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Analysis of Voltage and Power Factor in

Hangwon Wind Generation Farm

Se-Ho Kim',

Kyoung-Yun Na*

ABSTRACT

In recent years wind turbine technology has undergone the rapid development in response to the
demands for increased use of renewable sources of energy. Using wind turbines for production of electrical

energy requires reliable operation. The increased share of wind power in electrical 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 system. The grid-connected wind
power stations have many impacts on power systems such as voltage variations, harmonics. The paper
investigates the influences of grid-connected wind power generation system on substation bus voltage and

power factor
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Table 1 Voltage unbalance rate per date
(May 1th ~ May 18th) Unit @ %

datel 5,1 | 5,2 |5/31| 5/4 | 55 5/6|5/7]5/8
0. 3200. 263]0.199]0. 300]0. 314]0. 200]0. 211 0. 217
0. 233]0. 383]0. 200]0. 300]0. 308]0. 200]0. 260]0. 200
0, 306}0. 3000, 195]0. 3000. 283]0. 200}0. 2150, 200
0. 306]0. 300o. 223]0. 300]0. 310]0. 200f0. 212}0. 201
8~10 }0.300{0.305]0.205}0. 300]0. 285]0. 244]0. 260]0. 241
10~12 Jo.273]0.33]o. 198]0. 301 }0. 290]0. 262]0. 264]0. 274
12~14 |o. 2830, 3000. 206 Jo. 30710. 296{0. 299]0. 213]0. 248
14~16 [0.272}0. 261]0. 215]0. 293]0. 319]0. 399]0. 208]0. 251
16~18 [0.283]0, 236]0. 246]0. 274]0. 352]0. 342]0. 207]0. 288
18~20 [o.323}0. 234]0. 332]0. 339}0. 233J0. 265]0. 223]0. 372
20~22 0. 3780. 2770, 286]0. 376]0. 223]0. 283]0. 219]0. 387
22~24 |o. 419]0. 2280, 307]0. 370]0. 226]0. 230]0. 200f0. 341
average 0. 313}0. 286]0. 234{0. 313]0. 286{0. 260}0. 224]0. 268

date 5/9 |5/1215/13]|5/14}5/15]15/165/17|5/18

time
0~2 |o.319]0.300]0. 27710. 380{0. 253]0. 301 |0. 263]0. 256
2~4 0.306]0.300]0. 293}0. 329]0. 211 ]0. 233}0. 21910. 203
4~6 |o.215{0. 300]0. 367]0. 299]0. 259]0. 241 }0. 210]0. 200
6~8 [0.138§0.300}0. 369]0. 239]0. 218]0. 318)0. 298]0. 2H
8~10 0.224]0.300]0. 287]0. 268]0. 246]0. 261 0. 325{0. 252
10~12 0.298]0.302]0. 373]0. 29710. 326]0. 232]0. 304]0. 225
12~14 {0, 203]0. 27610. 313]0. 293}0. 260]0. 256 }0. 307{0. 207
14~16 {0.234]0. 312}0. 313]0. 268]0. 282]0. 221 §0. 358}0. 263
16~18 0.225]0. 268}0. 314]0. 289]0. 292]0. 216 0. 365}0. 267
18~20 [0.200]0. 291 |0. 346]0. 267]0. 292]0. 280]0. 299]0. 244
20~ 22 10.200]0. 276]0. 456]0. 291 10. 295]0. 261 ]0. 239}0. 246
22 ~24 10.200]0.283]0. 447]0. 298]0. 286]0. 323 0. 288]0. 269
average |0. 235|0. 292|0. 347 0. 293]0. 268]0. 262]0. 29510, 239
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Table 1 Voltage unbalance rate per date
(May 19th ~ May 31th) Unit @ %

date
time
0~2
2~4
4~6

5/1915/20|5/21 |5/2215/23]5/24|5/25(5/26

0. 230]0. 268)0. 225]0. 245]0. 323]0. 287]0. 251 |0. 20
0. 239)0. 20810, 202]0. 259}0. 238]0. Z70§0. 201 |0. 257
0. 198]0. 201 |0. 221 0. 301 §0. 337 0. 2550. 219]0. 199
6~8 ]0.226]0.249]0. 213}0. 2240. 229]0. 237]0. 234]0. 207
8~10 0. 274]0. 2590. 233]0. 234]0. 267 ]0. 285}0. 209{0. Z4
10~12 0. 345]0. 219]0. 310]0. 287]0. 242]0. 234]0. 261]0. 319
12~14 0. 390]0. 27340. 376]0. 275]0. 218]0. 306 ]0. 288]0. 331
14 ~16 }0.38010. 261 |0. 402]0. 287]0. 2400. 281 {0. 297]0. 291
16~18 ]0.340]0. 239]0. 347]0. 270]0. 256]0. 281 |0. 223{0. 221
18 ~20 0. 352]0. 235}0. 311 ]0. 275}0. 31210. 333]0. 24310 222
20~ 22 10.355]0. 329]0. 345]0. 23910. 441 ]0. 362|0. 267]0. 233

