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ABSTRACT

This study is to provide short term prediction of wind power at Hangyeong
Wind Power Farm in Jeju Special Self-Governing Province, based on WRF

(weather Research and Forecasting Model. For this purpose, a wind power
forecasting system was established. The wind power prediction system
consists of monitering system and WRE.

The monitering system is a comprehensive system which can monitor real
time information of amounts of wind speed and wind power of Hangyeong,
Haengwon and Seongsan wind farms. The WRFEF Model is a system to predict
48-hour wind speed, by the lkmxlkm grid. To evaluate the capacity of the
wind power prediction system, the uncertainty value of Hangyeong Wind
Power Complex was evaluated. Comparison and verification was performed
between the measured and predicted values by using WRF.

With regard to the establishment of a monitering system, real time data
collection module was developed because the internet environment is changed
from the existing modem system to the real time communicative system.

The data from NCEP(National Centers for Environmental Prediction) were
received to perform WRE for wind power prediction model and the initial
data, boundary data and high resolution data of topography were processed
into data base.

The evaluation programs to evaluate the capacity of power output and
uncertainty were developed and applied to Generator VI (V90-3,000kW) in
Hangyeong Wind Power Complex. The analysis of uncertainty showed high
reliance in that wind velocity and uncertainty are correlative in their quantity
and that the uncertainty of the wind power generator increase in proportion
to the wind velocity. The uncertainty marked approximately 7% ~ 149% for

the sections of the average wind velocity of 4Ms ~ 11Ms. The output

= xviii -



coefficient for the generator capacity index was analyzed as approximately
0.45, and with the abundant wind resources. The analysis of wind distribution
probhability in Hangyeong showed that the average wind velocity was 7.41m/s
and that the highest frequency was in the section of bm/s ~ 1lm/s.

The output errors between predicted and measured (1,000kW/h or higher)
wind velocities shown general characteristics such as errors were increasing
with forecasting time(lh forecast: about 1196, 12h forecast: about 159, 24h
forecast: about 18%, 48h forecast: about 24%). It is not much different with
another study. Forecasting accuracy at the 48h forecasting was about 769, so
it i1s expected that the wind power prediction system can be reliable in
calculating predicted power output and predicting uncertainty.

Lastly, this study suggests that data assimilation technique for weather
research and forecasting model should be improved and further study of
MOS(Model Output Statistics) should be done, based on the output

accumulated values.

- XiX —

@ jeju



. A

0 B R R = =S R B = B~ SR PR S - AR B
T R S W W oM woT o o B N M W
T .2 27 o B R N
T o P8R A Lot B S F o H oo N
ooop B T o @ WX K HE S B do= g T RB ORI
o G S S 70 oo o~ 5 % RO T
o o TR B Gt T - BN
_ N e] o ﬂ —_ N =
K . S E W = ‘ﬁo ﬂ Z_l o) Ee _ Z_l _MM A ,ﬁ LE Eﬁ w
L = - T A R 2 @ o T ® I
iﬂu%ﬂ%ldﬁ,wrﬂ% VI
"I e T b pplateneEs bo<t g
- 0 N x — [ LIL 1o J ,Ul ﬂmo HE > \._H\ ﬂ ,I\_l
B = g ° — o0 T m ey
W <) ﬂ oF i BT o " g o % # % e
TR, T @ o T 5 = 21 i I s v
B oRe X o - W oo 2 o M g TR
o} o X — o ox
= R B o ey X5 He o Z
R B L L S S L u <
el NjJ o - X " = A o Mt ' OT’ e i m
N T mm wM Mm RGN SR R mﬁ MM RO WM ay L
o gy wl % o B W Lo B g i w]
e Koo g ot Ho%oog @ g SN 7l
Mo W o A m W g R = o oSS N =
N Mgy o R N R G P S e
N IR R I R
T o= = = F "
R OMA%MM%1MQ%WM01WU@MMO
i T H e - o = o _,ﬂ. | e Jo.o = _,MQ o°
ol o w_.o "R e ¥ e MO 2% g 82 o e b
o e Ho F of = T - 5 g - el
x ®OE N oH TR R T e g 2 & S
M%ﬂﬂ%%%ﬂ%ﬂ%mﬂmm@ﬁwmﬂwﬂnﬂ
° Ao i o T N s g AR e
B EF b wer ®rs g 3L EN gy
T o o, W " — e o om & B g X o5 oo ®
SN TR T L - T B
A Mam Xm o X .o e 5 9 . N Hooz
i eI - w WOE N R WW A
T % % oM T OE oW R BT oMK =2 RS W R oo

Folt}

A7} A3

7] A 9]

e

A

o) 5 o}
A

f27d0]
=1
=

=

val|
A A

AT

-

1.

il

°
pad

ol

o]
Aol F-E 27

I

o



ﬂml Yy —~
2 ~
N N HML we N
~ ™ gy o T
™o 7T ,w% E M i ~
0 o= il
oI 3 o T T — L= & OE AR R
P w§ - ) - T BET
- T ) W " e _ T T
X0 W 2 © Ho o o " FW [ o tlo 1_M_v " WH o ,UF
T M cy Nro o A = T T o g ¥ o
2 . — e Bijo —_ —_ M ~E o . oo o
,AL N Iv_AI ,UF N A B ) Fed J ,UF ‘i T O# P = i
= ol 5 L@ oy I =% E s v % h T
mx I o T ;o‘._ F T \H_l 1_”._ KR ey &O —~ EE — s owE ;O#
I b 2 i S K e T o o
Pwo 3 s R S o < o) X o N d 5 Mm K| M Ar
M) H = E w Wﬁ UM e s oY o < 2 Hio
oy P n T o N4 e B = o oo o
jat} %0 T Gl o ) el o X ~ R ~
oy X T T < op % = 254 =
A {0 ol Mox r T % 2 & <0 oo ® Tz 5o =
L Iy TR e Gl = N o 5 . ~ % IR by o
T E opur G e o T TR > T Xy g
mxﬂu_d%m%. q 5 & %%z@ﬂi%%&%%ﬂ
ﬂm:._ Jl g Z_l OE N Mbrr < T \7|.._ o Oﬁ Y e ,M G EE Mml\_ ﬂ_OI ,Ur -
B < = _— —— o T = < - B = 5 U; il — v
ﬂ__/H — B ﬂm o Mo_l L.E XO ) 1 ™N ~ Xx_ = 1_A_-H hed ui ,mzv . 0 A}
_ o e o e Gy ™ W 2 R T By
= W 5 o B o|) i i o= o X F
= T3 1. %5 T e EEEE R & =T
L < NE o o & =X o & RN NN ph
AHZTVﬂ%qﬁ = L.*ovlqﬂ@#ﬂlv T
B L < AT N R o x4 o o A hECIUI ™
aﬂ%xéﬂﬂ@ o%%%%%mmuéﬂmfﬁo75%
%%ﬁ%ﬂm%d Hﬂ@kofmu%aﬂﬂéoo_f%ﬂﬂ
o B = AP o) 2 T MH — —~ i Iy
! e E g o o w 25k = XX T oy
- o R + o =k B W = mox B z B oo & {H
o > o A o e BT ® & v 2 2 B ] T
. o = - L s i N ooy E o = o 6 e a oo oy D
L o= BT . e S 100 it { = o N 2 E o o 2 W o ™ =
%wmgﬂﬂ@ iy MADE@A%wﬂAg@mﬁﬂ_f%z
2H TR g w]@u%@_fwéﬁ_,ﬁoaoiz = =
A ; W Fo P R T Mo X fo T ™ oT
T T i+ i oy P -~ B~ il
i A TE R0 N o
R T S 4r K woE °
T oHe T OW R ol G
oW K Wg



FANERDAAE FAE oG BA U FHEIE Az &4
o o =M Y7o olFe el AuE A

dZgodol Bad 27 Aol wad o) Aws} Basitl g HE @
& fo) BUA A=, Fol, drieed, Auk 94 FT7] 5& o FA

Axow Z4ach delge) Fau 24T AAZNATA gFeeA o

o
jud
rx
ofl
o
=2
2L,
>
o
off
<_|>l_5
s

1997 58 divtao A 98ta Q= BAA AlAE2 dvize] Fatgsta o)
Institute of Informatics®} Mathematical Modelling A& 7F 3% 2ol A 75

A Ak o2 FozA MANMEI AFA 2 WA A7) W] F3

e AHS HAA Ak

WPPTHHEE= 5 714 Ay S84 B2 ofeld e ofd Ao
AN =G AAEH 5L YAt O AFE 2ol
F3H o2 WPPTE ARXE Edo 7|25 T gt o Hawd selAs=

A A S v AEA 7 e 3HE 9 A [non-linear and time varing stochastic

process| .2 Aw3l=d o= 7] 7| A A= dede VEd EAS vk

g Aot} o]l#d TR FEAAS HdYsie LE2 HE HAASFAVIHES

o] &3t ¢kt WAE uAA 8 H[non-linear and non stationary behavior]| =

wepstr] fEiA e HAASFA T 2E SFA7|=0] a3, o] W
=

7
Me ol g3 Aad AAt EFE AT F UEE HF WPPTE sl

A
2

Aukst Wele s s ¢ JEE Fav
Nielsens < A4 ARXH Q) t}& wdEo s 2ALE HAL. o] 5o Lo}



g A
L

Hz 18

I

-
1.

A zke] -7t
L

s

5

=

=

==
&

=

FHe
-

=

=
Z] A

b oo
< A

°
pad

==
=

#olh ey o

o

palkeis

=5

d=A ==4 el 7z

%A

A 2ol A
<5l

Aol B g

R S R

=
L
LN

-

1.

b}

ol

-

Hoz B

WPPT

A vEb ==

o

o
Jmo

o #A=

7
0

oF

W

Ho

ToR

ojy

¥l

b AEHoR 955

] 3]

-
EA

KeN
=

e
=

K

19

ISR

-

1.

WPPT

-

1.

