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NOMENCLATURE

P : Power[sz]

A : Swept area

V : Wind speed [m/s]
I : Turbulence intensity

0 : Standard deviation [m/s]
a : Inclination parameter

V., : Wind speed at height Z from the ground level
V), : Wind speed at height h from the ground level

« : The exponent of power law
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Summary

As of October 2006, the total amount of wind power capacity in Korea is about
172MW. However, several wind turbine generator systems are experiencing machine
trouble that causes their shut down for a long time. Since most of supplier of the
wind turbine generator system in Korea are VESTAS of Denmark, there are not any
engineers in Korea who can solve the machine troubles of the wind turbine. When
the wind turbine generator system is in trouble, Korean operator have to wait until
the foreign engineers solve the machine troubles. Consequently, it is very important
to develop the technology of operation and maintenance of wind turbine generator
system.

This study has been conducted at Hangwon in Jeju island where wind turbines
were operated commercially for the first time in Korea. Operational characteristics
of wind turbines in the Hangwon windfarm were investigated to clarify the effect of
meteorological condition, the inter-annual effect and further the cause of the trouble
of wind turbine. For the purpose of wind data analysis and wind resource estimation,
wind data was used directly. The estimated energy production was compared with the
actual energy production. The system trouble was also analyzed for monitored period.
As the results, with a decrease of system error, the estimated energy production was
in good agreement with the actual energy production. it was confirmed that wind
resource was variable according to years. Consequently each wind turbine had
different wind machine power, different error time and so on. Meteorological
conditions such as the typhoon, a strong wind, lightning resulted in troubles of wind
turbines. The trouble in components such as gear box, yaw motor and hydraulic
motor occurred frequently and it caused stop of the wind turbine for a long time.
The machine trouble has affected both availability and capacity factor of the wind

turbine generator system.
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Table 1. Specifications of the wind turbine generator system

Items V42- 600 V47 - 660 NM750 - 48
Asynchronous Asynchronous Asynchronous
Generator
3-phased 3-phased 3-phased
Spec.
Optislip(VRCC) Optislip(VRCC) 2 speeds
Power control Pitch control Pitch control Stall control
Rotor diameter 42m 47m 48.5m
Tower hight 45m 45m 45m
Cut-in Vel. 4m/s 4m/s 4m/s
Cut-out Vel. 25m/s 25m/s 25m/s
Rotor speed 28.5 ~32rpm 28.5 ~32rpm 14 ~22rpm
Rated speed 1890rpm 1890rpm 1800/1200rpm

Electrical

Spec.

Volt. : 480V*3
Freq. : 60Hz

Volt. : 690V*3
Freq. : 60Hz

Volt. : 600V*3
Freq. : 60Hz
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Table 2 Specifications of the sensors

9300 Data Output

Sensor Raw Sensor Output 9300 Resolution
Range
Maximum #40
OHz to 125Hz Im/s to 96m/s 0.271%
Anemometer
200P Wind 0V to excitation
360° rotation 0.271%
Direction vane Voltage
110S Temperature
0 to 2.5V 40T to 52.5T 0.271%
Sensor
LI-200SA Li-Cor 93.7microamps/ '
, 0 to 3000 W/m 0.271%
Pyranometer 1000 watts m-
BP-20
0 to 10.55kPa 15 to 115kPa 0.271%
Pressure Sensor
'Y"_LJ
T8 °F
————————————————————————————————————— .t.
o .t.
45.0m
............ r
37 bm
30.0m
22.5m

Fig. 5 Sensor installations at meteorological mast
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(Capacity Factor, C.F.)& 3}3ith. AH] o] &E(CF)< v 2 242 T3t

2 E 2 (Wh)
CF = gz « Az b

Table 3 Basic parameters for WTGS classes

WTGS class | il I vV S

Vref  (m/s) 50 42.5 375 30

Vave (m/s) 10 8.5 7.5 6

A /i5(-)|  0.18 0.18 0.18 0.18 | Values to be specified
a (-) 2 2 2 2 by the designer

