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A Study on Fault Characteristics of DFIG in Distribution
Systems Based on the PSCAD/EMTDC
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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 3IMW]) 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.

e Key Words : distribution System, Distributed Generation (DG), DFIG, Protective devices, Protective
coordination, Symmetrical components, Over Current Relay (OCR), Over Current Ground Relay
(OCGR)
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3.1 HiHE HTA(Substation)

HlAg WAL Y-Yg-D AA9 FHre g4
AR %R A K 1, 20 28|A A e,
FRgE 9 20 vk 9 32 154kV A

[Table 1] Positive phase sequence % impedance Data

of Substation

2= olg|EHA _;'Sﬁgjl AMolf|HA

%R | %X |%ZS1 | MVA| %ZHM | %R | %X | %ZB1

013 | 1314 | 1.32 | 45 | 3549 |0.13 |36.80| 36.80

[Table 2] Negative phase sequence % impedance Data
of Substation

ZeD| mEA | NGR YmEA | @MelmEA
MVA %ZML %ZNGR x 3 %/2B0
45 14.867 34.323 49.190

[xfmr-3p3w] 3 Phase 3 Winding Transf... [

[source3] Three Phase Voltage So... [X]

+ve Sed. Inpedance [543 [ohm]
+ve Sed. Imp. Phase angle [84 35 [dea]

Herm.# where phase is same asfund. o

>
2

[Fig. 3] Model and internal value of 154kV power system
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3.2 1t U ME(Feeders)

gukz o 2 Wol AMRE 1 9l CNCV 325 A&
9} ACSR 160-9%5 7[5 &= H?zﬂﬁm wE ¥ 3 49
S o] &ato] ¥ 49} 5o YRHEE AR E )

[Table 3] % impedance Data of CNCV 325

= NS R(%/Km) iX(%/km)
AR | CNCV 325 1.7906 2.8451
QA= | CNCV 325 5.322 1.7353

[Table 4] % impedance Data of ACSR160—95

= NS R(%/Km) jX(%/km)
A4t | ACSRI60-95 3.47 7.46
@74t | ACSRI160-95 11.9 29.26

R — T a—
3 Phase Transrormer VA T
(5 TR e T —
winding #1 Type [+ =
inding #2 Typs |
wineing #3 Type [peta =]
Detta lags or leads ¥ [Lans 4|
Pos. seq. leakage reactance (#1-#2) CEE T
Pos. se0. eakage reactance (#1-#3) [oas3mer
Pos. seq. leakage reactance (#2-#3) [oosss pur
ideal Transformer Model es ~
R T
@ e a—
Tap changer on wincing None =
Graphics Display [Single tine (circlesy =]
Display Details? o -

oK cancer | Help |

[Fig. 2] Model and internal value of M.Tr

Rated Voltage L-L 225 (W]
VA for Al Phases. 100.0 MVA]
+ve Seq. Resistance 1.7906E-5 [p.um]
+ve Seq. Inductive Reactance 2 B451ES [p.un]
+ve Seq. Capacitive Reactance [reespumm
CMNCV325
500 [m1 0 Seq. Resistance 5.3222E.5 [pudm]
0 Seq. Inductive Reactance [17353E 8 paim)
SoUPLED eq 1.7353E-5 [pudm]
""" | | 0Seq. Capacitive Reactance 109E8 [p.u."m]
™ Pl T
SECTION
0K Cancel | Help ‘

[Fig. 4] Model and internal value of CNCV 325
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R20%e Data (PU) =
Rated Voltage L-L T —
1A for All Phases [ooomva
3.47E-5 [p.ujm]
7.46E-S[p.u./m]
ACSR160-95
= 4TES [p.u."m]
10000 [m]
11.99E-5 [p.u./m]
COUPLED 0529 nductive Reactance [zsespum
= VT 05eq. Capacilive Reactance [feseeporm
T P T
SECTION
Lo | cancet | reb.. |

[Fig. 5] Model and internal value of ACSR160—95
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[Fig. 7] Modeling of DFIG
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[Fig. 8] Model Distribution Network
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[Table 5] Simulation conditions

s = W
g WA 45[MVA]
A 71=A% 229[kV]
ACSR-160, A& 2[kml],
w2 ACSR-160, @414 5[kml,
ACSR-160, @#17 10[km]
44 &% DFIG, 1[MW]
GSC <t 0.350[kV]
b 0 ~ 05[s] —> Speed
= o - 0.5 ~8[s] —> Torque
& =
47 T 0 ~ 3[s] > 5[m/s]
3 ~ 8s] > 9m/s]
. 0 ~ 3[s] —> 0.07[pul
H &5
=H 4 3 ~ 8[s] > 0.41[pul
Case 1 A Z gk A
. HAMZ + Yg-a dAE
L oa Case 2 gl a7
AR + Yg-a AAE
Case 3 Welr] +
1IMW] S8 <A

