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Influence of Grid-Connected Wind Power Generation System
on Bus Voltage

Se-Ho Kim*

ABSTRACT

In recent years wind turbine technology has undergone rapid development in response to the demands for

increased use of renewable sources of energy. Using a wind turbines for production of electrical energy require

reliable operation. The increased share of wind power in electric power system makes it necessary to have

grid-friendly interfaces between the wind turbines and the grid in order to maintain power quality. Increasingly

wind turbines are being connected into electricity distribution systems. The grid-connected wind power stations

have many impacts on the power system such as voltage variations, harmonics. flickers and protection. This

paper shows the influence of grid-connected wind power generation system on bus voltage. As shown in this

paper, it is necessary to develop measurement program and system in order to analysis and ensure the proper

operation of grid-connected wind power generation system.

Key Words : Grid-connected Wind Power generation System. Power Quality. Bus Voltage
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Table 1. Standard voltage and permission error

standard voltage permission error
110V 110+ 6V
220V 220 £ 13V
380V 380 + 38V
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(b) In case of Manjang D/L

One-line diagram of wind power.

Table 2. Load data in Sungsan substation(kW)

Songdang Manjang
Load | #1 Mtr D/L #2 Mtr D/L
Max. | 21.000 8.944 20.200 9,879
Aver.| 17,000 3.738 16.800 4.145
Min. | 13,500 2.950 13.000 3.200
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Table 3. Voltage data(Songdang D/L) unit: V
. custo- | custo-
category time
mer 1 | mer 2
daytime 06:00-19:59 218.3 | 2195
nighttime 20:00-21:59 2185 | 219.7
dead of 22:00-05:50 2193 | 205
night
a.m. 00:00-11:59 219.0 | 2204
p.m. 12:00-23:59 218.7 { 2198
average 2189 | 2201
maximum | 5/02/03:47 1 5/02/04:30| 224.6 | 224.8
4/30/09:23
minimum | 4/30/09:24 | 4/30/09:30] 212.0 | 2150
4/30/09:25
Table 4. Voltage data(Manjang D/L) unit: V
category time custo™ | custo-
mer | | mer 2
daytime 06:00-19:58 219.2 | 220.1
nighttime 20:00-21:59 217.2 | 2188
dead of 22:00-05:59 2180 | 2192
night
a.m. 00:00-11:59 219.0 | 220.1
p.m. 12:00-23:59 219.0 | 220.0
average 219.0 | 220.0
. 4/24712:38 p -
maximum 4/24/12:39 4/26/12:301 2285 | 227.7
minimum | 5/01/00:42 |5/02/20:00( 208.2 | 211.4
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Table 5. Bus voltage(0% wind power generation)
unit: pu

Bus
load

max. [0.9558 [ 0.8631|0.8115]0.9545 0.7960 [ 0.7144
ave. [09720]0.9372[0.9117{0.9715]0.8959 | 0.8577
min. [0.98230.9567] 0.9390 | 0.9822 | 0.9419 | 0.9216

Busl | Bus2 | Bus3 | Bus4 | Bus5 | Bus6

Table 6. Bus voltage(100% wind power generation)
unit: pu

Bus
load

max | 0.96070.8868 | 0.8507 0.9603 ] 0.8384 | 0.7859
ave 10.9736{0.9519[0.9388[0.9735]0.9205] 0.9031
min ] 0.9832]0.9695] 0.9636) 0.9830 0.9617 | 0.9599

Busl | Bus2 | Bus3 | Bus4 | BusS | Bus6
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Table 7. Bus voltage(75% wind power generation)
unit: pu

Bus Busl | Bus2 | Bus3 | Bus4 | Busd | Busb
load

max [0.9600]0.8822| 0.8429 | 0.9595| 0.8307 0.7725
ave (0.9735[0.9490]0.9332]0.9733 | 0.9157 | 0.8938
min }0.983210.9670]0.9586 | 0.9831 | 0.9577] 0.9519

Table 8. Bus voltage(50% wind power generation)
unit: pu

Busi pust | Bus2 | Bus3 | Bust | Bus3 | Busb
load

max  [0.9589 |0.8768 0.8339 [0.9583 [0.8213 |0.7565
ave [0.9732 10.9456 10.9269 [0.9729 |0.9100 |0.8832
min  [0.9831 [0.9641 [0.9528 |0.9829 [0.9531 |0.9429