B /15(-)| 0.16 0.16 0.16 0.16
a (-) 3 3 3 3

_10_
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VESTASAL A28 17 dHolE = A& Ao A Al&3 Fig. 69 2
YH® X =Z 7% (Vestas Remote Panel for Windows)S &3l 127] 7l g =
wdE 27001709 2 WS & 5 UUH10-11]. Fig. 72 Z2IHS o] &
sl +0% 14 HolE e Wgolt. ngel @ LAAAL Axde

SxdHAE Yol & w2 AARZHH 40ms, 100ms, 1s, 10s2Z ZYEHH 5
O~

1_.

AT Alarm log from Uestas Remnte Panel

AR . File name : CIWUMPH9SSEWALOGOO . TXT
fle Edt Bhone Vew Dete Jools Help written : 23-0ct-2086 14:48:33
- ] Turbine name : Jeju 3
E ‘f 2 ‘ g Turbine type IR
e B o 1 — Turbi b 1 9858
Bt Fo [l | P i | Farn nunber P a
VRIEIWTIN . Remote control no. : 3
VRTBBWTON | poer Turbine W 0m Program release : 1.12 17-Har-2882 14:18:51
A P t : UMP3588
%ggggﬁggi Tatd KW | Type ) Software ver. 110 e
: Average fw || Farm/Turb. D /7630 Textver. 10 B6-May-268086 14:31:24.80 Error temp.sensor R503, 28524
WIS i Contoller VWP 89-May-2886 22:80:25.80 Error tenp.sensor R583, 2852Y
VA48T 006 e 18-May-2806 14:42:85.80 Error temp.sensor R583, 20852f
VIL{WT 007 wﬂy " G-ErewousTurbme‘ Net Tubing 1 16-May-2006 14:59:25.008 High temperature Geni: 163§,:L
EW 11-May-2886 11:51:35.88 High temperature Geni1: 1832}
tvee i | 41-May-2886 21:22:17.88 Error temp.sensor R503, 2852¢
Wi Grid | Temp. | Comm | g | Alam Log 12-May-2606 08:14:51.00 Error temp.sensor R503, 2052
WI O 12-May-2886 ©O8:15:04.00 High temperature Gen1: 1722
WIS Meteorology Menu  Oveniew | Prod | Hours | Aval 13-May-2886 B6:47:085.00 Error tenp.sensor R583, 2052
Wind Speed s 13-May-20806 O6:47:14_00 High temperature Geni: 185Zf
1: OVERVIEW 16-Hay-2886 11:59:45.88 High temperature Gen1: 1512f
21-May-2886 28:89:17.80 Error temp.sensor R583, 28524
e I i T 22-May-26806 20:34:24_.00 High temperature Geni: 1822
Operalon Power Gen, ----Rotor---Wind---Pitch 24-May-2006 19:47:53.80 Error temp.sensor R503, 20524
.HJN 4 kW Ipm Ipm 24-May-2886 19:48:84.808 High temperature Gen1: 1632
25-May-28856 ©9:29:856.88 Error temp.sensor R583, 2852Y
() PusE R EE 25-May-26806 09:52:24.080 EXEx low voltage L1: 284U
.STDP - un use * 26-May-2806 ©08:14:14.080 High temperature Gen1: 1622}
= 27-May-2886 B©5:58:84.88 High temperature Genl: 1532}
O BiERgeny - 45|01 CE | Tavor Yawamp:‘Menul‘ 03-Jun-2086 19:13:53.00 Error tenp.sensor R503, 20524
@ CoHERR 12103 Vaveed Rune 84-Jun-2006 17:49:11.80 High temperature Geni: 1832}
& * 89-Jun-2886 12:49:808.88 High temperature Gen1: 1732}
0| = | Enter + t 89-Jun-28056 18:25:108.00 High temperature Geni: 168Zf
11-Jun-20806 ©02:29:39.00 Error temp.sensor R5083, 2652f
11-Jun-2886 ©2:29:59.808 High temperature Gen1: 1542
13-Jun-2806 ©02:53:31.808 Ervor temp.sensor R503, 20852f
15-Jun-2806 28:39:16.00 Error temp.sensor R503, 20524
Fig. 6 Remote panel Fig. 7 Alarm log error list