3l 4]

)

57]

5

[€)

2

1
S

1%l

] %

t}, HIRLAM®] g}

ﬂDvO

Gl

o

b= o) mmell A 7 ar

g 7}

[o ) ==X
AR -

& ar

)A
_ZTI

P,

ol
=

T
Ho

A WPMS"™Y7L glt) o] A

al
=

ISETOl A 7}

-
du

(o]
s

Ao

eete

=
o
;OD
o

il

H

EH

il

<

)A
_ZTI

——

o

24

1 3T
h S [+)

I AbgEY WPMSe]

i

0}]\%
R

or

W

T
fro
o

o}

EH

i

<

ol
=

B
Mo

o}
G

0~72413k2] A e

A~ El o
g -

12 4]

o

]

(e}

%

4
Ho

_ZTI

—_

o
=

B
Ho
%
o)

2l

3

3}

=
=



]

=]
=

X

al

P
&

o}
<k,

BN
T

sh=) o] ofelt]

34

A %9

}-
.ﬁ.
So0] NWPREHof A

°
pad

=]
-

il

3|
=

=

gon o1y
SRR
Aelth. e

3t

21t} ANNs

t}. o] A& A AA nesting] 23l

BN
T

= AR

2 NWPE oA 12

[e]
Il

o}

—_—

0

M
)
e
<
oy
o}

—_—

0

H
i

™
o

AAAIL g EHE T ol

9] 20]

Eiasg

CISE

o}
wAO

&

=]
o

g

[29] ==
[¢)

A 2y

5

2231 Eta Model

MM5®'e " Ful Al ol g5 ol a glew o o

=

i 7 2t

=

©

oA AA

il

]_

GESIMA[ZZ,ZS] KLIMN[24] RAMS [25,26] Fitnal][27,28]

R4

°

o

alo

ojy
il

ug
a

<
.

H
rvze)

X

0

AFHE

[e)

L

7hslo) v,

=

=
ZI1P[WAsP] 2o

‘6‘oﬂ

T
A

48

1}

ll

A
&

=]
o

Iz FAIE ALY FAH O RA

=

A= E ATOLOS™Y WIEN™Y NOABL"™ MesoMap™ Winds"™"]
oz
=

[}
=

ot} uwhebA] w23}

] &

s

Al

=

-

o}
il

5

—

)
o
e~



4oz o

_i EN o E o v T —_
T = 1”_/o| wm MM M N Mo Wl M T ode B O T OW LR OT O
oo W T - i & S = R = i
T o — N 7T = o e 2 = o o
R o R ooy T P 5 IR TR S o n 7
™o ! ol Mu BT oE o ﬂr g oo = [:n o) W oo =3 =
¢ 7 5 B o PORED F oo
P N TR T A G 0 y - m R T o
T %W%W@%%Amﬁsﬁoo»#ﬁwmﬂ%ﬁ%ﬂﬂ.ﬁiﬂg
= MW W wo MR g AR i = 2 o =
X PR w4 M W N A I
T ~ = s o of U o =y 0 O Gl i = o iy B - ! <
T T o H oy OF B o g T HR K=
) = % Lo e — ol o I - L S oo T " K =3 .Dm
HE I~ = w X e oe— Moy xR ™
~n  Ho = < W o o m R 5 o D oy o W K o s =
" e R oG X T T e e’ - ® W
moT & 1ﬂ}ﬂ}ﬂlﬂ%%%ﬁﬂai%%% TP
w T o T Ne T ol b S W ek Nxa s ' % -
oy .Dh1 o SRR o | W= WE <0 Ty T &= - s . . e = TR N
Y B e B o B o BB LI T AT TR = R g T
in < o 2w b P oy g el N m W w4 o
o o ° g © _ - ® o P I & _ r © O Z o) W~
i O T ﬂeﬁaﬁzﬂﬂmgﬂﬂg%wéﬂﬁ/
°F IrREIRRElzEriis i iEesEsT O
NE = SR R s o BB o T T oo b - = B
A &ﬂﬁ_qgliﬂﬂﬁt@ﬁewiaw@ﬂwﬂnwuim
° %o _ W 5T ox ° = 0 o) TokEn M ol o L’ B ol .
=) X X ~q B < o B at
TR 2 W S T G ﬁ z 7 o o % 7 JT 5 T
_ & = = = T 5 - — = 7o i
o SR DT gy - T ° N 8% =
- L I ST G T
SRR LR EREE TS Sl B NN TR
oS ﬂE OE it ,Ul ot ~£ X X ,AL B R . M B T :i - ‘.:L &
X T D om o om M owm T oo ME R P 2o ¥ dy s %
— = % T O = o X iy Y o} o o} w X el B o 5 N
N ooy & o o o 4 g BT oT T T o = = HoFE P S
oo Bom Mo Py R T AR ks 7T T o2 W o M g .
o o oy T o= wooa wo ol o Koo W 3y < o = D _&ﬁ N o ﬂrL Mﬁ
PR LT e Ty ® R wle it ot R S BRI
wr%%ﬂ%xﬁﬂmﬁaﬁwiﬁ%ﬂﬂ I
TR ow oH NP R F TR A 4 @H S - Tz o P
X ) 71_ OL o N O&O _ZTI ﬂ.Ol ﬂ dﬂ N JﬁNO Ot



s F7HN 7]

Al el 2 7]

==
=

o 9] o

A=)
-

ojth. NWPe} A 5o 917]

%

o

—_—

o
T

o

ojy

WAsPE 2o

-

|

b 7A]

R4

T

il

k)
pad

of o

4
Ho

K

AL
;OO

Ho
il

i
T
57
-

w5

o
o
e

fvee]

A

_

(5}
B

4
o

ToR
puit

,ﬂl

Gl
ay

N

o)

%
i
o

= =
=

[43] o
=

e

i

3
T

Landberg
B

=

g 2 7]

1.

-

-
1.

s

5

Al =T Bk

oA Aol Al 1993l 7]
W NWPA| 2~ HIRLAM

=

T WAE

)

A

3

ol A 24

=
=

Ao 7 Risodl

il

= vdgE 7w

=
A

a5

7243 A S A
el

[41,42] 7]_ 7H

= -

_ZTI

—_

B
Ho
%

alo

NWPe] ¢

o}
i

=0

H

}

le:

ek Al

7ol ARg-5]

]

>3

7l
£

Sl

il

ke)
T

of i

o}

o] & Tejks 7]=olA 1}

17 )

—
o

ojy
Hlo
ZO
T
i

Gl

ol A

J

Q

f 2l 55 o 4]
%

I

g 9

oA 7o

2

o2 AgA
ki3

=

o] =

a

1.

Predikto}
Previento”} Oldenburg th

o)
o Art. NWPA] 2=l o] A]

L

2~ HEl
L=l
[45,46] &

of @Al gkol % B}
A

I

=z =
=
€l

=
Al 2=

o]

=

=

A A
-] ol

e
i

o

fveel

_ZTI

—_

-

&

;OO

Ho

4
Ho
o}
bl

EEREREEE

[e)

L

Prediktor2} 72

-

1.

o= T A

i

RIS

fveel
_ZTI
o}

#7117 o]

wA=2bdthel

s

o A Ay



.

Ho
r
Ho

o
<

-

o}

ﬂ

ar
Ho

23!

ojy
Nm

-
1.

ol 2 =

A 28] 0 2 B

g o]

-
1.

#aha 9

$-o] oA Ao F7}3le] Previento

O

j2)

Previento”}

o g

[50,51,52,53,54,55] &

dutzlow o4 Al 7Y

°f

=
=

A skl 7] s

Al

i3

Zolo}r Th

%

gl

Al

=
=

aEu =YA o

Hr

or

B
g

R

+

=

o)

=4 "oy gle]

=i

2% Aol

=]
=

ot} AA e

0
Nk

or

ﬂ

Ho

o}
Al

%7} Folok & Aol

&



Bakoith mhg AR AN BAT L AS4R BAL A% A%, /13 2
B2 Q43 Table 1-1 ¥ Table 1-29F Zt}
Table. 1-1 Sites of wind data.
Jeju Seogwipo Sungsanpo Gosan
1924. 1.1 © 1961. 1. 1 1973. 1. 1 © 1988 1. 1
Date
2009. 12. 31. 2009. 12. 31. 2009. 12. 31. 2009. 12. 31.
el Wind direction, | Wind direction, | Wind direction, | Wind direction,
actors
Wind speed Wind speed Wind speed Wind speed
Table. 1-2 Sites of wind farm.
Hankyeong Hangwon Sungsan
2008. 1.1 ~ 2008. 1. 1~ 2008. 1. 1~
Date
2010. 2. 28. 2010. 2. 28. 2010. 2. 28.
Wind direction, Wind direction, Wind direction,
Factors Wind speed, Temp. | Wind speed, Temp. | Wind speed, Temp.
Press. power output | Press. power output | Press. power output
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Z7§ A1 D (Table. 2-1) o] ZFX¥E 20099 7bx o HHAHE o] &3}

& Ay o3 2o
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Table 2-1 'The beginning date of measurement.

Station Establishment Starting date
Jeju 1923. 01. 1083, 88, 01.
Seogwipo 1961. 01. 0O1. 1961. 01. 02.
Sungsanpo 1970. 07. 1973. 01. 01
Gosan OS>, 15 1988. 01. 01.

Fig. 2-39] & H#35S B AFE 1920~19308 ) 5.0~55m/sAE F50]
Axk FHAaske] 1990~2000d ol &= 3.2~34m/sE HWERH oW, AAXEE 1960~
2000 th7HA - 3.8m/soll Al 3.2m/s= 2k A8kl ®EE, 34k ARt 1980~
2000 7+ 6.6m/soll Al 76m/s= S 7FeRRl AL, AAREE 1970~ 2000 v 714
31~-33m/s2 Hl=d £XEF WY ol AFe AAE A G A2 <13
of &5 FHoR Awo| S7et wel F5 Folirt et 2oz Bt
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Jdeju annual mean wind spead
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Fig. 2-3. Annual average of wind speed.
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Fig. 2-49] & F+ HUWITES 2 35 w23 FHAE Hola 9]
ok AlFE 1920~19309 01 9.0~9.5m/sA W F4o] AP Fadhe] 1990 ~2000
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Wind speed(m/s)
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Fig. 2-4. Annual average of maximum wind speed.
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Fe B AF FEAYGL 1923~20099 744 F FA 7
0~80m/se] +X & Bt AF

3
= 1961 ~2009A 74 = FAVE HETd Mg Eel A Aoz Yyt

80

s 5 L]
( 1923.01.01. ~ 2009.12.31. ) ( 1988.01.01. ~ 2009.12.31. )
(a) (b)
N N
*
o] .
w 2.9 E w k_ 3.9 E
Calm ;| A 7/»1 ’ Cilm
TR TR T TR TRt Y e e S
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|Hangwun Wind fend

Fig. 3-1. Schematic of monitoring system.
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Fig. 3-4. SCADA system.
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Fig. 3-5. Windows of SCADA client.
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Fig. 3-7. Network of top controller and ground controller.
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Fig. 3-8. Processor of VESTAS ground controller.
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Fig. 3-9. VESTAS CT3514 module.
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Fig. 3-10. Current Loop—RS232 converter connection.
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Fig. 3-12. Schematic of monitoring system.
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Table 3-1. Data type of protocol field.