Table 9. Bus voltage(30% wind power generation)
unit: pu

Bus
load

max |0.9579]0.87190.8257 | 0.9570 | 0.8124 | 0.7416
ave |0.97280.9425]0.9212[0.9725|0.9048 0.8727
min  |0.9829]0.917410.9476 [ 0.9827 | 0.9490 0.9349

Busl | Bus? | Bus3 | Bus4 | Bus3 | Bus6
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Table 10. Bus voltage Variation unit: pu

Bus bus voltage variation
load o, 100% | 75% | 0% |30% -
~75% | -50% | -30% | 0%

Busl | 0.0007 | 0.0011 | 0.0010 | 0.0021
Bus2 | 0.0046 | 0.0054 | 0.0048 | 0.0089
Bus3 | 0.0078 | 0.0090 | 0.0082 | 0.0142
Bus4 | 0.0008 | 0.0012 | 0.0013 | 0.0025
Bus3 | 0.0077 | 0.0094 | 0.0089 | 0.0164
Bus6 | 0.0134 | 0.0160 | 0.0149 | 0.0272
Busl | 0.0001 | 0.0003 | 0.0004 | 0.0008
Bus2 | 0.0029 | 0.0034 | 0.0031 | 0.0053
Bus3 | 0.0056 | 0.0063 | 0.0057 | 0.0095
Bus4 | 0.0002 | 0.0004 | 0.0004 | 0.0010
Bus3 | 0.0048 | 0.0057 | 0.0052 | 0.0089
Bus6 | 0.0093 | 0.0106 | 0.0095 | 0.0160
Busl | 0.0000 | 0.0001 | 0.0002 | 0.0006
Bus2 | 0.0025 | 0.0029 | 0.0027 | 0.0047
Bus3 | 0.0050 | 0.0058 | 0.0052 | 0.0086
Bus4 | 0.0001 | 0.0002 | 0.0002 | 0.0005
Bus3 { 0.0040 [ 0.0046 | 0.0041 | 0.0071
Bus6 | 0.0080 | 0.0090 | 0.0080 | 0.0133
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Table 11. Incoming power of substation
wi W
load genn(ir: gogr P{KW] | Q[KVar]
100% 36,953 24,120
75% 38,563 24,425
maximum 50% 40.239 24,895
30% 41,635 25405
0% 43.838 26,443
100% 28,447 17,949
75% 29.876 17,946
average 50% 31.339 18,042
30% 32.534 18,192
0% 34,374 18,351
100% 20,414 13.441
75% 21,793 13,349
minimum 50% 23,199 13,340
30% 24,344 13,395
0% 26,098 13.585
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Table 12. System loss
load wind PLLKW] | QulKVar]
power
100% 1.430 5.254
5% 1,655 5.636
max 50% 1,948 6,194
30% 2238 6.784
0% 2,793 7.962
100% 265 2.194
75% 306 2.238
ave 50% 381 2385
30% 468 2.581
0% 645 3.015
100% 107 1.219
75% 97 1.157
min 50% 114 1.182
30% 149 1.267
0% 238 1,508
Table 13. Percent voltage drop unit: %
load wind | Busl-) | Bus2-> | Busd-> | BusS-)
power | Bus2 Bus3 Busb Bus6
10% | 7.39 3.61 12.19 5.25
75% 7.77 3.93 12.88 5.82
max | 50% 8.21 429 13.70 6.48
30% 8.60 4.62 14.46 7.08
0% 9.27 516 15.84 8.17
100% | 2.18 131 5.29 1.75
75% 245 1.58 5.76 2.19
ave | 50% 2.76 1.88 6.29 2.68
30% 3.03 2.13 6.76 311
0% 3.48 2.55 7.56 382
100% | 136 0.59 2.13 0.18
75% 1.62 0.85 2.53 0.58
min | 50% 1.90 1.13 2.98 1.03
30% 2.15 1.37 3.37 1.40
0% 2.56 1.76 4.03 2.02
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