2.4.2 NEG-MICON SHUMA|AH ZLEY

NEG-MICONA}F F# i A ~8le]l 117 dlole= Az Aloll A Al-&3 Fig. 82
HUHY 22773 WindMan98oll ]3] F53k9lem, Fig. 9% EYE P 9|3
g al

Fgel o

H

8153k dlo]E W-8oltt. NEG-MICON 27 Al 2~5le 12074 <]
b A gk Al s AR AR EUEE A7 A S s
3]

ar
T AZEe & ¢ dnh B3 EUHY S Fal AAEd B A o]gES 9

b I L] S A (sl 3| E 0080 Failurefree system ] 6.0 08/00/00 00:00:00
IE J JJJ _l J _! 0061 Grid spikes [ 6.3 85/11/17 09:13:53
0062 Ouervoltage [} 6.8 08/08/88 00:00:688
8083  Undervoltage 5 8.1 \2/@/21 11:30:51
0084 Low frequency 25 8.1 85/07/20 14:36:23
anht Diat 8005 High frequency 63 9.8 05/07/20 14:35:45
Saanhby Do | 0086 Phase sequence 3 1.6 83/83/20 16:08:086
[akrene 3] o o 8007 Grid drop voltage 91 102.9  95/09/05 12:56:10
Sachksy 0068 Grid drop current [} 8.9 08/00/00 08:00:00
| & | (T T \}mm 6089 Phase asymmetric 15 317.0  04/62/12 14:43:52
0018 Power recognized 128 1.9 85712728 14:57:31
8011 Phase asymmetric U. 16 8.2 82/83/21 11:82:17
A WE[ 0012 Rotor overspeed 3 393 e/12/1% 17:13:39
0013 Generator overspeed 1 3 9.9 /10725 17:23:22
e el o<l e e 0014 Generator overspeed 2 2 W3 w1025 17:23:22
0015 Ouerwind high 5. 26.2  85/12/84 08:34:32
4 0816 Overproduction high [} 6.8 08/08/88 00:00:688
8017 Gear oil hot 7 51s.8  82/18/19 84:29:33
0018 Thyristor overheat [} 6.0 08/08/08 08:08:08
8019 Ambient temperature lou 5 0.0 04706720 17:47:37
0020 Generator G hot ] 8.0 08/08/00 08:00:00
8021 Hain bearing hot 0 6.0 00/00/00 00:00: 00
0022 Hax cut-in b2 /072 18:32:17
0023 Replace battery 2 438 o4/07/0% 19:35:27
8024 Generator g hot [} 6.0 08/08/08 08:08:08
0025 Uibrations 2 0.0 04706714 18:16:06
0026 Emergency stop 67 82.5  mw/12/38 17:56:03
0027 Hanual stop topbox 27 3.9 owee/n 14:07:19
0028 987outyauing 0 8.0 08/00/00 08:00:00
0029 By-pass feedback missing 0 6.8 08/00/80 00:00: 88
0030 Generator G feedback missing 0 6.0 08/00/00 00:00: 08
3 8031 Overload yawmotors 19 246 04/09/11 14:07:20
iy - 8032 Caliber brake hot 8 6.0 06/80/60 06:00:00
‘ i 0033 Brake vorn SIHME 1% 72,7 w09/ 14:07:20
0034 Brake yorn Svendborg [} 8.0 08/08/00 08:00:00
[l 0035 Generator g feedback missing 0 6.0 00/00/60 06:00:00
Fig. 8 WindMan98 monitoring program Fig. 9 NM48/750 error list

