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Bus Voltage & Harmonic Analysis of Sung—San Substation
Connected to the 10MW Hangwon Wind Generation Farm

Se-Ho Kim* + Kyoung-Yun Nax

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 in

Hang-won, Jeju.
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Table 1. Power quality element of IEEE

classification duration magnitude
<Short term>
1. Instantaneous
Sag 05-30 cycles 0.1-09 pu
Swell 05-30 cycles 1.1-1.8 pu
2. Momentary
Interruption 05 cycles - 3s < 0.1 pu
Sag 30 cycles - 3s | 0.1-09 pu
Swell 30 cveles - 3s | 11-14 pu
3. Temporary
Interruption 3s - 1 min < 0.1 pu
Sag 3s - 1 min 0.1-09 pu
Swell 3s - 1 min 1.1-1.2 pu
<Long Term>
Outage > 1 min 0.0 pu
Under Voltage > 1 min 0.8-09 pu
Over Voltage > 1 min 1.1-1.2 pu
Harmonic steady state 0-20%
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Table 2. Domestic(KEPCO) voltage standard
Harmonic Voltage
Standard | THD(%) | Standard Bound
66kV below 30 2kV | 2%V -1% ~ 4%

Table 3. Harmonic standard in Japan

Standarg

Fxira
HghVol | 20 25| 15| 15| 15| 10} 10 05| 0 | 30
Network
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Table 4. Harmonic standard of IEEE 519

Degree
Voltage TI’ID Even Odd
harmonic harmonic
33 kV 3.0% 2.0% 1.0%
I, Atz
31. UM AS
154KV 154KV
Han—Sung Buk—-Sung
T/

#2MTr Q #1MT¢
154/ 154/
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Fig. 1. Hankyoung Substation Network

Zedury

X

-2 (V)

157]9) EdagHA Aoz FAF PP Teiara
e & &% I0MWEA 3% 246kmo] HEA:
(9 DL Aadddie Ao} glony A

a9 AFEE Fig 19 EA8HEr TEdddz
7h AL 2o At vAe dgs v 9

AL e F

o g4 $9 D13} o2 ¥ey] Wa
of &3 Rt AF DALY AFHel T oo} AS
& AR 89 Y% doleld A5G, A

H] A

2= (P AriH A POM(Power  Quality
Monitoring) &} 2.4 H]°]E1 HES AT M2 A
e 522 AAsY

32.1. é *HIOIEP

f‘E

AE2HAA AT dlo]

EE o83t Hste]l AR {FAHEA nzH
HP&o] HAGA sl EMstden 296GY 8
d, 59 199Dl Ui FHndFE P mAAde] A
H3td S Fig. 29 39 HASAT} Fig. 29 304
B wpeh o] el Aavle M AE 35
3 oglen Agwisrl 948 32 ULTC7E 5 &
gl sFetn ULTCS 4 AIZHE Table 59 v
Bl 22 2 Agwst A3
Arietye FHW A7 F2o] WFse o'?‘o'“T: 3
HYHEA 7L Al ZdellM o] debdgel Astct

v AE ¢ 5 Ak
9 D/LE A2 o dlojele] Aztoid H, Hd,
{4 AYE Table 63 7 JehiAt Fig 49 5
oAl ARRFE Wt dlolElrt g aYEzz FdHy
o] gt}
:.-:!.;..a.."..,.,___
]

]
-
[ ]
aan
i
I
[ ]
[ ]
]
Sin
[
""uu!u"u::aini ;
R THH T !
Fig. 2. Wind generation power and bus voltage

(May 8th)



