
22133 33 32| Ana sa AEA ] 0.2%24 HAFAAAF Dgo
. - A4e7] 97 ARk @7) wEel, $dFAE)7}
0.9% EAEA FA4E 4 gt ALEA, 2ARBR/ A gy
o A= 18 4 she AV} Qe Mgt
EAEA
. 152 | AALs 2;}@14%&
g - * 3
S 5.4 =
1% 095 A%
o 2 5] A=
Fo XH}”_ 1j °° B ApoMe 7] AWEE Hybridd 2dx3F7]9
152 | ane 5 us RTDS di45a e $4ugsin, Ave vag og
— =2 o] AAES WAFSR RTDS HAFAA7] AAA
0.22 | x5S yx #e AUt 2 A%, 2AEEFI} Aees
- e AE0E Ay, BARARNL €A/EA /AN 2%
I by o] 2 BAt 985S AU ¥, 2HEEF]
Z ) : Al T X -
Lo | AN e £ Agqe gt ADHE 24AF 4EE TelsiA
0 & e BARAD S AYAE JAeok doh FF, A%
022 | 4% 19 4% TR7e] AYHOIEE Ds) Aundg v @
A RS, WA 2ARSFI AAE A
A 1.5% zﬂﬂilitlgl:]%:;fz\]%x_} %01 AR 3 o)dWdaE WEeR M RTDS
g Ad 2 28 A3 A7) AAANG S s o olrt. dolriae 24
IRES 2A7EA] A 5 T JE77I7 A48 v Aol Y BadndEs
p i Mg AR olch,
152 | 4% i aE
30Q =2
022 | AR A3 ALl
F2 . FEA] E =+
T S

Aok FARI} obF HEe ASE BARAA
7} EJAI%Z}E A Fojgled, of W, 4 A7 o




2
ol
[l
o
=
02
o
A
bob
oln

FS
=

[
Ao
rek

(1) HE, a8, 283, "24x d/R7E 28T
Aol A@Absie} g EMTDC 84" 7 7]8h3]
=EA, 48BH 43, ppl6l-166, 1999. 4.

[2) olsZ 7&"% A, olEE, NER 2R
74d7ﬂi Bows 34 Hﬁo %i?ﬂ 7VEA T,
A A & %’Jﬁm.ﬁ’: A, 98, 3%, pp. 16-20,
2007. 9.

(3] J. Langston %], "A generic real-time computer
Simulation model for Superconducting fault
current limiters and its application in system
protection studies”, IEEE Transactions on
Applied Superconductivity, Vol. 15, No. 2, pp.
2090-2093, June 2005.

(4] Yan Pan, Michael Steurer, Thomas L. Baldwin,
Peter . McLaren, “Impact of Waveform
Distorting Fault Current Limiters on Previously
Installed  Overcurrent Relays”. IEEE
TRANSACTIONS ON POWER DELIVERY,
VOL. 23, NO. 3, pp. 1310-1318, JULY 2008.

{5] J.H. Kim et al, "A SFCL modeling and
application with real HTS material connecting to
real time simulator’, Physica C 468, 2008.

(6] o}¥™, A, £A9, o|¥F, "RTDS 248
F71 sided AW, dxaAdn-ALFeyEi
7}, 109, 3%, pp. 9-10, 200843 94,

[7) B. W. Lee, K. B. Park, J. Sim, I. S. Oh, H. G.
Lee, H. R. Kim, O. B. Hyun, "Design and
Experiments of Novel Hybrid Type”, IEEE
Transactions on applied superconductivity, Vol.
18, No. 2, pp. 624-627, June 2008.

(8) B. W. Lee, J. Sim, K. B. Park, 1. $. Oh,
"Practical Application Issues of Superconducting
Fault Current Limiters for Electric Power
Systems”, IEEE Transactions on applied
superconductivity, Vol. 18. No. 2, pp. 620623,
June 2008,

D ZMEHET] M2 SeMel RTDS EEAIET] AAAE A8 7I2dT 3

A2 & T

olsH (LRI

19753 0¥ 2344, 1999d nEUigw
A xgH ¢, 2000d EUlEgY Y
2ty E(AAL, 20039 FulEe
slzsral Al R dA dedsidT
A AHEA| 2~ A PR Smart Grid 9
FAE AT,

A d (F )

19624 79 30944, 1935d Fadigw

Arzey 29, 19874 F dgd A
A3e et (AL, 19946 71t O

LA, 1998 B digkyl AvjEer 1

934, dA 5‘%‘*71"1?"1 e A
2El P RE Smart Grid A7 AE A

R EACE )

197613 119 1744, 2000 A oot o
Axzets 24, 20053 Fadietn o
gg AxTtd 29 (TN, @)
5 oiote W7ot WA,

o ¥ = (HEHH )

1961 7€ 169 A, 1987d W F

O "7 29, 1913 vlE lowa
g 244D, 19943 9= Towa

Zydg 24F9, 84 nedigda A

AR S A