22 ~24 ]0.264]0.332§0. 304 ]0. 269]0. 336]0. 335]0. 249]0. 226
average 0. 30010. 257]0. 296]0. 264 0. 286]0. 299]0. 245]0. 251

date
time 5/2715/28]5/29]5/30 }5/31
0. 203]0. 279]0. 296]0. 253]0. 345

0~2
0. 196]0. 335]0. 233}0. 201 0. 368

2~4
0. 238]0. 340]0. 22310. 200]0. 235

4~6
0. 284]0. 32010. 221 |0. 249]0. 236

6~8

8~10 }0.272]0.327]0.276]0. 259}0. 310
10~12 |0.297]0.378]0. 27210. 286]0. 312
12~14 [0.277]0.342]0. 287]0. 286]0. 294
14 ~16 10.312}0. 366]0. 272]0. 249]0. 303,
16~18 §0.291]0. 378]0. 276]0. 265{0. 314
18~ 20 |0.313]0. 399}0. 287]0. 269]0. 334
20~22 |0.380}0. 426]0. 2760, 2980. 334
22 ~24 [0.369]0. 362]0. 284]0. 355}0. 286
average 0. 28710. 354]0. 26710. 264 0. 311
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Table 3 Voltage fluctuation data
(average each 10 minute)
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Fig. 6 Voltage fluctuation(May 5th)
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Table 4. Bus voltage data (average each 1 hour)

Aal Mol I HYFale] WAL £EHY & Unit @ V
271 oy Hd=d FJEYd HEHEAd
) date 5/3 5/7
(23.5kV ~ 22.4kv) 2} (23.8v ~ 22.7W)8& /A ‘1”00.00 TR 6108
3131 QE=AF YotRI] 23l 2¢(59 34, 5 01700 23260, 83 23247 57
o 7)ol cid BAEqte] dYniyE Fig. 74 02:00 23300. 21 23272.53
8of Uehidch Fig. 72 8ollA R upg} o) 03: 00 23367.6 2319268
04: 00 23353, 93 23200, 74
}o = T ' 2 =
AL A7l 549 34 22,780V ~ 23,430V, 5 0500 23326, 42 2317596
o 7Y 22,950V ~ 23,400VE FFHHUE & 06:00 23222.74 2325272
AHD g ¢ £ Qrh 07:00 23135.38 23198.29
08:00 23138, 94 2304546
09: 00 23226, 01 23116.88
10: 00 23180, 69 23085, 54
11:00 23325, 69 2312911
— vl 12:00 23164. 78 23211. 43
13:00 23106, 61 23178.78
14: 00 23119, 35 23240, 53
§§§§§§§§§§§§§§§§§§§:§§§g§§ 15:00 23140. 33 23121. 44
ST 1000 D o L
L38ZERRE2BR5ARBIRARES 528 17:00 23108, 29 23227.5
L EEEEEEEEEEEEEEEEEEREEET 1800 23113, 14 2310158
Fig. 7 Bus voltage of Pung-Ryuk D/L 19:90 Z3104, 92 23183, 51
(May 3th) 2000 23112.94 23113.93
Hay 21:00 23231 58 23159. 51
22:00 23181 46 23203, 36
23:00 23162, 23 23274.74
.
=
o — 2us vdllage
7
gc =8
283 AR
£5223838858322z2 1 3 33
po -4 X
BEEZZEERRERERELREERRE »
B L T
Fig. 8 Bus voltage of Pung-Ryuk D/L — e —— -
(May 7th)

Table 4oll= 54 3d 3} 54 78] 147 BF
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. 9 Bus voltage (May 3th)
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. 10 Bus voltage (May 7th)
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Table 6. Average power factor data
(May 1th ~ May 9th)

5/1 5/2 5/3

genera- § average | genera- |average| genera- |average
ting power ting power ting power
power | factor | power | factor | power | factor

(%) (%) (%) (%) (%) (%)

0 ~1 0~1]36.99]0~1 2.45
BE oyl UL FAE FEo| 90x o]ito] 1 ~2 1~2(8.43]1 ~2]17.03
He & o 71 drt 2~3] 961 |2~3}9.04]|2~3]9167
3 ~4]97.36 |3 ~4)]|94.40 |3 ~ 4] 97.85
4 ~5]96.23 |4 ~5]|9.22 |4 ~5]97.14
g 5/4 5/5 5/6
g > Seteee g KXy genera- | average | genera- |average| genera- |average
i ting pover ting power ting power
power | factor | power | factor | power | factor
O e N IO O RON O R0
0 ~1 0~1 4.91 0~1 2.44
Fig. 11. Characteristic of power Factor 1 ~ 2 1~2187.7% 1~ 21| 83.8
(May 2th) 2~3]9847 [2~3]9501[2~3]9.a
3~14] 9803 |3 ~4]|96.24 |3~ 4]297.98
4 ~ 5] 97.55 |4 ~5)]|98.48 |4 ~ 5] 98.02
5/7 5/8 5/9

COlOEIT05022250303% 042460505 C6C6607C8
TV P GO Or

Characteristic of power Factor
(May 3th)

Fig. 12.
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genera- | average | genera- |average| genera- |average

ting power ting power ting power

power | factor | power | factor | power | factor
(%) (%) (%) (%) (%) (%)
0~1121.84 |0~ 1| 7427 |0 ~ 1] 16.11
1 ~2]8.77 |1 ~2}85.44 |1 ~ 2} 79.83
2~3]1927 |2 ~3}19378]12~3]9.09
3 ~4]9593 |3 ~4]9645]|3 ~ 4] 93.33
4 ~65|97.22 |4 ~5]|97.44 |4 ~ 5| 9.7
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