1OMW 19l ZWHCIX|Q} AHE MAHKMAl DMFet ¥ DxI FY
Table 6. Voltage per time in Pungryok D/L
(May 8th) (Uni¢ : V)
Time Average Max. Min.
0~1 2325865 23320 23210
1~2 2324776 23310 23180
2~3 23216.08 23380 23050
3~4 23154.35 23220 23080
4~5 2310617 23140 23080
5~6 2311563 23150 23080
6~7 23100.21 23140 23060
7~8 23091.67 23140 23010
8~9 23246.15 23350 22050
9~10 23128.89 23190 23040
10~11 23069.19 23330 22940
- - . 11~12 | 2319086 | 23370 23010
= e o 12~13 | 2314349 23200 23060
- " RS % 13~14 23151.99 23220 23080
= -
=F = 14~15 | 23268 | 2320 | 2180
— THH 15~16 | 2327635 | 23310 2240
et 16~17 | 2330492 23340 23200
Fig. 3. Wind generation power and bus voltage 17~18 23204.92 220 23160
(May 19th) 18~19 23143.67 23270 23000
o o 19-20 | 2307642 | 2360 | 22930
Table 5. ULTC operation time ' 0~91 308061 23190 229650
date operation D/L N~z | o3 | 2810 | 23060
May 8th 02:33:05 Pungryok D/L
08:05:14 Pungryok D/L 23~24 23153.26 23370 22930
09:00:30 Sinpung D/L
10:48:23 Pungryok D/L _
11‘33% I_)Llngr.yok D/Il ; BUD| WU MU EY
19:36:20 Pungryok D/L
19:51:25 Pungryok D/L
22:39:13 Pungryok D/L
23:00:09 Sinpung D/L
23:44:39 Pungryok D/L
May 19th 02:05:11 Pungryok D/L J
225 Sinpung D/L . :
06:01:30 Pungryok D/L Fig. 4. Bus voltage per time in Pungryok D/L
062442 Sinpung D/L (May 8th)
08:46:59 Pungryok D/L
09:02:28 Sinpung D/L
13:01:01 Pungrvok D/L
14:25:04 Pungryok D/L
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Table 7. Voltage per time in Pungryok D/L Table 8. Harmonic per time in Pungryok D/L
(May 19th) (Unit : V) (May 8th) (Unit @ %)
Time Average Max. Min. Time Average Max. Min.
0~1 23212.69 23320 23080 0~1 1.543125 1.82 1.3
1~2 23276.93 23340 23200 1-2 1.486319 171 1.33
2~3 23131.68 23370 23040 2~3 1.523250 1.75 1.36
3~4 23154.04 23250 23090 3~4 1.467806 1.69 1.25
4~5 23094.53 23170 23020 4~5 1.540958 1.77 1.32
5~6 2302758 23090 22970 5~6 1.542514 1.73 1.36
6~7 2319761 23280 22050 6~7 1.611306 1.82 1.41
7~8 23151.04 23210 23070 7~8 1.563208 1.76 1.36
8~9 2313971 23290 22960 8~9 1.56255%6 1.78 1.41
9~10 23126.32 23390 23020 9~10 1.6224083 1.81 1.4
10~11 23086.89 23130 23050 10~11 1.586500 1.80 1.38
11~12 2312275 23220 23060 11~12 1.464236 1.63 1.33
12~13 23193.10 23280 23000 12~13 1.514069 1.72 1.37
13~14 2319825 23300 22940 13~14 1.570861 1.75 1.42
14~15 23198.04 23380 23030 14~15 1.501514 1.76 1.29
15~16 23098.85 23180 23010 15~16 1.469111 1.80 1.28
16~17 23148.28 23260 23040 16~17 1.643500 1.88 1.4
17~18 23187.56 23210 23110 17~18 1.478750 1.76 1.24
18~19 23182.34 23250 23090 18~19 1.487844 1.74 1.31
19~20 23129.38 23220 23020 19~20 1.466028 1.73 1.27
20~21 2315753 23210 23070 20~21 1.462556 2.19 1.25
21~22 2320796 23260 23160 21~22 1.506667 1.81 1.31
22~23 2323951 23330 23160 22~23 1.4771% 1.74 1.28
23~24 23261.08 23340 23190 23~24 1.441969 1.70 1.1
23100 I

Fig. 5. Bus voltage per time in Pungryok D/L
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Fig. 6. Harmonic graph per time in Pungryok D/L
(May 8th)

