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SUMMARY

The use of the wind energy resource is a rapidly growing area
world-wide. The number of installed units is continuously increasing, and
therefore, it is important to respect and to deal with the impact of wind
power generation system. From the view of an electric grid utility, there
1S a major problem with the impact of the wind system on the voltage of
the electric grid, to which a turbine is connected. The problem is rather
common in the connection of a wind power system to an already existing
grid, since the grid is very seldom designed for the transmission of
additional power. In this paper, it is investigated the voltage impact on
distribution line, with which wind power generation system is connected.

Connections of wind power system usually occur to voltage drop due to
reactive power absorption and sometime result in higher than nominal

voltages which may be above the limit in case of light load.
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Table 1o HHd9 FHFol WE Az dVd2E Yepglh

Table 1 Line impedance

_ Positive sequence impedance Zero sequence impedance
vection R(Q/m) X(Q/m) R(Q/m) X(Q/m)
ACSR 160 0.2024 0.3891 0.3350 1.1847
ACSR 95 0.4043 0.4845 0.5176 1.1889
ACSR 58 0.6959 0.5144 0.8112 1.4148
ACSR 32 1.2302 0.5212 1.1495 1.6277
CNCV 325 0.0751 0.1245 0.2343 0.0819
CNCV 60 0.3874 0.1632 1.1340 0.3553
OCW 100 0.1767 0.4269 0.5687 1.3900
OCW 50 0.3009 0.4468 0.6705 1.3973
OCW 38 0.4835 0.4688 0.8950 1.4298

o

AAEE ZFHA7] 2de NEG MICONAFS] AMH 500L6I. BAH
15IMW] RS Algsilon S7FRde Fig. 7, 27 AL%L Table 29

ERA AT

—{  —. .

R1 X1 X2 Rls

N Rfe Xh

Fig. 7 Induction generator model
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Table 2 Generator parameters

Rated power output 1.5[MW]
Voltage 690[V]
Number of poles 6
Power factor 0.9
Stator resistance(R1) 0.0012 [Q]
Stator leakage reactance(X1) 0.0302 [Q]
Magnetizing reactance(Xh) 0.8730 [Q]
Rotor reactance(X'2) 0.0198 [Q]
Rotor resistance(R'2/s) 0.0026 [Q]
Magnetizing resistance(Rfe) 352 [Q]

2. Hddd #EEy

D 7 kA1 9]

el A &7kl e Abs S = 207 ~ 233[V] ol AW, F4R
U7IZHE FE7 el |27 7A] FESh7], AU 2 AN AgAst
7F BASHA ww AstidetE aefd FANMYr] 12 Ak 18 E Table
3ol dEr AT mjd A e Zh g Rbel AAEo] Q= SIS ke =
Adst7t 5[%] olske] Aol M= 5[%]e] WMAH =, 5[%] 23 A FlA=
10[%]e] Wetnl & Abg3t

Table 3 Permission range of high tension side in transformer (unit : p.u)
Section Heavy load Light load

. 5[%] Tap 0.9784 0.9385
Minimum voltage

10[%] Tap 0.9339 0.8958

. 5[%] Tap 1.0513 1.0314
Maximum voltage

10[%] Tap 1.0036 0.9845
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GIMWD S SH3HI0IMWD = F-&38te] Fig. 8o YeElWlew Table 40l
AdazlE depdid dAgdsts A2 oA s AsA s e
Az greke] tis] AgAstE Atstdlom ARsA] 4.3(%), T34 8.9(%)

o Aebaetrh M Ak Aghdstel Y@ e gedt 2

(8)

o8 \\ —m—Light load
. -‘.\.\‘ \ —aA—Heavy load
96

100 101 102 103 104 105 106 107 108 109 110 111 12 113 114
Bus no.

Fig. 8 Distribution line voltage without wind power generation system
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Table 4 Distribution line voltage without wind power generation system

Heavy load(p.u)

1.0393

1.036
1.0258

1.012

0.996
0.9901
0.9781
0.9715
0.9665
0.9599

0.956
0.9529
0.9507
0.9495
0.9463

Light load(p.u)

0.9738
0.9724
0.9678
0.9616
0.9544
0.9518
0.9464
0.943
0.9407
0.9378
0.936
0.9344
0.9334
0.9329
0.9315

Distance(km)

0.45
1.9

6.65
7.65
9.75
11.15

124

13.9

156
17.05

182
19.55

25.6

Bus no.