Code bytes Type
Al 1 Character

Ax X String

B1 1 Bits

B2 2 Bits

Cl 1 Unsigned numeral

C2 2 Unsigned numeral

C4 4 Unsigned numeral

11 1 Signed numeral

12 2 Signed numeral

14 4 Signed numeral

T4 4 Time stamp

T6 6 Time stamp

T12 12 Time stamp

S1 1 7-bit unsigned numeral

R4 4 Real

R8 8 Long real

249 Ao dold B9l Table 3-13% ¢om BEAY 239/3¢ Z2E
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A TEEF
Al
Al

Al

'STOP’

performs fast

9B, 3B,

X, Y, Z

Type

0

1’ Overview.
2 Production.
Command

'O’ Enter 'RUN’ state [CHR(79)]
P’ Enter 'PAUSE’ state. For VGMS this command enters

state and performs soft disconnection of all capacitor steps.
[CHR(80)]

X" For VGMS this command enters "STOP” state and

disconnection of all capacitor steps.
[CHR(88)]
"N’ Acknowledge error. [CHR(78)]

'S"” Reset counters according to the telegram type (type 1A,

6A, 6B, bB, cB).

[CHR(83)]

'L’ Ok to go into Local mode. [CHR(76)]

'C" Connection permission on (VAMS) [CHR(65)]
"D’ Connection permission off (VAMS) [CHR(6R)]
0" No command. [CHR(48)]
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S ZeE
Al
Bl

Al
Bl

X, V, Z
Statel
Definition of bit-codes for turbine:
c vl v2 s pl p2 ol o2
(0ol 02) operation state
0: emergency
1: stop
2. pause
3 run
(pl p2) pending op. state (as operation state)
(s) service state (1=service, O=normal)
(y2)  yawing CW
(yl)  yawing CCW
(c) command accepted (1=accepted, O=not accepted)
Subtype. If no subtype is defined '@’ will be sent
State?
Definition for bit-codes for turbine:
g2gllvay2ylr
(r) remote control possible (1=poss., 0= not poss.)
(vl y2) yaw state
O=not active
I'manual yaw
Z2:outyawing
3 auto yaw
(a) turbine available (1=available, O=not available)
(v) VDF trigged
(1) Local mode request (key turned).
(gl) generator 1 connected

(g2) generator 2 connected
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(1) Use Case Diagram(Data Acquisition)

Data collection/transmission system

Q -RS-232

Data collection

Wind power forecasting system

Current Loop
Protocol analysis Data transmission

Output data Local saving

Administration

Fig. 3-13. Data collection/transmission system.
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A7) BARES A4 9@ 97l Au FA doly 3 REZ doly A%
o A =35 Auel el
dolH 3/A% Al 2~8(System) -

Current Loop — RS232 W3l7| 25 dlo]y Al =4l szl 2 4

B4 af@oR Ay 29, AAW 24 sepolnze] A% wAF 6 A
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(2) Class Diagram(Data Acquisition)
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Fig. 3-14. Class diagram.
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(3) Sequence Diagram(Data Acquisition)
Fig. 3-15& "eol¥ 3 % dF EE9 Sequence Diagram© = 7] Z5-H
A wolH HAF oS AadoR AU HEHa AFHeE RS =
213} g Zolth HolH Y sEF& ¢ AuRdom 7AYol e Packet
ol 7Hd Faskal wg o HYW Fatolth HBE o] AREE A
g

T 7] wiEel 2 Folm Al wdr] gkt Wlask

Serial Port Packet Parser Monitor Local Socket

v v |

I I | I I
. 1 ] |
| |
| |
Answer packet 1 data |
! t
| |
|
Request data |
o = I
|
|
I
|
|

=3
Q

—_—————em =]

I T ey

Fig. 3-15. Procedure of diagram.
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SLEe | HOSELED) | L
| L= [ [
157 NEIgEd 23
| = Compart: 145 Baudrate: [4454 v| [ Open Cloze [ | I | |
=
| = s 4T
‘% Host Address: [255 265, 255, 0 Port: Cannect
]
QUEH 27
Of og; HEE; 20 1 (8= [ am ]
427 N — I W 28 5
74 sogs: [HEXASC v [ HIDIER 34 Serial Sending | | TCF Sending ] =
% = = = = e o 0w
5591 &4 Packet: | &4 Delay: [1000 |
&& send->E5 0301 42 00 46
send->03 01 44 00 48
27 send->CD 00 03 04 59 31 3040 01 01
- send->E5 00103 04 59 31 30 4401 08
& send=>CD 00 0301 42 00 46
- send->CD 000301 44 00 48
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Ready

Fig. 3-16. Data collection module.
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| mainForm
Class
= Farm

Fields
Methods

Q|

i DafaRolationColfoction
i AbstractClass

. - InternalDataColectonBase :
) |

—. -
& | Program ¥ 1 | Resources
| Static Class | Class
1
I\ ___________ P
) [ wind_data #) [ widbDataSet &) popations |
Class Class -
<+ DataSet
= Fields i
¢ date = Fllelds
@ location gv -schemacerial-
a¢ wodata @ power = Properties
e @ fime f SchemaSerial
@ turbine _nurnber P Tables
" W!”d-d” # Methods
w wind_speed I, y.
= Methods
‘i wind_data
L

Fig.

=

3-17. Class diagram{(SCADA Client Collector/Repeater).

Collector -

Serial Paort

Cormpaott:

Baudrate:

Last Data

$HK.RCS54.,2009-10-15,20010:00,5.22,30.0,123. 76+

Clientl HK

Fig. 3-18. SCADA Client data collection module.
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-
Repeater - =21

SEL)

Serial Port

Compartl: COR Compartz: CORE Compart3: 00

v|  Baudrate2: 57600 v|  Baudrate3: 57500

Baudratel:

v| Disconnect

RS-232 is connected to SCADA client
5QL DB is connected

Last Received Data

0.00 0.0 0.00

Fig. 3-19. SCADA Client data repeater.

3) dlo]EHo] 2

>
)

A o E A

= b

I A el 22U ool e o] 2(Fig.
3-22)% MicrosoftAle] MS SQL 20058 Al-&3lal ¢lom

turbin_list : FH AW 7 HH7] AHE

turbine_hangwon : 3¢ FE @A Ho|H

turbine_hangyeong : 374 FH WA HolH
EE]'

turbine_sungsan : AAF &
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K. turbine_hangwon

turbine _nurnber
date

tirme
wind_speed
wind _dir

power

e
ol
m
e
[ ]
w
e
m
—
=

turbine_number
date
tirne

wind_speed
wind_dir
power
'R turbine_hankyungTableAdapter(z

% Fill GetData ()

k. turbine_sungsan

turbine_nurmber
date
tirne

:wind_speed
wind_dir

power
‘m turhine_sungsanTableAdapter(z
= Fill GetData ()

T L
by
JIEEE

L. turbine_list &

turbine_nurnber
description
location
elevation
latitude
longitude
rernark

A tu rbine_li stTableAdapter [z
S Fill GetData ()

L. site_list

# site_number
description
location

glevation

start_date
end_date
latitude

langitude

‘& site_listTableAdapter (%

S Fill . GetData ()

k. site_channel

Fig. 3-20. DB Diagram.
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B M

rosoft SQL Server Management Stu

=1 dbo. site 3300
1 dbo, site-3338
£ dbo, site-3400
= dbo,site 3500
= dho.site_3600

mIEE EIE EI0 ZEMERE) HOEOX0UL =3I W) HFJLEKC =STH)
SN O R DB E B
7 |8 & & ‘
M e > & X|| “HOIE - dbo,site_1500, E40|= - dbo,site_channel | FI0IS - dbo turbine_list_| 22F x
HE(0) - | W | o HIDIE = Mull & -~
® [ dbo.site_1007 | nehar(10y
® = dbo.site_1031 smalidatstime
= g sgﬂ‘ﬁ‘tﬂ—”?ﬁ' Time nchar10)
® 0.site_
® [ dbo.site_1 1607 CHIAYS Secmatai)
@ =1 dbo,site1200 CH1SD decimal(9, 3)
@ I dbe,site_1300 CHIMax decimal(3, 3)
@ O dbo,site_1400 CHIMin decimal(2, 3)
t ; EEE z:tz’:ggg CHzAvg decimal(s, 3)
& O dbo.site_170 cHesD) docimal(s, 31
® = dho.site_1500 CHZMax decimal(3, 3)
@ ; EE“ 5“9—‘2333 CHeMin decimal(3, 3)
® a.site. :
= O bo.sita2i00 CHatva decimal(9, 3
® 01 dbo site_2200 cHasD decimal(3, 3)
® [ dbo.site_2276 CHaMarx decimal(3, 3)
@ g jgu‘ﬁjti-gzgg CHaMn decimal(3, 3)
@ 0. ite
& [ dbo.site_2500 CH4Avg decimal(9, 3)
@ =1 dbo.site_2600 CH4SD decimal(9, 3)
® [ dbo,site_2700 = CH4Max decimal(9, 3)
= g gEG‘S‘tE—gggE ‘. CHatin decimal(3, 3)
® 0.site
® [ dbo.site_2900 I e decmai(s, 3)
® =1 dbo,site-3100 CHSSD decimal(3, 3)
@ [ dbo,site_3200 CHSMas decimal(3, 3) 2

® 1 dbo,site_6EE6 = CHE
® 1 dbo,site 7777 (e site_number
[ dbo,site_channel Nl & L]
@ I dbo.site_list JeaEs g
@ (1 dbo,site-N1503 20 10
@ [ dbo,site_N5146 CIOIE B4 [E==r] nchar -
® = dho,site_ME344 (2t
® [ dho.site_MBSIT
. A &
L z v
ZHI
Fig. 3-21. DB table.
site_number channel type description height scale_Factar offset unit ")
[ 11507 cHI wind Speed MRG #40 Anem. 60 0.765 0.53 mjs =
(11507 CH1 Wwind Speed MRG #40 Anem. &0 0.765 0.35 mj's =
11507 CH3 Wind Speed MRG #40 Anem. 50 0.765 0.35 mj's
11507 CH4 Wind Speed MRG #40 Anem, 40 0.765 0.35 mj's
111507 CHS wind Speed MRiG #40 Anem. 30 0.765 0.35 mj's
iU4?U CH1 Wind Speed MRiG #40 Anem. 60 0769 0.363 mj's
0470 cHz Wind Speed MRS #40 Anem. &0 0.765 0.35 mj's
0470 CH3 wind Speed MRG #40 Anem, s0 0.765 0.35 mf's
.0470 CH4 Wind Speed MRG #40 Anem. 40 0.765 0.35 mj's
0470 CHS Wind Speed MRG #40 Anem. 30 0.765 0.35 mj's
0470 CHE wind Speed MRiG #40 Anem. 20 0.765 0.35 myj's
0470 CH7 wwind Yane #200P Wind Vane  ALEL 0.351 o deg
0470 CHS wind Yane #200P Wind Vane  ALES 0.351 o deg
0470 CHg Wolt voltmeter 3 1 ] volks
0470 CH10 Temp MRG #1105 Temp 3 0.136 -86,383 C
0470 CH11 Barom BF-20 Barom 3 0,426 650,031 mb
0470 CH1Z Hurni RH-5 Humidity 3 0.098 o “RH
MNS146 CH1 wind Speed MRS #40 Anem. 30 0.765 0.35 mj's
MNS146 cHz wind Speed MRG #40 Anem. 30 0.765 0.35 mj's
MS146 CH3 Wind Speed MRG #40 Anem. 30 0.765 0.35 mj's
(NS148 CH4 Wind Speed MRG #40 Anem. 15 0.765 0.35 mj's
MNS146 CHS s 5 NLEL ALEL NLEL B
MNS146 CHE = kL NLEL ALEL NLEL =
MNS146 CH7 wind Yane MRG #200P Win... 0O 0.351 a deg
MNS146 CHS wind Yane MRG #200P Win... 0O 0.351 a deg
MS146 CH9 A - ALLL ALEL ALLL -
MS146 CHI10 2 3 ALLL ALEL ALLL 3
MNS146 CH11 i - NLEL ALEL NLEL -
M5146 CH1Z o b N L AL N L b
MNE344 CH1 wind Speed MRG #40 Anem. 55 0.762 0.36 mj's
MS344 CHzZ wind Speed MRG #40 Anem, 55 0.765 0.35 mf's B