Table 9. Harmonic per section in Pungryok D/L

(May 8th)
. % measurement rate
Bound meas:;ement {measurement No.
T / Sample No.)
1.5% below 6913 40.03823
15~2.0% 10352 59.95598
2.0~25% 1 0.006792
25~3.0% 0 0
3.0% over 0 0
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PP— Table 11. Harmonic per section in Pungryok D/L
(May 19th)
% measurement rate
Bound measgroemnt (measurement No.
L T / Sample No.)
15% below | 13682 79.17824
1.5~2.0% 3R 20.82176
Fig. 7. Harmonic graph per section in Pungryok 720~25% 0 0
D/L(May 8th) 25~3.0% 0 0
Table 10. Harmonic per time in Pungrvok D/L 30% over 0 0
(May 19th) (Unit : %)
Time Average Max. Min, pp——
0~1 1.298833 1.50 117
1~2 1.298236 1.46 117
2~3 1.290683 145 1.14
3~4 1.254486 1.49 1.09 Setl
4~5 1.402306 163 107
5~6 1.414681 166 1.12
6~7 1334569 154 18 Fig. 9. Harmonic graph per section in Pungryok
7-8 1411819 1.70 118 D/LMay 13th)
8~9 1.317736 1.80 1.07
910 1376319 162 116 Table 12. Harmonic per time in Sinpung D/L
10~11 | 138847 169 112 (May 8th) (Unit : %)
1~12 | 1347542 161 113 Time Average Max. Min.
12~13 | 1.25144 1.68 1.09 0~1 1435278 1.89 116
13~14 | 1.340222 1.73 110 1~2 1440000 1.84 118
14~15 | 1330778 1.54 110 2~3 1.564944 201 1.2
15~16 | 1.234861 1.49 110 3~4 1445917 L85 1.22
16~17 | 1226569 1.41 112 4~5 1480681 204 1.29
17~18 | 1316222 159 1.09 56 1.538875 1.9 131
18~19 | 1372539 1.6 113 6~7 1641472 1.9 1.35
19~20 | 13519% 1.57 118 78 1.550486 1.80 135
20~21 | 158236l 1.89 1.20 8~9 1514333 169 135
21~22 | 1637819 1.5 1.39 9~10 1488639 168 1.2
293 1583250 1.87 1.34 1011 1.450958 159 1.27
273~24 1594125 1.80 1.36 11~12 1.404847 156 1.28
12~13 1.422000 183 1.24
13~14 1429431 187 1.2
T ' 14~15 1.481861 193 1.27
: s R G ‘ 15~16 1666833 206 142
' 16~17 1.569889 204 135
17~18 1.614139 201 142
18~19 1583421 197 1.36
- 19~20 1.621708 203 1.38
Fig. 8. Harmonic graph per time in Pungryvok EONEL 1'3679‘:31 L9 136
D/L(Mav 19th) 21~22 1629431 201 140
’ 2~23 1631931 2.06 1.30
23~24 1453883 167 1.25
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Table 13. Harmonic per time in Sinpung D/L Y
(May 8th) (Unit : %)
Time Average Max. Min.
0~1 1.272264 1.76 1.06
1~2 1.239708 1.63 1.08
2~3 1.332347 1.5 1.4
3~4 1.294306 1.49 1.09
4~5 1.415250 2.00 1.17 ) i L
56 1516056 203 118 Fig. 11. Harmonic graph per section in Sinpung
6~7 | 13236 1.83 LU DLtMay 8th)
7-8 1366528 173 114 ,
8~9 1.483708 2.09 1.18 dEOLRE SRR RE ‘
9~10 | 1463633 1.93 121 |
10~11 1.409306 2.01 1.17 o
11~12 1.365028 1.81 1.16
12~13 1.343486 1.84 1.13
13~14 1.420611 1.88 1.15
14~15 1.391944 1.80 1.14 — — -
15~16 1.461361 2.03 1.13 Fig. 12. Harmonic graph per time in Sinpung D/L
16~17 1.467236 1.95 1.16 (May 19th)
17~18 1.330542 1.68 1.19
18~19 1409179 2.04 1.21 Table 15. Harmonic per section in Sinpung D/L
19~20 1.623458 207 1.37 (May 19th)
20~21 | 1419167 1.9 125 % Toeasurernent rate
21~2 1.449861 1.77 1.26 Bound meas;rement (measurement No.
2~23 | 1407681 176 119 o / Sample No.)
23~24 1.431478 2.02 1.12 1.5% below 12,524 72.46008
15~2.0% 4742 27.43578

; s 20~25% 18 0.104143

| 25~30% 0 0

j . 3.0% over 0 0

Fig. 10. Harmonic graph per time in Sinpung
D/L(May 8th)

Table 14. Harmonic per section in Sinpung D/L

(May 8th)
% measurement rate
Bound meas;ro ement| measurement No.
' / Sample No.)
1.5% below 7450 43.14589
1.5~2.0% 97% 96.7267
2.0~25% 22 0.127411
25~30% 0 0
3.0% over 0 0
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Table 18 Comparison with Japanese standard
(Pungryok D/L)