100
101
102
103
104
105
106
107
108
109
110
111

112

113
114
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0.94
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100

: beginning line connection, light load

(a) Casel
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98

Voltage[p.u
o

—e— before
—>—1.5MW
—a—2MW
——2.5MW
—*—3MW

0.94 | 3
0.2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
100 101 102 103 104 105 106 107 108 109 110 111 112 113 114
Bus no.
(b) Case2 : beginning line connection, heavy load
1.04
1.02 |
L
E} —e—before
2 ——1.5MW
“Sju 0.98 —a 2MW
s ——2.5MW
> —x— 3MW
0.96
0.94
002 ‘ ‘ ‘ ; ; ; ; ‘ ‘ % =t |
100 101 102 108 104 105 106 107 108 109 110 111 112 113 114
Bus no.

(c) Case3 : middle line connection, light load

.98

Voltage[p.u
=)

—e—before
—>—1.5MW
—a—2MW
——2.5MW
—*—3MW

103 104 105 106 107 108 109
Bus no.

100 101 102

110

111

112

113

114

(d) Case4 : middle line connection, heavy load
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1.04

—e— before

3
2 ——1.5MW
“3}098 —— 2MW
= ——2.5MW
> —*— 3MW
0.96
0.94
0.92 ‘ ‘ ‘ ‘ ‘ ‘ ‘
100 101 102 108 104 105 106 107 108 109 110 111 112 113 114
Bus no.
(e) Caseb : end line connection, light load
1.04
1.02
1
B —e— before
2 —<—1.5MW
%o.gs ——2MW
5 ——2.5MW
> —— 3MW
0.96
0.94
0.92 ‘ ‘ ‘ ‘ ‘ ‘ ‘
100 101 102 108 104 105 106 107 108 109 110 111 112 113 114
Bus no.

(f) Caseb : end line connection, heavy load

Fig. 9 Distribution line voltage according to connection capacity
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Table 5 Voltage regulation

(a) connection capacity : 1.5[MW] (- : voltage down, +: voltage rise)
Section Voltage(p.u) Regulation(%)
Load CO%%?EEOH WG Beginning End Beginning End
o Before 0.9738 0.9315
Beginning -0.4108 -0.4616
After 0.9698 0.9272
) ) Before 0.9738 0.9315
Light Middle -0.3800 -0.4831
After 0.9701 0.927
Before 0.9738 0.9315
End -0.38300 -0.3650
After 0.9701 0.9281
o Before 1.0393 0.9463
Beginning -0.3464 -0.4333
After 1.0357 0.9422
. Before 1.0393 0.9463
Heavy Middle -0.2502 -0.3276
After 1.0367 0.9432
Before 1.0393 0.9463
End -0.2405 -0.1479
After 1.0368 0.9449
(b) connection capacity : 2[MW] (- : voltage down, +: voltage rise)
Section Voltage(p.u) Regulation(%)
Load Conne_zctlon WG Beginning End Beginning End
point
o Before 0.9738 0.9315
Beginning -0.6161 -0.6870
After 0.9678 0.9251
) ) Before 0.9738 0.9315
Light Middle -0.5545 -0.7622
After 0.9684 0.9244
Before 0.9738 0.9315
End -0.5545 -0.6333
After 0.9684 0.9256
o Before 1.0393 0.9463
Beginning -0.5580 -0.6868
After 1.0335 0.9398
] Before 1.0393 0.9463
Heavy Middle -0.4041 -0.6129
After 1.0351 0.9405
Before 1.0393 0.9463
End -0.3848 -0.4015
After 1.0353 0.9425
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(c) connection capacity : 2.5[MW] (- : voltage down, +: voltage rise)

Section Voltage(p.u) Regulation(%)
Load Corﬁl)r(l)(ieg?on WG Beginning End Beginning End
o Before 0.9738 0.9315
Beginning -0.7291 -0.8051
After 0.9667 0.924
) ] Before 0.9738 0.9315
Light Middle -0.6674 -0.8695
After 0.9673 0.9234
Before 0.9738 0.9315
End -0.6777 -0.6977
After 0.9672 0.925
o Before 1.0393 0.9463
Beginning -0.6350 -0.7819
After 1.0327 0.9389
) Before 1.0393 0.9463
Heavy Middle -0.4714 -0.6446
After 1.0344 0.9402
Before 1.0393 0.9463
End -0.4618 -0.3804
After 1.0345 0.9427
(d) connection capacity : 3[MW] (= : voltage down, +: voltage rise)
Section Voltage(p.u) Regulation(%)
Load CO%%?EFOH WG Beginning End Beginning End
o Before 0.9738 0.9315
Beginning -0.8626 -0.9554
After 0.9654 0.9226
) . Before 0.9738 0.9315
Light Middle -0.8215 -1.0735
After 0.9658 0.9215
Before 0.9738 0.9315
End -0.8421 -0.9018
After 0.9656 0.9231
o Before 1.0393 0.9463
Beginning -0.7313 -0.8982
After 1.0317 0.9378
. Before 1.0393 0.9463
Heavy Middle -0.5773 -0.7714
After 1.0333 0.939
Before 1.0393 0.9463
End -0.5677 -0.4967
After 1.0334 0.9416
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Table 6 Voltage drop

