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FEIREE B A AR E B = (NREL) 1%

3[R P B FE 4% fifr .0 (National Wind Technology

Center, NWTC)ZHEHEE -2 R flo ML MR SE

ATE o PSRRI A RK &I EK & A KR

#H(Outer Continental Shelf, OCS)L Kt EHE
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DL ERTERE « LT /r4ANRELBREES MW Ry
e U 2 AHRR IR R H (Kooijman e al.,
2003 ; Malcolm & Hansen, 2002 ; Musial ef al.,
2004 ; Tarp-Johansen, 2004) :
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2. WindPACT (Wind Partnerships for
Advanced Component Technology)Ff52Rk A

%1 NREL 5 MW 255 RS (AT Fe R )

F=H DPERBEI108F9A
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3.8 FJE 735 E 4 25 (Recommendations for
Design of Offshore Wind Turbines, RECOFF)
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4. E (200948 ) 5 AR L 7 55 SR 1 S A 1
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WindPACT ~ RECOFF &, DOWECE}2 1 /A BHHY

R TU DR - SR DL RIS gt

T ek R B AR MEAIRRE - REpower SMEJEE

TR F63AR » B 1 kD JEl % S 45 Ry

EETIFE > OC3IE A AR R i A i i = [
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Rating

5 MW

Rotor Orientation, Configuration

Upwind, 3 Blades

Control

Variable Speed, Collective Pitch

Drivetrain

High Speed, Multiple Stage Gearbox

Rotor Diameter

126 m

Hub Height

90 m

Cut-In, Rated, Cut — Out, Wind Speed

3m/s, 11.4 m/s, 25 m/s

Cut-In, Rated Rotor Speed

6.9 rpm, 12.1 rpm

Rated Tip Speed 80 m/s
Overhang, Shaft Tilt, Precone 5m,5° 2.5°
Rotor Mass 110,000 kg
Nacelle Mass 240,000 kg

Coordinate Location of Overall CM

(-0.2 m, 0.0 m, 64.0 m)
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2.2 |EA OC3/4EtEMB

FE P il 2 VR A 2 R Y T R B I
5 B TR T AT BB R4S SR TEREME - T
B 1 e 25 (B AR TUAY B HE M R BT o P B,
i » EIFEEEJF 442 (International Energy Agency,
IEA) 43 BIi7A20054F 52201055 17.0C3 (Offshore
Code Comparison Collaboration) (Jonkman &
Musial, 2010) 5zO0C4 (Offshore Code Comparison
Collaboration Continuation) (Jonkman et al.,
2014) -
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1% OC4stEMER = (Jacket) f2 7&K (Semi-
submersible)45fEGER]) ©
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B EH A B RS S L 55EE 0 3 RIfERL
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2.2.2 OC4 Phase | ~ Phase 17713

OC45OC35t&E 2L fif » {EPhase IfEEL -
NREL 5 MW (i &R A SRS E B A
50 m7KZEI PR | o 532 BOC3
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e B A R G A AE B AR S R T R B
Lt > AR BB B101E » FZEHAY
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Wind turbine
Properties

—Hf DERB108F9H
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VE B & TER T 22 (- IEA OC3/0C4:+ERY

BFFe 2 AINREL 5 MW U Ry 22515
U o

3. IRBRERREREIT

JoEL 1A% 1) R e B 5 SRR AR — (] 75 5 e
SMERREERIR R3S O 1F Rl HV4EIERG - BIansE
R EERRB ISR - DU SRS
KAREEG - 8 LRBGRFEE T2 -
EETUK’&E?FHB@ﬂffﬁégﬁﬁﬁﬁiﬁﬁﬁﬁ’ﬂﬁﬁgﬁfﬁﬂk
WIZRH ST - BT BB LS - A
£ZIEC 61400-3 (International Electrotechnical
Commission, 2009)5(ZGL 2012 (Germanischer
Lloyd, 2012)i&h T A2 [ % RI{EHIE HEDE - i
TR ENREE ST - DU OR R B S 15 465
TR 2 2 ) A] SR -