4.2 Case 12| A|E2Q|0|M EM

ol Xév‘]'v‘i‘ %o]g]t—] = ]

ato 4 (7) (8) 9Jr ol

S [e] = =

SIVAT, 20DAT 223 1AASAFE 7S
Ik of gk &5 MBI gt A AAFS
% 4 gk

[Fig. 9] Simulation configuration of case 1

Zmlr —| ZL 1

’7 (0.13+36.80) (3.47+{7.46)x17
< In

[Fig. 10] Positive phase sequence component of equivalent

circuit(Case 1)

thr ZLI
(j49.19) (11.99+{29.26)x 17

{5
\_l

[Fig. 11] Negative phase sequence component of equivalent
circuit(Case 1)

100 100 100,000
Lo= X[ =
9%z T (173.97) \/_>< 22.9 @
=1449.07[A]
Lo= L, < 0.866 = 1449.07 X< 0.866 ®)
=1254.89[A]
300
[=—— " 7T
TG + (g ®
B 300 100,000
2(173.97) +(507.18) \/_>< 22.9
=812.08[A]

AINA, fg PFRRARIAL g 20TR(A] £
1A 2 AFIA] 7: z; AFA]

[Table 6] Simulation analysis(Primary feeder)

NS

OH

SXIGHAIA] EMTDCIA]

1444.69
1444.68
1444.67

et 1449.07

1286.54
1280.35
1280.35

1254.89

819.91
819.91
819.91

14072 812.08
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4.3 Case 22| AIET|0|M 2A
1IMWI]ell aigste Yg-adA8 8719 %lald

2 AR %7Z= 16%(1250kVA)=j480%(100MVA) el <] 3]
A 480[%1= A sksiEt. T1elal o ghe R |
gotar, 17 1291 o] BHlgste] @A l|lA AbaLs)
Ag skth WA 129 138 A %I agolH
3 %Y haE ZI-1397%] 2 W] fles &
SHATE W 28] 14 9 %I ol 2] sl

= 370.67[%]3} o] Axtet °l #he Case 19] 9%
%A H 2Rt 13651[%]%= BHes ¢ T
Atk A R G °/°1ﬁ1‘3*% ol-&ste] 4 (10)
(11) 223l (12)%F 2] 3, 2ddehd+,
AFAFE 7L 7 Aok & 63 Zo] AlE
AT & 5 dom 1A Fe] A5 G
2A044IA7Y 7t ST L O]‘?I’"E AAE W1 @
AR 9golm el A~ 3|27}
a1} FolE o, <
2} B0l 98 A Ao

4

o

HE§ =

[Fig. 12] Simulation configuration of case 2

thr - ZLl
(3.47+j7.46)x17

’7 (0.13+{36.80) AT+
(5

N
[Fig. 13] Positive phase sequence component of

equivalent circuit(Case 2)

Zmu Zi
(j49.19) (11.99+j29.26)x 17
L
[ Gaso) |

< An

[Fig. 14] Negative phase sequence component of
equivalent circuit(Case 2)

100 100 100,000

L= X = 10

%z (173.97) \/_x229 1o
=1449.07[A]

300

[ =—— X[

VT 2%Z) +(%g) an
_ 300 100,000

2(173.97) +(370.67) \/_>< 22.9

=1052.52[A]

L=k, < 0.866 = 1449.07 < 0.866 (12)
=1254.89[A]

[Table 7] Simulation analysis(Primary feeder +

Wye—grounded/Delta winding of interconnection

transformer)

ANDB= SRIHATA] EMTDCIA]
1444.69

3t 1449.07 1444.68
1444.65
1290.1

24 ket 1254.89 12955
1292.2
1102.81

1A= 1052.52 1102.54
1102.80

4.4 Case 32| A|E2|[0|M 2A

1[IMW] DFIG= 344 Agto] Abard Foll ks =)
HA o2 71A & 3 Ax AgS 7|22 DFIGY %
IEag e 5 gleh MW sgeks %elug
A %i(69%) 1 §480 = 000607 1 Xol elaA
485.6[%] 2 AHske] 17 159 WHsz e
Q@A -l Alarsal e 93k 198 162
o]} A %A= Zl=

178 A3 sl 03@% sselslei

[> no

il

&
o 2 (13, *4 (14 ai 21 (15)8} 2] 37/24¢
AF, 1AAFAFE 78 § Uk o] 2 F 89 Al
glo]d #ha Al dAgS U 5

Al A4719] A E gl %I d Ao A9l 7ol
AAE W7l 2 DFIGE %Yd ez 25 wjd Al 5ol
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[Fig. 15] Simulation configuration of case 3

Lt Zi1
(0.13+{36.80) (3.47+{7.46)x17

Z(r | | ZDFIG |
G480 | | G4ass.e) |
(=7
\_l

[Fig. 16] Positive phase sequence component of
equivalent circuit(Case 3)

Limtr Zi1
(j49.19) (11.99+{29.26)x17

er
(j480)

w1

[Fig. 17] Negative phase sequence component of

equivalent circuit(Case 3)