Fig. 3-22. DB data.
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dole #e B E4 BES WY oF A"l AWdA FeEe 7h T
Aol A Hile AEE #e, #45tE 9s g9 drh Fig. 3-232 doly #
gl @ ¥4 259 Use Ca B A|2Ele SQL DB AHE U%
3 glow 9 TR 4/ FHEA A Hules ABE o] SQL
DB 3% HolE&o] Axate #ejxE o] HolHE #E e o] deolHE 7|uk
o= doly B4 B BHF «dF Aadt AFsA A

ase Diagram®. % A

Wind power forecasting monitoring server

Data management
Hangwon wind farm

Administration

Data analysis

Hankyeong wind farm Wind power forecasting system

Fig. 3-23. Client diagram(DB Server).
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SQL DBell A7 dole 2]}

al
=

)

g o = Al 2®l(Actor) :
HolHE o] &
ZF o 2YEY A (System) :

SQL DB o dlolg A% & @ 7o +3 % deoly &4 4 3

2
ol
)

o

=
e

(2) Class Diagram(DB Server)

)

Fig. 3-24= 24 = dF Holy Aol &=H= @ 2 4 Za9
2 toloja@lor 7k FHGA| A Bl AEE ol SQL AW et ¢
T3 AFd dHelHE A, #elstH o] deolHE AYsty] 9§ wdata E
o} @ dHeleE AHeldlr] 98 wdataList ZF#H=7F At doly #EE {3
tFe 7 AgE fE A e FE& HAI dow, HolH ks 9

loginForm¥ do|¥ A& 93 searchForm, ¥4 ZA¥=E gz w793k

M
gl
Re)

b}
o

P>

chartForm E#H A5 ¥3tslar gt 382~ W59 WebBrowser = & 3 X% 9]

APOIE A E A el #AEH] A% Aoz = fia dEso]

loginForm ¥ | searchForm = ) columnForm & | dbinsertForm ¥ | chartForm ¥

Class Clags Clags Clags Class

= Farm = Form = Form =+ Form = Farm

v insert_db_dlg
channel 3 | mainFormn =) site_listTableAdapter [ |
Class Class Class
= Form | =+ Component
e e e e e \ + Fields
| rawFile ¥ | :
I Static Class 1 |E Methods
I \
e e e . ¢ mast_data
- — .r': ——
wdata ¥ | | mdatalist (¥
Class Class
o widbDataSet . [ 1 N Haraylist
| wtdbDataSet ® | 5
. ™y Class — — -

widatal ist ¥ - Dataset | mdata ¥

Class | ) Class

= Arraylist

4 gmap |
W i
WebBrowser ¥ |

Clasz

=+ WebBrowserBaze
= |

Fig. 3-24. Class diagram.(DB Server).
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715S Azt Wy H=AY 7S o] 83le Fig. 3-303 o] HdE=
=5 Adsla #9038t Fig. 3-313 7o) AMelyd A= do|gwt swoA &
¢l 3 4 A} e Ko X = dlojEHE X =

-
¢ 7P 9w Fig 3-32¢ HeE nhg dolHy gdAex a1

(ld

ht!
R
rO

9(_11

oA A% ae] Abssith o] RES WAD A% Asdy ABAA BAD
A% Hgol nEAN JTS FRAEZ AL HoA}

Login - Jeju National University Wind Energy System

Fig. 3-25. Windows of login for data server.
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B WIDB - Jeju National University Wind Energy System

List

site_number  Iocation  elevation start_d: end_dat latiude | longit
3 354
2009, 2009-,, 33301389

5,000 |2009,,, 2008, |33558617 126,82

" description
ng yep

Go san

3
| 0

7T Hang won ri

]

umber ~ channel des ic ~ scale_factor  offset
CH1 Wind Speed 'NRG #40 Anem, |30 0.7636933 o mys
3300 CH2 Wind Speed NRG #40 Anem. |16 0.7636933 a mys
| 3300 CH3 Wind Speed NRG #40 Anern., |0 0.76363933 o myis
R EC CH Wind Gpeed MR #40 Anem. |0 0,7636333 o m/s
RET cHs Wind Gpeed  NAG #40 Anem, |0 07696933 o ms
= 3300 CHE. Wind Speed MRG #40 Anem, |0 0, 7636933 a mfs
[ 3300 CHY Wind Vane MNRG #200P Wi... |3 100 deg
[ 3300 CHE Wind Vane NRG #200P Wi... |0 a deg
o 3300 CHS Pyranometer Licor Radiatio... |0 100 o wiatt/sZ
] 3300 CH10 Temp NRAG #1105 Te... |0 0.1356 -86.39 C
e it Barom BP-20Barom |3 004255 8521 Pa
RE cHi2 Humi RH-6 Humidity |3 0.098 0 %AH

Start-up windows of ¢

Hang won ri

=l site_number :
2O - search
\k@'% location :

] - TG
wmber  channel Twpe Tdeso
CHI Wind Speed | NRG #40 Anem, |30 0

3300 CHz Wind Speed | NRG #40 Anem, |16 0,7636833 0 m/s
| CH3 Wind Speed | NRG #40 Anem. |0 0,7636933 0 m/s
RE CHe Wind Speed | NRG #40 Anem. |0 0,7636833 0 m/s
RE CHs Wind Speed  |NRG #40 Anem. [0 07636933 0 m/s
RE) CHB Wind Speed | NRG #40 Anem, |0 0,7636333 0 mfs
REE) CHT Wind Vane NRG #200P Wi... |3 100 deg
= CHB Wind Vane NRG #200P Wi... |0 0 deg
RE) CHa Pyranometer | Licor Radiatio... |0 100 0 watl/s2
RE CH1D Temp NRG #1105 Te... |0 0,135 -66.39 c
R E CHII Barom BF-20 Barom |3 004255 65,21 kPa
R EE CH12 Humi RH-5 Humidity |3 0038 0 %RH

eady

Fig. 3-27. Search of data server.
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elevation

T R e I

number  channel Type description hieight scalefactor  offeet unit
CHI Wind Speed | NRG #40 Anem, |45 0, 7636033 0 m/s
7T CHz Wind Speed | NRG #40 Anem. |33 0,7636833 0 m/s
7T CH3 Wind Speed  |NRG #40 Anem. |30 0,7636933 0 m/s
77 CHe Wind Speed | NRG #40 Anem, |22 0,7636833 [ m/s
T CHs Wind Speed  |NRG #40 Anem, |15 07636933 0 m/s
7T CHE Wind Speed | NRG #40 Anem, |8 0,7636333 0 mfs
7T CHT Wind Vane NRG #200P Wi... |0 0 deg
7T CHB wind Vane NRG #200P Wi... |0 0 deg
77 CHa Pyranometer | Licor Radiatio... |0 100 0 watl/s2
T CH1D Temp NRG #1105 Te... |0 01356 -66.39 c
T CHII Barom BF-20 Barom |0 001257 18.21 inHa
T CH12 Humi RH-5 Humidity |0 0,038 a %RH
eady Y | -

Fig. 3-28. Result of data server searching.

B WTDB - Jeju National University Wind Energy System

[List | Data [Map |
Site: 7777 - Hang won ri - #%¥ ( 2009-01-10 ~ 2009-07-23 }

Hurnber of Data: 105 frsve @) - [2rsoe W) R
site_nurmber Date Time ' CHiAvg | CH1SD CHIMax CHIMin | CH2dAwg | CH2sD | CHeMax, CHZMmZHiSD CH3Max CH3Min CHddvg Cle|

tzuas—u7—2a 00:00:00 3,050 0.450 0.000 0.000 2850 0.450 0.000 0.000 3.000 0430 0.000 0.000 0010 0.

