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Motivation

International Energy Agency (IEA) Wind Agreement:
Founded in 1977, it sponsors the cooperation in the
research, development, and deployment of wind energy systems

iea wind

Task 37:
Wind Energy Systems Engineering: Integrated research, design and development (RD&D)
Work Packages
« WP2: Reference wind energy systems (both turbines and plants)
- 3.X MW onshore wind turbine
- 10.0 MW offshore wind turbine

Link: http://www.ieawind.org/

Contacts: K. Dykes (NREL), P. E. Rethore and F. Zahle (DTU Wind Energy), K. Merz (SINTEF)
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Cp-Max Framework

Macro Optimization: min CoE
Opt. variables: Rotor diameter, turbine height, cone, uptilt, blade shape
parameters 2, T, 2/, Ty/c
Constraints: max loads, max turbine height

A
Opt. variables A\ CoE + constraints
C P N , )
Aerodynamic Optimization: max AEP > Control synthesis <
Opt. variables: chord and twist distributions, \ o /
airfoil positions r )
Constraints: max chord, max blade tip speed, Pre-bend optimization
kzc' Tc' Zt/c' Tt/c j : v :
:; Load calculation
' Acoustic analysis ‘ [ v \

Structural Optimization: min ICC

Opt. variables: thickness of blade structural

( ) components, tower wall thickness and

CoE model diameters, composite material parameters
Constraints: stress, strain, fatigue damage for
blade and tower, max tip displacement,
Qatural frequencies

N

J

Until converged

J

)
| Until converged

]Q\ [ 3D FEM verification ]
/

J
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HAWTOpt2

Optimizer

- - - - Frequencies Extreme loads - - Y :
Geometric properties H Geometric properties /—/ Beam props H/ Iz VDL, metie H Tower clearance Material failure H Objective function /

Planform DVs I Planform splines

Structural DVs

iF

Structural splines

VITId

Blade geometry

Blado structure Cross-sectional FE: J

BECAS

—-

Mass properties

<

/ WT control DVs H Blade geometry

/ WT control DVs /—/ Blade geometry

HAWCStab2

Aecroelastic solver: H

Aeroelastic solver:
HAWC2

Blade structure Extreme loads

Cross-sectional FE:
BECAS

Cost function

<37=Re

5.

2\ Source: Zahle F, Tibaldi C, Pavese C, McWilliam M, Blasques J, Hansen M. Design of an Aeroelastically Tailored 10 MW Wind Turbine Rotor.
Journal of Physics: Conference Series. 2016;753. doi: 10.1088/1742-6596/753/6/062008.
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WISDEM

NREL Wind-Plant Integrated System Design & Engineering Model (NREL WISDEM)

Rotor
Turbine Performance Design &

Key Turbine
Rotor Attributes
Aerodynamics
Drivetrain
Efficiency

Power, Thrust,
Noise Curves

Turbine Structure
Rotor Drivetrain
Structure Structure
Tower &
Substructure

Component Mass
Properties, Materials &
Geometry/Dimensions

Turbine Loads & Turbine Loads &
Structural Performance Energy Performance

Dynamic Modeling

Turbine Plant
Dynamics Dynamics

Loads Specific Flow Plant
Energy Output

Turbine Capital Costs Plant Cost Modeling Annual Energy Production

Plant Layout and
Energy Production

| Component Balance of Operational
Cost Models Station Costs Expenditures
Turbine Costs Plant Costs Analysis Energy Production

System Cost

Wind Energy Institute

E Source: https.//nwtc.nrel.gov/system/files/SE%20Webinar¥%202014-10-08.pdf



Design Reference Configurations
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|EA Task 37 = Reference

(o)