A A HINREL Dr. JonkmanFfT B 21y
FAST (Fatigue, Aerodynamics, Structures, and
Turbulence, FAST2= » B2 —ERNETE
JeE\ A% R o B Y A2 =G 4 FENREL B8 e 52
1% EEJEMFortrangBiART#ER - HEMKBIRE
#EGTEOIVREE » WE2FTR - FASTEZZ

ARl B R B = R KSR S E AR R

TurbSim/
IECWind
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Wind Field

Series Data

FAST AeroDyn
Input Files Input Files
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> AeroDyn
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A 4
Time

B2 EEhRREE R R TR E (AT e )
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Ko 2 & Ef(Jonkman & Buhl Jr., 2005) » {F15H#EE
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HIRE T3 A B LT T 58 AT 7 Y S 77
HIE TurbSImEAIECWindf2 2K 7 4= » TurbSim
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RUA] E 4= 77 & TE CREE A R (R Y P R AY © R
4p > AeroDynf2 22 F| A # /T Z M 5w (Blade
Element Method, BEM)ZK# {755 H & &) 115t
o AE3R -

ERtREmER —EER VI KET
B WiEREETN T — B A RS R R e
RN L R Ty I BIA S oy i o —
EE A (E) A TRE I E - Pl EE

Hub
radius
dr
‘.‘-
0.1R 02R 03R 0.7R 038R |09R R

Rotation Speed ( $2 rad's)

Tip
Section AA

E3 EER 9B~ ElE (Aerodynamics for student, 2019)

torque
fradius

Resultant Force Vectors

zero lift line

for section

Flow Vector

B4 EHEEE ~ERE(Aerodynamics for student, 2019)
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FHIAARR I B ERER AVHA(0) ESRE
THIYE A (o) - BTATHEE AT -
BT MR AR E R Ry
p=0-a (1)
PRI 7 B T B AR AT S R

AT = AL*cosp — AD*sing 2)
AQ = R*(AD*cosp + AL*sing) 3)

)
+

AT © BER BIEZ FIHIHES)
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AD : BER B EZEIHIFE S

AQ TR B BIYHIEE

R SEEHIFERELE A e O HI
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LUK IMEEN(Cy) » RIEE ATRFALBIADEEA F
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AL=C,*0.5%p * V> *c*dr 4)
AD=C,*0.5%p,* V> *c*dr (5)

Hrp
C, BT A
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p. - EREE
¢t Bk
dr * 53 pE T BRI R
v, AR SRR T A _E AR
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Vot ZEREMSEEETE R ET TR AR
vy - BERER R Y USRI
AR A S EHE B IEAT T

AT=0.5%p* YV *c*(C,* cosp—C, * sing) *
B*dr (6)

AQ=0.5%p* V7 *c*(C,*sing—Cp* cosp) *
B*dr (7

Hepp: EREE

—Hf DERB108F9H

TEFASTH & F 5T H/KE) JIHY/ZHydroDyn
el - MK N H RS E A ER
HEEHEE - B HERER R RATAER - I
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o H5RE R

1
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F:OKEh &,
p, ¢ IR
CHEMEERED C,=1+C,
C, - MinE & A
C, * FTIA %
vV eEREYIRETR
u ' RARTR
ARG YIS R R