N 2009-07-23 00:10:00 3,140 0,470 0,000 0,000 3,030 0,420 0,000 0,000 3,240 0,400 0,000 0,000 0,010 0.0

s 2009-07-23 00:20:00 | 3,060 0.500 0.000 0.000 3.040 0,420 0.000 0.000 13310 0,400 0.000 0.000 0.000 0.0
e 2009-07-23 00:30:00 | 3,240 0,500 0.000 0.000 3.350 0,470 0.000 0.000 3.370 0.420 0.000 0.000 0.000
s 2009-07-23 00:40:00 3,350 0.470 0.000 0.000 3.630 0.420 0.000 0.000 3.660 0.370 0.000 0.000 0.000
7 2003-07-23 00:50:00 | 3.720 0.540 0.000 0.000 4.050 0.500 0.000 0.000 4.100 0.420 0.000 0.000 0.000
i 2008-617-23 0100600 | 3,310 0470 0,000 0.000 3650 0,500 0,000 0,000 4110 0.430 0,000 0.000 0.010 [
i 2009-07-23(01:10:00 3,200 0,500 0.000 0.000 370 0510 0.000 0.000 2100 0.430 0.000 0.000 0010 [
e 2009-07-23 01:20:00 | 3,670 0,540 0,000 0,000 3,880 0,670 0,000 0,000 3,890 0,560 0,000 0,000 0,010 0.
s 2009-07-23 01:30:00 | 3,660 0,450 0.000 0.000 3170 0.500 0.000 0.000 3.000 0,450 0.000 0.000 0.010 o
s 2009-07-23 01:40:00 2,810 0.520 0.000 0.000 2.820 0,450 0.000 0.000 3.030 0,400 0.000 0.000 0.000 0.0
s 2009-07-23 01:60:00 |2 760 0,450 0.000 0.000 2.920 0,500 0.000 0.000 3.340 0.500 0.000 0.000 0.000 0.
T 2009-07-23 02:00:00 2,670 0.450 0.000 0.000 2.530 0,430 0.000 0.000 2.660 0,450 0.000 0.000 0.000 0.
T 2003-07-23 02:1:00 2,610 0.500 0.000 0.000 2.510 0,450 0.000 0.000 2.910 0.450 0.000 0.000 0.010 o
7 2009-07-23/ 022000 2,540 0470 0.000 0.000 2,250 0430 0.000 0.000 2810 0.420 0.000 0.000 0010 [
e 2009-07-23 02:30:00 12,430 0,500 0,000 0,000 2,670 0,470 0,000 0,000 2,940 0,420 0,000 0,000 0,000 0.0
T 2009-07-23 02:40:00 2,600 0,470 0.000 0.000 2.910 0,470 0.000 0.000 3.250 0,430 0.000 0.000 0.000 0.
s 2009-07-23 02:60:00 2,430 0500 0.000 0.000 2,650 0.500 0.000 0.000 2,960 0.470 0.000 0.000 0.000 0.
s 2009-07-23 03:00:00 2,080 0.430 0.000 0.000 2190 0.420 0.000 0.000 2.47 0.500 0.000 0.000 0.000 0.
T 2009-07-23 03:10:00 2,020 0,470 0.000 0.000 2130 0,430 0.000 0.000 2,400 0.430 0.000 0.000 0.000 0.
it 2003-07-23 03:2:00 1,700 0.540 0.000 0.000 1,500 0.520 0.000 0.000 2150 0,470 0.000 0.000 0.000 0.
e 2009-07-23/03:30:00 1,160 0430 0.000 0.000 1.410 0,400 0.000 0.000 1,700 0370 0.000 0.000 0,000 [
ks 2009-07-23 03:40:00 1,080 0,430 0,000 0,000 1,450 0,420 0,000 0,000 1,790 0,420 0,000 0,000 0,000 0.0
s 2009-07-23 03:50:00 0,380 0,400 0.000 0.000 0,900 0.320 0.000 0.000 1.290 0.370 0.000 0.000 0.000 0.
e 2009-07-23 04:00:00 0,000 0.000 0.000 0.000 0.450 0,400 0.000 0.000 1.070 0.380 0.000 0.000 0.000 0.0
s 2009-07-23 04:10:00 0,000 0.000 0.000 0.000 0.460 0.420 0.000 0.000 1,060 0.380 0.000 0.000 0.000 0.
e 2009-07-23 04:20:00 10,730 0.640 0.000 0.000 1.320 0,500 0.000 0.000 1.740 0.500 0.000 0.000 0.000 0.0
Rk 2009-07-23 04:30:00 1,180 0,430 0.000 0.000 1.630 0,400 0.000 0.000 2.050 0.380 0.000 0.000 0.000 0.
T 2009-07-23/04:40:00 0,040 01 0.000 0.000 0.420 0470 0.000 0.000 0,840 0500 0.000 0.000 0,000 [
s 2009-07-23 04:50:00 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,050 0,190 0,000 0,000 0,000 0.
i 2009-07-23 05:00:00 0,000 0,000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0
s 2009-07-23 05:10:00 | 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0
s 2009-07-23 05:20:00 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.260 0,380 0.000 0.000 0.000 0o

£ il | pal

cady

Fig. 3-29. Result of daily data searching.
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Site  Data
|List | Data  [Map
Site: 7777 - Hang won ri - 82 ( 2003-01-10 ~ 2009-07-23 )

Number of Data: 105 [e009-0723 '~ ~ [2008-10-23 ~| [ _search ]
Sfie_number __ Date Time  CHifwa  CHISD _ CHIMax _ CHIMin _ CHeAva  CHZSD  CH@Miax  CHeMin  CH3swa  CH3SD  CH3Miax  CH3WMin_ CHéAva  ClA

» 2009-07-23 | 00:00:00 3,050 0,450 0.000 |0.000 2,850 0,450 0.000 0.000 3.080 10,430 10,000 0.000 (0010 0c
[ 2009-07-23 00:10:00 3,140 0,470 0,000 |0.000 3,030 0,420 0,000 |0.000 3,240 0,400 0,000 |0.000 0,010 00
™ 2009-07-2300:2000 | 3,060 0.500 0.000 0.000 3.040 0.420 0.000 0.000 3310 0.400 0.000 0.000 0.000 0c
e 2009-07-23 | 00:30:00 | 3,240 0.000 0.000 0.000 0
T 2009-07-23/00:40:00 (3,330 |0.000 0.000 |0.000 i
|77 2009-07-23 | 00:50:00 | 3.720 0,000 0.000 0,000 0c
b 2009-07-23 010000 | 3,310 0.000 0.000 0.010 0
e 2009-07-23/01:10:00 | 3,400 0.000 0.000 0.010 8
i 2009-07-23 01:20:00 | 3,670 0,000 |0.000 oo 00
™ 2009-07-23 01:30:00 | 3,560 0.000 0.000 0.010 0
™ 2009-07-23|01:40:00 | 2,810 0.000 0.000 0.000 0r
mr 2009-07-23 |01 :50:00 | 2,760 0.000 0.000 0.000 0c
T 2003-07-23/02:00:00 (2,670 |0.000 0.000 |0.000 0c
|77 2009-07-23|02:10:00 2,610 0,000 0.000 0.00 0
T 2009-07-23 02:20:00 2,540 CHER. CH12Avg 120 0,000 0,010 [
b 2008-07-23 0230:00 2,430 | 2o 0,000 . 0,000 [
T 2009-07-23 02:40:00 | 2,600 CHIOSD 30 0.000 0.000 0.000 0c

! | CHiOMax | !

fd 2009-07-23 | 02:50:00 (2,430 CHIOMin hio— [oom 0.000 0.000 [
™ 2009-07-23 | 03:00:00 | 2,090 00 0.000 0.000 0.000 0c
T eo03-07-23)0310:00 202 || &} Max i po [0 0.000 0,000 oc
e 2009-07-23|03:2000 | 1,700 12 o 0,000 |0.000 0,000 0c
|77 2009-07-23 03:30:00 1,160 70 000 |oom 0,000 [
T 2009-07-23| 03:40:00_| 1,080 120 0,000 o 0,000 [
7T  |2om-07-230 BLE: - . 0 |oooo 0,000 oc
e |2009-07-23 04:0000 | 0,000 0.000 0.000 0.000 0.050 0400 0.000 0.000 1.070 0380 0000 ~ |nom 0c
T | 2009-07-23 041000 |0.000 0,000 0.000 0o0 ndel  |0em 0.000 0.000 1.050 0,380 0.000 oo ot
T 2009072304200 0730 0.660 0.000 oo (130 0500 0.000 0.000 1.740 0.500 0000 0.000 0c
T |2009-07-2304:3000 1,180 0,430 0000 |oom [1E; 0.400 0,000 0.000 2,050 0,360 0000 0.000 oc
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Fig. 3-31. Result of data field selection.
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Site  Data

List |Data [Man |
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G220 4 2810

Fig. 3-32. Chart of selected field.
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Fig. 4-2. Time schedule of real-time wind power forecasting system.
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Fig. 4-3. Horizontal domains(4 horizontal domain).
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Table. 4-1. Domain of WRF

_ S Grid No. o
Domains Grid size Domain size
X Y
Domain 1 27km 60 60 1620km x 1620km
Domain 2 9km 61 61 549km x 549km
Domain 3 3km 67 64 201km x 201km
Domain 4 1km 35 61 85km x 61km

336

335

33.4

Latitude (degree)

33.3

332

1262 1263 1264 1265 1266 1267 1268 1268 1270
Longitude {degree)

Fig. 4-4. Final forecasting domain{Domain 4).
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o7 FAA nFXHX Y YUSGS : United States Geological Survey)e] T A
9 X3 1% (DEM : Digital Elevation Model) A5 & o] &3} % t)
Lok A B ae] S Ao o)dt EiE wkgsial xoh AEA 9l

Eonbgdag A e JAT AYnE ARE AT Ee e s

336
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1800m|
33.5— 1600m|
? 1400m|
g 1200m
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33.2— ] 1oom
) —150m
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Longitude (degee)
Fig. 4-5. Modeling domain(Jeju topography elevation).
# Rdgel At USGS lin 7429 AE9% 48T A§593 2 wdeo
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inertia) 59 =24 A2& AL A2 st A" FAZ 7pA A Ao
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WRF Software Framework

Dynamics Solvers

L Initialization \

Obs Data, ARW Solver
Analyses, | [ Post F.’rocc-,?ssors,
Foracath A NMM Solver Verification

™ WRF-Var

1

Standard Physics Interface
1

Physics Packages

Fig. 4-7. WRF program process step.

WRF(ARW) A A®1e Algd ol st Ha3dk AJAg] 44348 354
294, 2718 #4, AE5Es HNANES A}

s

4R FAHY, o
(Fig. 4-7).
WRFZ 743l ARWS s NMM# A Z2]abAd o] &y 3l v

<o At s ZPA AL vk
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0¢] zk WA E 7IIvH(Fig. 4-8).
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Fig. 4-8. WRF-ARW q coordination.
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Fig. 4-9. ARW of horizontal and vertical grid structure.
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Table 4-2. Maximum value of stable courant number at 1 dimensional linear

advection
) Spatial order
Time Scheme 3rd Ath 5th 6th
Leapfrog Uns. 0.72 Uns. 0.62
RK2 0.88 Uns. 0.30 Uns.
RK3 1.61 1.26 1.42 1.08
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Fig. 4-10. Boundary condition of real data.(Specified and Relaxation).
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o]y s FTAAA APt tE oy FHEEL(MMS, ARPS, COAMPS)9

A= AYgEE v og WRFAA AdHE XAANTZ2E ol Zdi Hlw
g w, ko] HEAE A" A Mo &4 o=z ALkslthE FH o] o

@ 1-Way$} 2-Way =X 4=}
Fig. 4-11& 1-way W23 2-way W2lo 2 SxAx ndele AFE3FE WY

& Awstal vk

1-way nest A2 AAAR A HFAAAZ AXZRe] AHERE Ey
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A BE AAIAR el fAg X AAH o R dAskE WAl o® (A
AN A FAAAZ, FAAA NN FOAAR) 0= AL AHE wgkstE W
2} o] T},

