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5 M 7N EHS ThaAH XYY IF

9=, = A5 ZF 9 v =2 [EC 61400-12-1, MEASNET?) 7|&

- IEC 61400-12-1 : Power performance measurements of electricity
producting wind turbines

- MEASNET : Evaluation of site-specific wind conditions

BARA TG A AW 47 ik

2) MEASNET F8&ope] 245 54455 3= 5
¥ 71e3t SAE FAstskal Fdsof Fok

& St 7} /)95 MEASNET 43bo) ujeh %74 2

N
[Rs)
g, i
o
N



O THEE WAL AHA FHEoo} S ARE TeT 2T
- aaw ARSI E S - A AA

¢

| A& A, A2 AX] Ha
O 7|1BA o =2 IEC 61400-12-1 2 MEASNET S° wa} = - &3 So A
st FEdFo] HAadEHE 4 AZV|71E9 ZHAS wjA

o
=
S B BE A, ¥, @3 o] suH ook B

= S =07 AAH ok 3T} A EH=
SA4YELS 717139 H$ F45(Wind Speed), 3&(Wind Direction),
=5 (Temperature), TH7]}(Atmospheric Pressure), 5 5=(Humidity), &<
(Precipitation) 5°| o™, /2] 7%= H&H(Wave Parameter),
3l F(Sea Currents), <9](Water Level) 59| Z7go] o]Fojx|of g},

O ¥%(Wind Speed)

_Zxe JBxow A FHAE oledld ZAey 2% 2o wit
A1 Zg%oll ARHolok B}, Fold FEHEETE U= 227

H(Wind Shear) B7F5 fsiAe Edolt FxvE | Ha 17 o4
o Fo] F7} ZAF ojof ek
- IEC 61400-12-1 : 6.2. Wind speed
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- MEASNET : Evaluation of site-specific wind conditions, 7.2%

O ¥%(Wind Direction)

- EFS F£AHWind Shear)S H7
27) o/del wololM FAo] Holof It Frt A= H
o5 T, 2E 308 ol $ixske Ae] Fasich

- MEASNET : Evaluation of site-specific wind conditions, 7.3%

O fr& A (Flow Inclination)

- IEC 61400-12-1 : 6.4. Air density

O 7] (Atmospheric Pressure)

- ARV QAEE FHEAY] sH ol Vb EoloA Ty
gEofoF o} whef s|Ezold A SASHA X= Aol
2533 7]zl weth S|H Fo|= HAHojoF Tk

- IEC 61400-12-1 : 6.4. Air density

O & X(Humidity)

2o 2% U o4Y|FE UBhlE AO|EAE FTEE 23
A 244A%E 7148 A4 10m ol A Hojo} ),

- IEC 61400-12-1 : 6.4. Air density
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O % (Water Level)
- AA SIS AR s 246 9% FeustE A o)
ok =9 AZ7)17] 94 B35 AZ7)17)9 TY3 w2l 7)7]

o, 7144 ZHF AA st sho] AST]NA Foiot
o)

O HlolE9 2T FI FdA= FH3r] 9T HolH =AY +HH
olof Ft}.
- IEC 61400-12-1 : 7. Measurement procedure

O HIoJHE= AZY F7|E 1Hz == 11 ooz AL oz SZ3 ok 3o}
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- 7 FZLAE= MEASNETCO ZEE 9A=H 7|Hd] o8 BAR ZiA=
ol-g3ste] FAsIH, AP met HFEA SWE AAsoF Tk

O

O Z53 F5A(Ultrasonic Anemometer)
- 5w 5 ¥4 34 98] 349 28 F4A7) ol8® 4 vk
H = 7

2]
1= 4oz HAH AME Aok s, 3 S5A19 mikx

¢

- 2% FEAY A UAEHR ofdERI S EF JhestH, 4
PFE FH AL Be IR 5 #50) Tkt
O F¥A(Wind Vane)
- Z2A 927} 5% olylook 3, F3A BAFL KOLAS 71 5 AAH

AN @71l osf g = ofof it
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ok 1E i B B AS717] HiA