4. REEFoMA%

JEAR ST BT A 28 B T B PR A 4 B
REE L BB Z RS TT VIR IEE - — A
TRAELHE 0 B 5 FH SRR 58U (Aero-Servo-Elastic)
AR SRR Rt B A S RE )T -
PRI 248 S A RSB REIAAY « ATAEAK » IE L AT
Rt IEREEDE FEE A EAET RS - A
HOR ~ FEREEERA -
AR T HEEG B AT T A B A
St s V- 5 Z B S (IES ~ [B6) » "I
[:b%ﬂ‘FAST$£;EE(Jonkman & Buhl Jr., 2005)81p%
Pl S B Bladed (DNV GL, 2015) - {HFF3k
fifp e e 2 455 » fEFAST/Bladed /5 BB JERR
IRDHTETEENE BT R FISHEEE LI TR
(beam element) /5 = HETT 2% He 8l /122 (Multibody
Dynamics)st 5 - DL LG 5 11 =
TE A [F] S a5 R B A 24 (BRGS0
it - BRI EAE - PBUTFEIE )R
BUEHAY > It R (Froude Numben)fH {12
ELE i (Scaling Law) (Jain et al., 2012)4 )
B 1% FT BRI S MW il = JE A% > BB EPELL
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Preprocessor Solver Postprocessor

(EIRIE =S pitl S SE . ENR GG R et vl = (BN e =k 20

Generator/Turbine
Control Module

Acrodynamic
Properties | A&igﬂ:N
of Wind Turbine

|

|

-:> FAST/Bladed Solver | OutputFils

I —

[E6 Feo MRS R S A TR L B (AT e 4 )

¥

4.1 BERIEE0HE N RIE

F i Bladed ¥ ASH B O N EEAY JEUN 2 42
2 0 Ry 7B A FAST/Bladed m 3 [E] {5 F Ay
& AT A BB o 5 AR e R B B = P
FH#EAYIECWind /TurbSim (Jonkman & Kilcher,
2012) EUSE A F I R & ZMATLAB#AS - &
TEREBHR A ESE - HEHB RIS &
ELS I AT R R U A Y B S — 22y - FR(EA
Ry B RBUE J7 A2 #77% » FEHHIEC 61400-3
BAGL 2012184 7 fE # D R im i =[S > 7]
e BE AR AR S TE A RS - B30 TR R R

(Normal Turbulence Model, NTM) ~ il 2577 #
T (Extreme Turbulence Model, ETM) ~ fiil 8
FEiE(Extreme Operating Gust, EOG)---ZEA 5] &
DGR -

4.2 FHETEE BN RESE
H#rEE & a2 IEC 61400-381GL 2012
A > 2 ta B 55 (Design Load Case, DLC) »
AETDLCHE R E A » Mt EDLCHIZ2EGL
20122 2 DLC 9.7~9.9 (&I » 2016) »
JigEDLCHI[£22#GL TC Tech. Note (GL Tropical
Cyclone Technical Note) ~ CNS 15176-1 (1=
#£ > Chinese National Standard)EBiCGC/GF 031
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(China General Certification Center/GF, CGC/
GF ; 3t : GFZHEAY#EH » PROESEP &S
BRI EALRAE - AR LB 7FR -
FLER oy Y RH A R C 38 R AT S Y L RE Bt
G L(REET > 2016 5 SHEARTE > 2017) -

| o4t EH A [

[]

A #FAST/Bladed

& RAR XM
(.fst or .pj)

1

| mzgsmsp |

!

THEFRX
4 48 0 Il 14

[ ]

A # Matlab &
& 4% 3%DLC
$LX 4% ((m)

[E7 DLCHEIE AR (AT 5eiasd)

E@\ﬂm#

PAIEC 61400-3 DLC 1.1 & ffj(41%=2) » Vin=
3m/s ~ Vout=25 m/s » #5PIE2 m/s ByfEIfE |
SFHEGHAIDLC 1135 432{EHEFI4H & (12%6%2%3
=432) o DL— AR EB 2 S S an i Ryas
ek HApER&EEIDLCE /DA S,0001# L Y
HEFI4H G - RIE R SR E A DLCHEE A H{H
F B mTSEME -

%2 1EC 61400-3 DLC 1.1 (AHZscH)