2.4.3 23 olofe] 24 W
VESTAS % NEG-MICON e A~
AFE ool et itk e AlEAbe
FEolold ulid Wgow S J1&de]l wFUES st 1 Ea)
o= olftia & 4 itk ® dTelAE 247 Foke]l nAYES BE A
o]

a5 7P agARte

™
poauy
Qo T
Anj
[ﬁ
o3
=
>
I
(o,
r o
o
BN
>
>
(¢}
o
2
ui

Lo N

Feudud $9 7% BRI Ad gN WMRAS FusUN Axg

_12_



[II. VESTAS

7] ¢

k=1

3.1 V42-600kW 1, 2

K

710l A

<

S A 28 V-42 600kW 1, 2

Ko

il

o] E] = 2005, 20061 7}

1
s

FEES etk o714 20059 F4 dlolg]

3

Fig. 10 2005, 20061 <

sheiut.

sfel

&

21 3.1 H(F)H = (Power law)s ©]

Els

A

=
=

(3.1)

v, (7)

VZ:

A71M, V, V,

5 ¥xow 7

Al
=2

BAAGS WA= 30me}F 37.5m

1
s

|

ol

]

o
L

oF 0.104%1 T} Fig. 119 ©] o2 37.5mo]49]

KN
-

AtE A gk

o

_13_



—— 2005
—— 2006

6 Month U 8 9

Fig. 10 Inter-annual monthly average wind speed

15 22.5 30 37.5 45 52.5 60
Height

Fig. 11 Application of power law

Fig. 10& XY 20050 79l 7 W& 45mss, 9ol 7 & 6.5m/s9]

o,
ey

&S Hola glon, 2006 0+= 8ol 7Y e 33misE 9ol 7.3m/sY

=
=
olaL it oAl Faf EF ol M e THS ®H

_14_



8l

Hola
<
T

s}
=

=

SEERIE

3
]

)

1o

[e]

2
1=

°©

20063 %= Y
ol A9 80%7t %)

ST
=

) e
167} 9%

[

(e}

1

=
g

=]

o

s

1

s

2006130 FZ:2]
Fig. 13
5|

e

f
glol 7178

b

I3

]

H
, 2006
7

%

1~
LS

Fol 2005

o
20059 =

°©

o glont

3l el

2005
S

vreERATE 20054 <)

)=]

=
SE

Els

r

L3
=

=
4

SHA|
FR sk}

)
[e)

U], 200613 )
A

o)
=

1

Holil vt Fig. 12+&

= A

=

Zhal = 4 Atk
=

Aol
o

E
5

B

AL 20054 ol
olf= Zhed, ¥
At} Fig. 10, 12, 1307

A} ol

T

B

Fig. 12 Wind rose in 2005
— 15 —

T W o

E_ T R N

od

5 o= ow

S 2 =~

S o X~

I A

. o OoxX

oy E Koo

Pomor T

Tagl | Hjo

23 M W@ ol

EE h 1Lﬁ

I\

oy W4 o
2 Mo oo X°
T IR
— TP
oR - i WJO [72]

7 3 e
M @ 3 o w
T Ho 8 w 5
o~ (e}
KA b= Ot <
TR IR N Q%
T = | i

Qﬁ @M 0 fo]
P o oo oW O
X0 = n
e H o S W

g ﬂvﬂ N E O#
o8 gy el S
S HOX o
— SN ~— ©
17rA 4 ;OL 3 72) EYL
gt B B =
RO o o 3R

o 9
~ S o O T

(@l

) g 4

) =y i =
ay = o QO ®°
TR 5 R Sy
s 27 4 9T
= NooER M o



£ ——2005 | |
?;600 \ —m— 2006
%500

4 5 6 Month 7 8 9

Fig. 14 Inter-annual monthly average wind power density

Fig 15v 4774 %, Fig. 162 ETAAE o] &ste] AT 2005 37.5mell A

o] HFEAS YERWY Fig. 155 4, Fig. 162 A& 7502 AT7YLS 1L

_16_



TN
~—
X
o _JT
N o o
B m
K ) | ) E | | o
0 nE R . _ < o
N -
ERI 18 ° S
= o
ww O 3| B >
el = = S 2
- W o R,Iu% > 5@
=4 ur ol & - o
) WE 0 & %)
o 2. & E
e ” W .= =
) ﬂAI (- Q =
A o
jan
m N Il i
B! ;ﬂ_oaw o Yo} oo
= X e
Mo F
T o= ie
el 2 Br -
o o 2R R R R R R
o A 8 8 ¢ 8 & & ©° © ooy oo S T2
=S N AlIsualul 8duangin (S/w)uoneirnep piepuels