(a) connection capacity : 1.5[MW]
Section Voltage(p.u)
. Voltage drop(%)
Load Connection WG Beginning End orage cropire
point
o Before 0.9738 0.9315 4.3438
Beginning
After 0.9698 0.9272 4.3927
) ) Before 0.9738 0.9315 4.3438
Light Middle
After 0.9701 0.927 4.4428
End Before 0.9738 0.9315 4.3438
" After 0.9701 0.9281 43295
o Before 1.0393 0.9463 8.9483
Beginning
After 1.0357 0.9422 9.0277
) Before 1.0393 0.9463 8.9483
Heavy Middle
After 1.0367 0.9432 9.0190
End Before 1.0393 0.9463 8.9483
" After 1.0368 0.9449 8.8638
(b) connection capacity : 2[MW]
Section Voltage(p.u)
: Voltage drop(%s)
Load Connection WG Beginning End & DR
point
o Before 0.9738 0.9315 4.3438
Beginning
After 0.9654 0.9226 4.4121
) ) Before 0.9738 0.9315 4.3438
Light Middle
After 0.9658 0.9215 4.5436
End Before 0.9738 0.9315 4.3438
" After 0.9656 0.9231 4.4197
o Before 1.0393 0.9463 8.9483
Beginning
After 1.0317 0.9378 9.0663
) Before 1.0393 0.9463 8.9483
Heavy Middle
After 1.0333 0.939 9.1392
End Before 1.0393 0.9463 8.9483
n
After 1.0334 0.9416 8.9636
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(c) connection capacity : 2.5[MW]
Section Voltage(p.u)
- Volt drop(%)
Load Connection WG Beginning End orase droptre
point
o Before 0.9738 0.9315 4.3438
Beginning
After 0.9654 0.9226 4.4170
) ) Before 0.9738 0.9315 4.3438
Light Middle
After 0.9658 0.9215 45384
End Before 0.9738 0.9315 4.3438
" After 0.9656 0.9231 4.3631
o Before 1.0393 0.9463 8.9483
Beginning
After 1.0317 0.9378 9.0829
) Before 1.0393 0.9463 8.9483
Heavy Middle
After 1.0333 0.939 9.1067
End Before 1.0393 0.9463 8.9483
& After 1.0334 0.9416 8.8738
(d) connection capacity : 3[MW]
Section Voltage(p.u)
: Voltage drop(%)
Load Connection WG Beginning End otage ropiro
point
o Before 0.9738 0.9315 4.3438
Beginning
After 0.9654 0.9226 4.4334
. . Before 0.9738 0.9315 4.3438
Light Middle
After 0.9658 0.9215 4.5869
End Before 0.9738 0.9315 4.3438
B After 0.9656 0.9231 44014
o Before 1.0393 0.9463 8.9483
Beginning
After 1.0317 0.9378 9.1015
) Before 1.0393 0.9463 8.9483
Heavy Middle
After 1.0333 0.939 9.1261
End Before 1.0393 0.9463 8.9483
n
After 1.0334 0.9416 8.8833
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Table 7 Voltage drop of connection line and neighboring line

) Voltage(p.u) | Voltage(p.u) | Voltage drop(%)
Section .
Beginning End End
Light Before 0.9738 0.9314 4.3541
Connection | load After 0.966 0.9235 4.3996
line Heavy Before 1.0393 0.9465 8.9291
load After 1.0343 0.9426 8.8659
Light Before 0.9697 0.9272 4.3828
Neighboring| load After 0.9619 0.919 4.4599
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Fig. 11 B line voltage
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Table 8 Critical clearing time according to distribution line’s fault location

Fault location @ @ ® @ ®
CCT 49ms 46ms 45ms 56ms 73ms
| | - § 4 = ‘
Big {.} 5 é — é é
CB or RI'G g R/ ‘
"Hrl'r'\h"l
T ok
Wind
Farm

Fig. 12 Distribution line connected to wind power generation system

Fig. 12014} zEo] 3MW]e] F=HTHA|"o] M2Fite] AAYHE 4§
AR AR @AM AbarE BAskE F5-o Ag9ES Fig. 139 Fig.
14l Ao JAANAANLTLE A © ALl 4% 73[ms] o], AAA]

4 Abae] A9 4slslE QAR Abgk B AEet

-0.1000 0519 1.1370 1.7556 2.3741 Is] 2.9926

Fig. 13 Waveform during wind farm 's 3-phase fault
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Fig. 14 Waveform during distribution-line’s 3-phase fault
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Fig. 15 Voltage waveform after recloser trip
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Fig. 16 Voltage waveform after wind power generation trip(80[ms])
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Fig. 17 Voltage waveform after wind power generation trip(150[ms])
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