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Study of Power Quality Measurement for US0 Windturbine
Heechul Park, PillSub Shim, Byungchul Lee, Taehong Jeong, Jijune Ryu
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Nomenclature Table 1 Technical specifications
General type horizontal axis, upwind
Vn :rated voltage,V Rated power 750kW
I :rated current, A Destgn class LEC type class 1A
£ . rated fre q Hub height 50m
n . raic : quency,. Z Cut-in Im/s
Pme : maximum permitted power,kW Speed Rated 12mv's
Po2> :maximum measured power(0.25), kW Cut-out 25m/s
Pso :maximum measured power(60s),kW Generator permanent magnet, synchronous
Power converter AC/DC/AC, 690V, 60Hz
. Pitch system Independent blade pitch
subscrip Controller PLC, SCADA of web based
Yaw system active, 3 x asynchronous motor
PQ : power quality
VTHD : voltage total harmonic distortion
ITHD : current total harmonic distortion 2. 5424
C(wi) : flicker coefficient for continuous operation
P« :short-term flicker Us0F 24718l AHFDA g 48 7=
IEC61400-210) 2 A8t 1257 &4 2 HYr1E &
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Table 2 Measurement system

Table 3 Comparison of test condition for
measured value

ki IEC =3
F AAnZH%]
(Voltage total harmonic distortion) 5%eiRt | 1.3% wiet
GF A E[%] _“ )
(Turbulence intensity) 8~ 16 6~16
AR EV] V5% _
(Voltage flutuation) (380~ 420] | 32~ 408
A B3 3 A 5% _
(Voltage unbafance factor) 2%vI%E 1008 ~0.54
A& T35+[He] fn+1%0] 1} 50 84
(Grid frequency) [59.4-60.6] | ~60.16
AT T3 HE (%] )
(Grid frequency fluctuation) | 02 %71t | 02%r] %!

Svstem | 7channels, OS : Window 2000

A/D converter] DEWE-ORION-1624, 24bit, fmax = 2. 8MHz

Filter Eligible 20, 200, 2000, 10,000 and 20,000Hz

Isolating amplifier error
- current : 0.5% of the maximum input level
- voltage : 0.1% of the maximum input level

Isolating
amplifier
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Table 4 Number of measured values

- measurement data acquisition |
DEWESofte and WINDTEST Data acquisition
Software EC/MEASNET

- Computation and analysis :
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FEAY A FEWE SN TR (FEE F Holy 40770

WINDTEST Analysis software IEC and FAMOS
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Table 5 Maximum measured power

SAF7) | ANAFHEKW] | A0 A /A DA%
02z 805.3 1.07
60 776.1 1.03
6002 768.1 1.02

3.3 #8588

Fazdde 3490 is dAE (S, 0, 10,
...90, 100[%]) 10% HAFEHH % Py, Poz, Pao
o gt HAFadg oz FEI.

A 108 HEFEHE D Py, Poz, Peoll W
& HAFaAYE oS3 2ol FAHHU.

- 346 -



N oms Landiar el A TEwgroeinn oo Bt Ty

BEEREEER
Arinew e b B RbntThva pewer

3

A Ilnps el B BB

Fig. 2 Fb&:tive power for the different power classes

Table 6 Reactive power at different maximm power peaks
Reactive power at Py ~-173
Reactive power at Pg -168.5
Reactive power at Py -174 4
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Fig. 3 Fictitious grid for simulation
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Fig. 4 Functional diagram of IEC flickermeter
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Fig. 5 Measurement and assessment procedures

for flicker during continuous operation of the
wind turbine

%3 2 A48 @) ZaA $En € YA
Agol W Avge gy g,

™ “ ’
i impudonce snghe(¥, )l dogree]

oA AF

ra
P>
Ho
2
2
R
1o
e
™
il
M
A
ok
NN
s
wa
Ul
L

3.4.2 A& 2M0AM2| MAHS
2903 Ad A9 AYHFL A7 7|5 A T
BF + Y= AYVFOSH AEESTH AATS
o2 TEY % 3
}
i
!
S.a W =30 5070 ana 5,009 S **‘“ ..... - i
. EC " ﬂ Lim) K iw) &3 Report ﬂ o
5 . 6 ) (oo of 1000415 || . 1 i x, Controndt (Fetyd
T voRage act Ry g e *:;:) :am:m:;-
T et Kiw

...................

" Fig. 6 Measurement and assessment procedures for
voltage changes and flicker during switching operation
of the wind turbine
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Table 7 Maimum voltage harmonics and VTHD

AAtE 7 Al AGAHEQ 3(%) 2 VIHD 5{%)
off Al g HAHAHQY RS AT 4 U},

Table 9 Compar ison of voltage harmonic distortion

2 A4 A AHE% | AITHDIN
IEEE 3.0 5.0
=23 1.30)3} 13

Z3d 4 Agd AFazadiis 52 2ZEH47}
Z8o| 714.2(kW1Y HH 1.3[%]2 7P @o) 23}
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Table 10 Comparison of current harmonic distortion

Order {Active power| voltage Order |Active power| voltage
[h] [kW] [% of Ur] [h] [kW] [% of Ur]
2 709.3 0.1 3 186.7 0.2
4 749.5 0.l 5 749.5 1.3
6 749.5 0.1 7 722.5 0.4
8 749.5 0.1 9 394 0.1
10 749.5 Q 11 5232 0.2
12 410.1 0 13 739.1 02
14 238.8 0 15 562.8 0.1
16 762.1 0 17 65.6 0
18 142.8 0 19 537.2 0
20 40.4 0 21 521.8 0
22 5218 0 23 2278 0
24 521.8 0 25 1923 0.1
26 41.6 0 27 728 8 0
28 710.7 0 29 166.3 0
30 728.8 0 31 1663 0.1
32 535.7 0 33 562.8 0
34 739.1 0 35 1663 0.1
36 5357 0 37 166.3 0.1
38 728.8 0 39 97.7 0
40 105.7 0 41 76.5 0
42 739.1 0 43 7283 0
44 120.8 0 45 97.7 0
46 96.3 0 47 1208 0
48 120.8 0 49 191.1 0
50 535.7 0

Max THD 1.299
Active Power at max THD[kW] 749.547

Table 8 Maimum current harmonics and |THD

Order [Active power{ current Order [Active power| current
[h} [kW] [% of In] {h] kW] [% of In}
2 709.3 0.8 3 757.2 0.7
4 749.5 0.1 S 7142 1.1
6 456.1 0 7 765.7 0.4
8 766.3 0 9 7246 0
10 749.5 0 11 707.2 0
12 483.7 0 13 594 0
14 - 739.1 0 15 562.8 0
16 630.9 0 17 758.4 0
18 683.6 0 19 6195 0
20 739.1 0 21 707.2 0
22 534.4 0 23 456.1 0
24 739.1 0 25 456.1 0
26 728.8 0 27 4561 0
28 | 7288 0 29 728 8 0
30 728.8 0 3 166.3 0
32 5357 0 33 166.3 0
34 7288 0 35 166.3 0
36 5357 0 37 728.8 0
38 728.8 0 39 7288 0
40 728.8 0 4] 7283 0
42 728.8 0 43 535.7 0
44 728.8 0 45 7288 0
46 7288 Q 47 120.8 0
48 749.5 0 49 457.6 0
50 739.1 0
Max THD 1.4
Active Power at max THD{kW] 766.3
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