Fig. 16 Standard deviation vs. wind speed in 2005
— 17 —

e e R



20061 37.5mo A o] FFEAS YEMAT T35 15m/s 0] ol A

o

T

Fig. 17, 18

WF
v

™

ox

]
o
iz

ol
=

9.2%%] Fkol AT

A 529 dlolE 7} 20061 7€

3|
10d AF=E T3 83T o 9y oHEWINIAR)2]

3}o
=

2]
=

= oo

Zolth 2005 9L

)

0

Fof SelubebE AU

S

(NABI)7} 24

2

F2)

A ). wEA )

=
=

R8s

3 73

Z]

,.EO

<ol

gl

Rk EA 9=

G
700
™o

Jthar A3 ZrE T3],

}owa g

30

25

20

15
wind speed (m/s)

10

0%

Fig. 17 Turbulence intensity vs. wind speed in 2006
—_ 18 —_




Standard deviation(m/s)

9.2%

5 10 W, 20 25 30
wind speed

Fig. 18 Standard deviation vs. wind speed in 2006

_19_




3 gEde EAEAT £ 1, 25 2 2005, 2006 FEEAAAqe] A

R OAIZE 2ean A ZheES A Aelv ARZbsES v A

=)L AP
Availability = %&:; (3.2)

e ®BHYA 1, 257 BEF e 90% o) e tEES HolE &
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137]= 9€dl, 257 7€ 7HE B2 LA e KHolal itk 2006 9]

A% 2571 200569 3} 2% 315 D AR FAEUA L, 1571 AA
oz nFSFE BA FAT, T ool oo ol mF A7 Holm
ik,

Table 4 Duration of error and availability of V42-1, 2 in 2005

2005

V42 -1 V42 -2

Month Duration | Avail. Duration | Avail.
No. No.

(h:m:s) (%) (h:m:s) (%)
4 30 24:46:12| 96.6 - 100
5 33 20:14:36) 97.3 1 2:26:58| 99.7
6 18 12:09:13| 98.3 - 100
7 12 2:13:00] 99.7 9 182:58:51| 75.4
8 32 89:39:29| 88.0 3 70:11:37| 90.6
9 43 152:16:14| 78.8 2 71:07:01| 90.1
Total 168 | 301:18:44) 93.1 15 326:44:27) 92.5
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Table 5 Duration of error and availability of V42-1, 2 in 2006
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Table 6 Inter-annual predicted and actual C.F. for V42-1, 2

Month 2005 2006
prediction| V42-1 V42-2 |prediction] V42-1 V42-2
4 17.5 19.8 22.6 29.2 23.9 36.0
5 16.5 15.3 18.6 21.6 18.1 28.4
6 13.2 11.3 12.8 9.9 7.3 11.9
7 9.6 9.8 53 11.5 8.7 14.7
8 13.4 10.0 14.3 5.0 33 2.0
9 26.9 11.0 14.2 31.0 16.1 30.2
Total 16.1 12.8 14.4 17.9 12.8 20.4
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3.1.3 A|AE D flol BEA

dlnl= VESTASAFY] F& A ~®l2 12 Zhelag]e] 27099709 17 &
o] 9T} Table 72 EUYEIR 7|7 5 Vet 8 U8 T B2 AA AHS
¢l A& AElakd oH, 100413 o] o] FAAItel= 5 FAIE st o

7Ie 7HE B2 AA AZRE Bl el wste] Argsiaat gk

e

20053 =0l 127], 20061 %= 257194 'Low gear oil pressure'7} 7} B
= A AIREe Btk o] S 7]ojed AAHAN Tt e d BE Y
o= 3 2 o] oK S wl S412(4EH =X Aol A 7HA| st FHE]
Hs Has aAolth ZE = oZhdel 1A aAsjoR ahn, dae] 3
THEN S A F AZbssior g o7 = & e Qs h¥ol wof
A Aoz 2lE Q).