REHEEFIDLO) | LI

REHAEL - T 8
ROREL - T BB NTM)
SR BRI

CUE
P Ff | sxEtROR | EEE
JoE 2R IS FHHH AT
\]in<vhub <\/0ut 6 T T

pls +p2

-10°,0°, +10°

F=H DPERBEI108F9A

4.3 IREHCRBRIZIZN A%

Ry 7R HFIEE A A R S U
SEEAT » AR R #ES(FAST ~ Bladed)Hyi
BEMMEEEEER - BEEETHEE
J (s F3 3 /1 T (Graphical User Interface » f5f%
GUT) (40[E8) HIET & SR 2 UL R &3 Hef&
T R R T B A 8 H AT 4R R B R R
R A EfsEHEE K IEC 61400-3 (International
Electrotechnical Commission, 2009)Z/EGL 2012
(Germanischer Lloyd, 2012) i i & 25
DR 55 B B N A% - FEAC 4G &t e st 1]
A ATRTTZRERS (A1 © ANSYS ASAS (JE3C
Fr55 5 2017) - ANSYS APDL ~ SAP 2000){F i
— YRR B 57 iR Y &S i & i - It
MATLAB - G225 % & E AL AP I RZ = (]
41 : IECWind /TurbSim, FAST/ Bladed core)#f
{T ETEDLCETE » R A& B H 1 K B B
Fe > DASE R U 2 8 B B S e T fR 2
RFfE]

4.4 =RIFER

A TR Y O S A B e AT BE R MATLABA-
SEHDLCLIHIHLIE S - ARG £
ENREL 5 MWEE S EHEGERCIEA OC3/0C4AE &
SFEMEE - ERAD RGBT HE
SERETEE - MHRLLHEERAA RN —5
M:(Lai et al., 2015 ; Lai et al., 2016a ; Lai et al.,
2016b) » Ffic & R K L4 R B B A Y 7K
e - AL E s KEEES - WAEEEHIE
4 i By AR B 1% 7T B[ A S MW RV 2 B
TEECYS (B9 fe #23) » DAMERD 4 R B E AV AY IE
M o TEMETTER s ROBUE AT AT - fRo5k
RS MW EWSHERI SR EE /AT &1 : 501 : 64
a RS AP o8 2 Pl s - 404.4. 158k -

4.4.1 12=HIZEEN

R4 R BUEE RV /T > FB B IEPIIEH
ZRIK, ~ KA > {(ciE S8k (Jonkman et al., 2009)
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Step 2:
Step I Convert full scale to
Full-scale offshore wind » model scale with scaling
turbine model factor of 1/64 (floating)
1/50 (monopile, jacket)

Y

Step 3.
Full-scale simulation for

Step 3:
Model-scale simulation

forces, deflections etc. for forces, deflections etc.

Y Y

( Step 4:

L Convert model-scale
I

Step 6:

Comparison of original

and regenerated full sca]eJ esults to full-scale results

&9 BEARTE T Bl KA EE SR AR B (AT e 4 )
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3 4 RS R EL B2 B(ARMT T EEHE) (1/50 Scalef11/64 Scale)

ERAAT) FEINE

F=H PEREI108F9A

Property Full Scale A Scale 1/50 Scale 1/64 Scale
Power SMW I 5TW 238W
Blades mass 17,740 kg » 0.14 kg 0.068 kg
Blade length 61.5m ) 123 m 0.961 m
Hub mass 56,780 kg \ 045 kg 0217kg
Nacelle mass 240,000 kg N 1.92kg 0916 kg
Tower top mass (hub, 3 blades and nacelle) 350,000 kg ) 2.80kg 1.335kg
Hub radius 1.50m ) 0.03m 0.023m
Rotor diameter, D 126 m A 2.52m 1.969 m
Tower mass 249,718 kg \ 1.998 kg 0.953 kg
Input Parameter Scaling
Total run time and time step 2"
Generator and rotor angular speed Az
Tower height, tip and hub radius )
Nacelle top to center of mass (x) () and (z) )
Blade, tower, platform, nacelle and hub mass %
Hub, nacelle and generator mass moment of inertia 8
Blade and tower moment of inertia s
Blade and tower bending stiffness 8
Tower draft and platform CM from MSL A
Displaced Volume of Water »
Platform diameter, water depth, and wave ht. )
Wave peak-spectral period e
Output Parameter Scaling
Blade tip deflections A
Tower Shear Forces I8
Tower Bending Moments i
Platform Translational Displacements A
Morring Line Tensions »
SR i R 1 BT S BE 1 A R Loymerman Qo
> B LR (X GRETB 1 0) A AR (1)~ N 0) KOO
(AR IFIIK, ~ K A © HAL - ST cert a0
FEHAE $E il 47t BRI Scaling Law{FEIE - GK(0) = 7 4
A A T 2 B i R (DL s
1% ; Dynamic-Link Library, DLL) ° Hrp

