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Size evolution of wind turbines over time

160 m @
126 m @

112.m @

Alrbus A3ED
WIng span 80m

2003 2005 2009
2001 5 . )
1997 8/10MW

1.6

1995
1.3

Rotor diameter (m)

1991

1990 1985 Year of operation
0.5 Capacity (MW)

Source EWEA






Teyvoroyikéc Taosic— Itepuyra

2
- - -
rhick High Lift
-~ innovative concepts
£ o (on subsystems)
g o - - o Classica | 3+
: airfoils o Sreesne °
£ o
=] -
= o vl
0 5 10 5 20 (7=} _—
Angle of attack [deg.) =5 - _— SA (<3)
- P r =Cost(3)/Cost(2) |
Innovative
\ Upscaling
reference 10-20 MW
e Linear Scale (s)
// Technology Evolution with Blade Size
200,00

e oo
Planform evolution during
the last 30 years oo

40,00
\ 20,00
0,00 4 = . .
o 20 40 60 o
Rotor Radius (m)

Source DTU IE Report 2014 _ _ Source UPWIND Final Report 2011

100,00

Blade Mass (tn)




LS

PMG

Direct Drive

Wound Rotor
(Enercon)

Teyvoroyikég Taoerg — Méoo oty ATPOKTO

Single stage gear +
PMG
(Multibrid)

MS
Hybrid
Integrated

Two stage gear +
PMG
(Gamesa)

Multi-generator
(Clipper)

HS I > PMG
(GE Wind, Samsung)

1400 (’\p 3 stage gearbox
Source BGM Cons &
1200 & o
s
= S > DFIG
§ 1000 - < S
({,?J 800 Enercon 6 MW
[1+] - .
£ T~ Source Peter Jamieson
1(:3 600 Enercon ﬁ_l-:r)_l”l_u"i —
o -
&
= 400 Vestas _ Siemens
3 MW 6 MW
200 -Enercon . Siemens 3.6 MW
2 MW ~ =" Siemens 3 MW
0 iemens 2.3 MW

0 2 4 6 8 10 12
Nominal power (MW)



YnoOaArdooreg Zﬂ] pl§81g

TR e T

\ -

Gravity base
Tripod

Monopile
Jacket Combined

Jacket Spar buoy Semi
+ submersible
Tower

Today | Future

>
Shallow water | Deep water



INNWIND.EU (FP7 EU Project)

EVOLUTIONARY ARCHITECTURES |

Rated Power [MW] 10 20
EC Class 1A IC
Number of blades [-] 3 3
Rotor Placement (Upwind-Downwind) U U £
Rotor Diameter [m] 178-202 252-285 -

Hub Height from m.s.l. [m] 119-131 168-173 * EVO I u tl O n a. ry
86-98 122-138

Rated Wind Speed [m/s] 11.4-11.0 11.4-11.0 o Rad ical Iy New

Minimum Rotor Speed [RPM] 6 4.2

Rated Rotor Speed [RPM] 9.6 7.13 =

SptmaTsRI ]  Revolutionary

Gear Ratio [-] 50 48 '

Blade Mass [tons] 37-49  100-132 p I atfo r m S

Hub Mass [tons] 105.5 278

Nacelle mass [tons] 446 1098

Tower mass [tons] 628.4 1600-1780

Tower Top Mass, RNA [tons] 676.7 1730

Water depth (mean sea level - m.s.l.) [m] 50

Access Platform a.m.s.l. [m] 25
acket Mass [Tons]
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o @
o
o
o
et
)
3
7]
=
3
=

Tower shaft




ylc

-0.20 o

c/C, |

Kawvotopot opopeis (mnyn INNWIND.EU)
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Rotor, although a small contributor to the OWT CAPEX; is having the main responsibility for the

energy production

Larger rotors with constrained self- and downstream- loading are the preferable option for large
OWTs. This can be accomplished combining lower induction level (LIR) , aeroelastic tailoring
(BTC) and advanced active control (incl. Trailing Edge Flaps).

Integrated rotor aeroelastic design with a large number of blade planform and inner structure
parameters is nowadays an option, which was widely explored in INNWIND.EU
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High-temperature Superconducting generators, MgB2 race track coil & 20MW concept
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Mounting;

Three 1D sonic
sensors mounted
axially between blades
at positions where
wind speed is close

to free wind speed

SA Turbulence Intensity versus yaw direction

SA Turbulence ntensity (%)
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2D rotor plane wind fields @ 400 measurement points per sec

« Demonstration of wind measurement capabilities of Spinner Anemometer and Spinner Lidar

 Individual Pitch Control (1IPC), Individual Flap Control (IFC) and combined IPC/IFC tested
and assessed

« Extreme turbulence control

« Intelligent shut-down with flaps
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PART B of the Stage 2 Proposal:

High Power, high Reliability
offshore wind technology

HiPRwind
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