‘Thermoerror yawmotor F_ ' 31782] Z4-9- 15 7]9 A 20053 =0l H] 3] 200613 =
of 2 AA AIZHS BT v-42 7|Foll= 8 BEVE 2707 ded 1789 &
EEol] o]de] & W ymA 3 e 2 Ry IRyt Al A s=

7ol eko] whghgn] T1el oA Ho] 200510l H] sl 20061 W F &
Mel7l ARene 8 A%c] WolwA @5 o wel /b 44 vhusEA
sgo} gmol Byl Aol ngol AT Aoz FUNAL,

20053, 200613 ol = ‘High gear temperature:  C'7} 12 7]o| A 22 HXA|7FS
ofUAIRE 7P @2 a1 S5 Holal Ut} o] e Z]ojujHe] =71 20

E B9 0TE WS W tEhkE nolu, o) xsk AgEL A A
Fo= AZME ek o A 15mis ol o] FFe] wAste] 7loje] m&
2 ewst saged, 99 FhE s Wrkol At o Fo)xx gl
Aol WAt

2005 25 7|9 A= “Trip Q8 Feedback error'7} 7} B2 I GAIZHS B ATh
X

o

oy

o] AL 8 = F4 EH contactor’} BfEo] W AS 7} $1S o
EHE H37] 998 Q8I7])o] sk Aolth 7] A= FUEE contactor ©]
Aoz A & Arbs H ATt

200613 1% 7]o| 4] ‘Low workingpressure: . bar'e ¢ 2Hsd=o] YiF W

2 ) e gl Sz 2 UAY gule] Belolss) iy
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‘ExEx low voltage L : V' 27]7} 2005, 20061 X7 ASFSIEE o] 1%
= AEel 3 Aol 80ms St T AN 25% ol Hojxle wel yvEbdTt
Abgho] =7 A] gk o] A} o] wibA o w Hsto]l AA "olHe wel
et o], o= A& Aol 38 F Abs A7bsol dnh o7|H =
of ario] AR Al HE7F HFA o= WA Ao] Fig 2100 s &<l
Holom, G 7 A28 age] dFS AL des o 5 Ak 20061 = 1,
257104 (AIFHE T W&o o] TAZE Al FAlel o] arzto] WA

=

gto] 2 AR Aol A7ks
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Table 7 Duration of inter-annual error for V42-1, 2

2005 2006
i V42 - 1 V42 - 2 V42 - 1 V42 - 2
X
Enor Enor Eror Enor
No. ] No. p No. . No. .
Time Time Time Time
A Ctrl: - . PVel: . s 8 84:44:33
Chock sensor trigged: . RPM 1 0:53:05| 1 03:35:07
Emergency circuit open 2 71:48:50
00:37:03 01:39:27
ExEx low voltage L : A% 3 3:11:47) 3 2:48:35| 6 9
b T (*)49:53:51 (*)69:30:14
Extream Frequency: . Hz 1 52:12:03] 1 04:08:44
Frequency error: . Hz 1 52:12:08] 1 04:08:49
High gear temperature: C 145 | 63:08:12 49 33:50:52
Low gear oil pressure 11 | 208:57:36 2 78:46:03| 9 198:48:42
Low workingpressure: . bar 15 151:50:26| 1 03:39:12
Max. Windspeed acc. , m 1 54:07:42
Thermoerror yawmotor F_ 2 25:58:49 19 | 274:45:32
Thermoerror hydraulicmotor 1 58:21:56
Trip Q_Feedback error 5 140:09:08
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Fig. 21 Distribution of lightning (05. 7. 30. 21:30~ 22:00)
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3.2 V42-660kW 3, 4, 15§87 2T EM &4

