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< SUMMARY )

With the recent trend of wind turbine towers becoming bigger and being built offshore, there is a

need to increase design life through ensuring structural safety and reduction of fatigue load. With

ﬁ;gﬁg:ﬁtsg this regards, the goal of this research is to develop a vibration control device that can reduce the
vibration on large wind turbine towers over 3MW (3MW and 7MW planned to be built in Korea).
- Design technology of mass type vibration control device for wind turbine tower over 3MW
- Fabrication / installation technology of mass type vibration control device for wind turbine tower
over 3MW
- Maintenance technology of mass type vibration control device for wind turbine tower over 3MW
- International certification on the vibration control technology of 3MW and 7 MW wind turbine tower
- Design technology of large offshore wind turbine tower
- Design technology for optimization of wind turbine tower utilizing the vibration control device
Results - The analysis on the application of the technology and its structural and economical effects
- Analytic technology on applied load and vibration response of the wind turbine tower
- Wind-induced vibration evaluation technology on wind turbine tower using wind tunnel test
- Mass vibration control device efficacy evaluation technology using small scale testing model of
wind turbine tower
- Mass vibration control device prototype for wind turbine tower over 3MW (Compressed scale)
- Mass vibration control device pilot product for 3MW and 7MW wind turbine tower (Actual scale)
V¥ Application Plan
- Secure intellectual property on developed technology
- Obtain international certification on developed technology
- Actualization of developed technology and implementation on actual design
- Commercialization of developed technology
- Expansion of distribution through securing confidence in technology development
V¥ Expectation Effectiveness on Developed Technology
- Secure design / fabrication / installation / performance test / maintenance technology
- Secure linking technology of upper wind turbine and lower sea level base
- Secure design optimization technology of large turbine tower with respect to installation of
vibration control device
- Secure performance test technology of vibration control device using wind turbine tower model
- Secure vibration evaluation technology from different causes on large wind turbine tower
- Secure effectiveness analysis technology from reduction of vibration on the wind turbine tower
Expected

Contribution

V¥ Social - Economical Expectation Effectiveness

Longevity of the large wind turbine tower due to reduction of vibration

Reduction of maintenance cost of the wind turbine tower due to reduction of vibration
Increase service rate of the wind turbine tower with reduction of vibration

Reduction in fossil| fuel usage with increase use of renewable energy

Reduction in air pollution with increase use of renewable energy

Keywords

Vibration Wind power . . New renewable | Tuned mass
Wind turbine

control device generation energy damper
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T8 Fo=x 3dste 3/ BAeE Hd &% SUE
= ). 2008 1.6MWelA 2012d1.8MW= 7138k a2

(Navigant, 2013) 1% &1 89 A, 2008d 3MWIH HFgo] 20129 4MWel
2A #HL. dA A FA 127mel 7.5MWHY s T8 Ewo] 483 Hdu FF
o @ st= Al olojd AW, ¥ ERNIY FA#E 9 AFEEe] dabAQl A xel Tt
& THE A5 g 90%ol el A&H Vleddoer 201349l 95% FEe UE
%+ (GL Garrad Hassan, 2013). stA|WF EIRlIe] &3}, 7]$Hst 9 s AAof w&
st 7l 39 BNY MF A¥s TVRA THsES AsHAA. ol fAEST v
F7tE olojA, 2 7xs FAY HYH A2 AR FE 2 AR B9l o
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— = — H
o’ A RR AIAE2 FREY] SAY VIS AlAdH HlE E tiFe] v
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SRR CT 2=

4 K lo o ©oofl T

7t EF NA 7% 74 7] (Tuned Liquid Column Damper, ©]3F TLCD)
g &= MECALjilbelAl AlRbE TLCD: ¥ 2.153 o] UAE FH ke AA7} o]
WA HASHE B8 o)gste] F2EY AFs AAAZ. 3MWa FE Eule| A8 A
TLCDO AL x5 AA Fad% 2% < 3Eo] A3 7|xd ALHE 35
TLCDE A &3t 6%7td a7 Hol ERl AAE §olstAl st Ao ot Als

< Y 7 Us B dF 2] 9A AHVE FRAIA Ao avE dE ¢ a2
o

fex
= Tt
e Fal Vol AAd s FE Hulel A8 ¢ S

U, Xz BA 7574 7] (Pendulum Type Liquid Column Damper, ©]sF PLCD)

=2 9o] University of Stavanger 2] Arunjyoti Sarkar (2013)+= 13 2.29} #o] 4%
2o g URF JFHo| AAE Yo FrHYF =52 u UF A9 EHIo=Z A= 7
St

HE o] g3dto] A 9 gWl Az AX(PLCD)E AestyS. ¢kA AlgkE TLCDS &-AF
2 g F8 gHuly o] AAd AdEdy FRE st JAE Ao WS A5
3, Y Y R Had FeA & S AEE AT Y.

ats

o}, T2A%74 7] (Tuned Mass Damper, ©]3F TMD)

A T HWEE I¥ 237 o] & wE2A w2 & V]F2], A AolE EHHEA
A 4FF2 BT ol et 72 FxE 5SS 18 TMDO A go] 7Hs3gh At
9 o] AH FA|oA Ha FAo] 212 o] AX7E def weEt 1o E AR T Y
Rl ZHE o] QFH 3 Q1S FHo] AoAdSE AFY oEey FAMY T Har
FA B9 ol go] AA7] wZo ZHEF FAo At HA o F Ao tFo] Qs
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I - X-axis
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[model for barge]
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[TMD(nacelle) and TMD(spar) ] [TLP due to mooring line]



2. 2% 7+4]7] (Toggle Brace Damper, ©|s} TBC)

xgAol ALSTOMjibE /3ol vl & 38 EHHl g 22 3o TiEd ds A
7 52 7| 5 9= TBCE A8 (19 2.4~2.5). Aletd TBCE thekst Wolo
25 WYY AsFaAE F83] AdUAE 2 5 93, AFe] foldta F¥ RO
AR dFeA 2Hol Thestd, Aol sl AUz AFEE ¢ Qs FAEA Ay, 2
TBCE A&3td 33 EWI(ECO 100t, 90m - hybrid) o]l A¢ & A%, +x& FFS H4
315t =9 4 da, Ao B FAQE oF 139% Hoksk = 9lom Wi &5 o3k
59 9z gy tfg kg0l ok 11% F7ste Ao E Vb, &% TBC/F 890w
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2. SHENEY A |t

7v FEEAE B e 74

(1) FEEA7] (HATG : Horizontal Axis WindTurbine Generator) 9] 7%+ HlIg o2 FE
AR E vt== DR E E# o= (Rotor Blade), @44 (Nacelle), @3] A2} (Rotor) 2]
AR S A7 2 AEdeh= 7542 (Drive Train) & 7]o¥ 2~ (Gear Box), @#71=
AArslE= =714 7] (Synchronous Generator), o] 8]3r 2 AXE % (3]5) H o 25 E
AAZ5 (VR) =ololl A1AIA17]17] 913t ©ES] (Tower) 522 73%.)

(7 | (Nacelle) : YA 33dztet BV 5 st 2AFS AAsH] A% 2= 24
SHTFoR AEn, vigt kgl o3 wdgHo] 7P A AEstnE E3 g
ek, 20 o] 2o wE v RaTs AYY] fld stee A e TE

2= A
(b B (Tower) : Bt SEEN AA, 754X, Hd7] 5 BE 7IAZXE A @&l5)

(2) BH9] 7229 7IA4 stkE dEle T2l e S Alo] 71l @ glon, ol &
oA B E aEdor AAsks Ao FARY Tash, ol i dEH e AA
N2 gxe 3 A #EeE BRT T S

b Z3YE Aol<& EFY] (Concrete caisson type):

DO A = Al 753 S ALIZIAYE Fx2ES
= 7
v 71294 $ES(LEAD), FUIACNE, BAAolE ol s
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@ ZAYE FAlo]l<& Bl (Concrete caisson type) 2 Az 2l A x]71 go]sto] %7] sfitE=d
Ao AFEE EF)] 22 Vindeby, Middelgrunden, Nysted sfAZsibd etz Sof 2
XJ_Q_F,,]_]*J_ %Q.

® WlnH e 6~10mel FHNA ABTFss A% AW pHEH O A fA 3,
% 473 12~15mols B s AR 49 BAE #2324

(p 233 EF]] (Monopile type):
O 29 B (Monopile type) @A 7Fg ol 2ol Qli= sFHEddA 7= W2
]Uﬂ 25~ BOmJ /‘/ﬂoﬂ /\-17‘417]_ 7]__‘:6]- Bhﬁo]

@ Horns Rev, North Hoyle, Scroby Sands 3ll’%d& 8 A @A 5o 2850w six el
T2 3 (pile) S &EF(Driving) T+ =¥ (Drilling) 3t 1A s= WA o7 vy o
Aol o] &8k A AAAdel £ AoE dHA Un.

@ ogt, 7% HHAo] Fyl7t A3 3~3.5m=z FA st A2 stFolt; 2] FAVF S

(th 22 B} (Jacket type)
@ X}?” EFS] (Jacket type) & A A Z e dhx] BG2oa] B AAS Hola A Fo
+— B oz 4 20~80mel A7} 7Hee W,
® 03554 "The Talisman Beatrice Wind Farm Demonstrator" X2 A Eo|x g% o] E}g]
= AN FERER X]X]af’— 5 e 3 (pile) 2 A ol sk WAL

@ A slge] FREola AHo] Wol ALt & ol Ewentd Bl vk E o
Go] @x] A o] et AS AAIol =2 7.
(@ F52 EFY] (Floating type)

@ 21 €}+9] (Floating type) < 4 40~900meol A X7} 7Fedt e We F2 3| Abo| A A+

ne
<ol Sl 71H 4.

(3) SHF-TEREY P2 g FHAoR FEEY, Ak o g w3t (Monopile), &
A E FH 2 (Gravity Base)©o] 7Hd ol o] &3k o= A (Jacket), Egfo|EE
(Tripod), Egto]3d (Tirpile) o] A-EH il Jlow, A F=dd 5 HA] Fi2
N Fell 5. (254 40~900m)

Offshore Wind Turbine
Development for Deep Water




(mh g TEE

O ZAYE FH2A FxE

ey Az W AA7F golste] 7] sFE Aol AFE

@ Blud & FAA AR ¢ 6~10m

@ As 3 fAH] wpEEH o7 Q1A FA

@ ZHFA RN E HAAALR BAA A A2

A4 Vindeby(91), Middelgrunden(00), Nysted(03), Thornton Bank (08, 4]
30m)

@ Exad

ep AA 7 Wol 2olal e Y FHEA VE A 74 25~30m

@ A 774 3L (Pile)& FEF(Driving) E+ =¥ ™ (Drilling) 8te] 1%

@ e dAe Af AAE FE V1% A4 1 3~3.5m)

@ A4 X : Horns Rev(02), Arklow Bank(03), Scroby Sand(04), Barrow (06)

[Monopile typel

Q@ A 2=

ey AAl B FHEA BfmelA] wol S Hola HAF F 0 AAFA 20~80m
@ A Jacket) 2] T2E=E AASL TH E 3 (Pile) 2 iAo 14

@ 5y g FxREel AR o] wWol AFE & A

@ kel dA e A AAE FS

A4+ : Alpha Ventus(09)



@ 7]E}
@ Tripod : A FASHA 217 1~5me 9342 g4t A2
AAARTT A= o wol] A E YV AR Aol 5
AL tx] — Alpha Ventus Areva Multibrid (67])
@ High—rise Pile Cap : T = Asto] Falithu FHEAEA AE¢ I
A RS2 34

[Tripod, High rise pile cap]

() FA Tx2E

@ "l A T 5 A 0 AA 4 40~900m

@ W2 FE3|ALA e A7 AyH lF

® A4 B}y : Tri—Floater, Spar Buoy, Tension—Leg Platform, Multi—Turbine Floater &

Floating Wind
Turbine Concepts

[Floating Wind Turbine Concepts]
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¢b Spar Buoy (Europe)
— 2.3MW+ Pilot Plant 17](7,900%$ %%}
— 93 7] : Siemens
— 7 %% : Technip
— Mooring : Nexans
— % : Haugland Power
— 2009¢%-¥ 2d7F AF A7
— AXFA 0 120~170m (F-FA 4ol @ 100m, EFY =o] @ 62m)

[Monopile typel

@ WindFlat Platform (USA)

— 5MW+ Conceptual Design(Principle Powerijil)

— Semi—Submersible Type

— AA44 0 50m o

— AA (Hul) $%F : < 25008 (E 5% : 400E, B9] 5% : 4008)

[Semi-Submersible typel

@ Hexa—Float(Japan)
— 10kW33 Prototype 7% €5 @ 200249 11€ (75 g
- &4 FEYE
- 5 ¥ 5MW
— 8 A2 2= Mega—Float) S 7|4, AAAIOI S FA|
- TxE A7l wet vg 7t

— Ttar Sl = FARRE AlaE N S
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[Hexa—Float Type]

AR TEE A AL
7}. 9= Offshore Wind Accelerator (OWA)

(1) OWA 22732 st 78 A4S 98] g4 2008355 A&
(2) ANE AAFZE otolt]o] £&, HF 471 oFolt]o] Round 3 T2 A E A&

(7b Gravity Base : &4 30~45m, Slip—Forming Stem %2
(b)) Twist Jacket : 4 30~60m, 7|<& Jacket EFY RO A= A
(th Monopile Suction Bucket(MBO) : <4 30~60m, 3453} H

(@) Tri—Bucket : Self Installing Wind Turbine &4, A A&/A %

thford BMT—Freyssmet Keystone

[ADHE XIXIEZ2 OFOICI(OWA EZ=2 10 8)]

. 9 NEDO ZE2AE

(1) ¥4 F At New Energy and Industrial Technology Development Organization
(2) &N (EHF, MY, AK ) elA FHTAdn| e bdA, AFA, BAE 4

(3) A& 179 FY AAVle 27 dYs 53

Oh 1A= g5 d ASAT F/S 2AH20089)

b 2eAlE AT ASAAE AFAT(2009~2013)

(th 3tAlE S Ed Al A5A5(2010~20139)
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o} AMEsl] a4 8 Substructure

(2) 319 dEFHAAE PR AR Ho| A5 AMHE Autoz A B 7]x 2o
AR (A FE 7129 °F 65%7F Eiedtd)

b HZ GA G mE FASIIE AAALS 1839 Jacket Typedt Al7E 32 7wt

b AMgsl] idEe ASEA 7123 A 7+

Mono Gravity Jacket Z i pile
pile Type

ofN l‘[ﬂl 1o

ASHE A%z FAE THEY FHYE YD
Agh28 X[ghE H E* AgkYds x|ghds K| gk
Aede
=54 Hol8 Mol & ol & CHal = 8 )=
7| = AES HES il desUls
dHd 2093  AHEMSQ M5 @ Y329 159
Al SERZH OjFTE AI3ZE O M2 71E
023 z8 Che SEFYH Y OER
ChEMdY  CHigHR]  TMEQY, =82 ASEE
28 o 228 FHERF A3EY HHORS
N33 siatztel 9l HEQ
8= F| A3} Eﬂ 287
7|Et SEIE & ERA YELS gElE g
=2d i A= = AE EQ
HEZN A x © © A

-

[MYsl HAZ2 ASHI XXPRZTEe 88 Bt XH]

(th AT sH-7x= Type AL AAEA, A4 % A5 & T84 s, o
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Pile ¥ Jacket Type T4l 2 HE Fof o, GXux] &4 3 X2 Z2A A3E HEY
ko] SHE-FE A AA Al A 8.

gt S B -AAT R AAVE

(1) s B —AA T2 A4 53 JaSs AX sk B8} sh-2= Alolel A Ergl e &t
T TR ER AGA7IE FES 0

(2) AEY LAdB o] 3t T AAV|FOoRE FFAF(KR) oA 7t fejar F2akd
A" 71 7] (2011)0 ©] 5.