O A™YY SAS HAsiMe 718"l A== AS7I71e - w7t
sasith 53 I5Ae 71 EH B SFe=RE #F A e
Haslshs AR Aok slH, e AS7I7IE2 TEA IF=
FA oA HUR s|HEold JHEA AR FHojok . ET, FE
S8 FFe € T M= VIEH TFE2EY IAFT FEFE L F ok
Elasy

v AlS7171 A

O A H&H A

et 718 el RS o] &3 AAIRY FIEA Ao TE&
AE vs] AAske e ol&ste] AXA|stoioF It

- IEC 61400-12-1 : Annex G2, G3

Hub height relative

x to ground at met mast

Minimum ;“I | Vertical tube
0,75m [l )
[ Minimum
No flow disturbances allowed i \ 1.5m

above this line

‘Mast top

Mast shall be within 1:5 cone
(mast centre to cone relative
to vertical distance to anemometer

No other instruments
on booms above this line

IEC 2038/05

(2% 111] 714" AR T 42 2 A
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Minimum 1,5 m and maximum 2 5 m

F

) Hub height relative

o ok ol
T A to ground at met mast
Minimum

0,75m Minimum
! | I\/1'l|r51|mum 15 times
No flow disturbances = m goom dlamzteg
allowed above this line ecommende
25 times

! boom diameter
No other instruments on J

boom above this line

Mast top
- __Mast box with pressure sensor

IEC 2039/05

(9 1-12] 7148 4R 3 Alo] B A aTAG

718t AS7171 2AA

- 718 HAARY FE5A AX YR mel $3, 2%, " AN T2
FHigk sjEFold 7HA At ok qhe
- IEC61400-12-1: Annex G5
O YEH3S A
- AR AAE AE7)71e REE HE 9F HREANE XS o $it)
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of tt. EBbelet Foll o3t fsl= Y2 4 1%k 05% olstoiof ahH,
ER 25 oA E= B el 943 &2 E(Solidity)oll wet 28T
A5E 718"

AFE 718" AF vigo] Boles WE] 45° WFoE Fol 9
& W e FFol Havt drh dF e AFuiv] B FAe=
FE 5 AAZA Aol wet A= wzE 2EbA7] wiEel o
HAZE 1%01s7F 57] 28 BF2RE FE7F ol4AHE FaL SAsH ok
ok Iy, 1EES wolvh wobd Arole dEd FAY =277t
dHH R AX FER olAAE FEIF 27 Dol
IEC61400-12-1: Annex G.6.1

IEC 2042/05

(19 1-13] YEE B9 F9 TH E&5WU B3

O ANY 7
. AR 72 B9 LeltiElGolidity), 7 B B8, vigel B ehe)
=REe Aele] W §5 A% G LAY AR Tzol A%
7 BAe] g3 Bglel 2350 o) F4® FAS g 4%
dzo] wekAA Wk AAY FrolAE npgo] Bojoi 900 ko
Bol AN W o] HAasiEw, sgre] sl o}
E9)

t= o] thel B 22E SAAYNE diEsrt 249
o} BogiE e fEd A= 7 1%, 05% olstofof §
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i [ ] 97 mdatafrequency
1M — 76 m data frequency
10 —| 97 m data Weibull
- 76 m data Weibull
g J—
w 8 —
= i
g 7
5 —
g 6 —
(o] —
o5
4
3
2
1
o | |
0 5 10 15 20 25 30
Wind speed [ms™]
. 5= ST = I 2~ T =
[1¥ 1-14] Weibull &&=l 93 T& H=EX 34 oA

Turbulence Intensity (97 m)
0.56
0.54 Mean value
052 \ Standard deviation
0.50 \ Mean+1.28"Sd (IEC 3)
0.48 \ IEC 61400-1 (ed 3) - Category A higher turbulence characteristics | .
n',= \ IEC 61400-1 (ed 3) - Category B medium turbulence characteristics
D-;-: 1\ IEC 61400-1 (ed 3) - Category C lower turbulence characteristics
0.42 \
0.40 \
0.38 R4
. 0.36 (LA
G 034 \ \\
g 0.32
= 0.30
8 0.28 \
5 026
2024
5 0.22
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018 T
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Turbulent Extreme Wind Model

100 = [43.06m/s,97m

27.76m/s,97m

MFI 41.47m/s, 86m

26.4m/s, 76m 40.98m/s, 76m |

26.46m/s, 66m 41.12m/s, 66m

®
<]

