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Analysis of Operation Characteristics of OCR and Recloser in Power Distribution

System with SFCL
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Abstract — In this paper, the method of protective coordination is studied to install Superconducting Fault Current
Limiter (SFCL) to power distribution system. If SFCL is installed, the protective coordination is not operated well
because of the decreased fault current. Thus, the resetting method of protective devices is presented to coordinate
protection system in power distribution system with resistor-type SFCL. The presented methods are divided into three
parts; OCR, OCR-Recloser, OCR-Recloser-Recloser. The presented methods are proved through case studies using

PSCAD/EMTDC simulation
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Fig. 1 Modeling of power distribution system for testing
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Table 1 Parameters of SFCL
EERL s
R [Q] 1~20, j1~j20
1% 0.01
a,[8/s] -80
a,[Q/s] -160
b [Q] R,
b,[2] R /2
4, ESH=x 4
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Table 2 Cases for fault study

Casel Case2 Case3
0-9-12-46-43- | (Casel)-36-33 | (Case2)-54-62
A=A
92-90-42-41 -27-24-16 -65-73-76-80
A A A 41 16 80
;5; 31} Z, | 54.87+7224.46 | 63.72+7242.80 | 80.17+ 5265.21
22y
9
[2%6] | Z | 103.81+5372.45 | 152.22+ j427.35 | 155.73+ 5j493.00

o]714 AtEl12 OCRY A54E A% AlFeln, Abe2
+© OCR-Recloserd %, A}#32 OCR-Recloser-Recloser 3
Z AL 93 Algdolth
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Table 3 Cases for fault study Fault current according to the
impedance magnitude of SFCL for Case 1

serer BEE
Case 1
[kA] [kA]

Without SFCL 1935,-116 | 14147-118
0[] 10917133 | 0891,-132
Q] 1067/-125 | 0875,-1.25
5[0] 09337098 | 0.787,-1.02
With 10[Q] 07587 -0.74 | 0665, 081
20[Q] 05147 -047 | 0476, -054
SFCL i1[Q] 1010/ -1.35 | 0836.,-1.33
i5[Q] 07777 -140 | 0671, -1.33
jlorel 0602/ -144 | 0536, -1.42
2002l 04147 -148 | 03%2,-1.46

E: 4 AtE| 20f st SFCL uEAo mME IXHMRE 3
7] &4

Table 4 Cases for fault study Fault current according to the
impedance magnitude of SFCL for Case 2

3Arehet 1dA =
Case 2
[kA] [kA]
Without SFCL 16747-115 | 1.192/-118
0[] 10047 -131 | 0.798/-130
1l 0984/ -124 | 0785,-1.24
5[] 0.860/-0.99 | 0.714,-1.04
With 10021 0717/ -0.76 | 0615, -0.84
‘ 20[2] 0497/ -050 | 0453/-058
SFCL el 0935/ -133 | 0.754,-1.32
B0 07337 -138 | 0617,-1.36
jlo[Ql 0575/ -142 | 0502 -1.40
200l 0402/ -147 | 0365, -145

215



HM71&s =2X 61PA 43 20124 128

H

7| 2

x 5 Atal|l 3o Cidh SFCL uEl2of e IHHF 3

Table 5 Cases for fault study Fault current according to the
impedance magnitude of SFCL for Case 3

3geker 145
Case 3
[kA] [kA]
Without SFCL 14172-112 | 0994,-1.16
0[Q] 0910/ -128 | 0706~ -127
1ol 0890/ -121 | 069%4,-122
5[0] 07937099 | 0637~-1.04
With 10[Q] | 0665~ -077 | 05582-086
20[Q] | 04742052 | 04247061
SFCL i@l | 08%4,-130 | 06727-1.29
BlQl | 06822-135 | 0561~-1.33
i0[Q] | 05447-140 | 04652 -1.38
i20[Q] | 0387,-145 | 03452-143
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Fig. 2 Fault current waveform for case 1 (without SFCL)
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Fig. 3 Fault current waveform for case 1 (with 5[Q] SFCL)
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Table 6 Resetting protective devices according to impedance