3 3ol 7ElerEes x=Edo] AF(DNV)S TDNV-0S-J101s5 ¢ "= API9] TAPI
2A—=WSDy 7} AHEEH I 9l

(4) dF ZAZ B ® AAVIFOE SOl A &zhsk F1SO 199025 ¢ FISO 1990345 7F
Qo SAEHE wddno] gE AAV|FoRE R EEES] (JSCE)Y FEFEubdAn]
AAFz2E AAAF - A4 (2010)s ©] LT U5

[ZU-2 HAZS EBR-XXRX AZE HAHI|IE Hlu & 24]5)

A SHA| AL SHA| AL 5259 SHA| AL SEA AL 5859
A A A A A A A A A A
steel B}9]  steel B}Y  steel EFY  steel B9 steel E}¢
AeAE + + + + I8 E +
steel steel steel steel R A% Z2I4E
A A -2 A A2 A A -2 A A -2 A A 2
2E 87, 2E, 2E 874, ™ A] SR WAEE
(ﬁigﬁo]"ﬁ OO 1= . %E, %7}3‘ OO [e] o]_ ] gﬂ
Az S hwAE! S| A= S = YA
Gk Elkes
151 Ees Tz AR A ZHE ZHE S5
F+=x) =)

AMAEY BFY-AAFZ dAEE 93 KR, DNV, API, ISO 19902 7)< Steel EF S}

Steel A A|F-2E o= a1 U+
ISO 19903 7] 3 238 E FHE AAVIES 53 S
JSCE 71%2 Steel EFl9 ZAEE AAF2F o] &8 1-2MW &2
SAEFHLALANE QYo R St Y
KR, DNV ISO+= 3888 AAHS A&sta Sl vbd, APISE JSCE+ 3889

AANE AEsta 3l
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() e
b FHLAA LA 7R FE Bileks HElF2ES AASH] A SHE = UA
3 28 5 ARTEES AW wold AAdte} TR nAAL FALE & =S
¢
(b v S Bl 98 2Hd A A, Sd%0) qEe FAs)E e PEEy A
717dn] Fol sk ¥k Alg
() FHUAA AP AHES AN 9% WA AT A71E el Beo] =it §
B 5o AR aa, AA AaFe] A ok S gy g 24 24 T O
2o}
(@ AA N2BS FHSE BE QaBol Z7e) 3L F1] £ W YA ALY
o] FhsEke FHRANAUE ST Q25 TRk 29l od Aol WA,
Brakesystem; Cables: 0,000 ID  Sub-assemblies Fa:ill [u;:al;e;tc
g M 'io'rﬂf;al“": 1 Brake system 0.012
2 Cables 0.009
. 3 Gearboy 0.134
Others: 0313 Wainshaft: | 4 G:ﬁzrgl‘:ar 0.110
0,051 5 Main frame 0.012
Pikch 6 Main shaft ) 0.051
SVZ:;;;IJ Transformer; 0.121 i SR, ; 'l;lli:;lil l‘;;‘;ﬁf'"ﬁ gg : g
e.011 f 9 Power converler 0.013
oustis 10 Rotor bearings 0.009
fe— o | 1 foeis” o
m‘;‘y’y‘;‘r";'ﬂ_ 13 Screws 0,005
ol 14 Tower 0.151
OO 145 Transformer 0.121
Rotor 16 Yaw system 0.011
Screws; 0.005 hearings; Others 0313
p.00 Aoisre 122

[SA4SSANLAE 2HRA0 ZE LME]

Brake system: . Cables:0.008 ID  Sub-assemblies Failure rate
0.013 (1/year)
| Brake system 0.013
” 9
Others; 0.258 Main frame: 0.011 5 ézg :-f:,x g(:(;g
Yaw system; 4 Generator 0.150
0013 5 Main frame 0.011
Iransformer; 0.14 6 Main shaft 0.043
7 Nacelle housing 0.012
"‘ 8 Pitch system 0.013
Tower; 0144 ey (‘ 9 Power converter 0.068
J | 10 Rotor bearings 0.010
/ ‘ | WY1l Rotor blades 0.174
& j 12 Rotor hub 0.139
A 13 Screws 0.005
14 Tower 0.144
. 15 Transformer 0.140
Sereusih 005 or 16 Yaw system 0.013
hearings; Converter: Others 0.258
o0l 00RR T |38

[HASSAAH FHdQA0 2E LME]
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7%

High wind  Grid failure
3%

Frequency of Causes and Failure of WTs in the WMEP in Germany
Cause unknown
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(2) SHEF o FH

pH FHERY = dubA o 2 Lattice Type, Tubular Type, Hybrid Type? ez A
W H M T2 dEF FHEF Y 4-F Tubular Typedl EFE A5 3

@ Lattice Tower

@ AR 2gepo] Hof zrlulgo] He mua, /‘53&1‘%7} wol Algul el fAB A A
2%,

@ Tubular Tower

@b Hollow Sections 7}%l Pipe @& 7[A|+= %,

@ YZEY d7]Adn]e] B Fo gist S &840

@ Lattice Type®l Bla] Z7]n]g-o] Wo] AQHX|RE AAF o tfgt JEA o] o] {§A &7}
S

TE9
@ mAHow $-3

o
N
o

-

@ Hybrid Tower
@b Steel Tubular, Concrete, Truss, Wire & ©1&] 7}X] r‘%ﬂ 4

[Lattice Tower] [Tubular Tower] [Hybrid Tower]

(3) AxA H FHENR N ds

b =ul el FEEW A ZzAREC] 98 MW o]/e] thefst FEEHlo] /=l glom N
o] th&ZF37F Ay U5 (£4 : 4C Offshore).

b PR &4 11]% ZE A Aol 80molA, ZE3|HA4E 4~20 rpm, E|HIO HE T 5

-

4) TYEr91 554

O FEHRAAIARLS ZEQF YAS XS AT ER] AT 2EY BN, st V=
TRER TAE.

(h) ERel #&3shs T

9]

S5 Belolsel Agss FaEn vrelel 4Pgow Fgae
Fok%, HIEY 2

Q
B dFetTo] A8 £ low, AR PA AN = A X ET

>



lso®

ofr

=)
(th TEHEHER ] AFol Ust A duttx2E9 274 Hiles 5 77148
ol

st ¥xES FTste] A
(2 GL Wind Guideline|A &= FHEFY Q] A A] ofglg} o] Edolt 3o & 83}
Z3to] 23 JE=E Q73hY, FHE WS RPM(Revolution per Minute) =

dets Asrs 1P, 3719 Eeol= &3 AsrE 3Pt 4

. Rotor frequency (1P)

Blade passing frequency (3P)

3P=1P x Number of blades

fon
2

=04 1P 2 3P2 Hol]

fa |

Gl | 5 O ——

Sa co95 or Je s (6.5.1)
fO,u 0.n
ff‘—-’"so.95 or Jaw >1.05 (6.6.2)
.fO.n 0
where:
fr maximum rotating frequency of the rotor in
the normal operating range
frm transition frequency of the m rotor blades
fon n-th natural frequency of the tower
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[VestasAlOllA 7&E &t Rotor 3™ O]

Rotor Rotation

1P

3P

Frequency [Hz]

0.17~0.27

0.51~0.81

(vh 3MW+ ©]739] H
] 8= s}

PN
=

E{tl &7 [MW]
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RPN
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DI EIEE)

ol

—3MW % 7TMWH FHERIE7F 4&3tEa A 59 BE B9 sl kst
HAlER s AAsl7] o= ojg o] SAToE, & A73A
oA 7Hd F HHES AAS L e VestasAte] 3MWH
e 80%E #HAIstal Sl 1 5 ¥4 (Geared Type) & J
2 Agsiala, TMWEe A5, SEHERE S A W A4S A

B2 AFHRAY g AstE dE AT e Ao st Samsung Heavy Industries
—7.0MWE d7sto] 213t

(1) Vestas V90—3.0MW Z=Egnl
b THEREY AY 9@ 54

@ Rotor

e Diameter: 90 m

* Swept area: 6362 m2

e Speed, nominal power: 16.1 RPM Speed, Dynamic operation range
* rotor: 9.9 — 18.4 RPM

e Rotational direction: Clockwise (front view)
e Orientation: Upwind

o Tilt: 6°

* Blade coning: 4°

* Number of blades: 3

e Aerodynamic brakes: Full feathering

@ Hub

e Type: SG Cast Iron

* Material: GJS—400—-18U—-LT
e Weight: 8500 kg

@ Blades

e Principle: Airfoil shells bonded to supporting beam

e Material: Fibreglass reinforced epoxy and carbon fibres
* Blade connection: Steel root inserts

* Air foils: RIS@ P + FFA-W3

e Length: 44 m

e Chord at blade root: 3.512 m

e Chord at blade tip: 0.391 m

e Twist (blade root/blade tip): 17.5°
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@ Bearings
e Type: 4—point ball bearing

® Sensors

@ Lightning Detector

e Appellation: Lightning detector

e Signal: Optical Analogue

@ Wind Sensor

e Appellation: Ultrasonic wind sensor, (2 units)

e Signal: RS485/optical

e Accuracy: +/— 0.1 m/s, less than 5 m/s
+/= 2%, more than 5 m/s

@ Smoke

e Appellation: Smoke detector

e Signal: Digital 24 V

@ Movements and Vibrations

e Appellation: Accelerometer, tower
e Signal: RS485

® Generator (60Hz)

Rated power 3.0 MW
Asynchronous with wound rotor, slip rings
Type
and VCRS
Voltage 1000 VAC
Frequency 60 Hz
No. of poles 4
Class of protection P54
Rated speed 1758
Rated power factor, default at 1000 V 1.0
Power factor range at 1000 V 0.98CAP — 0.96IND

@ Transformer

Type Cast resin
Rated Power 3160 kVA
High voltage 10 - 34.5 kV

Frequency 60 Hz
Vector group Dyn
HV - Tappings 2 x 2.5%
Low voltage 1000 V
Power at 1000 V 3326 kVA
Low voltage 400 V
Power at 400 V 168 kVA
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Switch Gear Electrical Characteristics

@ Feeder Function

Rated voltage [kV] (Max. system voltage) 27 38
Rated current [A] 600 600
Short time withstand current (1 or 3 s) [kA] 25 25
Power frequency (1 min) [kV] 50 50
Lightning impulse [kV] 125 150
Making capacity [kA] 40 40
Mainly active current [A] 600 600

@ Circuit Breaker Function
Rated voltage [kV] (Max. system voltage) 27 38
Rated current [A] 600 600
Short time withstand current ( 1 or 3 s) [kA] 25 25
Power frequency (1 min) [kV] 50 50
Lightning impulse [kV] 125 150
Making capacity [kA] 40 40
Breaking capacity [kA] 25 25

© Yaw System

e Type: Plain bearing system with built—in friction

e Material: Forged yaw ring heat—treated. Plain bearings PETP

e Yawing speed: < 0.5° /sec

Yaw Gears

e Type: 4—step planetary gear with motor brake
* Motor: 2.2 kW, 4 pole, asynchronous

@ Gearbox

e Type: 2 planetary stage + 1 helical stage
* Type no.: EF901AES55-K1

e Shaft distance: 461 mm

e Ratio: 1:109.0 (60 Hz)

@ Parking Brake

 Type: PZ.1.4420.2802.10

e Brake Pad type: MPM 030

e Supply: Separate hydraulic pump unit

@ Hydraulics
e Pressure: 250 bar

e Placement: The complete hydraulic system is mounted in the hub

Cooling System
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Gear oil cooling

2 water/air cooling units located above
the transformer room. Connected to the
oil/water heat exchanger located by the

gear oil tank

Generator cooling

2 water/air coolers located above the

transformer room

Nacelle cooling

Cooling of the nacelle is done by leading
air through the glassfibre floor behind

the tower.

@® Nacelle Bedplate

Spheroidal graphite iron GJS 400 18U

LT, Foundation for gear, generator, yaw

Front part i .
bedding, crane—girders and rear
foundation
Weight 8500 kg
Welded gratings integrated with crane
Rear part girders,Foundation for electrical panels,

transformer and cooling room

@® Nacelle

e Material: Fibreglass

® Tower
Type Conical tubular
Material 5355
Surface treatment Painted

Corosion class, outside

C4 (ISO 12944-2)/offshore C5—M

Corosion class, inside

C3 (ISO 12944-2)/offshore C4

Top diameter for all towers 2.3 m
Bottom diameter for all towers 3.98 m
3—parted, modular tower (hub height) 80 m

The exact hub height listed includes 0.55 m distance from the foundation section to

the ground level and 2.0 m distance from the tower top flange to the hub center
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Weight and Dimensions

@b Nacelle
e Including hub and nose cone
Length 13.25 m
Width 3.6 m
Height 4.05 m
Weight 88000 kg +/— 3000 kg

e Without hub and nose cone

Length 9.65 m
Width 3.6 m
Height 4.05 m
Weight 68000 kg +/— 2000 kg
@ Gearbox
Length 2100 mm
Diameter 2600 mm
Weight max 23000 kg
@ Generator
Length max 2800 mm
Diameter max 1100 mm
Weight max 8500 kg
Transformer
Length 2340 mm
Diameter 1090 mm
Height 2150 mm
Weight max 8000 kg
@ Rotor Blades
Length 44 m
Weight 6600 kg/pcs +/— 400 kg.

