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Abstract Korea Ministry of Knowledge Economy has estimated that wind power (WP) will be occupied 37%
in 2020 and 42% in 2030 of the new energy sources, and also green energies such as photovoltaic (PV) and
WP are expected to be interconnected with the distribution system because of Renewable Portfolio Standard (RPS)
starting from 2012. However, when a large scale wind power plant (over 3[MW]) is connected to the traditional
distribution system, protective devices (mainly OCR and OCGR of re-closer) will be occurred mal-function
problems due to changed fault currents it be caused by Wye-grounded/Delta winding of interconnection transformer
and %impedance of WP's turbine. Therefore, when Double-Fed Induction Generator (DFIG) of typical WP‘s
Generator is connected into distribution system, this paper deals with analysis three-phase short, line to line
short and a single line ground faults current by using the symmetrical components of fault analysis and
PSCAD/EMTDC modeling.

Key Words : Distribution System, Distributed Generation (DG), DFIG, Symmetrical components, PSCAD/EMTDC,
Fault Characteristics
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[Table 1] Positive phase sequence % impedance data of

[source3] Three Phase Voltage So..

Posiﬁve Sequence Impedance

3.13 [ohm]
54.35 [deq)
2.0

+ve Seq. Impedance

+ve Seq. Imp. Phase angle

X
—
Harm. # where phase is same as fund.

®
d/|T|

[32 2] 154kv ALAT Zdz Wi gk
[Fig. 2] Model and internal value of 154kV power system
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substation
=mo [E 3] CNCV 3259] %u]EdA
Aes doda _:J: :W] mAE A [Table 3] % impedance Data of CNCV 325
A HA
%R | %X | %ZS1| MVA | %ZHM | %R | %X | %ZB1 i A% R(%/Km) JX(%(km)
0.13 | 1.314| 1.32 45 3549 |0.13|36.80 | 36.80 AR | CVNCV 325 1.7906 2.8451
SJAFE | CVNCV 325 5.322 1.7353

[# 2] a8 HA0 4R RUTAL
[Table 2] Negative phase sequence % impedance data of

substation
THGY] dHEA | NGR YujdA | RAQduEA
MVA %ZML %ZNGR * 3 %ZB0
45 14.867 34.323 49.190

[xfmr-3p3wl 3 Phase 3 Winding Transf.
[Comoraon

Transformer Name TR
3 Phase Transformer MVA 45.0 MV A]

Base operation frequency: [eoomz
Winding #1 Type M
Winding #2 Type N
Winding #3 Type [pera
Detta lags or leads Y [Cags
Pos. seq. leakage reactance (#1-%2) m
Pos. seq. leakage reactance (#1-#3) m
Pos. seq. leakage reactance (#2-#3) M

(32 1] Wz 0ol 2ua gies gt
[Fig. 1] Model and internal value of M.Tr

[E 4] ACSR160-959] %aEA
[Table 4] % impedance Data of ACSR160-95

T A% R(%/Km) 7X(%(km)
HAFE | CVNCV 325 1.7906 2.8451
SJAFE | CVNCV 325 5.322 1.7353

CNCV325
500 [m]
COUPLED
T Pl T
SECTION

[newpi] Coupled Pi Section Transmission Line
R,XI,Xc Data (P.U.)

Rated Voltage L-L [229 v
MVA for All Phases [100.0 pavay

+ve Seq. Resistance

EEE
[17383E5 [p.uim]
[HosEepurm
[32 3] vjAAE CNCV 3252 e} s gt
[Fig. 3] Model and internal value of CNCV 325

+ve Seq. Inductive Reactance
+ve Seq. Capacitive Reactance
0 Seq. Resistance

0 Seq. Inductive Reactance

0 Seq. Capacitive Reactance
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ACSR160-95
10000 [m]

COUPLED

newpi] Coupled Pi Section Transmission Line

[RxixcDatapoy — ]

Rated Voltage L-L W
MVA for All Phases [tooopavay
+ve Seq. Resistance [247Es pusm
+ve Seq. Inductive Reactance [m
+ve Seq. Capacitive Reactance I’m‘
0 Seq. Resistance m
0 Seq. Inductive Reactance [29.266-5 p.uim
0 Seq. Capacitive Reactance m