ARWE 5444 293¢ A48 o FAA%e) 273k ool R 1A 3

o Moving FAAA tal, 9% AGRALe FAAG AGe AN} 2
g A e
w9, Aol shitkel 9% Ads el U FAAAE LFE F 9O
W, ARWAA 2] A4 A9e sl 40A% QFol a8 L3 ojol
s Al AAE SAAAAAN ANAAE AFEL Fig 4128 4047
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Fig. 4-12. Several nesting grid methods. (a) Optical nesting grid. (b) Same

parents grid. (c) Overay grid(Wrong). (d) Intra sharing grid(Wrong).
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Q@ wde] &2

WRF(ARW)9] =222 #A &8 2 (microphysics), 4225 3Hcumulus
parameterization), 84 7 7 & (planetary boundary layer; PBL), X #™ =2 (land
surface model), E-AHradiation)2} 728 thkdt 7l g e =82 S48 AFE3)
W, FAH(Diffusion) FHAE2 o] YF-Fo0® FHHHU
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g g 4 gl
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o WRF Single-Moment 3-class (WSm') scheme
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o] scheme& o}AXA TR WF9 & FEE o] 2oy olBEAH ORI X
AUNAAALZ|(10km Bt} )l A vt Agtsirt. w8k i ot 7F obA At Kol A
FAAAGTER Faf ¥ 7Rt T schemeE2 WWE 5~10km(Eddy)
TR dFE LA = ER0] At dEA glov ditdoz wHo] A
AF oz ol & Hald Gk = VW= F AMRSHA] &+

o Kain-Fritsch

o Betts—Miller—Janjic

o Grell-Devenyi ensemble
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Table 4-3. Option of planetary boundary layer

Scheme PBL Mixing E?rrea;zzj:t PBL Top
MRF K profiletcountergradient term part of PBL mixing from critical bulk R
YSU K profiletcountergradient term explicit term from buoyancy profile
MY] K from prognostic TKE part of PBL mixing from TKE

o 7] AL 2] 4]

AL schemee HAF flux® 7] Q13}=
HAbol #ek A E A g
A A ALl A oAl HAL

>ot JHel oE

Aske &, YL ArEd 28 AA S 3t
W 9o R It fluxs A TS EE Q8 "hAl o] o)& AAATL )
oA EAbE EdoA AAHE TEH FEEXE, €48 BT ofe nF

HAA WRF2 EA} scheme 13929 7]% scheme®|olA] 7}7] 715 =
Ao thFA I fluxEL FHHo R Fasin G HudA e Ve &
A A},

Aol 2] s W=

Ee s AEA o] oA

Uh2 WREFOA] AME5 <= 7] 24 HAF scheme®] wA1S WEREL Aol
o Rapid Radiative Transfer Model (RRTM) Longwave

@]

Eta Geophysical Fluid Dynamics Laboratory (GFDL) Longwave

@]

Eta Geophysical Fluid Dynamics Laboratory (GFDL) Shortwave

@]

MMS5 (Dudhia) Shortwave

@]

Goddard Shortwave
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Fig. 4-13. Structure of data assimilation system(WRF-Var).
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o RIPA(NCAR graphics)

. http://www.mmm.ucar.edu/wrf/users/docs/ripug.htm
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Table. 5-1. The standards of wind power generator system

Part

Standards

Safety requirement(IS)

IEC 61400-1 No.2(1999) Part 1

Safety of small wind
turbines(IS)

IEC 61400-2 No.1(1996) Part 2

Noise measurements method(IS)

IEC 61400-11 No.2(2002) Part 11

Power performance
measurements(IS)

IEC 61400-12 No.1(1998) Part 12

Measurements of mechanical
loads(TS)

IEC 61400-13 No.1(2001) Part 13

Measurement _and assessment
of power quality characteristics
of wind turbines(IS)

IEC 61400-21 No.1(2001) Part 21

Blade structure intensity test of
wind turbine(TS)

IEC 61400-23 No.1(2001) Part 23

Lightning Protection(TR)

IEC 61400-24 No.1(2002) Part 24
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Table. 5-2% 8% Hrto] W= E@dsojof sk Hade] BEE 24E
of v olv),
Table. 5-2. Uncertainty factors
Measured Uncertainty component Uncertainty
parameter category
Electric power Current transformers B
\oltage transformers B
Power tranaducer or power measurement device B
Data acquisition system (zee note) B
Variability of electric power A
Wind zpeed Anemometer calibration B
Operational characteristics B
Mounting effects B
Data acquisition system (see note) B
Flow distortion due to terrain B
Air temperature Temperature sensor B
Radiation ghielding B
Mounting effects B
Data acquisition system (see note) B
Air pressure Pressure sensor B
Mounting effects B
Data acquisition system (see note) B
Data acquisition Signal transmission B
system System accuracy B
Signal conditioning B
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[fije cle:

s clear;

el close;

4 - scatter! = load{ C:#wind¥scatterl.dat’);

G scatter? = load( C:#wind¥scatter2. dat’);

G rawdata = load( C:#wind¥rawdata.dat');

T bindata= slsread{ C:#wind¥bindata.xls");

i stdev= slsread( C:#windstdev.xls’);

q - edB=load( C:windiedd. tut 1 RHIZAHIES 22, 258 H|1=

mn - ewTo0=load( C:twindiew?ol. txt JiEHIZAE =2, 2581

TalE f1800=1nad{ C:4windif [BOD0. tut ") ¥HIZEANE 22, 2584 =

2= Ya0=load( ' C:4windi¥90. tet" ) 2HIZAIS 28, 221+

13 %

14 — figura(l);

g} = hold on

16 — titlel Scatter! Plot of Measured Power Qutput(Before Mormalization)'):
17 - plot{rawdatal:,6), rawdatal:,2), "linestyle', ", ‘color’,'b"};

18 - plot{rawdatal:,B), rawdatal:z, 3], "linestyvle', '+, ‘color’, "r'J;

19 — plot{rawdatal:,B), rawdatalz, 4, "linestyle', '+, ‘color’, "v'J;

20 — plot{rawdatal:,B), rawdatal:z,5), "linestvle', 's', ‘color’, "'n'J;

21 = legend( Mean', 'Std.', "Max', 'Min.', HorthBastOutside’ );

22 - wlabel ("windspeed' );

23 — vlabel{ 'Electric Power');

24 — grid:

2h - hold off

b %

27 #figurel2);

28 %hold on

29 #titlel ScatterZ Plat of Measured Power Output(Before Mormalization) ):
an %plotiscatter2( , 1), scat tesd (52 s | TnaSty | s color’, 'b");
il #plotiscatter2(:, 1), scatter2(:,3), "linestyle’, "+, ‘color’, 'r')
az %plot{scatter2(:, 1), scatter2( -, 47, " |inasiele™, '+, ‘color’, 'v'):
33 #plotiscatter2(:, 1), scatter20, B0, Hinestyle', "«", ‘colar’, 'm')
a4 %legend( 'Mean', 'Std.’', "Max', 'Min. ', 'NorthEastOutside'):

35 #xlabel (C windspeed' ) ;

R3] wvlabel('Electric Power');

Fig. 5-2. Program of uncertainty.
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Table 5-3. Surface roughness

Zzn [m]

o0
S0
50
<0
.30
=20
A0
OS5
O35
e
O
o.00s
o.00s
o.001
o.0005=
o.000z
o.0001

o e T o e o e o I

Terrain surface characteristics
ity
forest
suburbs=

shelter belts

many trees andsor bushes

farmland with closed appearance
farmland with open appearance
farmland with very feww buildingsstrees
airport areas with buildings and trees
airport runway areas

mown grass

bare soil (smoothl

snove surfaces (smooth)

sand surfaces (smooth)

water areas (lakes, flords, open seal

Roughness Class

3 (0.40 m)

Z (0.10 m)

1 00.03 rm)

0 (0.000Z

A agoz yeldH Aol
Pitch Typ
Start Beforecali. — Aftercali. — Weibulldist. — Avg. power — AEP —
Stall Typ
Height
Calibration
Stmda d Avg. power
Outputcoef, —  °@WC  ncided — End
Unceraity || | jycoriy

Fig. 5-3. Process of Package program.
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Fig. 5-4¢} o] vAd FHAA7|e} 7oA dARer T3 24e U

dotar o HolHE AAEY. o] o SFELAV|AM T, T, a7 HAY, 24T
Pz

& FHSA NEHEAAE TF, T 28, gEHs P

(1) T#HLA7] AL

Table. 5-4+= H7F¢] VOO-3.0MW F&bd | 2gle] A 2 AFS vE
vt

Table 5-4 Specification of V90-3.0MW

Roter Diameter 90m
Swept area 6362m’
roter 9.9~184 RPM
roter Tilet, Blade coning 6°, 4°
Hub Material GJS5-400-18U-LT
Hub Weight 8500kg
Blades Length 44m
Blades Twist(blade root/tip) 175°
Generator Rated power 60Hz , 3.0MW, 1000VAC
Yawing speed <0.5°/sec
3—parted Tower 30m

e SHEA EX = 97 A AA eEsa ded 2T 63719

VI0-3.0MW 7]&L dXelA 71 2 7|Fo 2 @A 5717F 3 Fol urh
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o

Table. 5-5 IEC61400-12-1¢] 7€ nige] A AT F& d=E
AlE ] Aol e 2 FAM oItk & HAE Abo]Ee] XY oA
ST AP 7e7])= 2
LIAE ojew, A I w3 724 49 00IDEA =4 IEC 74l

A3 Aor PrE,

Lol ol A= ¢ 04, Zrg]al 2Lo] Aol A=

4

Table. 5-5 Topographical Deviation Regulation in Test Site (IEC 61400-12)

Distance Sector Maximum slope Maximum terrain
% variation from plane
=2L 360" a3* =0,04 (H+D)
22Land=<4L Measurement sector <5* =0,08 (H+D)
22 Land <4 L Outside measurement <10** Mot applicable
sector

z4 L and <8 L Measurement sector =10* =0,13(H+D)

*  The maximum slope of the plane, which provides the best fit to the sectoral terrain and passes through the
tower base.