aPH—Q —26P9—0 1

200 =0)=255(0=0) (1)
21 riverrain‘Q w n

K (0) = — tap 00 o g )
NGear _6_6(6:0) 1

L
Ky ¢ Epas
K, © 53

Drivernrain 1B 2R SN D
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0 Q, * HHE RHE 2R g R
*ERERE §,  REHERE
TR w,, - ZHE IR
o Neeo * EliREE
B : 30 \ GK(0) * fERZTIE G5 R+

' T 4.4.2 ZISIEEERIBRETTRIER

J

7, ARZPIRNREL 5 MW g 5 B 3 Bl H5 B
;240 - —y=-20076x - LI4OSEHOL %

d

g

g R2=9.9299E-01 OC3 phase IEEiEZZ 45 ~ OC4 phase [EfH
" 10 15 2 2% T HE4ERE - OC4 phase IE& & FE 2T
RRIEA 0 (degree) G o GBI L S0BRI « 6445 R 5 (up-
B0 BER (B REBIRE Y Bl m s (A scaled model) ([&]11) - ;& Scaling Law## i Eh7E
) S (4 FTE R <SR (full model):” ZEE(ELE

|—full model
— up-scaled model

Towertop

/

Mudline

Power Towertop Fx

g
N)

z

800

600

s

400

GenPwr (kW)
8

YawBrFxp (k

2000L ‘ 200 3
50 150 250 350 450 550 650 50 150 250 350 450 550 650
Time (s) Time (s)

s Towertop My —~ 410’ Mudline My
E 10000 £ 10 :
= =
=  C
o 5000 $
> > 6
= o0 =
o o 4
=

| [ I
D 00— : o 2 ‘

50 150 250 350 450 550 650 50 150 250 350 450 550 650

Time (s) Time (s)

11 B CE GG - full model¥fup-scaled modelds H L E (AW 548 2Y)
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¥ DUEREE =T (A Y S A e RO 2
TLEA BIFHVIEREME: -

1: SOEMEZ R ERA 4R EIR L
¥ > full model3E R Fy A E 2 (Kaimal
model : V, ., = V.= 11.4 m/s) - SF-F4EHE O
rpm)ERIE (0 degree) ~ KR JJ(PM model : H,
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Development and Application of Integrated Offshore Wind
Turbine Dynamic Load Simulation Software Platform

Wen-Jeng Lai'"  Ting-Jiun Wu® Wei-Nian Su’  Chin-Cheng Huang’

ABSTRACT

To develop the dynamic load analysis technologies for offshore wind turbines (OWTs), the numerical
models of NREL 5 MW OWT system are built in this paper, and the modeling and the software platform
development for the monopile, jacket and floating support structures are also proposed. The paper is mainly
presented integrated NREL 5 MW wind turbine systems with three different support structures in MATLAB
software platform to perform the verification between up-scaled model from Scaling Law zooming and
full model dynamic responses. The results show a good agreement. The developed offshore wind turbine
with support structure integrated dynamic load analysis and design software platform could promote the
professional ability of dynamic load calculation in Taiwan.

Keywords: Offshore Wind Turbines, Support Structure, Dynamic Load Analysis.
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