Height (m)

)
=)

25.12m/s, 46m |B

39.39m/s, 46m |
40
24.42m/s,26m z 39‘O3m/s,26mé B V50 at each height
20 / /
0 2

B V1ateach height

=——Turbulent EWM (V50)

=——Turbulent EWM (V1)

o

2 5 30 35 40 as 50

Extreme wind speed(m/s)

(23 117] ARF7E FAFE Z29d 4 o4

Wind Direction Frequency (%)

Energy Rose (%) - 76 m

Measurement Height
76m
= —9m

Wind Speed
0-5mls — 5-10mls — 10-15m/s 15-20 mls — >20m/s
(1% 1-18] T3 2d& BEE  [1¥ 1119 TP TELE RIS
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O W - FH Y
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— 1 year return period
— 50 year return period
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O 37 - 3| 3}(Breaking Wave)
- IEC 61400-3°1 w2} 3} Ty z1-S HESL

LS =Ny ST~ 5 S KR ==
- g 99F B3, FE5-9E YA S st
Wave direction
All wind speeds 0 30 60 90 120 150 180 210 240 270 300 330
Wind direction N NNE ENE E ESE SSE s SSW WswW w WNW  NNW
0 N 0.02051 0.00141 0.00015 0.00011 0.00010 0.00010 0.00001 0.01298 0.00355 0.00401 0.05533 0.05818 | 0.15643
30 NNE 0.00219 0.02127 0.00185 0.00036 0.00027 0.00007 0.00005 0.01224 0.00234 0.00255 0.01802 0.02659 | 0.08779
60 ENE 0.00025 0.00127 0.02246 0.00185 0.00057 0.00012 0.00010 0.01259 0.00234 0.00198 0.01184 0.01503 | 0.07042
90 E 0.00010 0.00004 0.00125 0.01871 0.00126 0.00029 0.00004 0.01609 0.00266 0.00216 0.00905 0.01003 | 0.06167
120 ESE 0.00012 0.00004 0.00004 0.00146 0.01665 0.00077 0.00007 0.01770 0.00268 0.00240 0.00668 0.00782 | 0.05643
150 SSE 0.00003 0.00004 0.00008 0.00103 0.01409 0.00094 0.02230 0.00378 0.00272 0.00597 0.00485 | 0.05583
180 S 0.00005 0.00003 0.00001 0.00005 0.00081 0.01251 0.04092 0.00853 0.00308 0.00548 0.00329 | 0.07476
210 SSW 0.00001 0.00004 0.00001 0.00090 0.04140 0.01611 0.00453 0.00572 0.00241 | 0.07115
240 WSW 0.00001 0.00003 0.00004 0.01710 0.01777 0.00816 0.00784 0.00198 | 0.05294
270 w 0.00003 0.00003 0.00001 0.00004 0.01154 0.00916 0.01365 0.01344 0.00287 | 0.05077
300 WNW 0.00012 0.00003 0.00001 0.00003 0.00001 0.01254 0.00702 0.01265 0.04642 0.00672 | 0.08556
330 NNW |0.00162 0.00004 0.00005 0.00004 0.00004 0.00004 0.01455 0.00553 0.00732 0.09928 0.04774 | 0.17625
0.02501 0.02423 0.02585 0.02262 0.02007 0.01635 0.01468 0.23194 0.08147 0.06522 0.28507 0.18751 1.00000
Percentage of time(%)
90°+ from wind direction
90°- from wind direction
S5 vlsE B T =
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o AR 2 A28 1

1) 712 A7

AZH FHWAY] AR B | 7120 AgskA 2Rl
oz ANZAE B3 A FYNRE BN BAVA HPL 714

S AAZICE EEEA7] SE71FE [EC 61400-1, ‘Wind turbines-Part 1 :

Feia

N

off

Design requirements’ ¢} GL, ‘Guideline for the Certification of Offshore Wind
Turbines 7} AT

O FHEH7
o ]

C TP oA S WO EHEL WA BMRHSIS) - N —
Py -
B \:\g,j\
1R TR
e e 2 w /
- = . =i
= = a2
I RS el
O amoim i3 LT = asu ns P oas

235 CHOI-WAN 22F MUIIGAE

110C s0

108

hipa)