Onshore 3.35 MW - Assumptions |

Set of values assumed by
the partners through an
industrial survey

Data Value
Wind Class 3A
Rated Electrical Power [MW] 3.35
lad Torque
Rated Aerodynamic Power [MW] 3.60 B~ actuator
DT & Generator Efficiency 93 % Traditional WT _ pih ELaasfttic / Nacell
: : ~
Rotor Diameter [m] 130.00 Conﬂguratlon Hu \‘“-’5 ¢.L
Hub Height [m] 110.00 / cenem’mr/ 0
inertia e
Maximum Tip Speed [m/s] 80.0 Yaw Mech.
Drive train configuration ee e 105585 Nacele
Tower
g p \ stiffness
Generator DFIG @ Rigid body
Elastic === Beam
foundation [0 Revolute joint
D : : \%' =» 0 Actuator 2
DT, generator and nacelle: data initially scaled from industrial a A Boundary condition a
2 MW WT, now redesigned with DriveSE from NREL
: Mass Inertia
Component 2 MW 3.35 MW 2 MW 3.35 MW
About shaft axis 19100 kg-m?2 60131 kg-m?
Hub 27000 kg 55000 kg
86000 kg-m? 300650 kg-m?
Nacelle 21750 kg 46500 kg About yaw axis 355000 kg -m? 1210200 kg - m?
About shaft axis 40180 kg -m? 100110 kg-m?
Generator 50000 kg 80600 kg
24720 kg-m? 61584 kg-m?
. Assumed . Scaled from 2.0 MW design . Optimized by Cp-Max for min CoE

Wind Energy Institute




n
Onshore 3.35 MW - Assumptions I
. Airfoil Thickness
DU airfoil family - Clrcle 100%
DU00-W2-401 40.1 %
™ DU00-W2-350 35.0 %
- DU97-W-300 30.0 %
zj DU91-W2-250 25.0%
® % DU08-W-210 21.0%
Blade structural topology LT esdmen DU08-W-180 18.0 %
= from the 2.0 MW design,
, composites from the
INNWIND 10 MW blade Blade From To Material E,; [MPa]  E, [MPa] G [MPa]
- Components (% span) (% span) Type
Q
QL) External shell 0 100 Triax glass 21790 14670 9413
'-Iq—) Spar caps 10 926 UD glass 41630 14930 5047
oY Shear webs 10 96 Biax glass 13920 13920 11500
I TE and LE reinf. 10 80 UD glass 41630 14930 5047
N Steel tower Sandwich core 5 96 Balsa 50 50 150
mn
NG Tower Young‘s modulus [MPa] Density [kg/m3] Yield strength
V) [MPa]
4] :
— Pile of steel truncated cones 210 8500 355
LL)
10 Wind Energy Institute . Assumed ‘ Scaled from 2.0 MW design . Optimized by Cp-Max for min CoE




Onshore 3.35 MW - Design |
e EEEEE) ESEETN

Rated Electrical Power [MW] 3.35 ‘ / -

Rated Aerodynamic Power [MW] 3.60 us
DT & Generator Efficiency 93 % dl @
Rotor Diameter [m] 130.00 35
Hub Height [m] 110.00 -l gm'
Maximum Tip Speed [m/s] 80.0 E” g
= Drivetrain 4 stages eep bk | vy
15
Generator DFIG Al ok
— Rotor Overhang [m] 5.00 pa
— Length Blade Root Flange [m] 2.00 0 — " ——
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 il
! Hub Mass [ton] 55.0 Nondimensional Blade Length [-] Nondimensional Blade Length [-]
Nacelle Mass [ton] 46.5 T 25
[
oD Generator Mass [ton] 80.6 ol ]
E Rotor Cone Angle [deg] 3.00 —wl | 2r
Y Nacelle Uptilt Angle [deg] 5.00 F Ml _
Qqﬁ) Blade Mass [kg] 16039 % wl é‘w I
Tower Mass [ton] 513 i s |
| g 50 o !
Blade Cost [k$] 121.6 L
o L i
N~ Tower Cost [k$] 769.6 b o
M Aerod. AEP static [GWh] 14.96 @ ]
-¥ Electrical AEP static [GWh] 13.91 S ——— Up—— o.ls - oj5 o.‘s o.l7 oje oy 1
ndi ion e -] i i h [-
g Aerod. AEP turbulent [GWh] 13.98 Naslisunninseiiimalngnia é ———————
|_ Electrical AEP turbulent [GWh] 13.00
<C e Cor s e _ _
LL)
N
(7/‘/ : : . Assumed ‘ Scaled from 2.0 MW design . Optimized by Cp-Max for min CoE
__| Wind Energy Institute )