of SFCL
TD
- R/C 1 R/C 2
B377] OCR ) 5 ) F
Without SFCL 4 3 1 2 0.5

0rl 3.30 244 | 081 1.61 0.40
1[Q] 3.26 241 0.80 | 1.59 | 0.40
5[] 3.01 223 | 074 | 146 | 0.36
10[&] 2.59 1.91 064 | 1.25 | 031
20[Q] 1.73 129 | 043 | 085 | 0.21
1] 3.16 234 | 078 | 154 | 0.39
jolR] 2.64 195 | 065 | 1.28 | 0.32
j10[&] 2.08 1.53 | 051 1.01 0.25
j20[<] 1.29 09 | 032 | 063 | 0.16
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SFCL

a9 5(@% OCRS 7%l SFCLel gl A% dHE 4
2 A8tttz SFCLol HAHAE B¢ dHE 3012
AdA3ste] OCR E ATl = 4
o ZolAE%E TD #& AAF AxE HAZd ¥
5(h), ()= m7HAZ gE=A
= AT de AF T2 EYANE AEE AT
AiE BolETh

SFCLE& A3 73§ EYAIZte] SFCLe| gl 4% E
Ab Z2AE HTE7] fste] EMTDCE o] &3

fjo

juch



AlEd ol a9t 2% 6~82 EMTDCE o] &3te] 7tz
o] XA AlmA] Al 3y E BTV EYYES B

100

IFault current of icase =2}
Fault ¢uirrent of case 244

Fatult cuiterit of cage 3.+

104

Rl delay N
A\
2 delay \\
tind \{
—_ ast |
) R2_fast \
v 1 & >
,é \\ B D3,
= N2
TD.1
\\
01 N |TD 0.73
T 0.36:
0.01

1 10
Mul. of Ipickup(Tap)

(@) SFCLO| g1 mel TC =M

100
Fault currentof
ault f ) -
Fault current of case 3~
OC
lo'ﬁ;..dj:y \\\\
2 delay-\\\
ERr PRV AN
o 5 :;:tl A \\\
v 1 \‘ hN \\
-é X 1D4
= < TD3
- 2
01 N [T
0.01
1 . 10
Mul. of Ipickup(Tap)

(b) 5 [Q]e] SFCL Mx|Al TCHM

J% 4 SFCL %ol & TC =M
Fig. 4 TC curves in case with and without SFCL

1004

17D:4
10 37D: 3.01

>

@ 19 Trip time
E 1
=

{ | Fault current
0.14 without SFCL

Fault current with
1| SFCL of 5[ohms]

0.01 +——— —

1 10

Mul. of Ipickup(Tap)

(a) OCR

A

iAol ZMESHFI| M2Al OCR 2 Recloser S&5M 24

s

Trans. KIEE. Vol. 61P, No. 4, DEC, 2012

100 5
104 TD:3
§TD: 2.23
1 TD:1
— D074
0, Fault current
qé 1 ITrip time without SFCL
A —
014 o """ AR
1| Fault current with
1| SFCL of 5[ohms] 4
0.01 e
1 10
Mul. of Ipickup(Tap)
(b) Recloser1
1005
104 1p. 2
iTD: 1.46
z :TD: 0.5 Fault current
v 1 _TD' 0.36 without SFCL
E Trip time /
0.1 L
E Fault current with 4>
1| SFCL of 5[ohms] :
0.01 +— ————
1 10
Mul. of Ipickup(Tap)

(c) Recloser2

3% 5 SFCL ME /R e 2377/ TC 34
Fig. 5 TC curves for each of protective devices in case
without SFCL and with SFCL of 5 [Q]

AlgE ol Aol
0.1 [s]oll T3t

a8 62 OCR AAL AZs7] ¢
1e] =

g 6(a)oll A, AbaLzh

1o]

. (b

ks
ok AlE#ol A AIZFS 15 [s]olH, ARaL
AL A GALE 78T 1
0.1 [s]ol ¥rA3&te] OCR Travel©]
OCR¢] EfEE AL 2
9] SFCLe] *341301
wol FastdgolE B7E
w ol Ee A zke] 4

= 0583 [slell
yll A B, 5 [Q]
w7} (a)°ﬂ H] 5} JJW 7F
i TDE 3012 AAAsA7I

2L o ko3 [
o 1S o o o

217



r
N

o)
™
i

2X 61P3E 45 20124 12¥

W\

|

I

“M“

I
‘W

‘MVN
|

m

v“
i

|

|

o N L
1

Current [kA]
N}
N

Travel

trip signal

Time [s]

(a) Al2ll1 - SFCL 8i= &2

i

‘Hw
.

|

Il
:;g Jfault

‘UI‘H

|

i

‘H
i

Travel

trip signal

0.0 T T

0.0 0.5 1.0 1.5
Time [s]