£ 100C g S
= ) v:s—v%‘p*#‘_

S0C
LOWO2E 10O 10MO04E 10WMO4E 10WO6GR 10809

- NeY(hpa) - BR(m/Ss)

ST T Ry e —
[1® 2-2] 71733 /=7 el S4B &3 o] X (http:/ / typ.kma.go.kr)

O FHWHy BF AAF WA AHA AFEE BR7)5H(Type
A= 3% S

Calss)S E7]|3tEE2 woA] Q1= 3hH, AFY 43} A

2 g8 Al QBT BN ABH AFL HASHES .


http://typ.kma.go.kr

Basic parameters for wind turbine classes(IEC 61400-1)

Wind turbine class I I I S
Vit (M/s) 50 42.5 37.5
A () 0.16 Value specified
B Teet(-) 0.14 by the designer
C  Let-) 0.12

* B designates the category for medium turbulence characteristics(
* C designates the category for lower turbulence characteristics(% %

)
el thet 7HEare])
| ﬂlfﬂj}ﬂllﬂ)

* L is the expected value of the turbulence intensity” at 15m/s.(31E3z0]olA] 108 HH5<2]
15m/s?l 73¢9 BddFdE)
* IEC(International Electrotechnical Commission) : =4 % 7]7] <% 93]

Basic parameters for wind turbine classes(GL)

Wind turbine class I II I S
Vit  (m/s) 50 42.5 37.5
Vave (m/s) 10 8.5 7.5
A Iis(-) 0.18
B a(iL O 0.21 6 Site Specific
a(-) 3
C  ILis5(-) 0.145
a(-) 3

Ve = reference wind speed(71&%4;)
*Vae = annual average wind speed over many years at hub height(FH3zo]ol|A] APHF F<)

O W >
TR

category for higher turbulence intensity values(al Wi7d=el thet 71 a18])
category for medium turbulence intensity values(%
category for lower turbulence intensity values(A @F7=el thek 71E|E)

A=l tiR 7HEaE)

I;5 = characteristic value of the turbulence intensity at 15m/s(E+%< 15m/s<l

A5 HAGRAE)
«a = slope parameter for turbulence characteristics(-F7=0ll thdk 7]1L7] w74
* GL(Germanischer Lloyd) : S¥X &

847 55 (wind turbine classes) ¢l Al

Operational data

Power Regulation Pitch regulated
| IECClass IA

Cut-in Wind Speed 3m/s

Rated Wind Speed 13 m/s

Cut-out Wind Speed 25m/s

Ambient Survival Temperature -20°C to 50°C

L 9lo] FHwAs] AE

17 7]
0

AbEA e SEHERAY] T

A
=}

A7 [EC 7#EE &8
—

8 I (71EE%5 (Vi) 50m/s)0ll == AlFola F77

d6)ell AgstA AZE 7)1 AR Y.
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A A|F-Z=(Supporting Structure) 27 F

e €9l (Tower), 71

rl

ZT-Z & (Sub-structure) - 7]

o2 ubd o e,

A Rotor Nacelle Assemblyz} EH2|= W7 F4EY
o] AAFZ=

%(Foundation)2 T-2# T}

Rotor-nacelle assembly

|
|
|
1
|
3

1]

1— Tower
: Tower }
[ fl\l | ' IJ’I
Platform } ! | { sst:lu::;':t?:te
| | I —
Water level JI | \
' | \
! Sub-structure | . Sub-structure ‘
Pile o : | ‘
| | o 1 / A
Sea floor | | g | N Sy } —#—- o
%7 H Pile
Seabed A
b, g ﬂ
l;‘}_] Foundation ]
[18 23] 7|2 TZ2E NMes
O ITHEA7] 727=x= F4
NETRE PO T /|ETRES 314 W (Geabed)d] THATE 742
(Grounded type)® +%°ll FFAI7l= F-72l(Floating type)©l Ut
T E Z|ETEE g4
« 592 7]Z%(Gravity based)
o - Q)

+ B3+ (Monopile type)

« A7 7] Z(Jacket foundation)
« E&}O| L= (Tripod type)

« Egto] 3 (Tripile type)

* Barge floater
* Tension leg platform
* Spar floater
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D:Rotor diameter
(26 &3Z)

[ 2-4] =/ (Wake)