Onshore 3.35 MW - Design |l
e waesom

Rated Electrical Power [MW] 3.35

Rated Aerodynamic Power [MW] 3.60 j: | T T | : I | IR ffgeé;ﬁiﬁ'ﬁ:l |
DT & Generator Efficiency 93 % ol ........ TE Reinforcement| |
Rotor Diameter [m] 130.00 _ @ 1
Hub Height [m] 110.00 E% ) | e
Maximum Tip Speed [m/s] 80.0 E‘w' K il ik e . \\\ E '
= Drivetrain 4 stages eep gor \ / . z : :
Generator DFIG 20} " \\\ ] | 5.-",/ ~~~~~~ il
~ Rotor Overhang [m] 5.00 of ! s , " DTN ey
— Length Blade Root Flange [m] 2.00 ol - d - S N i
C Hub Mass [ton] 55.0 R ik R s
¢ Nacelle Mass [ton] 46.5 . ‘ . . ‘ . ' ‘ .
C Generator Mass [ton] 80.6
Rotor Cone Angle [deg] 3.00 ar '
Nacelle Uptilt Angle [deg] 5.00 T sl T o}
Blade Mass [kg] 16039 g g
Tower Mass [ton] 513 ﬁ ol ﬁ -
Blade Cost [k$] 121.6 g wl 2w
Tower Cost [k$] 769.6 ol | ol
Aerod. AEP static [GWh] 14.96

Electrical AEP static [GWh] 13.91 ok - - ; - ' . 0 . ' eeeeiteipeel)

[ 6 [ 8 15 20 25
Aerod. AEP turbulent [GWh] 13.98 Uiy ¥ Wl Sisimanyin)
Electrical AEP turbulent [GWh] 13.00

|EA Task 37 = Refe

. Assumed ‘ Scaled from 2.0 MW design @ Ontimized by Cp-Max for min CoE
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Onshore 3.35 MW - 3D CAD
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Offshore 10 MW - Assumptions |

The IEA Task 37 offshore 10 MW RWT is a design based on the DTU 10MW

Set of values assumed by the partners
through an industrial survey

RWT released in 2013

Data Value

Wind Class 1A
Rated Electrical Power [MW] 10.00 /

Drivetrain Direct drive
Substructure Monopile
Specific rotor power [W/m?2] Approx 320
Maximum Tip Speed [m/s] 90.0

The new design will feature:

v A complete aerostructural redesign of the rotor based on a GFRP layup

- Redesigned direct drive configuration

- Tower and foundation (monopole) design from SINTEF for a 30 m
water depth

Wind Energy Institute
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I[EA Task 37 — Referen

Offshore 10 MW - Assumptions I

FFA airfoil family o4 Alrfoll Thickness
02 Circle 100 %
0.0 FFA-W3-360 36.0 %
FFA-W3-301 30.1 %
-0.2
FFA-W3-241 24.1 %
-0.4
FFA-W3-211 21.1 %
Blade structural topology 00 02 04 06 08 10
similar to the DTU 10MW
RWT, composites from
the DTU 10MW RWT blade Blade From To Material E,; [MPa]  E, [MPa] G [MPa]
Components (% span) (% span) Type
External shell 0 100 Triax glass 21790 14670 9413
Spar caps 5 98 UD glass 41630 14930 5047
Shear webs 5 98 Biax glass 13920 13920 11500
TE and LE reinf. 5 98 UD glass 41630 14930 5047
Steel tower Sandwich core 5 98 Balsa 50 50 150
Tower Young‘s modulus [MPa] Density [kg/m3] Yield strength
[MPa]
Pile of steel truncated cones 210 8500 355