[O% 4] vjA= ACSR160:E T} Yl R4 7k
[Fig. 4] Model and internal value of ACSR160

2.3 O|B0iXIRE YT7|(DFIG) ZHE

DFIG?] AAZQI Alo] 25=5 vehfd 13 59
Zck HA F-HAE A EQl MSC(Machine  Side
Converter)= 13 59| 3o}l o] & 6719 @42
TET &, AR A @) F7) AT
(@), AFA7I(@)2 WHF Alo], FH7]9] EA(@),
SH&E Aloj(©), 7| AR FEgol uhE FaxdE
AoA(®)2 FALT. H A%S AHE GSC(Grid
Side Converter)= 13 59] AIchELQl Zho] & 471K Q@4
2 T4 A Ade] TS AN@S R
oJ(b)E sk, AFT AYGAe()L} FEAHEY Aol(d)
2 FAE 4719 olE& Hlg e E PSCADE ©]-&-3}
o] 19 63} o] 1[MW]¢] DFIGE =& k¢l =27
Zo9 x|, IM, MSC, GSCHEOo & FLA=THI2].

[13 5] DFIG] AolE5%
[Fig. 5] Control block of DFIG
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[O2 6] DFIG =Yg
[Fig. 6] Modeling of DFIG

3. AlEEolM A &4

2 ZoMe ZdgE Al-s1) DFIGE o|-&sto] vjd
Aol 499 AN 34424 T, 1R ARk
HRIA] AR 0] HES BA%t 2Y i A S-S o]
g5}o] 371%)9] 274, = Case 1 (WAL ZET ¢1A), Case
2 (MR + Y- AAAEAY 7] AA), Case 3 (WA
2+ Yg- A 9AERYG7] + 1IMW] S8 AADoll
A =2l A W AlEEo]d H BAS Fall 34 H 24
w2 AR ARE EA8HAL, Case 39] 1A AR
S FAR R EA50] Al AR S VA= 24

= st

3.1 ZEAIST AlEold =A
Iy 72 HdATeR HjdE HASRTE 2[km]

Urglom], Aba

| 1grolck. Alge
9 At mel
gagrow ek

(33 7] =4 wjdA%
[Fig. 71 Model distribution network
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[H# 5] Algdold =1
[Table 5] Simulation conditions

T ¥ W &
w g W 4SIMVA]
AT 71y 229[kV]
ACSR-160,
D AH 2 ACSR-160,
WAL © A3 2[km], ,
@ A& 5[km], ACSR-160,
® XA 10[km]
A4 &= DFIG, 1[MW]
GSC A%t 0.350[kV]
me 0 ~ 0.5][s] -> Speed
2w 0.5 ~8[s] -> Torque
ey =
A7 Ea 0 ~ 3[s] -> 5[m/s]
3 ~ 8[s] -> 9[my/s]
0 ~ 3[s] -> 0.07[pu
P [s] [pu]
3 ~ 8[s] -> 0.41[pu]
Case 1 =T A
HPHAR + Yg-A
Case 2
AAEHL7] A
=z 4
AR + Ye-a
Case 3 AAGHSY] +
1IIMW] S=Hbd 1A

3.2 Case 12| AIEd|0|M

19 89) PAZoA @A) At S
B % A e 73 1009, FAE %Yy

Z1= 173.97[%]o|c}. 183 13

T—"

2 o] AR o] E AL Zo= 507.18 [%]o]c}.
(€

= 9 AGE %HYdAE 0135}04 A1), @),
o lﬂLlﬁﬂﬂN

HA
==

91t

o

o E |y oX
EJ°“ oM o2 fLorfr o2

112 GAE %
)t
=
T =
153

Beloldl ghat Ao Ut

[O&l 8] Case 1 AJET oA FLAE
[Fig. 8] Simulation configuration of case 1

Z11
(3.47 +j7.46)X17

vt |
(0.13+j36.8)

[T2! 9] AAME % YujelA W(Case 1)
[Fig. 9] Positive phase sequence component of equivalent
circuit(Case 1)

Zu

(11.99+j29.26)X17

YAYR:
(j49.19)

[T2! 10] JAE % YA W(Case 1)
[Fig. 101 Negative phase sequence component of equivalent
circuit(Case 1)

;o100 100 100,000 "
%z (173.97) T /3% 22.9
=1449.07[A]
L= L, < 0.866 = 1449.07 < 0.866 )
=1254.89[A]
300
[=—F—" " X]
9T 2(%Z) + (%G @
300 100,000
2(173.97) +(507.18) \/_>< 22.9
=812.08[A]

A7IA, Ly IR

[ VARZARAL 1 AARRA]

[&# 6] AlEelold EAEidAR)

[Table 6] Simulation analysis(Primary feeder)
ALLEF 2B A[A] EMTDCIA]
3Aycke) 1449.07 1444.68
24t 1254.89 1280.35
1472k 812.08 819.91