© Vestas V90—3.0MWH Z=ZEWIELY ol 60MW, 109.4dB(A) Z7o|A 2 #<% ¥ Power
%9 AF3} Noise Emissions ofefe] T#j=Z o} 2.

Power Curve V90-3.0 MW
Air Density 1.225
3500

3000

2500 /'
/

£ 2000 /|
£ 1500 I’/,
a

1000

500 + //

0

0 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Wind Speed [m/s]

[Power Curve for Vestas
V90-3.0MW(60Hz,109.4dB(A)) ]
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i i Noise emission V90-3.0 MW,
Reference condition according to IEC61400-11 is assumed

112

110

=)
@

N

106
104
102

100
- / Hub height = 80 m |

4 Luuneq @ 8m/s = 1093 dB(A) re 1pW
96 Luacq @ 10m/s = 106,7 dB(A) re 1pW 1
Accuracy = +/- 2 dB(A)

Sound emission [dB(A) re 1p'

94

92
4,00 5,00 6,00 7,00 8,00 9,00 10,00 11,00
Wind speed at 10m height above ground level [m/s]

[Noise Emission for Vestas
V90-3.0MW(60Hz,109.4dB(A)) ]
) B R

O FHEHHY A s HYl Fx2Es AAsH] % Aedte A% A 23s 2
Hato] AolstAl AAE =

@ B9 FxEAS Y3t 7| Rl 2R VestasAte] SMWH EHIS A A|sl= FHEYE A
4.

@ = F 4ol 76.11m, 27709 T30 2 Yro]Xl BeamQAE o] &3t REE G0
A Z%E RNA (Rotor Nacelle Assembly) < 147.3ton?] A& 713,

[Etsl 20 CHa JI=ALE]

Young' s Modulus Density RNA Mass Total Height
[Gpal [kg/m3] [ton] [m]
210 7850 147.3 76.11

O G THE 9 5% 1475 FHAL oF 0.32 ~ 0.41HzolH, 7] s ndS vfgo=z
IARET dAS A
@ A AFEE TR A WE T T2 A ABAQUSOH, AT Hul T xE AE
A%, ot A F= ngdde] AAZRES AL
@ FHER] AR 1R3sF A A9 14 15T E 9F 0.3616HzE 3 1F%E
T thelQl 0.32 ~ 0.41Hz Abolel] glom =Y 3] 72 Fxlof tjs] tdsh Ao=w &2l
[DERNA 2]
FEM 3jA 54 1st Mode 2nd Mode 3rd Mode
BMWw =9) (0.3616H2z) (3.2014Hz) (9.0984H2)
: , \
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(2) Samsung Heavy Industries —7.0MW %= g4l

b FHENES A 8 54

@D Generator/ Converter

@p Nominal Operating Condition for Generator

Type of generator - PMG
Rated power output of generator
MW 7.350
(at point F according Figure 7)
Nominal terminal voltage \Y 3300
Power factor — 0.93
.. 98.3% (at
Efficiency %
rated)
Rated generator speed rpm 400
Maximum instantaneous output shaft
speed
rpm 480
while generating
Maximum instantaneous output shaft
speed
rpm 600
not generating
Rated torque of generator kNm 179
Cooling type - IC86W
Survival temperature °C —-20 to 60
Operating temperature °C —10 to 50
IP protection - IP 54
Insulation class/Temp. rise - F/80K

Duty cycle

S1 (continuous)
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@ Cooling System

Speed 1,465 [rpm]
Mechanical power 5.5[kW]
Current 11.4[A]
Power factor 0.82

@ Converter

Nominal grid voltage KV
(at point C according Figure 7) 3.3
Nominal power
) . . MW
(at point C according Figure 7) 7.0
Nominal grid frequency Hz 50/60
Voltage variation
. ) ) % +/= 10
(at point A according Figure 7)
Frequency variation
. . Y . . % +/— 2.5
(at point A according Figure 7)
Overload current A 1600
Type - IGCT
Switch frequency Hz 0~1000
du/dt filter V/us 1500
Location - Tower
IP protection - 1P 54
Efficiency % 97.7 (at rated)
Cooling water inlet temperature .
) ) ) C —10 to 55
(Power derating according Figure 8)
Converter room temp for operation °C —10 to 50
Brake chopper resistor rating MJ 2 X 15
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@ Gear box

Gearbox type

Medium output speed (400 rpm)
3—stages (2 differential + 1 planetary)

Gear ratio

37.74

Type of Lubrication

Forced oil circulation for both gearbox and

main bearings

Mounting To main shaft

Partially (Ist & 2nd stage) inserted into the

main shaft with rigid connection

interface
To main frame

Torque reaction flange

@ Pitch System

Certification requirement

IEC 61400—3 : Design requirements

for offshore wind turbines

Type

Electric, 400V (3—phase), 60Hz

Pitch drive

Inverter controlled AC motor and

gearbox with pinion gear

Actuator control type

IPC
Travel range during operation 0 to 90 deg
Travel range during assembly 360 deg
Number of pitch drives per turbine 6

@ ‘Transformer

Type 3 phase, Dry Type/Cast Resin
Transformation relation 33,000V/3,300V
Nominal power 8560 [kVA]
Frequency 60 [Hz]
Connection group YNd11
Insulation class (HV/LV) H/H
E/C/F class E2/C2/F1
BIL (HV/LV) 170 / 40kV
Weight (approx.) 13,000 [kg]
Standard IEC 60076—11
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® Yaw bearing

Yaw bearing type Double row ballbearing (external gear)

Yaw bearing lubrication — Manual greasing

— Yaw open gear pinion: 4 EA
Yaw gear teeth lubrication Progressive auto lubrication system for

yaw gear teeth

® Yaw drive

) Multi—stage planetary gearbox with electrical
Yaw drive type
motor
Gear Ratio 1:1477
Motor protection grade P54
Number of yaw drive 10 EA

@ Tower

2
80m 450 ton Conical (Upper 36.5m/Lower

5,880mm @top

7.000mm @Bot
b0 43.5m)
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WTG size and Weight

Hub height 110m (m.s.D -
Rotor diameter 171.2m -
Blade 83.5m 116.3 ton
Hub 5.15m x 4.85m x 4.5m 56.0 ton
Gearbox ®3.96m x 3.48m 63.7 ton
Main Generator 3.2m x 3.0m x 3.4m 27.5 ton
Component Main bearing | 3.25m x 3.68m x 0.205m 9.9 ton
Main frame 8.16m x 7.05m x 5.16m 73.9 ton
Rotor Assembly 5.15m x 4.85m x 4.5m 95  ton
Nacelle Assembly 17m x 9m x 8m 327  ton
Top Head Mass - 538 ton
Tower Assembly 80m 484  ton
WTG Total - 1,022 ton
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© Samsung Heavy Industries —7.0MW3 ZZHEWIEYANA F£
Noise Emissione ofgfe] 129} 5.

Power [kW]

=E|
=

Power

—— Dynamic [TI=10%) — — -Steady
BOC0.00
7000.00 -
!
V/P
£000.00 1
!
1
[}
5000.00 /7
A000.00 f
3000.00 j"
2000.00 /
1000.00 //
L
0.00 -
] 5 10 15 20
Wind Speed at Hub Height [m/s]
[Power Curve for Samsung Heavy Industries—7.0MW]
VHub
s | 4 5 6 7 8 9 10 1 12 13 14 15
PWL | 101.1 [101.8 | 105.1 | 107.9 | 110.6 | 113.2 | 113.9 | 112.8 | 112.9 | 113.5 [ 113.6 | 113.7
{GR AT : ; . ; . . : . : ’ ! i

b el R

© B TEIANS A% 1R R

g

@ B9E= F= Zo] 80m, X 4ol 110m(m.s.] : mean sea level), U4 =0l 8molw, A+

%% RNA (Rotor Nacelle Assembly) 9] A& 538ton, BFY A2 484ton (619 =

* Viup - Hub height wind speed, PWL : Sound Power Level

22 A T34 TMWE BRI

% 450ton, BFY W v]7%E 34ton) 9.

[Etsl 20l st D=2 ALE]

[Noise Emission for Samsung Heavy Industries—7.0MW)]

= AAs

T
.

25

Young s Modulus Density RNA Mass Total Height
[Gpal [kg/m3] [ton] [m]
210 7850 538 80
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TR M e TS
@ Aol AFgE T2 gAMe FLFE] 227l Midas Genol™ ek EHIGTZRE HE A
F, st A FE BYE AAGE A 7 dAste] 17 @] AAxRAS AR
@ e s rdo] %R A A3 13 1A% FE o 0.2879HzE BX 1H3%F
T U9l 0.18 ~ 0.3Hz Atelell glom e 3|d¥e] »xe sl kdst Ao = geld
FEM &4 xd 1st Mode 2nd Mode 3rd Mode
(TMW+ &9) (0.2879Hz) (0.2879Hz) (2.5397Hz)

3
; |
: :
= =

Work platform ——» =.-.“= Transition piece

Boat landing H . Ir;tcgmediate
N platform
Sea level

Pile sleeve

oh ESE A9 AT Feey BEAY
(1) FLeuers] A

b FEdd EPOoZMN VestasAte] SMWH 43 HENE 9= 483
(b AAAZF - oF 150%, ZEAA 0 90m, BFls£°] @ 80m
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(2) T35

oo

(b A9 CASE

e | Bl 3] 5 350 GREESY o= ——
274 |92 =] | Exm/s] | BERE[%] | 8A7HE] e
2 A} AN ESDU
SEEH 0 15 0, 20, 40, 60 | 0~180(10% z+2)
AFg-Z27 (sea)
= SHAE) 504 ESDU
93 _ 0, 20, 40, 60 | 0~180(10% %+4&)
A ANET715%5 (sea)
(\})) Wind profile
O 2 A2
¢ Blade—Nosecorn 4| %23
— Blade 3% 0° , 93° Zt7Z A&
- 3-D 71¥ &%
— Blade—nosecorn A2 32 B¢ YAFeof] dR2 ZEPHO R 30| 7l53h
@ Tower—nacelle YA
— Toweri= Aolw Aol st A A4
[dio]g AS =41
3 = 7k Ml
23 A4 1/200 -
sz AAd 1/4.5 Prototype : 15m/s
Al <A A 1/44.44 Prototype : 600sec
Sampling Frequency 360Hz Prototype : 0.0028sec
Reynold’ s number Re >8,000 -
A 3+ 5 —
% Data <& 24,300 -
@ Uy F59 Ad
3 & A
231 42 (132kw x3t))
4% A7) [ml] 8.0(W) x 2.5(H) x 23.0(L)
5 [m/s] 0.3 ~ 11.0
G FAE (%] 0.5 w7t
F&EEFO AR} [%] +1.0 o]a}
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‘ /Pitot tube
. Spire py ¥ Test model
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—

// block

Test section

L i
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High Frequency Force Balance __ __ Boffom of wind tunnel
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&h @l §7dd =AM 02 W&
A
=
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[SB0IS 8182 0% & [ 2 SO h3 B2 (Z A AE)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMzZ'
0 -0.128 2.611 -2.374 0.123 1.340 0.242 0.483 0.415 0.152 0.881
10 0.021 2.533 -2.351 0.255 -0.122 0.205 0.477 0.407 0.146 0.901
20 0.208 2.297 -2.208 0.371 -1.859 0.242 0.450 0.379 0.168 0.941
30 0.535 2.154 -2.143 0.488 -2.228 0.244 0.439 0.370 0.167 0.919
40 0.754 1.852 -1.932 0.572 -1.985 0.255 0.435 0.366 0.181 0.868
50 0.818 1.461 -1.649 0.628 -1.937 0.247 0.382 0.321 0.178 0.871
60 0.967 1.194 —1.458 0.684 -2.062 0.280 0.417 0.345 0.200 0.856
70 1.027 0.866 -1.208 0.701 -1.400 0.317 0.493 0.425 0.238 0.856
80 1.108 0.319 -0.734 0.739 -0.892 0.297 0.366 0.329 0.225 0.792
90 1.181 -0.283 | -0.154 0.776 -0.736 0.265 0.356 0.320 0.199 0.868
100 1.097 -0.785 0.318 0.708 -0.260 0.235 0.429 0.365 0.175 0.955
110 1.059 -1.171 0.619 0.693 0.521 0.235 0.394 0.326 0.177 1.018
120 1.011 -1.565 0.905 0.694 0.256 0.232 0.347 0.288 0.175 1.016
130 0.940 -1.968 1.221 0.677 0.903 0.251 0.357 0.300 0.165 0.953
140 0.765 -2.231 1.465 0.582 0.976 0.233 0.398 0.331 0.175 0.902
150 0.525 -2.435 1.660 0.468 0.624 0.221 0.408 0.338 0.157 0.879
160 0.334 -2.678 1.870 0.375 0.657 0.208 0.398 0.336 0.157 0.849
170 0.061 -2.725 1.921 0.199 0.550 0.208 0.429 0.376 0.157 0.848
180 -0.191 | -2.774 1.998 0.012 -0.152 0.197 0.381 0.331 0.150 0.821