(b) At2il1 - 5 [Q]e] SFCL HZA

a3 6 AtEl 1 - OCR
Fig. 6 Case 1 - OCR

24 I I

T T
2 3 4
Time [s]

N
L

Current [kA]
=)

Trip signal
o
o

(=]
=

(@) A2 - SFCL gle 3%

Current [kA]
)
N

Trip signal
4
o
I

T T T

=)
e
=

2
Time [s]
(b) A2 - 5 [Q]e] SFCL & Al

a7 7 Akl 2 - Recloser 1
Fig. 7 Case 2 - Recloser 1

218

N
1

Current [kA]
(=}

'
N
1

=
=)
!

Trip signal
o
o

o
=)

S
-
IS

Time [s]

(a) AtEI3 - SFCL ®i= &%

[
1

Current [kA]
(=}

'
=
1

=
=)
1

Trip signal
o
a
1

o
=)

i 3 4
Time [s]

o
Juy

(b) AtEI3 - 5 [Q]e] SFCL A

a8 8 At 3 - Recloser 2
Fig. 8 Case 3 - Recloser 2

B ool 2w BRI AN

o] wAAGA TN A
Recloser?] SZEA 24 9 »
oM MAATS AN 2 B
A

magsoltt. o] Azl ugA

| Ag87 9l
771 484 OCR %

]
>
;O
k1
Ju
_0|L
b7
&
>
&
2
-
il
f
_0|L
2
@)
O
~

H =
W, 2AEGR7] A A3 Fo BE ARHor nEYa

ZAtel 2
o] EEL 2012d%E FIWENTE wustEA
"ol A Bl 2011d A (s34 7eq)e AQde

2 @FATARe NxATAY ANS ol £Y
Z1]l. (2011-0013024)

B




(1]

(2]

[3]

[4]

(5]

(6]

[7]

(8]

AR, AN, £ o, "AAT 2H=E AR Al
A71838] w=wA, A

7] AE&A BREPE BAY gedr) e
574, 5%, 20084 5€.

T. Hara, T. Okuma, T. Yamamoto, D. Ito K. Tasaki,
and K. Tsurunaga, "Development of a new
6.6kV/1500A class superconducting fault current
limiter for electric power system,” IEEE Trans.
Power Delivery, Vol. 8, No. 1, pp. 182-192, Jan. 1993
H. Kameda, and H. Taniguchi, "Setting Mothod of
Specific Parameter of a Superconducting Fault
Current Limiter Considering the Operation of Power
System Protection,” IEEE Tranactions on Applied
Superconductivity, Vol. 9, No. 2, June 1999

B. W. Lee, J. Sim, K. B. Park, I. S. Oh, S. W. Yim,
H. R. Kim, O. B. Hyun, "Fabrication and Tests of
the 24kV class Hybrid Superconduction Fault Current
Limiter”, Journal of the Korea Institute of Applied
Superconductivity and Cryogenics, Vol. 9, No. 4, pp.
32-36, 2007

AWE, AN, Fd7F 9, “wEAEd 2HE AFA
7] 28] Recloser-Fuse @z Wl &3 A

gk 7] ks =4 Al 587 103, pp. 1385-1841, 2009

d 10€.

474, QAE, £FG 9, “MTR F44 A4 24
= ARAR AN ASAAFAR T A
kA 7] 8 3] =74 A 58A 113, pp. 2089-2094, 2009
d11¢.

FAAYATL, 2IKV W AFAPF A @
AT, 71 R, 19954,

J. F. Moon, S. H. Lim, J. C. Kim, S. Y. Yun,
"Assessment of the Impact of SFCL on Voltage
Sags in  Power Distribution System”, IEEE
Transactions on Applied Superconductivity, Vol. 21,
No. 3, pp. 2161-2164, Jun 2011

= 5 © (X & »)
19774 5€ 2794, 2000 w49 A
—1—61—4 ﬁ 20074 = EH?;LO 7]%’—
7 ZEJ(FEEAL). 20099 ~ & A Sk
Foste 47135 2mg
Tel : 043-841-5146
Fax : 043-841-5140
E-mail : moon@ut.ac.kr

)

Bl Lo N

A

S0l ZMESHRI| HMEAl OCR ¥ Recloser S&54 24

s

Trans. KIEE. Vol. 61P, No. 4, DEC, 2012

219




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