3.3 Case 22| A|2F[0|M 2M
1IMW]e] 8gol= Ye-AAAERL7 %A d A
AR %Z= j6%(1250kVA)= j480% (100MVA)oll 23}
A 480[%]= AHgstTh 2Eal o] gk WiRHeR ¢
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gala, 19 1137} Zo] mdaste] @A A AkaLs) he= L, > 0.866 =1449.07 < 0.866 (5)
AL okelnh WA 19 12+ B4R %A fon
e AL 71= o 5 000 B =1254.89[A]
AAE wUUAAE Z1=173.97[%] 2 #HEe] 93 &
sttt vhH 19 132 AR % JIEA qof o3| 300
[ =——" X ] 6
A Zo= 37067%4—7}0] AArETE o] Zhe Case 19] 4 17 2%4) +(%g) " (6)
g %AI-LEL 136.51[%]HE SoEdlEe &+ _ 300 100,000
otk A 9 AR %A EAS o] g3l 4 (4), ( = 2(173.97) + (370.67) /3% 22.9
a28jaL (6)1} o] 3RS, 2dT=r R, 14X l%%
= s o s =1052.52[A]
= 7 4 Utk & 73 o] AlgEol A gt dXIRt

& o oy 1AXZFHFL] HY Case 1HTH

240 44[A]7} 27} E]QiTh 71 o]0 ol Welrle] o LE 71 Al SRR Ye-A A S AL
A o ol al el 5 el N ol o [Table 71 Simulation analysis(Primary feeder + Wye-grounded/
g %duE s slRrt st Hol AA| AL % Delta winding of interconnection transformer)
AE AT FolEdlom, olAle] 1A% AR

AL A H[A] EMTDCIA}
=71 ¢Jolo] w9le-e stol BT},
o7t djlel ==S Fedet 3abciet 1449.07 1444.68
245k} 1254.89 12955
1472 1052.52 1102.54

3.4 Case 32| A|ET|0|M £

1[MW] DFIGX: 3]AA} Adfo] Al AR RS 2]
HAoR 72822 3|AA}F AT 7|20 2 DFIGY] %
FHHAAS & 5= Qlok [[MW]O]] sfgshe %Yo i
AL %i(6%) : j480 = 0.00607 : Xo 2|34 485.6[%]
2 APgste] 9 159 WRHSE Asisint 19 14
o] @A Atas S gt 19 15= AR %]
A ol AR %A EAE Z1= 148.56[%] 0Tt
I 162 A % dous foju, JAAE %Aus
= Z0=370.67[%]o|tt. A W FAE %EHHAE
gsto] A (7), A (8) 2L 4 (9)9F o] 3424

[33 11] Case 2 A[EFo]HS] FHE
[Fig. 11] Simulation configuration of case 2

It | Zu

0.13+j36.8) | (3.47+j7.46)X17

[O3 12] AR % JoEA W(Case 2) o]

al A

[Fig. 12] Positive phase sequence component of equivalent 2 AR, IKXFAFZE 718 = Uk o] Zh2 F 89 A
circuit(Case 2) ol gt 9] AATE o % k. = DAGT &
AA 2719 AL 9 GAFEL] 940l m] e A Wof| A 9F o]
Zmrr || Zu AAE WY7] 9 DFIGO] %uds & vfdAlEo
(j49.19) (11.99+j29.26)X17 toﬂeeﬂi ﬁ ]E]O'] x—]/kl_\:l %OIvL]I‘:j_/_\__O,] 78]_(,3‘ Case IETL]—
Zte 2541[%]H = Z; stglom A %uEae] H9

(j480) Case 120} 136.51[%]F= £33 2latdnh

@

[O2 13] JAE % YaeA W(Case 2)
[Fig. 13] Negative phase sequence component of equivalent
circuit(Case 2)

L= 100 [ = 100 >< 100,000 @
%z (1T3.97) T (/3229 [22 14] Case 39] AlBgold A%
[Fig. 14] Simulation configuration of case 3
=1449.07[A]
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SH(DFIG)®] TR e] AEA ajale] Tt AT

Mt || Zu1
0.13+j36.8) | (3.47+j7.46)X17

Zr ZpFiG

(j480) (j485.6)

[O% 15] B4E % ATd2 W(Case 3)
[Fig. 15] Positive phase sequence component of equivalent
circuit(Case 3)

vt | Zu
(j49.19) | |(11.99+j29.26)X17
ZTr
(j480)

p=

[a2] 16] GAHE % YT W(Case 3)
[Fig. 16] Negative phase sequence component of equivalent
circuit(Case 3)