[S30/S 8@ 20 & [ 2 S0 W8 S (ZAaE)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMzZ'
0 -0.103 2.591 -2.285 0.138 3.947 0.215 0.474 0.410 0.135 0.839
10 0.031 2.480 -2.257 0.263 1.162 0.203 0.445 0.378 0.138 0.843
20 0.271 2.380 -2.232 0.402 -1.712 0.226 0.409 0.348 0.149 0.850
30 0.542 2.087 -2.039 0.466 -2.492 0.239 0.417 0.357 0.155 0.866
40 0.734 1.802 | -1.861 0.552 | —2.294 | 0.251 0.431 0.363 0.173 0.881
50 0.851 1.524 -1.653 0.639 -2.067 0.243 0.384 0.322 0.170 0.819
60 0.919 1.078 -1.331 0.635 -2.263 0.246 0.389 0.318 0.183 0.769
70 1.001 0.778 -1.095 0.671 -1.751 0.289 0.439 0.374 0.217 0.829
80 1.162 0.292 -0.690 0.769 -0.846 0.241 0.356 0.313 0.184 0.770
90 1.135 -0.319 | -0.151 0.737 -0.622 0.257 0.328 0.288 0.189 0.726
100 1.101 -0.791 0.305 0.710 0.228 0.258 0.414 0.353 0.180 0.785
110 1.085 | -1.202 | 0.613 0.705 0.727 0.222 0.362 0.300 0.169 0.735
120 1.014 | -1.608 | 0.879 0.686 0.630 0.219 0.311 0.259 0.157 0.735
130 0.926 -2.029 1.2083 0.662 1.059 0.241 0.344 0.295 0.164 0.795
140 0.760 -2.301 1.459 0.593 0.976 0.231 0.372 0.313 0.169 0.820
150 0.538 —2.440 1.615 0.466 0.677 0.220 0.406 0.343 0.156 0.846
160 0.316 —2.643 1.794 0.358 0.670 0.195 0.404 0.350 0.147 0.797
170 0.062 —2.749 1.887 0.195 0.444 0.191 0.377 0.332 0.143 0.765
180 -0.200 | —2.777 1.940 -0.002 | -0.237 0.185 0.414 0.360 0.135 0.793
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[S2101S 8IM2 40= Y 0 2 ZE0l 8 ZRAH(ZALH)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMzZ'
0 -0.098 2.499 -2.252 0.120 -0.240 0.215 0.431 0.364 0.147 0.922
10 0.068 2.459 -2.235 0.232 -1.101 0.206 0.433 0.369 0.145 0.852
20 0.262 2.290 -2.132 0.315 -2.514 0.220 0.405 0.348 0.152 0.929
30 0.461 2.109 -2.023 0.423 -2.211 0.249 0.424 0.364 0.174 0.913
40 0.701 1.815 -1.828 0.504 —2.427 0.265 0.419 0.349 0.186 0.944
50 0.802 1.444 —1.543 0.566 -2.278 0.255 0.410 0.342 0.187 0.907
60 0.908 1.026 -1.225 0.624 -2.510 0.273 0.392 0.320 0.205 0.875
70 1.056 0.681 -0.943 0.690 -2.231 0.287 0.369 0.307 0.213 0.900
80 1.168 0.261 -0.600 0.749 —1.345 0.267 0.327 0.281 0.195 0.809
90 1.181 -0.243 | -0.168 0.762 -0.388 0.250 0.311 0.266 0.188 0.792
100 1.139 -0.675 0.240 0.725 0.800 0.242 0.358 0.299 0.173 0.823
110 1.131 -1.101 0.553 0.736 1.134 0.236 0.352 0.287 0.178 0.802
120 1.070 —1.545 0.893 0.711 0.557 0.257 0.337 0.280 0.187 0.845
130 1.018 -2.034 1.263 0.717 1.787 0.278 0.358 0.306 0.200 0.875
140 0.795 -2.301 1.482 0.622 1.761 0.244 0.392 0.327 0.185 0.853
150 0.555 -2.364 1.634 0.480 0.788 0.229 0.398 0.338 0.171 0.846
160 0.354 -2.631 1.864 0.368 0.714 0.205 0.435 0.378 0.155 0.834
170 0.114 -2.737 1.960 0.206 0.526 0.193 0.427 0.376 0.146 0.891
180 -0.153 | —2.695 1.990 0.015 -0.052 0.185 0.452 0.396 0.137 0.893

[Ea0lE AL 605 2 M 2 SEO et SHAH (A AE)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMz'
0 -0.211 2.228 -2.024 0.044 -0.499 0.390 0.387 0.340 0.343 0.989
10 -0.041 2.088 -1.930 0.171 -0.923 0.389 0.366 0.318 0.341 0.988
20 0.249 2.025 -1.908 0.327 -2.126 0.333 0.377 0.330 0.270 0.980
30 0.578 1.935 -1.862 0.484 -1.780 0.269 0.387 0.342 0.192 0.910
40 0.774 1.600 | -1.628 | 0.551 -1.967 | 0.258 0.372 0.324 0.183 0.907
50 0.948 1.467 -1.527 0.669 -2.006 0.269 0.388 0.326 0.203 0.879
60 1.093 1.173 -1.271 0.747 -1.991 0.302 0.408 0.347 0.225 0.967
70 1.131 0.744 -0.914 0.746 -1.285 0.311 0.382 0.325 0.233 0.926
80 1.232 0.251 -0.532 0.783 -0.532 0.266 0.330 0.274 0.196 0.798
90 1.206 -0.222 | -0.146 0.782 -0.276 0.247 0.304 0.251 0.188 0.691
100 1.225 -0.631 0.221 0.796 0.357 0.254 0.315 0.261 0.183 0.809
110 1.191 | -1.106 | 0.592 0.790 0.570 0.252 0.335 0.284 0.189 0.892
120 1.113 -1.499 0.890 0.766 0.772 0.277 0.363 0.311 0.209 0.991
130 1.015 -1.813 1.163 0.723 1.627 0.290 0.380 0.332 0.212 1.015
140 0.884 -2.068 1.422 0.671 1.634 0.272 0.403 0.344 0.212 1.007
150 0.571 -2.125 1.486 0.510 0.950 0.250 0.387 0.333 0.191 0.904
160 0.414 -2.408 1.751 0.431 0.959 0.203 0.355 0.311 0.157 0.937
170 0.190 —2.425 1.764 0.283 0.571 0.196 0.373 0.329 0.149 0.922
180 -0.054 | —2.322 1.715 0.107 0.242 0.195 0.377 0.330 0.148 0.916
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[S2101S 8IM2 0= & O 2t EE0I Cf3H S (23H4EN)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMzZ'
0 -0.218 1.245 -1.023 0.000 -0.515 0.419 0.287 0.204 0.349 0.667
10 0.097 1.210 -1.010 0.294 -0.195 0.349 0.269 0.190 0.289 0.676
20 0.466 1.141 -0.966 0.601 -0.509 0.356 0.255 0.178 0.280 0.736
30 0.833 1.007 -0.880 0.860 -0.580 0.335 0.239 0.168 0.270 0.691
40 1.198 0.829 -0.776 1.101 -0.011 0.332 0.262 0.178 0.277 0.638
50 1.408 0.559 -0.609 1.250 0.467 0.329 0.239 0.162 0.275 0.606
60 1.547 0.321 -0.436 1.352 0.211 0.344 0.241 0.176 0.289 0.607
70 1.677 0.114 -0.294 1.420 0.520 0.366 0.223 0.163 0.299 0.625
80 1.835 -0.148 | -0.142 1.484 0.504 0.356 0.223 0.163 0.295 0.638
90 1.734 -0.369 | -0.002 1.428 0.221 0.360 0.239 0.168 0.298 0.640
100 1.682 -0.580 0.126 1.381 0.462 0.341 0.231 0.163 0.283 0.648
110 1.658 -0.816 0.269 1.334 0.489 0.332 0.229 0.170 0.273 0.678
120 1.562 -1.028 0.402 1.243 0.445 0.338 0.237 0.177 0.265 0.711
130 1.500 -1.203 0.503 1.199 0.892 0.363 0.250 0.186 0.278 0.738
140 1.344 -1.312 0.579 1.101 0.717 0.357 0.277 0.196 0.279 0.758
150 1.121 -1.346 0.611 0.982 0.487 0.411 0.292 0.207 0.329 0.805
160 0.935 -1.418 0.649 0.867 0.629 0.491 0.295 0.218 0.426 0.848
170 0.489 -1.481 0.706 0.462 0.249 0.397 0.257 0.184 0.335 0.747
180 -0.058 | —1.437 0.742 -0.034 1.161 0.385 0.253 0.179 0.334 0.698

[Ea0lE AL 205 2 M 2 SEO et SR H (I EHAER)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMz'
0 -0.243 1.258 -1.008 | -0.028 | -0.008 0.385 0.280 0.204 0.322 0.646
10 0.081 1.199 -0.983 0.257 0.353 0.324 0.250 0.175 0.277 0.642
20 0.433 1.102 -0.943 0.538 -0.696 0.312 0.238 0.170 0.256 0.639
30 0.815 0.949 -0.875 0.786 -0.712 0.313 0.232 0.161 0.252 0.615
40 1.172 0.719 | -0.740 | 1.025 | -0.149 | 0.322 0.240 0.161 0.263 0.596
50 1.385 0.475 -0.581 1.2083 0.193 0.334 0.219 0.151 0.272 0.574
60 1.572 0.256 -0.434 1.319 0.109 0.346 0.232 0.168 0.284 0.551
70 1.674 0.027 -0.266 1.375 0.658 0.354 0.227 0.167 0.289 0.564
80 1.763 -0.238 | -0.102 1.414 0.846 0.333 0.227 0.166 0.270 0.543
90 1.803 —-0.452 0.031 1.409 0.563 0.340 0.222 0.159 0.279 0.565
100 1.760 -0.622 0.131 1.378 0.960 0.327 0.220 0.160 0.273 0.590
110 1.736 | —0.861 0.247 1.358 1.029 0.339 0.222 0.158 0.285 0.625
120 1.698 -0.989 0.356 1.341 2.800 0.324 0.234 0.161 0.267 0.642
130 1.476 -1.135 0.458 1.242 4.630 0.342 0.238 0.172 0.275 0.698
140 1.193 -1.200 0.526 1.110 5.818 0.338 0.266 0.183 0.274 0.729
150 1.077 -1.216 0.517 0.986 3.479 0.378 0.282 0.204 0.320 0.741
160 0.899 -1.369 0.616 0.858 2.250 0.399 0.287 0.209 0.353 0.697
170 0.467 -1.511 0.703 0.434 0.231 0.327 0.240 0.178 0.287 0.642
180 -0.070 | —1.523 0.740 -0.069 | -0.236 0.350 0.244 0.175 0.313 0.601
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[S2101S 3IM2 40= Y 0 2 ZE0| 8 Z2RH(IAEH)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMzZ'
0 -0.295 1.255 -1.000 | -0.060 0.294 0.386 0.269 0.188 0.318 0.705
10 0.038 1.217 -0.985 0.227 0.698 0.331 0.244 0.174 0.280 0.676
20 0.374 1.078 -0.918 0.469 -0.185 0.322 0.243 0.169 0.264 0.659
30 0.740 0.950 -0.876 0.749 1.458 0.312 0.237 0.156 0.254 0.616
40 1.078 0.721 -0.737 0.963 1.268 0.307 0.235 0.159 0.251 0.559
50 1.267 0.416 -0.568 1.106 -0.348 0.313 0.243 0.172 0.259 0.537
60 1.392 0.158 -0.418 1.218 -0.174 0.321 0.245 0.178 0.269 0.558
70 1.538 -0.087 | -0.239 1.313 0.466 0.331 0.244 0.181 0.280 0.562
80 1.691 -0.345 | -0.071 1.383 0.552 0.362 0.274 0.213 0.309 0.588
90 1.705 -0.534 0.029 1.362 0.365 0.357 0.309 0.247 0.300 0.638
100 1.762 -0.683 0.108 1.400 0.736 0.347 0.287 0.224 0.291 0.633
110 1.767 -0.893 0.199 1.401 0.748 0.336 0.261 0.202 0.279 0.680
120 1.654 -1.063 0.296 1.325 0.404 0.354 0.249 0.186 0.297 0.724
130 1.537 -1.252 0.408 1.259 0.827 0.358 0.252 0.186 0.289 0.784
140 1.367 -1.365 0.493 1.158 0.481 0.374 0.270 0.195 0.312 0.806
150 1.076 -1.392 0.533 0.992 -0.021 0.427 0.301 0.222 0.367 0.861
160 0.825 -1.538 0.663 0.777 0.196 0.362 0.284 0.201 0.318 0.756
170 0.407 -1.606 0.713 0.402 0.037 0.336 0.251 0.189 0.291 0.777
180 -0.110 | —1.603 0.756 -0.069 | -0.156 0.386 0.247 0.179 0.341 0.777

[Ea0lE A2 605 2 M 2 SEO et S H (I EHAER)]
Mean STD
Azimuth

CFx CFy CMx CMy CMz CFx' CFy' CMx' CMy' CMz'
0 -0.294 1.106 -0.866 | -0.062 | -0.216 0.396 0.270 0.196 0.317 0.740
10 0.075 1.050 -0.848 0.273 -0.048 0.349 0.221 0.152 0.289 0.678
20 0.608 0.889 -0.796 0.656 -0.606 0.365 0.229 0.157 0.294 0.604
30 1.074 0.692 -0.722 0.959 -0.373 0.370 0.213 0.145 0.303 0.591
40 1.368 0.545 | -0.643 1.158 0.095 0.378 0.222 0.158 0.313 0.595
50 1.503 0.367 -0.542 1.291 0.155 0.374 0.223 0.161 0.303 0.584
60 1.663 0.238 -0.462 1.402 0.089 0.379 0.232 0.168 0.314 0.570
70 1.824 0.084 -0.353 1.5083 0.417 0.400 0.233 0.174 0.330 0.558
80 1.845 -0.108 | -0.238 1.461 0.294 0.365 0.225 0.171 0.303 0.533
90 1.837 -0.314 | -0.114 1.428 -0.369 0.378 0.235 0.174 0.311 0.574
100 1.843 -0.483 | -0.022 1.421 -0.070 0.367 0.236 0.181 0.295 0.573
110 1.837 | -0.729 | 0.092 1.427 | -0.075 | 0.387 0.269 0.211 0.315 0.673
120 1.688 -0.938 0.210 1.339 -0.258 0.379 0.284 0.223 0.314 0.887
130 1.523 -1.120 0.317 1.265 0.352 0.389 0.272 0.213 0.320 0.983
140 1.269 -1.240 0.402 1.121 0.063 0.389 0.270 0.202 0.328 0.964
150 0.902 -1.300 0.473 0.877 0.180 0.375 0.258 0.186 0.324 0.874
160 0.554 -1.406 0.590 0.590 0.254 0.334 0.246 0.172 0.297 0.718
170 0.089 -1.463 0.632 0.182 -0.213 0.326 0.231 0.172 0.293 0.724
180 -0.311 | —-1.415 0.628 -0.194 | -0.518 0.411 0.225 0.165 0.373 0.875
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b &3t A& A9

