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Offshore wind turbine design options
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% Design driver...
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Cost of balance of plant

WL AN A

Cost & rating of turbine

753

‘Installability’
X B B I A ] £
Lowest cost of energy Reliability
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Operation & maintenance costs

Bevh A/ F A

Design lifetime /repowering options

A HEAME

Accessibility

A A 4

Availability
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What power rating?

I E

How many blades?

- BE

How fast?

o _EREXMLIER T K XL ?

Upwind or downwind rotor?

- fEHERCE

Drive train configuration

Offshore support structure options——"""
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Growth of Wind Turbine Systems

1960, 24 X —> 2007, 126 % B4R diameter

e GARRAD |
e HASSAN \




JST BRI AN R

The benefits & costs of scaling

WAL A 333 AR A2 B9~ 05 B AE EE

Rotor swept area scales with the square of the linear dimension
c WME AR ERSRIES, R R R =008,
T %6 BT B MR =
Blade mass & cost cubic, hub mass higher power if design driven by blade weight fatigue
o AEFNHER) R A AR IE =R 7 1 N
Drive train mass & cost essentially cubic overall for any given configuration

« ZREERNARS LiHEFTHmE

Turbine systems are fundamentally less economic in the multi-megawatt range

« NEANRGHETHRE, B LEXRGHERERIL

Balance of station economics justifies larger (multi-megawatt) units offshore

o« FREIRHLA R STFIRRRETE, MAZEAR

Size limits are economic long before they are-technotogical — ‘
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Multi-Rotor concept?
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How many blades?

2 A 3 A

2-bladed rotor 3-bladed rotor
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Energy capture x
B o = E% ‘/
Ease of installation
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Visual attractiveness

B

Loading

RS HHT

Net cost of rotor
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Energy capture — small differences in energy capture can be significant in overall economics
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How fast?

» BRI REENRATBARGALE, ERFRIIRKET, &
BRI T 2l R R R v 2 A ) R R A A

Significant cost benefit in higher tip speeds. Higher speed with reduced torque at given power level means less mass and

cost in major components.

- FHARBIZREIRERZR) —B ST ARG EFELEY R
Wi, M REISEES, BN e IR )

Very important to clarify constraints — noise for humans or sea mammals, leading edge erosion, aerodynamic damping &
drag

« BHOR, BEEEREHEHBI0M R, ER&MIsHFE

State of the art, high lift aerof0|ls can allow optimum aerodynamics at tip speed ratios as high as 10

L WA &7 s E e R R R A

Challenge to blade design making the use of carbon more efficient?
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Upwind or downwind rotor?

- AERLE, RORFERRG], BoRMREEE HEAERK65—75m/s

Onshore, tip speeds are generally constrained by noise to a maximum of 65 -75m/s
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As tip speed is increased, the optimum rotor solidity reduces inversely as the square of tip speed — an optimum rotor for 120 m/s tip speed
will have 4 of the width in its blade sections of one designed for 60 m/s tip speed.

o BRI B, T AT, AR P TR R R

Blades become increasingly flexible as tip speed is increased & so difficult to operate upwind of the tower

« FARBETESE—BRANSEE LIRS

Downwind configuration looks attractive — but other noise issues arise
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Power train options

o+ PERAE AR IR K FLL

Gearbox and high speed generator

- FAER TR

“Conventional” solution

- BB B — B2

Modular or integrated?

- HIK
Direct drive

- BB
Hybrid drive

- WA TIEKR YRR R AL 5

Single gear stage with medium speed generator

. ZREHRS T s

Multiple generator system—————"
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Gearbox and High Speed Generator




— Rt EE

Integrated Drive Train
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H 414 /
Rear housing
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Stressed-skin nacelle
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High speed coupling
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Generator

Mainshaft
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Forward housing

TR

Planetary gears
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Helical, parallel
shaft gears
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Direct Drive Layout
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Rear housing —_ *ﬂ;;lg
Support structure
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Gudgeon shaft
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Hybrid Transmission System
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Multiple Generator Systems
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Spindle

‘,_7'| Brake System
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Turret
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Support structure concept selection
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2007: 1.2 GW

www.offshorewindenergy.org
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Possible “stiff” solutions

www.offshorewindenergy.org
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Simple tripod / quadrupod Complex tripod
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Possible “stiff” solutions
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Possible “soft” solutions
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Floating Wind
Turbine Concepts
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Spar-buoy
with two tier
atenary moori
drag embedment
anchors

NREL

Concrete (TLP)
with gravity

Tension-Leg
base anchor

Platform (TLP)
with suction pile
anchors
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Future trends in technology

= T5MW 7

Above 5MW?

o FrERRI] K EBEHLHERE [ PMGs ?

Towards PMGs in all turbines?

« AR BAE S5

Towards direct and hybrid drives

- FeednkH

Towards the intelligent blade

. EERA?

Floating systems offshore?
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