Wind Energy Institute
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Offshore 10 MW - Il

100

—— DTU 10MW RWT —— DTU 10MW RWT
\ —— New design —— New design "\
. 0
7 N \ g /
B
2 5
\ H //
()]
he)
\ 2
\ T
N /
5 20 80
0 20 40 60 80 100 .
Blade running length [m] Blade running length [m]
100 0 —_—
—— DTU1OMWRWT | —
%0 _ I, —
\\ —— New design %
o\ £
70 \ g .
o\ N\
ol O\ S
\ 3 \
40 \. g \
- 2 6| — DTU 10MW RWT \
m —— New design
20 -7
20 40 60 80 100 0 20 80 100

Blade running length [m] Blade radial coordiante [m]

Data Value
Wind Class 1A
Rated Electrical Power [MW] 10.00
Rated Aerodynamic Power [MW] 10.64
DT & Generator Efficiency 96 % T
Hub Height [m] 119.00 £
Maximum Tip Speed [m/s] 90.0 _%_’
Rotor Overhang [m] 7.10 5
Length Blade Root Flange [m] 2.80
Hub Mass [ton] 105.5
Nacelle Mass [ton] 446.0
Tower Mass [ton] 365
Rotor Cone Angle [deg] 4.00
Nacelle Uptilt Angle [deg] 6.00
Tip speed ratio 10.5 9
Rotor Diameter [m] 198.00 é
Blade prebend 6.2 E
Blade Mass [ton] 47.7 %
Aerod. AEP static [GWh] 51.4 £
Electrical AEP static [GWh] 48.3
Aerod. AEP turbulent [GWh] -
Electrical AEP turbulent [GWh] -
Y

| 7/‘[ . Assumed

‘ Adapted from DTU 10.0 MW design . Optimized by HAWTOpt2
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Offshore 10 MW - IV

Data Value
Wind Class 1A
Rated Electrical Power [MW] 10.00
Rated Aerodynamic Power [MW] 10.64
DT & Generator Efficiency 96 %
Hub Height [m] 119.00
Maximum Tip Speed [m/s] 90.0
Rotor Overhang [m] 7.10
Length Blade Root Flange [m] 2.80
Hub Mass [ton] 105.5
Nacelle Mass [ton] 446.0
Tower Mass [ton] 365
Rotor Cone Angle [deg] 4.00
Nacelle Uptilt Angle [deg] 6.00
Tip speed ratio 10.5
Rotor Diameter [m] 198.00
Blade prebend 6.2
Blade Mass [ton] 47.7
Aerod. AEP static [GWh] 51.4
Electrical AEP static [GWh] 48.3

Aerod. AEP turbulent [GWh]
Electrical AEP turbulent [GWh]

Trailing panel

% Trailing edge panel 90
80 | — lna.x 80
— uniax 70
70 — ftriax _
E 60 £60
E =
o 50 @ 50
[%]
2 40 g 40
S S
Ew £
20 20
10 10
0
0.0 02 04 0.6 08 10 0.0 02 0.4 06 08 1.0
100 Spar cap % Leading panel
80
70
E E 60
E E
8 u %0
g 2
3 3
£ cw
20
10
0
0.0 0.2 0.4 0.6 08 1.0 00

Thickness [mm]
g 8

8 8

Leading edge panel

i

N\

i\

L
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. Adapted from DTU 10.0 MW design . Optimized by HAWTOpt2
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@ oTu 1oMw RWT

. IEA Task 37 offshore 10 MW RWT
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Conclusions

iea wind

Two reference wind turbine models are being
finalized within IEA Task 37:

« 3.35 MW onshore wind turbine
« 10 MW offshore wind turbine
* Inputs are welcome both from academia and industry

 Final report with full designs soon released

IEA Task 37 on System Engineering in Wind Energy
WP2 - Reference Wind Turbines

{arl Merz and Frederik Zahle
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