YL oheh B2 Mo Ay
Wind Pressure : q GC; A ... (ASCET-05)
A7NA, ¢, AAEKEYE (= _pVD)
p o BNUE (=0.123(kgf » s*/m*), at 15C, 760mmHg)
V., 1 z(m)EololM e F5
G AXE J&A
Cp: EGAS
A0 REFYAS
h) AXE AT 29, Rigid Structure® {FF38ko] 0.88% 74
() FHAS A5, FEADE % A3} gk 26117 A,
@) FETFYATE 12 7
(mh IEC 61400—1°1M= FHEHNS] 582 7|E35 (V) 3 9lemn Class 19
7NEFES ol &st] HuFEY FIFES APgsta 1ol A GRAEE A4%
[ElE] S8Y JI=ES L 2SHES
Wind Turbine Class I 11 111
Vier (m/s) 50 42.5 37.5
I/:wg 0.2 I/;"ef 10
I/e5O 14 Vref(Z/Zhub)O'll 70
v, 0.8V, (2) 56
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b Belol=el] Agat Fats vhelel A8 Sstel Belol=e WAL 3

919 A%, 150 =, TMWH FHEY 9 Aol 300m’=2 714 &

=

WH =

(b & "= Cut in Wind Speed ¢! 25m/s7H4] XgAo1e] H1E Folow, 550 2488
o, BRelel ZheliA]= §4 Foksa AHPsh] S8l Iwatani method® ©]-&-3te] 2443 &

.6': )\]—7(-1 _Lij_aﬂﬁ- /\]--g—?ﬂ-

(b 10m/s, 15m/s, 25m/s® 37F#19 &5 AHA S 93l 600secd] H7FAI7H 0.1%2] A ZHZE
Aow AR

_|_4

(2) Azt o]y F3kE HolH

b 3MWH Zg€erg o 3t E5+=< 10m/s, 15m/s, 25m/soll tial F&A 1 A gL g3t
HH o g & ¥ 77t 57 AR EFe] Modal Wind Load® 7 g

[ 3MWZ ZER Iwatani input GI0IEH]

Wind Speed(m/s)
Parameters

10m/s 15m/s 25m/s

tlol g 6000 6000 6000

34 AlZE 7+ (sec) 0.1 0.1 0.1
B9 Hof =0l (m) 76.11 76.11 76.11
EF9 el ot A& (m) 3.253 3.253 3.253
W e 0.2096 0.1797 0.1558

A3l 10me] F 3% (m/s) 7.99910m/s 11.99865m/s 19.99776m/s

Time History Data on Wind Speed 10m/s

——CASEO1

Wind Forec[kN]
w
o
o

o] 100 200 300 400 500 600

Time[sec]
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Time History Data on Wind Speed 25m/s
300.0

——CASE04
250.0
= 200.0
L
]
5 150.0
o
=
= 100.0
50.0
0.0
] 100 200 300 400 500 500
Time[sec]
Time History Data on Wind Speed 25m/s
300.0
——CASEOS
250.0
= 200.0
2
]
5 150.0
£
= 100.0 |
50.0
0.0
o 100 200 300 400 500 600
Time[sec]
[BMW SZHEH0l CHE 2= 25m/s M2 2 ZdtE 5CASE]

(Wh) TMWH ZFEre] =3k Z38=S 10m/s, 15m/s, 25m/sol ths] A&7 AFAAS
v o7 F& H 7bzF 5704 A4 Ele] Modal Wind Load® W73 &
[ 7MWZ ZER] Iwatani input GI0IEH]
Parameters Wind Speed(m/s)
10m/s 15m/s 25m/s
dole 6000 6000 6000
34 AlZF 7HA (sec) 0.1 0.1 0.1
El9] Ho =o]l(m) 84 84 84
B F A E (m) 6.44 6.44 6.44
Wi e 0.2096 0.1797 0.1558
A4 10me] H %<5 (m/s) 7.99910m/s 11.99865m/s 19.99776m/s
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Time History Data on Wind Speed 25m/s
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[7MW ZSZE0l st 2% 25m/s MIMS 2Y Z5t= 5CASE]

(3) Fskzel wZ s a4 2 2

%)

Oh F5% A4S fetel AAA R AT Matlab £ 54 T2 AL o Fato], Edol o}
£ MW & Eeerlel Ao A5 W, A e Seke
[BMW S=ZEHA0I UiEt 210 ER+SH B & 2 IS5 SE]

Wind Max. Displacement(m) | Max. Acceleration
No. CASE _ _
Speed(m/s) (Static+Dynamic) ( /s)
CASE 01 0.061 0.197
CASE 02 0.056 0.174
10 CASE 03 0.059 0.174
CASE 04 0.064 0.217
CASE 05 0.058 0.216
CASE 01 0.131 0.427
CASE 02 0.119 0.379
15 CASE 03 0.121 0.381
CASE 04 0.140 0.484
CASE 05 0.126 0.465
CASE 01 0.355 1.240
CASE 02 0.323 1.075
25 CASE 03 0.323 1.081
CASE 04 0.390 1.388
CASE 05 0.346 1.292
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(b 26m/s E5E7HA AlojHxE 91l ' S5l ek SMW = FHER 9] A 4

[e) )=
s FAS

[BMW SSER0 et 2= 25m/s =l S8 B

0l0

=4

Wind Speed(m/s) No. CASE Max. Dynamic Displacement (m)
CASE 01 0.254
CASE 02 0.220
25 CASE 03 0.223
CASE 04 0.291
CASE 05 0.247

(th 5% e kel AAAO 7 4% Matlab 52814 Tz
2 7MW # FEe99 Ao 34+58 W9, A EE 9 B4

0¥
o
o

(7MW SSEEIRN Ois =t 3E+3H 812 2 20 JI5: SE]
Wind Max. Displacement(m) | Max. Acceleration

No. CASE ) ]

Speed (m/s) (Static+Dynamic) ( /s)

CASE 01 0.059 0.107

CASE 02 0.059 0.118

10 CASE 03 0.058 0.095

CASE 04 0.062 0.118

CASE 05 0.059 0.135

CASE 01 0.129 0.228

CASE 02 0.126 0.255

15 CASE 03 0.114 0.220

CASE 04 0.126 0.255

CASE 05 0.122 0.290

CASE 01 0.338 0.619

CASE 02 0.339 0.714

25 CASE 03 0.288 0.678

CASE 04 0.338 0.716

CASE 05 0.323 0.806

() 25m/s FE57HA] Aol HRE 8l sld 5ol st TMW = FHER S Hd 524 W
@S Matlab~Z 7337 Midas X213 o] &3sfo] £33

[7TMW SSEEHRA0 et 2= 25m/s 2 S8 B9l SE]

Program | Wind Speed(m/s) No. CASE Max. Dynamic Displacement (m)
CASE 01 0.254
CASE 02 0.242
Matlab 25 CASE 03 0.224
CASE 04 0.245
CASE 05 0.282
CASE 01 0.289
CASE 02 0.299
Midas 25 CASE 03 0.300
CASE 04 0.261
CASE 05 0.293




(") 3MWH FHE S A5, EIRIE] Cut out 5 25m/selA 9] 54 &H= 57H4 4-¢& B
] 2w HHY 0.291m, T4 HAHS 0.247Tm=E LERH.

(h TMWH FHEF S Z-F, EH19 Cut out 5% 25m/sellA 2 459 5714 A= ¥
wa & w Midas ZTEIfC® afAst SHgte] Adidoz Flow, I g2 Hw

0.300m, 524 HFHEY 0.289m=E ER.

o AASE g MO MWE Eere] A% A
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(1) FE o TxE W] B B4

Oh AFEGeANE FE FRY SpTEE] AT sl Fqu AR, FY
N2 Vg B HEE A

o

Monapile i.!lurpod Gravity
caisson basa
Tetrapod
Caisson
| | |
- - . s o - e
L [
& i1 L1 ] l l
s as il | b
Asymatric-tripod Jacketed Tripod Tripod
caisson Casson caisson pile

[Different types of foundations(S. Bhattacharya, 2014)]

[HAtZS J|x9 =&]
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b ALFLE Y] AATRE AA A, AuzAbr} o] FojAok g A AstH oAb T FANY
A= AAsks AASH 2APE AAlE AL, SAH ) Akt AF ] 5 wES ol
ofste], AUl W AL Fako] Ak FoHH A} o] Fo Aok T

[Xigh 8= ZAb 9]
AR A %3
] O 7171 JX‘/\]_ 6‘]—.5’7
zA}

—Classification and index tests

—Permeability tests

—Consolidation tests

—Static test for determination of shear strength parameter
—Triaxial test (UU, CIU, CAU, KO)

—Direct simple shear

—Test for determination of remoulded shear strength (UU, CU)
—Cyclic tests for determination of strength and stiffness parameters
—Triaxial test (CIU, CAU)

—Direct simple shear

—Resonant column

—Shear wave velocity measurement

—Cone penetrometer test (CPT) -. most commonly used
—Remote Vane

—Pressuremeter

—Radioactive well logging

—Shear wave velocity required system

—Dilatometer
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sla) =A EAL B Qlobzol Ak Ao R Aol w
(e}

_59_



(vh F7F2A % (Added mass)

D[

[Hydro—dynamic pressure on the dam surface]

(2 MS, 2010)
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[AI2H01S E}Y BITHE QUESE (224H:1%, 10%)]

— 15m/s¢ HdF&Ho] A8 w, 1% ZHv|E A& H5 B9 shdel 12499.8kN - m
o] HUlRHEZF WA, 10%9] S AE43 ¢ 7201.36kN - mo] FHulRwE7}H
tﬂ—/@@-‘

— AFHERY FxE0] 10%°9 #HnE R A 1%9 FH¥E M W Ho gy
stk RHES] HSHES oF 42.4% AFAA & A+

@ ZHule] s HusHe A4S

[(2AHI0 e USgo 2AS]
W oo Ao #ALE 7Fa 8] 19%thy]
pAg [%] HAsE 442 E [%]
H) _ st i i _ )
FHA e W9 o At 3Feky- HA ek ek
(%) EHE
e RUE Heo RdE
[m] kN - m] 9 4
1 0.2759 12499.80 - - — -
2 0.2162 9824.95 21.63% 21.40% 21.63% 21.40%
3 0.1844 8398.16 14.72% 14.52% 33.17% 32.81%
4 0.1685 7712.76 8.60% 8.16% 38.92% 38.30%
5 0.1648 7546.61 2.20% 2.15% 40.26% 39.63%
6 0.1618 7411.97 1.82% 1.78% 41.35% 40.70%
7 0.1593 7310.22 1.54% 1.37% 42.25% 41.52%
8 0.1581 7268.30 0.76% 0.57% 42.69% 41.85%
9 0.1573 7232.66 0.50% 0.49% 42.98% 42.14%
10 0.1566 7201.36 0.44% 0.43% 43.23% 42.39%
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— B9 rde vg2&a AE s 294 Segmentdt 3WMA SegmentAlo] €157 A,

— Algtoly FxAE FI EEE MY 249 EWUE dAES &3 Bending Normal

M B
Stress = y|& AALE.

(ANA, M: EHE ©dg [: G2 EHE ¢ @ Y02 HE Ag)

— DNV : GLoA = I Z2HEE §3] Stress Concentratlon Factor (SCF) & 1 #H3IEE AA
stal 212 ™, Tubular butt weld connections®] T3t SCF at thickness transitionsi= ©}
el s

606 +6 —3,) 1

SCF=1+ ’ e
B
1+
t
182L 1
o] 7] % S
1714, Dy (T)ﬁ
1+|—
t
1.0 3.0
8=15— —i-[ IR
Lo ( 2)]
g ; lLog( .

6, © 1/2(T—t) eccentricity due to change in thickness,

6 . maximum misalignment,

8, : misalignment inherent in the S—N data(0.1t),
T : thickness of thicker plate,
t : thickness of thinner plate,
L : width of weld at surface,

D : chord diameter

_69_



— SCFAAS &l =6,, =t 7Fd Al < 1.59 #= veldHy, d2&4) AEE 93
SCF+ 1.59 #s AHE3h

(th S—N Curve

— DNV - GLAA = J2H4EE 93 Design S—N CurveZ ofg g} o] A A8k,

1000 e
w
o
=
& B
8 . =
i = 1
E —— — - —
@ I i |

B -
10
1.00E+4 1.00E+05 1.00E+05 1.00E+07 1.00E+08
Number of cycles
[S-N Curves in air]

1000 N S S S e
|
|

= < gl § o
ﬂ:_- | B2 - 4]
& s REs
= = o1 == =
] B L = =
e S .
£ =g i mun
in E o i 2= |
—F1 . —— :
. P o=l = == ! - |
T S i - - 5
i ] . e :
B ) e il T - Bl
we | 5 I i S | O
1.00E+D4 1.00E+15 1.00E+06 1.00E+07 1.00E+08
Number of eycles

[S-N Curves in seawater with cathodic protection]

_70_



£ AEE 98 DNV - GLoA A|AlsE ‘S—N Curves in air’ &
[e)

protection's 4 .
— Butt weld connection at hollow sections®] t 3}t Detail category: of#j o} 72

C1 3. 3.,4., 5. and 6.
Circumferential butt
weld made from both

sides dressed flush.

— The applied stress must include
the stress concentration factor to
allow for any thickness change and

D 4. Y]
. z f | f.
Circumferential butt ;:c,g}nn{c; t;o_!:]to ehane=s: 76
weld made from both Sl
sides. — The requirements to the
E 7 ! 5 corresponding detail category in
> : Table A-5 apply.
- b \}- Circumferential butt 2
Nt weld made from both
sides made at site.
6.
F Circumferential butt

weld made from one side
on a backing bar.