1oMw @l
Table 16. THD distribution per date of Pungrvok
D/L
THD Distribution(26)
May | 153% |15~ |20~ |25~ | 30%
below | 20% | 25% 30% | over
1th (18770 79.035 | 2.1936 0 0
2th {10,709 | 82.741 | 6.5494 0 0
3th [26246| 72728 | 1019 [000679| 0
4th [ 78599 | 21.400 0 0 0
5th 765841 23415 0 0 0
6th | 71.230 | 28.769 0 0 0
Tth | 58722 | 41.277 0 0 0
8th 40038 | 59.950 | 0.005 0 0
O9th |51.727 | 48.266 | 0.0057 0 0
12th | 76105 24.8%4 0 0 0
13th |[90.481 | 9.5180 0 0 0
14th | 77.094 | 22905 0 0 0
15th {68921 | 31.078 0 0 0
16th | 58614 | 41.385 0 0 0
17th | 74910 | 25.089 0 0 0
18th | 83592 | 16.407 0 0 0
19th | 79.178 | 20.821 0 0 0
20th | 78194 | 21.806 0 0 0
21th | 77522 22471 0 0 0
22th | 64.920 | 35.079 0 0 0
23th | 80.522 | 19.477 0 0 0
Table 17. THD distribution per date of Sinpung
D/L
THD Distribution(%)
May {15% |15 ~ | 20 ~ [ 25 ~ | 30%
below | 2.0% 2.5% 3.0% | over
S5th | 46521 | 53454 | 0.023 0 0
6th 63454 36406 | 0.139 0 0
7th | 71.859 | 28129 | 0011 0 0
8th 43145 56.726 | 0.127 0 0
9th | 35602 | 44.281 | 0.115 0 0
12th |67.148 | 32.845 | 0.005 0 0
13th [32604| 47.140 | 0.254 0 0
14th | 74520| 25468 | 0.011 0 0
15th | 64.303 | 35668 | 0.028 0 0
16th | 36201 | 63529 | 0.179 0 0
17th |68625 | 31.304 | 0.069 0 0
18th [66.496 | 33462 | 0.040 0 0
19th 72460 | 27435 | 0.14 0 0
20th 168921 | 30.067 | 0011 0 0
21th [70084| 29899 | 0.005 0 0
22th 174379 ] 25609 | 0011 0 0
23th {66862 | 34.137 0 0 0

date Sample No. over standard

M) 3T 5T 7Tl 8] 17 19 B
h | 0] 0] 0] 0] 0] 01 01 1035 (02604%)
2h 1 0[ 0/ 0] 0] 0;0]0 Z{S’? (0.3880%)
3h | 2121040[0]0]0 1 (0.0606%)
4h | 0] 0[ 0} 0] 0[0]0 962 (0.2420%)
5h 10/ 0[0]0]0[0]0 814 {0.2048%)
6th { 0 0/ 0] 0] 0[ 0[O0 1 (0.0707%)
Th{0,0/0/0[0{0]0 33" (0.0835%)
&h | 0] 0] 0] 0] 0] 0] 0] 757 (0.1904%)
9h | 01 0/ 0/ 0] 0]0!0 1:)67 {0.3942%)
12| 0y 0] 0 O] 0} O] Of 2907 (0.7314%)
13th 01 01 0] O O} O] 0] 268 (06763%)
14th | 0 0 0] 0] 0! 0] 0| 2573 (0.6473%!
Bth| 0] 00 0] 0 0] 0] 0 2849 (0.7168%)
6th| 0 0] 0/ 0] 0] 0f 0] 3116 (0.7840%)
17th | 0 0] 0] 0] 0} O] 0| 3866 (09727%)
18h{ 0] 01 01 0] 0] 0] 0] 1724 (04337%)
1% | 0] 01 07 0] 0] 0] 0] 4184 (1.0627%)
th| 0} 0] 0] 0] 0] 0] 0] 3570 (0.882%)
2th| 01 0] 01 0] 0] 0 0] 4212 (1.0597%)
2h | 0L O] 0] 0] 0] 0] 0} 35659 (1.4238%)
2th! 010/ 0] 0] 0] 0} 0] 373 (144371%)

Table 19. Comparison with [EEE standard
(Pungrvok D/L)
section Total Sample No. standard
sample No. | over standard | overrate(%)

IEEE y 2(3Harmonic)

standard | 02 | 3i5Harmonic) | 001378
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