T HTAGA = Sl vls] EAZRT}F Halz go] s, @AV}
Estd A 4, ga, A¥tzd 5 FF Ak sfAAHA
ALE ASAA Hl&o] SrtetEz 44, FA4 SHe 1L sho
Wi FEE 2Asts Zlo] mtEA st

FET7] wjRo @E EFEAY EHRE o]l o]-&E(Capacity
Factor)= #°|”7

| 1% wAsE A4 aAzAe 28 A4D)e] s
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(6D)~109(10D)H = o] Ast] HA|st=® HAsta o, FHAU
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7% 2 F8 AAWES AdE A3 oty AAl F
AA Aell= 34 &4 2 A AAVE Al

oz AAs=ESE 34,

* IEC 61400-3:Design requirements for Offshore Wind Turbines, 2009

* DNV O6 J-101 : Design of Offshore Wind Turbine Structures, 2010

* ISO Standard

+ API/EUROCODE/NORSOK/AISC/ASTM/ACI/KS Code

C G R oA E ) TEE JI2AAVE ) EAETEAANE

* IEC 61400-3:Design requirements for Offshore Wind Turbines, 2009
TE « IEC 61400-1:Design requirements, 2005

d * DNV-O5-J101:Design of Offshore Wind Turbine Structures, 2010
71 | * GL:Guideline for certification of offshore wind turbines (latest version)

* EuroCode no. 3:Design of Steel structures

* IEC 61400-3:Design requirements for Offshore Wind Turbines, 2009
* IEC 61400-1:Design requirements, 2005

* DNV-O5-J101:Design of Offshore Wind Turbine Structures, 2010
* GL:Guideline for certification of offshore wind turbines (latest version)
* DNV-0OS-C502:0Offshore concrete Structures, July 2004

* EuroCode no. 2:Design of Concrete structures, 1992-1-1
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AA | - AR, AT, BARRS 2ASS, P12 (Splash Zone),
[e)

= 8| & F-2H&(Marine Growth) &

r2
N

Z= |« T7XE9 7 =3)4(Fatigue Analysis)A| 7|0 FERES W&

71E |« FEEY 7leA B WEds 1A 71EQ] g 9 7

o
o

A)

« ULSell tigk sk5-Al<7, FLSell tigk s-5A<7, SLSol|l thgt st

SLS) : B471%5 AHRS AujstE 7Ed %

_83_



salinity, humidity
& temperature J operational
& accidental loads
. icing

- _shipimpact
= I (breaklng);lce- —

———

,,,,,

O FxE A ALHE SFS WA ofde} gon @
9 ) 2T2E A AP A8 D Flste] A EAEE Bk

« 7|Z2TZE 9 Piled] AT

* Transition piece A%

1174 3}%(dead load) * Grout, Grout seal, Crown Plate
L ZbE R A

« 7T F(E L)

« ZIZHA(BH, U4, 1B, Edoly) AX] & w3
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- 3 P EFE (R E)
37 3= o Z3= * Buoyancy Forces(H9)
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IEC 61400-1, Design requirements, 2005

IEC 61400-3, Design requirements for Offshore Wind Turbines, 2009
DNV-0OS5-J101, Design of Offshore Wind Turbine Structures, 2010
Euro Code no.3, Design of Steel structures

API-RP-2A (LRFD), Planning, Designing and Constructing
Fixed Offshore Platforms

AISC, Fabrication and Erection of Structural Steel of
Buildings, Specification for Design

AWS, D1.1 Structural Welding Code

API-RP-2L, Planning, Designing and Constructing Helicopters
for Fixed offshore Platforms

ASCE 7-98, Minimum Design Loads for Building and Structures
ASTM, Application of Materials Specified in Civil/Structural
Specification

UBC, Uniform Building Code

71E} &k 9 o3} MA|7)F, CIGRE 483, 142 25 7%=

»7|27E= 3 Piled] A%

AL S (AF ArlEol YT st £

« F FEAA « 7T HFEL A)

. 1} « ZFY(FFH)
St3sts | » FokT * Buoyancy Forces(H#9)

o 3| FHF-ZE(Marine growth) « Z[Z13}5
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248 A2ES EYE AZAA
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W5 e % (Array cable

= A7) e} 3
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2 FEHEG
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(Transmission cable or export cable)
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