[Classification of structural details]

— ¥ 2& AEES 93 S—N Curves category D(Circumferential butt weld made from

both sides) & ©]&3 .
(2 Rainflow Counting

— AlZto] &l A TESHOEHFE S—N Curveel tiglste] dz2&E4E AHEs7] 918
vk S8 W99 HE3l4 Countings $1%F WHloli= Peak Counting, Level Cross
Counting =°] 221} Rainflow Counting Method”7} 7F&¢ dxbz o7 Alg=,

- g HEQAANAS Alzto]g] RWE ¢o]E = Bending normal stress® X 3E ™

SCF(=1.5)7} & &4,

S

o -
1S 3

30
25
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10

Stress [Mpa]
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3l7] &l Peak values F%9
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]
S

Stress [Mpa

[220I0I8 Peak value plotting]

— 3% Peak value Hlo|EH &= AlAMNEOZ 90° 3] A3Fe] Rigid sheetz FFHF3hH B2
o] ZHUYH we] half-cycles & olg¢} 2> 279 w2} CountingstAl 2
It reaches the end of the time history;
It merges with a flow that started at an earlier tensile peak; or

It flows when an opposite tensile peak has greater magnitude

Stress [Mpa] Stress [Mpa]

|—- H M M UU | 1—‘ '—‘ N "\J W

E 3

[Rainflow Counting Method]
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® 3MWH Z2E9e A9, Rated Rotor SpeedH ¢+ 8.6~18.4 RPMo|H, Htj RPMO. =
Edol=7t AR S e < Es 1.926 rad/s¥
@ ¥ AT F3kE(25m/s) AHY Al FEATE 32 A 3k 2.611& AFESEien, S ]
To] FEAA ] Azl e FTYAGT HE #(2.611~2.499) 2 AFE-S F8+5(25m/s)
v w3,
Time History Data on Wind Speed 25m/s Time History Data on Wind Speed 25m/s
300 T T T T T 300 T T T T r
- 7 | IR ————— s GIECeTEEREE: CLRTEREEERE  CEEREEERER: = :
= 200 gy b e . =
% 150 - 1AL 2 - R - M- - "- . %
L Hi-: 1T - E
B fess sap ssabi o sonatio s e b sl fle e atind s sl oo o 8
UU 1éﬂ EQU 3;]0 déﬂ Eéﬂ 60O a 1[;D 2[;[] 300 400 a00 60O
Time[sec] Time[sec]
[S2st EH4+E MESIH MEE Modal [HECse EEH+E AMESIH M4AEE Modal
Wind Load(25m/s)] Wind Load(25m/s)]
® & FTHATE e TS &85t 3MWa 3
Rl A AAE HA TMD AlFe 248
Tower responses
= 1[;0 2[;0 3[;]0 4[;0 5[;0 600 0 1Ei]0 EEiJU 3[510 4Ei]0 5Ei]0 600
Time[sec] Time[sec]
[BMW IR0 I SEH(sY EH )] [BMW ZZEIRQ JIEE SH(BS EAH )]
® Lt FEAT U WEHE FEHATE A FoteS €83 72 Algdolds sl 4
7 w2t S Aol S B
[EZH4 Hatol 02 ot 22 2 Control Ratio]
IMW Wind Turbine Wind Force Coefficient
2.611 2.611~2.499
Tower of Response w/o TMD w/ TMD w/o TMD w/ TMD
Max. Acceleration[ /s ] 1.2396 0.6271 1.2207 0.6232
Accel. Control Ratio 0.5030 0.5060
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(8) ZHEFY Cut—out 5 (25m/s) 23 A9 XF 34

(7h Cut—out F%(25m/s) 23 A, FHEHRELY Q] AXNGA &= AN 5ol tist JA 7=
2+ & 71715 HE AFste] AWNGA7E Sl TEHERERE 7P st IS AAE)
oFst,

(1} Vestas AF2] V—90 3.0MW Specification oA+ =3 &S

Abgetol 1o wE B HAS W Hoks Vx| WAy of *&Xé?“
[BMW SEEBIEIRIS A4S L Z6tE 6tE]
Load Case Tower Top Load Tower Bottom Load
VIOL71F V906160 VIOL71F V906160
Wind Speed(m/s) 52.5 63.5 52.5 63.5
Critical Direction (Deg.) 180 67.7 180 67.7
Fx (kN) 18 596 18 861
Fy (kN) —46 —25 —238 84
Fz(kN) —1,046 —946 - -
Mx (kN.m) 941 1,042 12,369 —-1,230
Mx (kN.m) 2,825 1,009 4,233 60,773
Mx (kN.m) —241 1,180 —241 1,180
(th IEC 61400—1c°l &7 ste] A€ 1d AAdF7] F5 56m/s, 50d AdF7] 55 70m/s
of thet Fatea AT

1200

Generalized wind load on Wind Speed 70m/s
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[56m/s2l Modal Load(7TMW ZZEF)] [70m/s2 Modal Load(7TMW ZE+S)]
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Displacernent[m)

A9 1d AEF7] E2 56m/s, 50d A@F7] EFL 70m/sol of gt

S T3 3MWH ZFHEWEY S A9, F< 56m/s, 70m/s Ao W= 7
3.09molw Hdj 7F&5w= 2h2F 7.07 /s, 12.3om/32_°4 e wel TMWH S E
o] A% % 56m/s, 70m/s Hu| M= ZZ; 1.75m, 2.82melH Hu VIEEE
3.97m/s?, 6.24m/s*S) S B9l

3L
=z
Ll

Tower responses
T

Tower responses
g T T T

T T
Acceleration of Tower | |

T
Displacement of Tower ‘ :

Displacement[m]
=)
n
Acceleration[m/s?]

\ \ i i ‘ 4 i i i i i
0 100 200 300 400 500 600 80 100 200 300 400 500 600
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[56m/s =& Al 3MW EI &S 89] [56m/s =& Al 3MW EIS &S X&)

Tower responses
T T T 15 T T
i Displacement of Tower i

Tower re sponses

T T T
Acceleration of Tower

Displacement[m]

Acceleration[m/s?]

; i
0 100 200 300 400 500 600 0 100 200 300 400 500 600
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[70m/s =& Al 3MW EtH = &5 #H9] [70m/s && Al 3MW EtS zI&E X&)

Tower responses Tower responses
2 :

. I T
Displacement of Tower | Acceleration of Tower | |

% 1
E
0.5 =R
g4
0 <
B PP FNPRRNS 8] NS, S (SIS, SR penl | RN D
- i i i i i i i i i i
0 100 200 300 400 500 600 0 100 200 300 400 500 800
Time[sec] Time[sec]
[56m/s &2 Al 7MW EFSl ZIAS 9] [56m/s &2 Al 7MW EFSl &S JIaE]
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Tower responses

Tower responses

Displacement of Tower |

Displacement|m]

g 1 1 r ‘

T
Acceleration of Tower

Anceleralmn[mi’sz]

i |
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[70m/s =& Al 7MW EtS =& E 819]
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Time[sec]

[70m/s =& Al 7MW EtS & E 5]

| |
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y |
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o7 AAsH7] Y3 Yamaguchi et.al(1991)

Dynamic properties

Y

Target control ratio

v

Effective damping ratio

¥

Increase of effective damping ratio

¥

TMD mass

.

Increase of

TMD frequency

¥

TMD mass
4

TMD damping ratio

¥

TMD stroke
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AZEA S BS, ohelel A3 o] Aol Bl T WA dolo] wer AEF

or Lfg
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Displacement Control Ratio 0.69%t8] e & AH. &E3H o] XA TMDC A%, olF
A2 0.59m, Displacement Control Ratio 0.84%kS Zrs-.

@ W2 TMDE] A-¢, g ox A2 TMDEY & o] e|& 7FAAIRE 18 A7
/\1‘4 :L/\o}ﬂ] oﬂx]x} TMD EE} %x—]o] o7 UrE]r”'

® 9xx TMDO A%, Atz o=z thE TMDHY 22 o] FAZE 7IAl = 549 S,

@ olF XA TMDO] A-%-el, Jud oz thE TMDET & o)A E 7MY A5 A7t
l‘%% NAZ= 7 G80] A&,

Ao %, B2 TMD7F o] 2] AdselA 12k TMDel Hlalf LAskA dsaAw X

% A Aes 7P Holu, AAAd 9 AA 7]z wE dol=rt & TMDel vl&f v

A 47] wZoll &2 TMD7F S8 ek ol A= 78 H 2 st TMDetal deke.

3IMW 2 TMWHE AR E S22 TMDE HE AdA s8] A5 348,

nﬁ
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th. TMD =% 84
(1) SMWH S HERER] AxX-g TMD

(7h &< 10m/s, 16m/s, 25m/s®] &38tso] 282 wf, TMD 2| 5o o e 9]
A= E4

@ Wind Speed 10m/s

Tower responses

|| ——wWoTMD | |
— With TMD |-

Tower responses

Displacement[m]
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500 600
Time[sec]

Time[sec]

[CASEO1] [CASEOZ]

Tower responses

Tower responses
0.08 0.08
(05 [ B T T L S R S S e R R s
0.06
004 -t R R
0.03 R AL R AL SR L - y 004
E E
T 002 E
£ § 002
8 &
£ o0 =
@ @
o o
il 8 0
B i f P PR PR b o L EEREEERED) | | SR nE e b e D
! -0.02
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@ Wind Speed 15m/s

Displacement[m]

Displacement[m]
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Tower re sponses

014 T

V| W/OTMD |
— With TMD
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E 1 1 : 1 T
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® Wind Speed 25m/s

Tower responses Tower responses

Displacement[m]
Displacement[m]

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time[sec] Time[sec]
[CASEO1] [CASEO02]
Tower responses Tower respanses
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015 £
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time[sec] Time[sec]
[CASEO03] [CASEO04]
Tower responses
0.5
04
03
E
T 02
@
E
8
2 01
o
a
0
01
02 | | : | |
0 100 200 300 400 500 600
Time[sec]
[CASEO5]

- 104 -



3L 2~
@ 5=

¥ W29 Control Ratio (RMSw/ TMD / RMSw/o TMD)

Wind Speed (m/s) Displacement Control Ratio
CASEO1 CASEO02 CASEO03 CASEO04 CASEO05
10 0.6622 0.6658 0.7238 0.5470 0.6574
15 0.6365 0.6432 0.6953 0.5185 0.6404
25 0.6037 0.6197 0.6624 0.4883 0.6236
(h) F% 10m/s, 16m/s, 25m/s9] Fatzo]l 283 v, TMD A ol wE FHee 715

= ATES 249

@O Wind Speed 10m/s

Tower responses

T T T T T
j j i [——woTmp
bbb ——winTMD | )

o1k plp-ini

02

0.15

0.05

Acceleration[m/s?]
=

0.05

g e i SRaEs L

015
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§ § f i [—wom
N S y i | —wmwp

Acceleration[m/s?]
=
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400 500 600

[CASE03]

Acceleration[m/s?]

Acceleration[m/s?]
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Tower responses
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Tower responses

Acceleratlon[mfsz]

100 200 300 400 500 600
Time[sec]
[CASEO05]

@ Wind Speed 15m/s

Tower responses Tower responses
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Tower responses

Acceleration|m/s?]

o 100 200 300 400 500 600
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[CASEO05]

® Wind Speed 25m/s

Tower responses

Tower respanses
T 15

T T T T

T
— W/O TMD
— With TMD
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15 : ——With TMD | | |
0 100 200 300 400 500 600 Bl 100 200 300 400 500 600
Time[sec] Time[sec]
[CASEO03] [CASEO04]

- 107 -



Tower responses

Acceleration[m/s?]
=

0.5

05k -o - )

T
— W/O TMD
— With TMD

_1'50 100 200 300 400 500 600
Time[sec]
[CASEO5]

@ %% H 7}45E Control Ratio (RMSw/ TMD / RMSw/o TMD)

Wind Speed (m/s) Acceleration Control Ratio
m eealmy/s
P CASEO1 CASEOZ2 CASEO3 CASE04 CASEO05
10 0.5111 0.5498 0.5682 0.416 0.5083
15 0.5076 0.5469 0.5671 0.4132 0.5164
25 0.5030 0.5442 0.5644 0.4116 0.5251
(th &< 10m/s, 15m/s, 26m/s®| F3tso] 282 o, TMDE °]&A e (Stroke) & w4 &.
@ Wind Speed 10m/s
TMD [Mass 5ton] on 3MW Tower TMD [Mass 5ton] on 3MW Tower
0.08 T T T 0.08 T T T
-0.08 ‘ ‘ 5 I | 0.
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time[sec] Time[sec]
[CASEO1] [CASEOZ]
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TMD [Mass 5ton] on 3MVWV Tower

TMD [Mass 5ton] on 3MW Tower
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@ Wind Speed 15m/s

TMD [Mass 5ton] on 3MW Tower TMD [Mass 5ton] on 3MVWV Tower
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TMD [Mass 5ton] on 3MW Tower

TMD [Mass 5ton] on 3MVWV Tower

02

TWD stroke[m]
TMD stroke[m]
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® Wind Speed 25m/s

TMD [Mass Ston] on 3MW Tower
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TMD stroke[m]
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TMD [Mass 5ton] on 3MW Tower
T ¥ T

TMD [Mass 5ton] on 3MW Tower
T T T

06

TMD stroke[m]
TMD stroke[m]

-0.8
0 100 200 300 400 500 600

o 100 200 300 400 500 600
Time[sec]

Time[sec]

[CASEO03] [CASE04]

TMD [Mass 5Ston] on 3MW Tower
T T T

0.6

0.4

02

0

-0.2

ThD stroke[m]

' 100 200 300 400 500 600
Time[sec]

[CASEO5]

@ ¥<% H TMD o]$Ag (Stroke)

3MW Wind Tower TMD Max. Stroke (m)

Wind Speed (m/s) CASEO1 | CASE02 | CASE03 | CASEO4 | CASEO5
10 0.0611 0.0671 0.0728 0.0774 0.0823
15 0.1326 0.1542 0.1499 0.1715 0.1783
25 0.3641 0.4444 0.3848 0.4812 0.5066

(2h 3MW FHEIRIERS] A g=| o] et As 23

@ ¥4 10m/s, 15m/s, 25m/sell thate] H4 28%(10m/s, CASE03), ol 51%(25m/s,
o gJom Eyx AE Ao E£A 25m/solA

CASE04) 9] ¢ W9 A avE 95 & A I 7%
5CASE Huj] W o Hizke 40.05%2 Aol a9 &2 £ 95,

10m/s, 15m/s, 25m/sel Wate] H2A 43%(10m/s, CASE03), Htl 59% (25m/s,

@ E5
CASE04) 9] B}y 7I&E A 8395 45 F dor, 53X AF Aol F52 25m/sollA
o] =N

5CASE Y 71429 Ha3kS 49.03%9] Ao] 3= & 4 9l
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@ *2 10m/sellAE= Ho 0.0823m(CASE05), 15m/selAE= Al 0.1783m(CASE05),
25m/sellA = Ho) 0.5066m2 TMD stroke?} WAIEIY 17, B¥ A% Ao E49] 25m/so
/¢ 5CASE HU o]FA e HH3kS 0.436mS.