** The line of steepest slope that connects the tower base to individual terrain points within the sector.
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Fig. 5-5. Wind Turbines Position in Hangyeong Wind Farm.
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Meighboring
and operating

Ln/Dp=8.0
disturbed secior = 48°

’ y wind turbine
MNeighboring 81°
and operating
Meteo wind turbine
™ mast e = 3
Meteorclogy
mast LpDn =34
disturbed sector = 04*
Significant Significant
obstacke obstacke
Wind turbine Wind turbine
¥ under fest under test
IniDn=2.5
disturbed sector = 74° b)

Meighboring i o é

and operating

wind turbine | ag" Y] Meighboring
Meteorology and operating

ammmﬂ- mast wind turbine
mast

LelDe=T2
disturbed sector = 44°

Le

Significant
obstacle
Wind turbine bw= 203D
under fest In = 113D
De =4/8D

Significant
obstacle
i Wind turbine Wind turbine 45
| umder test under test 13ar
by = 2030
n=113D
D =480
c) d)
Q a ]
Meighboring
N and operating N
A Meteorology wind turbine
mast
LaiDe =80 59
disturbed sector = 40°

IEC 203605

Fig. 5-7. Example of invalid measurement azimuth(IEC61400-12)
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Table. 5-62 7 Folz2F-He Az -We-SAWH 7 ek

Table. 5-6 Distance and Direction from Obstacles

Measurement Mast Wind trubine
Criteria ) )
Wind turbine No 1 No 5 No 1 No 5
Distance | 225m(2.5D) 200m(2.8D) 400m(4.5D) 260m(3.6D) | 245m(2.7D)
Degree( ") 86° 163° 120° 220° 150°
Mea. Degree

) 397~ 132° 118°~ 207° | 85°~ 155" | 181"~ 259° | 105° ~ 194°

Fig. 5-8& Fig. 5-79 a~f %=

FEAutrE9 34 637 FHOR ATgS Wi FoE ¥ FHEwd
et Faelzd 73hE A o] AHREFYH faE AT 0°
~ 39° 9} 259° ~ 360° = AAHS
g o] B o] v},

»
>

g0
105

Effect area by WTB(33~132)
Effect area by WTB(B5-155)
Effect area by WTEC118~207)

P s

v
180 Wake effect from WIE to WIS(105~134)
Wake effect from WTE to WT1(181~253)

Fig. 5-8. Measured direction sector.
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Wind Direction

bJ
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oy —u 2y oy
ta = m a

Wind Speed
=

1 1 i 1 1 1
0 a0 100 150 200 250 200 250 400
wind Direction

Fig. 5-9. Data of Effective Wind Direction

5) "oly dx e

dAEHoz FAHE HolHERY 108 H4ez AR oy AEE 43
At Table. 5-72 A AZd oy AES AWE YEHY AL Fig. 5-102 =L
v =8 oy cAlelth. ojwl FAVF AGTHE HA &%ke W oo A WA

b oojele] T W SAE oy AT

Table. 5-7 Information of Data set

o i Wind i
Criteria Power Wind speed 1 . Density
direction
Data Avg., Max.,
_ _ Avg., Stn. Avg., | Average(Calculated)
(10 min) Min., Stn.
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1 366.536 470.583 574631 6.623 5.255 301472 1.222
2 446499 587.344 728.19 8358 5.909 294.5 1.222
3 313.158 567.172 821.186 13.665 5.918 303.275 1.223
4 223822 475.864 727807 16.871 5.295 301.343 1.222
5 234.042 487.759 741476 16.622 5.183 281.863 1.221
6 8192 280.16 4784 14.749 4.306 272.124 1.221
7 183.091 438.891 594691 18.535 4812 264617 1.22
8 244.547 517.099 789652 16.283 5423 261.502 1.22
9 427861 743.062 | 1058.263 20.011 6.206 260.398 1.219
10 456.636 796.048 113546 22811 6.579 259,637 1.218
11 645778 | 1050008 | 1454.239 25.205 7.67 262427 1.22
12 501.394 951.084 | 1400.77 29.56 £.3°7 270.539 1.221
13 515.345 917.804 | 1320.263 26.504 7.232 271.91 1.221
14 501.526 854462 | 1207397 2462 6.842 269.809 1.223
15 501.835 886.163 127049 25.328 7.065 273.899 1.224
16 392777 9074 1422023 33.181 7.356 281.108 1.224
7 569.565 | 1028.041 | 1486.518 29.725 7.7 280.383 1.225
18 527.652 906.06 1284468 22.824 7419 299.114 1.226
19 531.767 862.667 | 1193.567 19.582 7.325 299.159 1.226
20 488.767 767.341 | 1045916 18.018 6.633 296461 1.227
21 501.103 812.572 1124.04 19.934 5.947 297.79 1.226
22 463.735 820.017 1194.3 25496 6.773 297604 1.227
23 493,798 764.227 | 1034.656 15913 6.753 296.763 1227
24 480.953 687.559 894.165 12.797 549 296.052 1.228
23 354.533 557.504 760475 12699 5.925 303.657 1.228
26 152.844 380.171 507499 15.103 4.967 307488 1.227
27 183.085 397.599 £612.113 15.537 4882 292,084 1.226
28 158.047 326.501 | 494,955 11.277 4.547 287.087 1.224
29 93.46 267.555 441.65 12.049 4328 281.043 1.223
30 -38.066 219615 | 477.296 14477 3.961 281.142 1.22
31 1.128 150.923 300.719 8.132 3.641 274.066 1.218
32 -27.087 222,508 | 472.103 14.712 4.114 278.1 1.217
33 288.646 457.518 626.39 11.151 5.208 262.339 1.218

Fig. 5-10. Example of Data set.
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Fig. 5-11. Scatter Plot Power Output Before Normalization(1.222kg/m3).
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scatter! Plot of Measured Power Qutput{After Marmalization)
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Fig. 5-12. Scatter Plot Power Output Normalization(1.222 kg/m3).
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Power Curve for the Data Normalization
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Fig. 5-14. Measured Power Curve.

Power Curve for the Data Normalization
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Fig. 5-15. Measured Power and Origin Power Curve.
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Table. 5-8 Bin Power Output Mean (1.222 kg/m3)

Hub hight wind

Mo. of data sets (10

Bin Mo St Power output (kW) i e

1 1.284883075 -30.05696721 16
2 1.775664993 -127.6543716 65
3 2271764063 -44.71967213 g3
4 2757058952 286.3497268 115
5 3.222810586 778.0758197 126
6 3.725702412 2113.535246 121
£ 4257852376 3945389344 119
8 4754876371 £169.521721 117
g 5257646342 12034.99385 156
10 5742893459 1168244344 151
1 £.260171664 16401.55273 143
12 6.750822523 189953377 126
13 7.260856603 2038441776 117
14 7712705488 12502.70669 56
15 8.263265963 1201967514 45
16 8.757321344 2126382732 i
17 8.254265596 24953.09604 71
18 8.735280587 2511633279 64
19 1024818283 3028890055 BE
20 10.73896354 £1136.10656 125
21 11.23745593 54633.66694 103
22 11.76014368 2751036148 7
23 12.21939621 3335731899 54
24 1273970613 3377138046 52
25 13.30277453 27191.98388 39
26 13.76224367 29648.07063 42
27 14.25782247 23783.82445 33
28 14.73798529 20251.76503 28
29 1527888275 13272.68757 18
30 15.70547413 5417302869 7
3l 16.21299592 1516426639 2
32 16.74630663 3789.319945 5
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Fig. 5-16. Comparing Power Coefficient.
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Fig. 5-17. Annual Energy Production.
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Table. 5-9 List of type A and B uncertainty

Collection @ jeju

Category B: Instruments Note Standard Uncertainty Sensitivity

Power output Hp epy=1
Current transformers a IEC 60044-1 Hpq
‘Voltage transformers a IEC 60044-2 Npg
Power transducer or a IEC 60638 ¥p3,
Power measurement device c Mps
Wind speed Hyy
Anemometer b Uy o
Operational characteristics ed uyz, F lj;:-:::
Mounfing effecis c M3
Air density [ ‘;-_:
Temperature Uy °Ti 288,15K
Temperature sensor a BTy P,
Radiation shielding cd — B 013nPa
Mounting effecis Upz,
Air pressure IS0 2533 gy
Pressure sensor a g1,
Mounting effects C ¥ga
Data acquisition system Uy Sensitivity factor is

’ s derived from actual
Signal transmission b Hyq uncertainty parameter
System accuracy cd gz
Signal conditioning Hyz
Category B: Terrain
Flow distortion due to terrain bc Uy ey ; (322 above)
Category B: Method
Method My
Air density correction cd Uy e pand eg
Category A: Statistical
Electric power e Ip, epy=1
Climatic variations [ S —_
* parameter required for the uncertainty analysis

NOTE I|dentification of uncertainties:

a = reference to standard;

b = calibration;

¢ = other "objective” method;

d = "guestimate";

e = statistics.
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- ~/(o Im/$) *+(0.034m] s+0.0034 - V" [on/sD) *+(0.01% - V" [m/s])*
’ +(0.08% - V {m/s]) 2+(0.001 - 96m/s) 2

(2} 5-39)
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(0.52% - P kWD) 2+ (4.97kW) >+

% ((0.104m/ $) 2+ (0.032 « V [m/s]) >+
(0.0034 - V Im/s]) D+ (2 5-42)

C% ((2.1K) *+ C% (0.58hPa) %)

Table. 5-10 Supposition Value of uncertainty Factors

Variable Uncertainty Note
Uncertainty of distortion 3% supposition
Uncertainty of temperature sensor 1.119% value
Radiation shielding 2C supposition
Uncertainty of pressure sensor 0.46hPa value
Uncertainty of
current/voltage/power transducer 05 value(IEC 60688)
level
Uncertainty of wind vane
o n 0.78mv/s value
calibration
Wind vane operational 8 0.034m/s + 0.0034
characteristics level ; V.,
Uncertainty of each data processing o
0.1% supposition
channel
© AHEFERUY- FYIA
7y wleo] Z=E e didk 2R EESEALS EE 78 B B4
A BHEYS Foke] 4 5433 2},
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Y 2__ .2 2 2 2 2 2 2 .2
uc,i_\/si+ui_\/sP,i+”P,i+c vy i teu i teh up,

S% +(0.52% - P [=W) 2+ (4.97&W) >+

c% £(0.104m/ s) *4(0.032 « V [m/s]) 2+

U, ;= (0.0034 « V [m/s]) )+
C% ((2.1K) 2+ C% (3.0hPa) ?)