V-47 3, 4, 155 7] FLTHEHATH] U 660kWE 7|24 991 3
of A% 3, 4579} 7P Ho AXH 15570 gk AJ2®El a17o] o gk}

A2 AT dolE 2717 2005 62RE 10274K0lH, F]4E
BAe ool 1, 287 BAZIRA 1098 Ael & YuA sz FEne
¥ EAWES HH

Table 82 2} AJ&F 4 24 Slg gL X AZE, AH] 7beES YEdth 3
3718 BEW 6dolA 9€7tA] 100417 oo ®We BA AZFE Holw A
81.8%%] 7FsES Hola lom, 457]9 BF HAA 902%°] 7tEES Hole

7he-dl 8¥oll 7h W 2324]7ke] AA IS Hola T 2003 4¥o] A
d 155719 A5 a7 GA AREo] A fle 99.6%°] AR VhEES Hola

(e}
A

Table 8 Duration of error and availability of V47-3, 4, 15

Month V47 - 3 V47 - 4 V47 - 15
No.| Duration | Avail. |No.| Duration | Avail. |No.| Duration | Avail.
6 88 | 128:59:59| 82.1 2 02:45:50 99.6 - - 100
7 41 | 202:42:10| 72.8 4 47:58:27| 93.5 4 12:12:45| 98.4
8 75| 155:21:04| 79.1 |33 | 232:22:47| 68.8 - 100
9 56 | 122:45:27| 83.0 5 94:16:38| 86.9 5 0:40:13] 99.9
10 2 61:50:10| 91.7 3 07:34:47| 99.0 - - 100
Total |262| 671:38:50| 81.8 |47 | 384:58:29| 89.5 9 12:52:58| 99.6
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Fig 22. Comparison of predicted and actual energy production of WTGS

Table 9 Predicted and actual C.F.

Month | predicted C-F.
V47-3 | V47-4 | V4715
6 15.9 5.0 10.3 12.4
7 11.8 4.6 7.5 8.8
8 16.3 12.0 6.1 17.2
9 30.4 18.2 16.0 25.7
10 / 32.5 30.7 27.2
Total 18.5 14.2 13.8 17.9
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3.2.2 A|AEI TE 2l

Table 10°] 7} AJ=8 g &o] wE g slaoh ZAAE et
ANAE el BAW wAAAZ 7 AZEER 1
AvgselaL, 1ol tigh A= 59 FA SRtk Ean AR ARl A= F
$e (9EA S

3% 7] A= " Error temp.sensor R, T " 7} 7}4 @& AAA TS B
th o] 32 VESTAS F# LA zglel= 7719 2= AA(PT100)7F A %] ¥ of
et 2 F @ =AM 2% F 200C HAY 45TColsk= "ol w A
ol et mgolth, el71AE wasle] LRzl skl et 17
oltt. o] gy} AFE o] “ High temperature Gen :  C » 3%o] WASISI T}

o] e Ty 2=7F 20% FF 155C EAS W FA WFe] YERUE
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4575 & doA #A3FA T “ High gear temperature:  C > 31°go] 713 @&
& HAAANZEE Btk 7o) UlFe] %7t 80T oS W YEluE o=
Wzto]l A= o] Fo XA &2 Aol dllelH. «

O 2% U ol A "E F A AvksH
© Aol 103 LA S wrid EYHY o By ZoE nForE

2 5 gAY welAt 108 2 DANES Astel o 2 ngoR I

rlr

Too many auto-restarts:

Hx gx==E fgeor gk o7 A %E 35719 wEIFAE " Error temp.sensor
R, T " 3o wsg=y of714e 7)ojuold =AM PTI00)4 7t
A= YERE a1o]ATh “ Low oil-level, hydraulic ” 31782 9t A4 &
Aol Yol M)A AAH= ot A7AE e TR ¥,