(2) TMWH FTHEMERY] A XS TMD

(7h €< 10m/s, 16m/s, 25m/s®] F38t5o] 2§ wf, TMD 2| f-5-of wt

Adges 24

i
ol
)
o
jg
T
do

@ Wind Speed 10m/s

Tower responses Tower responses

Displacement[m]
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Tower responses
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Tower responses
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® Wind Speed 25m/s
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Tower responses
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3T 2~
@ 5=

H 1 $] Control

Displacement[m]

Tower responses

L 100

200 300

Time[sec]

400 500

[CASEO05]

600

Ratio (RMSw/ TMD / RMSw/o TMD)

Wind Speed(m/s)

Displacement Control Ratio

CASEO1 CASEOZ CASEO3 CASEO04 CASEO05
10 0.6961 0.6161 0.7807 0.7268 0.6639
15 0.6768 0.5988 0.7617 0.6991 0.6452
25 0.6570 0.5828 0.7412 0.679 0.6272

(W) Z<% 10m/s, 15m/s, 25m/s2] ZE3at=o] 283
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[e) )= S
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@O Wind Speed 10m/s
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- 1156 -

Tower re sponses

200

300
Time[sec]

[CASEO2]



Acceleration[m/s?]
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Acceleration[m/s?]
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® Wind Speed 25m/s
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Tower responses Tower responses

400

600

WO TMD :
JmWithTMD |,

£
E
0 100 200 300 400 500 600 e 100 200 300 400 500
Time[sec] Time[sec]
[CASEO1] [CASE02]

- 117 -

600



08

Tower re sponses

T

(7 S TR

02

Acceleration[mm?]
=

____________________________

Tower responses

Acceleration[m/s?]

08 i ; i i 08 i i ; i i
200 300 400 500 600 ] 100 200 300 400 500 600
Time[sec] Time[sec]
[CASEO3] [CASEO4]
3 Tower responses
=
8 : : : : :
— 04t . ik
% 02k - o
< gof - St
04} ---------------------
08
0 100 200 300 400 500 600
Time[sec]
[CASEO5]
@ %% H 7F45 % Control Ratio (RMSw/ TMD / RMSw/o TMD)
) Acceleration Control Ratio
Wind Speed(m/s)
CASEO1 CASEO2 CASEO3 CASEO4 CASEO5
10 0.5723 0.5232 0.656 0.609 0.5526
15 0.5704 0.5232 0.6608 0.5949 0.5537
25 0.5756 0.5253 0.6656 0.5987 0.5562
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(th %% 10m/s, 15m/s, 25m/s% F3stso] 2¢E ], TMDY o]l%Ag (Stroke) & 43

@ Wind Speed 10m/s

TMD [Mass 13ton] on 7MWV Tower
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@ Wind Speed 15m/s

TMD [Mass 13ton] on 7MW Tower
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® Wind Speed 25m/s

TMD stroke[m]

TMD stroke[m]

TMD [Mass 13ton] on 7MWW Tower

TMD [Mass 13ton] on 7MW Tower
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@ ¥<% H TMD o]$Ag (Stroke)

, 7MW Wind Tower TMD Max. Stroke (m)
Wind Speed(m/s)

CASEO1 CASEOZ CASEO3 CASEO04 CASEO05
10 0.0814 0.0937 0.0824 0.1054 0.0865
15 0.1759 0.1953 0.1696 0.2206 0.1833
25 0.4675 0.5231 0.4528 0.5889 0.5139

() TMW ZZHEHIERY] A=A et A5 Ay}

@ %% 10m/s, 15m/s, 25m/sel thaled A 22%(10m/s, CASE03), Htl 42% (25m/s,
CASE02) 9] 99 W9 A ansE 45 7 don, 51 AF Alo] F52A 25m/selA
5CASE Hu W99 H#gS 34.26%2 Alo] v 2 5 3.

@ %% 10m/s, 15m/s, 2bm/s°l tisted A& 33%(25m/s, CASE03), Htl 48%(10m/s,
156m/s, CASE02) 9] 919l 7% A avtE 95 5 don, 53 s Ao 52
26m/sellA] 5CASE FH o 7F5E9] Hagh 41.57%9] #Alo] a35 & T+ U+,

@ *% 10m/selAE= Hdl 0.1054m(CASE04), 15m/solAE= Hol 0.2206m(CASE04),
26m/sellA = ol 0.5889me TMD strokeE YEFW oM, EX 5 Aol T4 25m/sel
A2l 5CASE Ho o]FA#E] BaratZ 0.509mS].

3. THEHY AIGA 53] s

7b 2 e

(D & 2EES THEHE Y] AEgs #FaA717] AFd AXS sz o R, uhgre]
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ol Z(AX H)& AFor IAANAFE Alxde] @ Z

(2) THEIWER Y] FoX5E Eeolt 3w v Azp oz wAsk=d ol 1
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= ﬂf"|=—(Bhde)

\
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eNES-T
(yaw system)
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(wmd turbine tower)
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sk ZY1 9] ApFo] AA Ao yAstiel deER A sta, AEH L shel A
3183ty sHF-T 39 AT FEsteE 7T (dE 59, HoYHES) S T olE 1AL
= E3lo] el Aol AAdshd, AR T A AT AWGR 2 Ao]Fo] Hlo]HE
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Cd
NPT i /,
' \ ma ) -
%qi‘.:ﬁlw N N o) t,\
s | s =< | \_ 77_77\’ Fd
v e S ==X |
M AR AR \ > , |
mZa|g Y & sEd iy
1 hlk=gl] \ 1 B3 Ha
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N L oose
28 :ﬁ b yomses
—— 1T
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LA E/\/k BaCit et
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zZe \
1 HEEA s
[thel. 3 AP ZHAI AR (W) ] [Tt 3 A ZFAI AR (YH)]
ok 7)d &3
(1) 3| AA A" F-x27F Fhdksto] A2y 49 {2327 f-o]&,
(2) ARZFo] A YAZo] JaysHA A= AXdayrt S,

(3) AGA 2ol ol 28 Fe] AIGA 2 E=Slo] THe g
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A
O ZAXEY] FYF B S ol Fokol FA O] FRLE 7T Pz, Polo} FFL 24

o R
e}
® AT FARFo R WA Ho] vl NHIAATI 0T TAH
3 s ‘]

o Fjo] o] Folq,

o bl fl
ol xH% [kel 500
& [Hz] 0.2~0.5

HAAZ G 7] [N/m] 3924
MBAZHZGA [N/m] 981 X 1~47H
anl (%] 5
A4 A [Ns/m] 60~160
A~EZF [mm] +100

(th Fa 2AY AIEA =

[ doudo | s o[ [RET e

780 . | nare

16-¢ 13
%

200
90
<
//

,
A
1
=

/
el = §
i N 100
& ," ..“, A= g ol o| o (=] ol o
. L { i 2| o @ @ — & T
RN Vi o~ ~ ol IS
o 4” *
Y N
S,

200
‘ 90__ | 275
[ |
‘+'\—| i
l‘; p
b
&

I

£

746.7

T
A
H1DOX50X5XN "

H1ODX50X5XN

Mass 500 [ke]

Fraquency 02~05 [Hz]

Stiffness (Main) 3924 [N/m] (0.4 [kef/mm)

Stiffness (Sub) 981 [N/m] (0.1 [kef/mm]) % 12| ~474
Damping ratio 5008

Damping Coef. 80~ 180 [Ns/m]

Stroke 100 [mm]

T™MD

Nome [ oeme

/10

Drow.No. | |

le
iu; TESolution

=
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A AAA AGA] DA

(1) MW A %1 7gA]

b MW A= B¢, B9 2 g3bs a8 0% o]gsy] f& B2 FIE AA
Sh= TMD A&e g4 wshrt o5, webA, Al Al Asets 4719 Alol&9 e
Heiwk AQetar A (5ton) A7

[SMW+= TMD MASS(1)] [SMW= TMD MASS(2)]

h AFAs 14 2 15702 5§ AFste] =8 9 45 AAsH] shuhe] A-AR vk
|

\
0 [ n L] n -
[l
[
: (%) |
\\ = |
13 |
l [E— @' [ | \|L | |
< II I ‘II r. (@ I| ﬂ |I |
G | 1 L o e = l
() : i i —L l}\ \{ '|
{ | \ I b
. (o) f— .
@“x- ' ) ! I| N 1 I
|’D_—:3' . 1 K S i <7
pe — i o lJ i 5 L
\?\/d i (==} [ 5] W [ /I( | EFL%
</ N\
/-1) i |
Y | Ll
[SMW TMD MASS(3)] [3MW3F TMD MASS (4)]
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(th Ao]E2] 1242 6XWS(36)IWRCE AAgsta HAw AlolE o= 27 (C type), 3}
o Alo]E ToE= 27 (TR type) &2 A A S
/.III'
;*
S
= £r
65 E
(MW= TMD [3SMWF TMD Cable (2)]
Cable (1) ]

(@) TMD Mass stgiol= 0] 0.41me &
TMD A& A, Agl& 2dFoA &2 |4

o7 ¥ 7} MASS7F glom o] 2 o] g3l
g B3 HERE TMDY 27 Z4n g +

410

[BMWS TMD Mass
ShHE- (1) ]

[BMW+ TMD Mass stdi-(2)]

(2) TMWH A A=
O TMWH AR 49, SMWH A GR eb= T2 et uel vlud 33 §

2 A B Az e] golstAl AAIF. T, AR Al AFsks 4719] Ao
WA R oAl A” kL A=A (13ton) A,
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[7TMWs TMD MASS(1)]

h ARAE 74 8 AR 59 Agete] 2

ol
g

(th Aol -2l F2L& 6XFi(25)IWRCE AAst HAT Ao &3 F
Ao AA

Fek Aol

S

i

2ol &

16 79 3410 85

i T 7 ]

[7MW+= TMD Cablel]

@H 3MW ARZ=x MassS vFz7FA] 2 TMD Mass stghio = =o] 0.43me o7 #
7F MASS7} Q1o H o] & o]&3te] TMD A-s Al, A& LU FolA] &2 A4S &3t 7

HAa 3z TMDY o Z4us +ad.

60X30=180

60X30=180 ‘ 2
¢ 0 - <

(=}
o™

[7TMWH TMD Mass 3FgH-(1)]
123

1] ] [
iTal
A — <1

fi

105

f
cla

[7TMWE TMD Mass sFe-(2)]
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(3) 71ek AXZA A

b 3MW % 7MW AR ZRZ 93 A zA, AgFE 2dE o] gsto] TMD ZHH|S +
gk, webd, A=A stk Fo] FEs] Fd F EHE FIF TMD sheke] e
4

Basketg A zaF A2k 1.2ton, AE 1.58m, =o] 0.4m2 ¥7HE 7FHo=zx, 3MW 2
7MW TMD Mass7F AR Al F% 26m/s7HA] Fw3] AT & AEF AAFHH.
b
20 6020 1420 EOQQ 20
I 30
‘ 100 25 Tﬁo 5
_ My
- % oé\{ :5: H_Ad\ — 1
&5
o #1440
#1860

[2 2] & Basket(2)]

o

(th 7MW TMD®] A% Aol& Z——l
Tuning JigE A

12 295 492 TMD WESE 24T F U=

+5.8%~-3%7+A =4 7t

N
ol
ol
2
™
om
mlm

[Tuning Jig]

(eh &5 26m/s o2 Fotzol A48T wol= s g&H= TMDE o|EA Y7t =3 5 31O
D%, 23 A TMD A%A| stk &3 A2 Basket Ao W] &5 A3st7] 218l
AFA5TE H¥E AT
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4) AGA 2] 4

b 3MW ARXZA] 14

~— RA
[] []] []
H H H ”
[ [
[ [
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\ [
[ [ [ |
— 7
RB | \ : \RB
===
| [ = [ 1=

[BMW A= 4]
b TMW A= 14

60X30=180 f-— VW

4 2 O |
|

60X30=180

105 @

[TMW ARG 5F4]
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(D) 2 THE Y 1/ FFE BAEH] SIS SA2A9S AAS
(2) F22A9 FHea AQAY AFe e 28,
g = A4
A =27] [mm] 2500(L) x 1500(W) x 2100 (H)
AEA TF [kefl 5000
AATZ [kefl 6500
s WMl [Hezl 0.25~0.41
() F22A9 FHEa AQAY e e 28,
’ : g : : * | [Ne | PAimcutAn . MATERIAL | QTY. 'zmss i'mnlu,uass" DEscRFTION |
_ S . DE Thwn sy ABSEBLY S estole| o0l
. — [ e e —
| ! EaCrE ssi0 | 1s L — ) '
|| ] | e T
B 7[ ‘!
— 71 |
c d bk ri
B *\El -
I
= | 31 | Device
| ET L— | Specification n
| 1' i’ ‘ iy
i | ol ‘ ¥ dir, wire length range(m) | 1.5 ~40
| I ‘ Xdr, frequency range(rie) | 0449 = 0,407
7 ‘ \é ‘ | ¥dir, frequency range(Hz) | 0.248 ~ 0407 | |
| i | Devioe total mass(ton) 65
| |
e | = |
i | == L
AL ‘r Ll
X DIRECTION ) Y DIREGTION
W 1--. Congiciakicacnioi xﬁ« v‘;” |
- e e t417_|
WCOSYSTEM 162 S g, Gomgi s, s, Gy, 456825 KDRER

et A 2AL AEA 2

(1) ARk

b 3SMWH % 7MW ZHERER 9 H-9,
FA27F AAE H4 e Segmentqt 2

b Z2te] SHERERS

10
—
Wi

| 420 X 287mm A3

AA7Z DS A ol go] mEEE, AX



(H

SHEHE S - 217ton, TMW FHEIRIEFY = 816tono 2 FAA Al &A17F S+
AA e 22 MassE A &8kl 5712491 MassE H-7heke WRlS o835t 4
A FYHET A G ANGA s G5

(2) SMW A& A

&4y

)

(h

AA FHER] HAEE] AEH Fol® A Astal B QbelA Y AR Ass B 9
3l H-Beam© 2 7|55 A7t ofefoll A& A wjo] A AA S

AA FHE A= 3MW TMDO Aol&e A4 + Sl F7F AXHE Azg o
TMD AlolE A A= AA BFeol] F7HAox A4 - dXHojxjof & Fx2&=9.