(215-43)

Table. 5-11& 7z} o] vhdk 24z} @ 4aEo] i EFE S Uehdl Folu)h

[
Fel

Table. 5-11 Factors of Uncertainty Values (Reference Density :1.222 kg/m 3)
NO. |2l BRE4 o BFES TVEE EUE| UL Hs | E£ ST EIL | 37| 2 ETE | OF|YsT BIE | B BEE EIE
Vi [midl Pi kwl URi oV UV CTI [kwirk] CB,I [kWi/hPal Ui
1 12849 193993 53000 40018 01182 Q0ET3 0oae2 17,6201
2 17757 213634 5.3000 366818 01251 00741 00211 183953
3 22718 395612 5.3000 217342 01336 01373 00391 181801
4 27571 530205 53000 786264 01431 01540 00523 211613
5 3.2228 895409 5.3000 1868762 01532 03111 00885 327811
[ 37257 1836194 5.3000 1508551 01849 06372 01813 309201
7 42579 268 6863 5.3000 2001468 01781 09325 02652 37.2569
8 47549 368.1640 63000 2149705 01910 Al 03634 414508
9 52576 4762447 63001 1656133 0.2045 16528 04701 398670
10 57429 5568081 5.3001 2323163 02178 19317 05495 493123
11 6.2602 G76.7T802 53001 1592485 02324 23487 06681 475621
i 5.7508 7552581 53001 1047896 02464 26211 07456 47 8028
13 7.2609 8087044 63001 1958130 02812 28065 07983 562733
14 127 8971823 53001 3020751 02745 31138 08857 696731
15 8.2633 1053 4929 53001 1990472 0.2908 3.6908 10498 5855982
16 87573 11618332 53002 4204708 03058 40320 11469 1005765
17 92543 1405 56599 53002 5065545 03206 48779 13875 1123598
18 97353 16492302 53002 4091342 03352 57235 16281 1146515
19 102482 18580761 5.3002 3295845 03509 54518 18352 1201850
20 10,7380 20208298 33002 3118263 03859 70131 12249 1286818
21 11,2375 2176.2728 5.3003 5044449 03812 75526 21483 1515658
22 11,7601 24355400 5.3003 -3071549 03974 854675 24086 1551587
2 122184 2295 8783 53003 743507 04116 749781 22694 138.2082
24 127397 23375837 5.3003 5045469 04278 B.1123 23078 151 5104
25 133028 26216582 53004 7073446 04453 a0ag2 25880 1961813
2 137622 29456612 5.3004 2525726 04597 102281 29088 1889918
27 142578 30718308 5.3004 -335.7672 04752 10,6605 30324 2017187
2 147380 29108079 53005 5665114 04902 10,1010 28733 2037365
29 15.2789 32170325 5.3005 =495 0300 05072 1116844 31757 2211374
30 157055 30058569 53005 5978991 05208 104316 29673 2130490
3l 162130 33093038 5.3008 03860 05366 114847 3.2668 2133571
2 167483 33095006 5.3006 368734 05534 114854 3.2670 2134616
33 17.1875 33257769 53006 215682 05673 115418 32831 2147396
34 17.5784 33363663 5.3007 -29780 05828 115786 3.2936 2155816
35 182089 33347877 63007 -4 8517 05998 115731 3.2920 2154528
35 185912 33325328 5.3007 104 2848 08117 115667 3.2902 2160219
37 190866 33845980 5.3008 1773284 06274 11.7460 33412 2216410
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Fig. 5-18. Distribution of standard uncertainty.
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Fig. 5-19. Power Curve with Standard Uncertainty.

- 122 -

@ jeju



e i S WO e e R i S L e —
: : : : ' Uncerainty Power

000 s ......... ........ ........ ...... arigin Power ﬂ
: : : E ; : %LLLLL

2500 : : ; ; : SR L o, =

2000 : § ; : oA - - - e o

T — AN, | R Rl N " g 8 . — =

Electric Power

1000 ...... ......... ......... ......... S

E00 : ......... ......... ......... .........

i .
2 4 B g 10 12 14 16 18
Windspeed

-500
a
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Fig. 5-21. Raw Power Data, Origin Power and Uncertainty Power Curve.
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Standard deviation of Power output in Bin.

ED ......... i R : ......... Gar s s :

&0

=
o

30

Standard deviation

]
=

10

0 2 4 B a 10 12 14 16 18

Windspeed

Fig. 5-22. Standard Deviation of Wind Speed.
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Table. 5-12 Information of Data set

Bin Mean )
_ No. Sum Avg. S Max. Min
No. |wind speed
1 1.279813 16 -30.057 -1.878 0.527 0] -3.11749
2 1.756169 65| -127.654 -1.96 0.539 0] -4.28511
3 2.248506 83| -44.7197 -0.538 bd42| 37.89276) -5.37814
4 2.749191 115] 286.3497 2.49 15.19] 86.35246| -22.5999
5 3.253611 126|  778.0758 6.17 1499 6293019 -18.8273
6 3.765455 121 2113.535 17.46 21.16] 99.70984| -23.2167
7 4.245613 119  3945.389 33.15 309 2422736 -23.8383
8 4740513 117) 6169.522 52.73 46.87) 302.2862| -28.6321
9 5.267327 156|  12034.99 77.15 5493 364.2773] 7.848224
10 5756781 151 11682.44 77.367 25.96| 193.6332| 13.42145
11 6.25021 143| 1640155 114.6962 45.0919 400.882 41.8097
12 6.752349 126] 18995.34) 150.7566| 47.11075| 363.3105) 58.01872
13 7.238188 117) 20394.42) 174.3113) 25.13982| 232.6697| 96.15533
14 7.738125 56| 12502.71| 223.2626 45.1498| 362.3083] 101.0993
15 8.256778 45/ 12019.68| 267.1039 25.4666| 312.3846| 208.4508
16 8.7436 70,  21263.83 303.769| 38.70079 369.227)  147.1042
17 9.250746 71 24953.1| 351.4521| 34.60928| 4958706 2849316
18 9.725406 64| 25116.33] 3924427 32.10291| 4749452| 323.0577
19 10.25703 68 30288.9 445425  36.22848| 511.9945 351.794
20 10.74538 125 61136.11] 489.0889 31.92971| 549.6253 404.622
21 11.24723 103| 54633.67 530.424| 39.02381| 623.3643| 440.1346
22 11.69426 47 27510.36] 585.3268| 3477728 644.4714] 501.7728
23 12.22176 54| 33357.32| 617.7281] 35.20277| 681.1583] 535.6339
24 12.75987 b2l 33771.38| 649.4496 33.4273 697.748| 5775172
25 13.24772 39 27191.98] 697.2304] 24.41905| 725.2822] 628.7148
26 13.73288 42| 29648.07| 705.9064| 29.96087| 7475158 627.6581
27 14.25412 33| 23783.82 720722 36599578 765.0436| 626.5928
28 14.719 28|  20251.77) 723.2773] 36.60416| 764.5119] 638.2518
29 15.1735 18| 13272.69| 7373715 2655325 770.3146| 695.3869
30 15.70514 71 5417.303| 773.9004 791727 781.878]  762.2005
31 16.1835 2| 1516.427) 7582133 1791849 770.8836 745.543
32 16.6766 5 3789.32 757.864| 7.565906| 770.3117 751.427
33 17.16625 4| 3049.841| 762.4602| 1157623 779.6508| 754.4317
34 17.69067 3 2281.029] 760.3431 9.00061| 7705852 753.6648
35 18.24825 4] 3040.052 760.013] 4.081498| 764.0787] 754.8352
36 18.71257 7| 5236.688| 748.0982 19.1807, 770.7067| 720.9493
37 19.2046 bl 3768.216] 753.6431 9.253 763.765 738.981
38 19.7792 b 3687.962| 7375925 9.884956| 745.0964| 720.9704
39 20.149 3| 2241475 747.1582| 11.92942| 7547578 733.4087
40 20.66167 3| 2248.909| 749.6362| 9.648525| 755.7217| 738.5115
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Fig. 6-1. Variation of measuring and 1 hour forecasting wind speed.
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Fig. 6-2. Ratio of measuring and 1 hour forecasting wind speed.
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Fig. 6-3& 1247 d1Z (124100 13 AAD S e 2454
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So] AAZA Fxo] val P o 05m/s A LEhbE EHS pol 124
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I
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o
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offf
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TEH S sk FHAAT RS F 0762 = 1A d 5ol sk o=
I Th v skobx tH(Fig. 6-4).
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Fig. 6-3. Variation of measuring and 12 hour forecasting wind speed.
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Fig. 6-4. Ratio of measured and 12 hour forecasted wind speed.
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3) 24X FEH s

Fig. 6-5% 2447k olZ(:2447he] gl AALS e 2434 F
oF Im/sol A 22m/s71A] o] WIS woli glow A4 4o Wl wiel o3
Faol Wyl Az 9A a7 e o, 147 o3 2@ 1247 o3

Aot FASHA AASA SEl vlE o TSl "t oF 0.7m/s WA UhE

U SA4S ol 24N dFAc®: A ddFgEy tga A 52 5 9l
e € F It HAFAE FE5H 5 TS5l dE FBAs R °oF 0722 1
AlZE oS 8122417 dlSel thE S22 E Y tha ol th(Fig. 6-6).
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Fig. 6-5. Variation of measuring and 24 hour forecasting wind speed.
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Fig. 6-6. Ratio of measuring and 24 hour forecasting wind speed.
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Fig. 6-7. Variation of measuring and 48 hour forecasting wind speed.
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Fig. 6-8. Ratio of measuring and 48 hour forecasting wind speed.
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Fig. 6-9. Error rate of forecasting time.
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Table. 6-1. Large difference case of measuring and forecasting wind speed.

For. wind For. wind For. wind For. wind
Criteria speed(1hr) speed(12hr) speed{(24hr) speed{48hr)
(2009.11.13)  [(2009.11.13) (2009.11.13) (2009.11.13)
Time 4 16 3 15 3 15 3 15
Mea wind speed| 13.8/ 15.2/ 11.0/ 13.3/ 11.0/ 13.3/ 11.0/ 13.3/
JFor. wird speed| 3.2 8.2 0.6 D.8 2.1 6.2 4.6 )
Tff. between nea
widsppedad | 10.6 7.0 104 7.5 8.9 7 6.4 7.8
for, wird gead

Table. 6-2. Small difference case of measuring and forecasting wind speed.

For. wind For. wind For. wind For. wind
Criteria speed(1hr) speed(12hr) speed(24hr) speed{48hr)
(2009.12.14) (2009.12.14) (2009.12.14) (2009.12.14)
Time 4 16 3 15 3 15 3 15
Mea wind speed|  10.7/ 12.8/ 11.7/ 12.9/ 11.7/ 12.9/ 11.7/ 12.9/
JFor. wird spoed| 9.8 11.6 10.8 12.0 12.8 114 11.9 124
Tff. between nea
wird speed ad 0.9 1°% 0.9 0.9 = gl 15 -0.2 0.5
for, wird seed
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Fig. 6-10. Surface weather chart(2009. 11. 13. 00UTC).
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Fig. 6-11. Measured wind speed data at Hangyeong wind farm(2009. 11. 13).
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Fig. 6-13. Forecasted wind speed data at Hangyeong wind farm(2009. 11. 13).
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Fig. 6-15. Measured wind speed data at Hangyeong wind farm(2009. 12. 14).
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Fig. 6-16. Forecast weather chart(2009. 12. 14. 00UTC).
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Fig. 6-17. Forecasted wind speed data at Hangyeong wind farm(2009. 12. 14).
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Fig. 6-18. Suggested power curve of V90-3.0MW.
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