100 100 100,000

Lo= X1 = 1
%z, (148.56) \/_><229 ()
=1697.08[A]
Lg= L, < 0.866 = 1697.08 x 0.866 (14)
=1469.67[A]
300
[=—— ——X]
9 2%2)+(%g) (1)
B 300 100,000
2(148.56) +(370.67) fxzzg

=1132.62[A]

[Table 8] Simulation analysis(Distribution line + Wye—
grounded/Delta winding of interconnection
transformer +1 [MW] wind power)

Ans= R[GHATA] EMTDCIA]
1650.12
et 1697.08 1651.34
1654.23
1441.82
24deet 1469.67 1441.91
1442.24
1180.42
1942 1132.62 1181.12
1182.24

4.5 Case 39| 1Mx|2txz &M

Case 39) 49, 17 183} 2ol 14402 Aba w41
[_CB4, I DFIG, I_Fault, I IDGN9] Al
1AE AbARe] A
% ARl AT

i
=2 O = 2~
55 gt & 4 gk

= 219 199} 2,

[Fig. 18] Collection points of a single line ground faults

current(Case 3)

= 3-CB4 = |p-CB4 - jc-CB4

+ 1.06340691151
1a-CB4:1: 0.973037705642
1b-CB4:1: 0.209798419266
1c-CB4:1: 0.162623441644

0.900 0.950 1.000 1.050 1.100 1.150 1.200 1.250 1.300
(a) 1MX[EHZ(1_CB4)
(a) A single line ground faults current(l_CB4)
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= 3-DFIG = b-DFIG - |c-DFIG
0.450 —

0.400
0.350
0.300

0.250

W\ 106309871245

A 18DFIG:1: 0 255820663905
1b-DFIG1: 0 203779340867
1c:DFIGA1: 0162621451677

0200
0.150
0.100
0.050
0.000

0550 1.000 1.050 1.100 1150 1.200 1250

(b) 1MX[=HTR(I_DFIG)
(b) A single line ground faults current(I_DFIG)

= ja-Fualt = |b-Fualt - |c-Fuak
160 - -

1.40

120

1.00 ¥ 1.06997444733
larFualt1:1.21339157798
0.80 Ib-Fualt:1: 5.04013338047e-005

le-Fualt1: 4.79238082072¢-005

0.950 1.000 1.050 1.100 1.150 1.200 1.250 1.300
(c) 1MX2IFHF(_Fualt)

(c) A single line ground faults current(l_Fualt)

0.80

070

050 S

x 1.07012693632

0.50 IDGN:1: 0.614721372509
0.40

0.30

0.20

0.10

0.00

(d) 1MX[=HTR(I_IDGN)
(d) A single line ground faults current(I_IDGN)

[Fig. 19] A single line ground faults current of Case 3

(a) Ta_CB4 - Ih_.CB4 - Ic_CB4 =
973.09[A1-209.79[ Al-162.82[A] = 604.48[A]

(b) 604.48[A] = I_IDGN(614.48[A])

(¢) 1a_CB = Ib_.CB4 + Ic_CB4 + I_IDGN

(d) Ta_CB4 + Ia_DFIG = 973.09[A] + 209.79[A]

= 1182.88[A]
(e) 1182.88[A] = Ia_Fualt(1182.39[A])
(f) la_Fualt 1=t M7{)= Ia_CB4 + Ia_DFIG

4719 e 53] A T 203} o] FH

AR 118239Al& A=A

2 B F 9k F 14X
S VFo R 329 [a CB4 AR 9-=2] Ia_DFIG A
o] g _

=

7] otk [a CB4 Aie ma8Wdis) i iz
87t B G %de bzl oM FHEEE ARFol
™ & E ARE %
[e]

R O

Ll
9IRSl AR 3 DFIGS A4 %e
=

Sk ————

< > 2 X
la_Fualt: 1213.39[A] 106N 61448141 L L
[ EIES g v DFIG

lc_CB4: (Ib_CB4: 209.79[A]+ la_CB4 : 162.82[A]+IDGN : 614.48[A])
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[Fig. 20] Analysis for a single line ground faults
current(Case 3)
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[Table 9] Changing % impedance of Wye—grounded

/Delta winding of interconnection transformer

DFIG| #2!7] | 1a_CB4 | la_DFIG | la_Fault] I_IDGN
IMW]| 2mEA | [A] [A] [A] [A]
0.04[pul -
Oy | 1027.13 | 36769 | 135495 | 82140
0.06lpul| o700 | 95502 | 121315 | 61465
|| 480
0.08[pu] .
Goy | 9904 | 23737 | 112709 | 51009
0.1[pul .
Gy | 324 | 20497 | 107152 | 48581
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[Table 10] Parameter of wind power's capacity
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B |y [A] [A] [A] (Al
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1 1 972.99
2 2 1068.80

1132.64

146.57
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985.70
1244.79
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