Lo oo 100 100,000 @
%z 0 (148.56) \/’x 22.9
=1697.08[A]
Lo= L, < 0.866 = 1697.08 X 0.866 ®)
=1469.67[A]
300
[=——— " _X]
0T 2 %) + (%) @
B 300 100,000
2(148.56) +(370.67) \/_ 322.9
=1132.62[A]
[E 8] AlEglo]Hd &4
[Table 8] Simulation analysis
AEF S A[A] EMTDCIA}
3tk 1697.08 1651.34
2@‘%_1—%} 1469.67 1441.91
14 %2k 1132.62 1213.39

3.5 Case 39| 1MX|2IXT 2A
Case 32| A%, 18 171} Zo] 14X
1_CB4, 1 DFIG, I Fault, I DGN2] /\]'_Tl‘j
LAl AfLRe] AHel B8-S Tjofa
=

o] AAH AP, ﬁl%éow HalR S HF
[ CB4%9} Z2rA7 o4 Balz 32 A& [ DFIG7}

SteA 1Faul} |k 7+ 2)e) ATdRe 18 183

1 Fault

[32 17] 1AAZHAF YA (Case 3)
[Fig. 17] Collection points of a single line ground faults
current(Case 3)

LT = b.CB¢ mioCa¢

100

o R

060 ic % 1.06940591151
la-CB4:1: 0.973097705642

= 1b-CB4:1: 0.209798419266

020 lc-CB4:1: 0.162823441644

0.00

0900  0.950 1.000 1.050 1100 1150 1.200 1.250 1.300
(a) 1A% 221 CB4)
(a) A single line ground faults current(I_CB4)

= b-DFIG = |cDFIG

0.450
0.350
0.300
0.250

x 1.06309871245 -

% 106309871245

1a-DFIG:1: 0.255320663305
0.050 1b-DFIG:1: 0.209779340867
0.000 Ic-DFIG:1: 0.162621451677

0.950 1.000 1.050 1.100 1.150 1.200 1.250
(b) 1AAZHFHI_DFIG)
(b) A single line ground faults current(I_DFIG)

0.200
0.150
0.100

= b-Fualt = jc-Fuak

160 ———

1404 I_Fault
120
1.00 x 1.06997444733

laFualt1: 1.21339157798
0.80 Fualt1: :
i x 1.06397444739

la-Fualt:1: 1.21339157798
e Ib-Fualt:1: 5.04013338047¢-005
020 lc-Fualt1: 4.79233082072¢-005
0.00 =
0.950 1.000 1.050 1.100 1.150 1.200 1.250 1.300

(c) 14X ZHAF(1 Fault)
(c) A single line ground faults current(I Fault)
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 1.07012693632
IDGN:1: 0.614721372509 \

% 1.07012693632
IDGN:1: 0.614721372503

(d) 141X/2- 45 DGN)

(d) A single line ground faults current(I DGN)
[O3 18] Case 39| 1AAHAE
[Fig. 18] A single line ground faults current(Case 3)

17 189) AlEEold T =)o) oA 141A]=)

ATARE et ol EHT 4 Yk

(a) Ta CB4 - Ib CB4 - Ic CB4 =
973.09[A]-209.79[A]-162.82[A] = 600.48[A]

(b) 600.48[A] = I IDGN(614.72[A])

(¢) 1a.CB = Ib CB4 + Ic CB4 + I IDGN

(d) Ia_CB4 + Ia_DFIG = 973.09[A] + 255.92[A]

1229.01[A]

(¢) 1229.01[A] = Ia Fualt(1213.39[A])

() la_Fualt(1X1A]2} A&F)= Ia_CB4 + la_DFIG

A7) THE ) SAE 1Y 199 o] FAC
2 EAT 5 gtk 5 AR 121339A1: A2
TRAAL NZoz F&0| la CB4 AR} ©29| Ta DFIG
A5 Folth. la CB4 Fii g uAset Ay
o] AR 9 QAR %mE Aol ofslA TR AR

oln, Ia DFIG AF QA§WL719] 34 2 A %

ulEl o] ogh ATAHF W DFIGS] A4 %gs
 glek
d
A J
|
|
|
l
——————————————— jr.
WHEHHEA HHMZ  AHS T DFIG

[322! 19] Case 39] 14X AR HA
[Fig. 19] Analysis for a single line ground faults current
y g g
(Case 3)
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