+o] 2.58m, 7}Z- AlZ % 2.47m, A% 1.8ton.

|
:
i

[BMW ABA (1) [BMWs 184 (2)]

(3) TMW A3 A

()

(h
=

AlSt.

R 2, A FEE A s TMW TMDO Aloles A48 +
Algh o] TMD Alels AAt= AAl Bhelel 714 2. ]
9.

TMD AZAE ARt Alole= Fob7] S8 Plates AA
o] 3.87m, 7}E- AlZ F 6m, A= Tton.
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1725 2300 1725

1725

6000
1
|
- |
\
|
+
2300

1725

== =

=

[TMWa A2 A (D)] [TMWH A @A (2)]
(4) AldA] #ol A
h AlFA "ol AE 3MW 2D 7MW Al & A &} A 14X
= T8t fg Aeles AAse X =
(b AA FEEFG Ol vlE] Ao oz TP Al Ao AgE Fol7] Yl Al A o] A 2
2
(th X5 %Y <
(@) =0°] 0.6m, 7= - AlE Z 6.45m.

3224.9

<‘
=

6130
L

3224.9

5980
T
P
2
N soan

A

(A& A wWolA(1)] (A A wWlo]~(2)]

(5) AldA Alel=

£

b FHENER Y 4 S AT 1fdEeFE o] S AdAed Aoles ddst
T
(b AIFA Aol Ee] Hapee AIRA Ho] A, HAgES HMEe] Ay AA A3
(th 712A o2 TMW AEA A&l AMEHE & Al E2 =
Aow Ao 7h G 3SMW AFA Aol LAAA AH & 5 JlE
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145 3000 145

i
—N—

(A1 A Aol E] (AT A Aol E]

(6) @Al AA
b LRkAL

@ 3MW 2 7MW A3 A= #=hs}
TMD F& 5oy ¢l o
@ AlFA AAUE AAALY TFEREL AHAAS AW HAH HAAE ZxE 3

oh Tz 34

O Hdl A#Fge 2he TMW A A8 A EA wol A~7F F5 26m/s o Fskwel o8 X5, Y
=, 4552 Hd) AFAY FA st ADA AX el At ko] s AL

midas Gen
POST-PROCESSOR
 DrsriaceMENT
RESULTANT
4.11528e-001
3.74114e-001
3.36703e-001
2.99291e-001
2.61880e-001
2.24462e-001
1.87057e-001
T 1.49646e-001
1.12234e-001
7.48228e-002
§ 3.74114e-002

0.00000e+000

sT: DL
X dase

MIN : 4428

FILE: 4=t® A7
THIT: mm

DATE: 02/16/2016
" VIEW-DIRECTION

s e

XSHTFoz AGA AT A, AgA AA Al 0.412mm]
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midas Gen
POST-PROCESSOR

DISPLACEMENT
RESULTANT

4.50111e-001
4.09132e-001
3.68273e~001
3.27353e-001
2.86434e-001
2.45515e-001
2.04596e-001
1.63677e-001
1.22758e-001
8.18384e-002
4.09192e-002
0.00000=+000

MAX @ 4504

MIN : 4476

FILE: 439 =2

UNIT: mm

DRTE: 02/16/2016
VIEW-DIRECTICN

+.

Z: 0.446

[YZWako 2 A|8A A% A, A3A At HPAY 0.450mm]

midas Gen
FOST-PROCESSOR
_ DIseiaceMENT
RESULTANT
4.45165e-001
4.046962-001
3,64226e-001
3.237562-001
2.83287e-001
2.42817=-001
2.02348e-001
1.61878e-001
1.214092-001
=t 2.08381e-002
4.046%62-002
0. 00000e+000

5T: DL

FEX : 4210

MIN : 332

FILE: 4=+ H2
UNIT: mm

DATE: 02/16/2016
VIEW-DIRECTICN

.

[455uako 2 A& A% A, A4 AR A9 0.445mm]

@ W9 g% A3 HoEe 0450mm (Yo R ARA A% DR 2 A4S 2 AAYE
A on, o) NBAG ANFA ] AFo] et B4 W FRE S| S 74 o

D AFA AAYE ] m< H-350X357X19% 712@ 3oz A4stae AgAl o
Aol 9l Ao)lES NHE P H-450X200X9E AFL-3
@ ¥°] 3.32m, % 7.94m (3
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(AT A A4 e (1)]

410  1316.5 410 45

5980
7800
7943

5980

45 410 13165 410

H

. Fh AAY 7ERT] AA
(1) XZ 7}27] 7jar

b Fa22AYD TMDO 138k that AES BAFEZ] 8 717 1dE AA.

3 & A
FAA7] [mm] 2500(L) X 1330(W) x 430(H)
& [kefl ok 1200
Ho]E37] [mm] 1200 X 1200
A AAskE [kefl 5000 ©]s}f
AEZF [mm] +200
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b AR B thed 2e.

1 1l

=

=N jmmillE

T T IR T

T E
Nare I a3 28s T8
Trox.No. | ST1000

lolution |

ah A AAID 77 A A

(D) XF - Y5 71x7] 7

b A=AD] Al Al gk 2ol

(A8 7F17]1(1)]

T= RAbsZ] S8 7E17) 2dE A2

Mass assembly
(about 3000kg)
1350

=2aEHeal)

| aso

=

10.4(motor~mass gap)

€
5(

F T
/ HIEIREI . &
Pl aal Base frame

200st 200st.

—=

b=
=

b 7H719] AYE AAAY AFA ] AeAPES Tws] AP 5 e AFe =z A
(A1 E 7F7] AFeF]

g = Al

A 27] [mm] 2100(L) x 875(W) X 745(H)
T A% [kgl 3500kg
A A& kgl 3000kg
AEZF [mm] +200
Y E Rated Torque[Nm] 191
5 Rated Speed[RPM] 1500
2000

X ¥ Max. Speed[RPM]
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AR A 2AD AA 2R E

(1) AL

b AA 74 TMD 270 (5ton TMD, 13ton TMD), A @A 270 (BMW A& A, 7MW A3
A, ABA wWolA 1], NEA AA ] 17] o] Fo A,

(b AEA W]zl 3MW 8 TMW EHER] A9 27 AT = QU AL

(th 3MW % 7MW Al@A| 9 TMD, 7kx17], AlgdA A% 2b2F 62.768ton, 75.968tonS].

& S
o=

R

(2) AlgA 9 TMD =¥

[SMW A& A 2 TMD %H] [7TMW A&dA @ TMD %=H]

(3) TMW FHEere] dA =4

[7TMW FHER] A =]
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uh A AADAIGA AA D 5L AJFA wo] A A= Bl A A

[AIEH HiolAS 8 &Y]
(2) A A o] A= AAgFAC]l AlAl A A he] YR el Hlzet 2 g ol X 7F 1 Eofof

st AJA Hol A e Ao R A So AIFA AAY o] w9 x5

wjo] Aok g

0l

[AEXM XX £ dolAe 8X =]
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A,

th AAAY AJFA 9 TMD A= 2 A A

(1) 7rAC] 22 3MW A Al TMD A&l sl & 27 Fo 2REEA o, Al A
Hlo] 2ol Al A 58 5, gtol TMD(HZA, Alol&, A2l& b

[&12] 2 basket X ] [AEH 22 =]

- 142 -



(oIS HEH HAZHY]

dA et TMD AZFAl= 7Sl 9 =85S oM, Al
=9 5, qtell TMD(EZA|, Alol&, Ael& basket) & 12, AA8F3d

(2) 40| & TMW A
A wo] A~

[7|\/|W TMD Z &kl ]

[AIEH X 2]

(oIS 2EM HZ2HY] [AXIE 7MW AIEX 2 TMD]
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d AE
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)
(il

A =W TMD, 7}d7] Az 2 Az

o ANdAE FREAer FAdM et Al TEF

9403

1 7

=

A ﬁ}“o

=

A% TMD+= Al o= oA A, Al 725 Aol 2

—

[=A ALY TMD AXI(2)]
A 8k

= $AlFoR S A, Al 25

[=4

AAY TMD JHEIDI(1)]
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TMD
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=

Al

6.

wE
Mo

K

7t A ]

A 2l

3
A =
=

ko)
=4

A3
=2

i=]

TMWw=

i=d)]
=~

(1) SMW+w

ol

T

ojy

TMWH A2 7=

=t}
=

Aol o

3

kes
=]

TMWH Al

]
=~

(2) SMWH

mn

ol

;OH

Ho
<
Ho
=K

[y

;OU
-
sl

JX!O

o]
=

141319

A3,
d

]

A
<l

T

1

A4 Atk A

hui

9

}o] 1CASE

(Sine Sweep Test) &
[e)

3]

ke
=

2 10m/s, 15m/s, 25m/s°l o

sfof 919 pe

S

o AlE el A

i

A

1 (5.86ton) = F-7}
A, A A

A

[e)

=

AHak

(Sine Dwell Test) I AQ1A

3L
5
N

—L

3

©
=

Al
off F7hA91 A=

Fod 71 gkl

Eal

°©

| o]

A

3 =

o
=

IR s

(4) A

—

0
op

i
Nx!
T

T
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ABERCE

e

Ko

nF
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[y

;OU.
<0

(Sine Dwell Test)
(Sine Sweep Test)

o

e

X

(Sine Dwell Test)
(Sine Sweep Test)

ol

[ZE2EHBIEIY AAHY AEM Al
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Mo

ol
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;OU

=

N

TMD
AE A

TMD
1%
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SMW&TMW

A
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[3MW TMD HE SHH 4

[7MW TMD Ha &M Al

t
=

~r— [, " JJf in
Iﬁ I "|

s

| m—

[5JF 1A =3t 2 TMD HE 2Rl Al [

=t A 2IF & TMD HS 2ARFl Al
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- ;3 L 1

nEre 2 dgelre A AALstE AN e} Bt AALSE B AIFAE Al # s
Berlde Akl wdT 3N AlEdHIA FARHS AAlE A @ LAE
Hlugo e, Alg Saol gt AEde F7he

[BMW TMD 2 AIEH AHY XAH]

Parameter Prototype Design Value
Moving Mass [ton] 5 5
Mass Ratio [%] 2.3 8.0
Damping Ratio [%] 12.8 12.8
Frequency Ratio [%] 98.3 94.4
Frequency [Hz] 0.3555 0.3555
Max. Stroke [m] 0.4 0.4

[7MW TMD % AIEWM AHL

xAH]

Parameter Prototype Design Value
Moving Mass [ton] 13 13
Mass Ratio [%] 23 17.1
Damping Ratio [%] 10.6 10.6
Frequency Ratio [%] 98.8 88.97
Frequency [Hz] 0.2840 0.2840
Max. Stroke [m] 0.6 0.6

- 148 -



o A A% A

i

-

(D) AEA 54 54 99

%

Oh ARA) AF AF AWEL Beto] BEE ah= APA) BEA] £Re=A o}
(th TMD AZAE ABA A F, /H71E ol g3l Al AR F, ARRAEFGANA

T

PN
AFF 0 7

>
R
it

[BMW AIEXM sS4 AlE] [7TMW AIEHM SSE4 AE]

(th 3MW AlgA2 A9, /055 0.373Hz, 72 740 0.287%2 T454& 7M.

Time history of free-vibration data
T

Accel.[c mfszj

Time[sec]

FFT of free-vibration data

L T T T T
I{w
L 10 f 'll 0.37285Hz =
2 i
= |
£ [ |
< 50 | ‘ —
(-
|/
a1l i
o A '|‘\|‘f\/v VNN ] 1 | | 1L | | |
0 05 1 15 2 25 3 35 4 45 5
Frequency[Hz]
Legarithmic Peak Value
5 T T
= Paositive Damping ratio : 0.35378% !

= T e R 0 R R N O S P PR | 2 S

S Negalive Damping ratio : 0.22037% ll

& | | | | | | |
1 15 2 25 3 35 4 45 5

Peak No.

[BMW AlEH SE4 Z1t]
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@) TMW A8A e AL 182755 0.294Hz, 7% 741 0.180%9] A EANS 7}

Time history of free-vibration data

25

Time[sec]
FFT of free-vibration data
o T \ T \
a0 - | 02085802 =
a
Sar —
fol ||
20+ —
< | \
10~ | | 1
ﬂ‘ A
o kel [P 1 e | L L | | !
(] a5 1 15 2 25 3 35 4 45 5
Frequency[Hz]
Logarithmic Peak Value
6 \ T
3l Positive Damping ratic : 0.15112% _
WL i SR e Bee s e et
& 0 — Average Damping ratio : 0.17854% =
N Negative Damping ratio : 0.20795% B
5 1 1 | | 1 | |
1 15 2 25 3 35 4 45 5

Peak No.

[7TMW AIEH SE4 Z 1]

(7 TMDE] A A% AL Eato] BRT st A|FA Y BEA O musl=x] sjo},
(b HRE sk TMDE n|E FdE w7bx] vz oz A& eds ¢ Basketol
AAs] ZaL R S AN
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(th Ag& 29L& KF-96H-100,000csES AFHE3H S
[delg 2 S4]
Characteristics Value
Kinetic Viscosity( m /s, 25°C) 100,000
Surface Tension(m /m, 25C) 21.3
Thermal Conductivity (W/m ¢ C, 25C) 0.16
Pour Point(C) <-50
Flash Point(C) >315
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éﬂ Average Damping ratio - 12.6552% 77______777______77ﬁ__"‘__‘*j
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____________________
-3 Negative Damping ratie: 12.2133% =
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FFT of free-vibration data
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[BMW & 7MW TMD &H-HIS A H| 2]
I AA AFF AS ALk
SMWE A7 o] 525 [ton] 13 13
SMWE A= 28] [%] 12.8 12.65
AMWE ARNGA FE55 [Hzl 0.3555 0.3587
TMWE A= o] 525 [ton] 5 5
TMW-E A= ZF4n] [%] 10.6 11.13
TMWE ARNG= FE55 [Hzl 0.2840 0.2839
4) AlgAet TMDY -5 A
(7 TMDO] A5l 24 Al'@xﬂﬂr TMD?®] H-g4=7} Halste] we} Mg B4 AA
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Al A TMD Al & A TMD
718 15 A4 [Hz] 0.373 0.359 0.294 0.284
AA Al 35 AF9[Hz] 0.329 0.331 0.244 0.240
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FFT Analysis on 7MW Tower
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FFT Analysis on 7MW Tower
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FFT Analysis on 3MW Tower
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