A BE 5 A7bs =y
A7 A= A ="lo] 1, 25 7] wje} wpIFA = ¢ ExEx low voltage L ;. C ”

AAWES B3k oA A dE = A AAE A & 5 ATk
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Table 10. Duration of error for V47-3, 4, 15

Wind turbine system

Error text V47 - 3 V47 - 4 V47 - 15
No.| Duration |[No.| Duration |No.| Duration
High gear temperature:  C 22 187:49:47
Error temp.sensor R, C [152| 452:14:31| 11 92:39:06
Too many auto-restarts: 7 | (*)87:08:01
ExEx low voltage L : T 2 0:21:21] 1 15:15:13| 5 0:45:37
Low oil-level, hydraulic 1 88:24:05
207:21:06

High temperature Gen :  C |103
(*)448:51:39

Extr. Low voltage L : V 1 00:02:26| 1 00:18:40

Emergency circuit open 1| (*00:11:37

Feedback = ,:Yaw CCW 1 | (*)00:10:46

Emerg.-> Stop, EMC not conn| 1 | (*)00:02:27

Max. Windspeed acc. 1 11:39:26 1 11:58:42
WATCHDOG was not trigged 2 0:07:39
RCC Timeout 1 0:01:00

(3) VESTASA} &=k

QAo Bt ool Wa SARF 7% Fust Bash
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IV. NEG-MICON
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Fig. 23 Monthly average wind speed (2005.11~1006.10)

Fig. 24 Wind rose in Hangwon (2005.11~1006.10)
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NEG-MICONAFS] NM750/48 &= Al =812 120709 aLgdui&o] At o]
oA dolE EAVzEe] At 1 W8-S Table 119 AFE
NEG-MICONAF F& A Al 2819 g8 A7 WA VESTASAF F8 A
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Table 11 Duration of error for NEG-MICON WTGS

Error ) NM750-6 NM750-10
no. hglvegryfor CER Event | Duration | Event | Duration
5 High frequency 10 5.2 13 2.7
7 Grid drop voltage 26 15.6 27 16.9
9 Phase asymmetric 73 880.9 0 0
10 Power recognize 47 0.8 43 0.7
15 Overwind high 2 27.1 3 113
23 Replace batter 2 (*)796 - 459.9
26 Emergency stop 1 2.6 58 248.2
37 Overwind 5 32.5 4 16.1
38 Untwisting CCW 7 2.7 7 129.4
43 24 V power missing 13 15.4 26 15.7
47 Stop via dataline 3 1.7 3 3.4
51 Processor 2 power up 19 14.9 18 154
62 Anemometer error 2 0 0 1 64.7
89 Control voltage missing 21 15.5 85 262.1
90 Overspeed guard 1 2.6 59 247.3
91 Vibration guard 0 0 42 62.2

1~120 | the others 13 28.2 90 284.6

Total 243 1045.7 483 1156.7
Availability 88.1% 86.8%
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Fig. 28 Average wind power density
Table 12 Predicted and actual C.F., availability
(%) 11 | 12 1 2 3 4 5 6 7 8 9 10 |Avg.

Pre. C.F.|28.0157.2/35.9/41.9|36.7/30.2|23.0|11.2/12.1| 6.0 |32.7]10.8|27.3
Act. CF.|30.0|56.1/43.5|44.9|38.6|31.3|12.7| 5.3 |15.0| 7.4 |31.9/12.9|27.1
Avail. 195.9196.2199.1|/99.6|/93.9/93.9/34.9(26.5/97.9|/99.6|/99.9/99.8 | 86.4

_37_



Table 11914

al =
sad @k aga 100417 ol del wAWENE £F BEANE Stk 4w

* High frequency : A& F321 60Hz AS v UEh+ 2GS 2 300
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Fig. 37 The picture of anemometer on Fig. 38 The work changing anemometer

the nacelle on the nacelle
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