Short: Counse:anmWindcEbergyy

- Multidiseiplinary DesSignof of
Wind Tiurbine Blides s -

Carlo L. Bottasso
Politecnico: di Milano; ltaly

November 2011 |



PresentationrQOutline)e

models

vvina lurpine

% POLITECNICO di MILANO POL} Wind ResearchLab: <&

LAY




- Generator (RPM, weight,
torque, drive -t r ai n,
- Pitch and yaw actuators

- Brakes
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HolisticdDesign ofdNind tuthines e

- Annual Energy Production
- Noise
- é

Aerodynamics

Structures

Pitch - torque control laws:
- Regulating the machine at
different set points depending Contro | S
on wind conditions

- Reacting to gusts

- Reacting to wind turbulence

- Keeping actuator duty - cycles
within admissible limits

- Handling transients :run - up,
normal and emergency shut -
down procedures

( AEP

- Loads: envelope
computed from large
number of Design Load
Cases (DLCs, IEC- 61400)
- Fatigue (25 year life),
Damage Equivalent
Loads (DELS)

- Maximum blade tip
deflections

- Placement of natural
frequencies wrt rev
harmonics

- Stability : flutter, LCOs,
low damping of certain
modes, local buckling

- Complex couplings
among rotor/drive -
train/tower/foundations
(off - shore: hydro loads,
floating & moored
platforms)

- Weight : massive size,
composite materials (but
shear quantity is an
issue, fiberglass, wood,
clever use of carbon
fiber)

- Manufacturing
technology, constraints
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Currenttapproach totdesigngn: discipline - oriented specialist groups

Lengthy loops to satisfy all Aero . ) _
requirements/constraints dynamics | Different simulation models
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Systems Structures
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Controls Data transfer/compatibility
= . / among groups
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There is a need for multii--disciplinapy optimizatienitoolsools, which must:

A Befast (hours/days) (on standard desktop hardware 1)

> D€

D A Provide workable solutionsin  all areas (aerodynamics, structures, controls) for
j-= specialists to refine/verify

o A Account ab-initio for all complex couplings (no fixes a posteriori)

2 A Use fully - integrated tools (no manual intervention)

They will neverreplaceet he experienced designer!
speed - up design, improve exploration/knowledge of design space
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Focus affpresentiworkrk: integrated multi - disciplinary ( helisticéc)
constrainedd design of wind turbines, i.e. optimal coupled sizing of:

A Aerodynamic shape
A Structural members (loads, aero - servo - elasticity and controls)

Constraintss: ensure a viable design by enforcing all necessary design
requirements

_g. Applications s:

A Sizing of a new machine

A Improvement of a tentative configuration

A Trade - off studies (e.g. performance - cost)
A Modifications to exiting models

Previous workk:

Duineveld , Wind Turbine Blade Workshop 2008;  Fuglsang & Madsen, JWEIA
1999; Fuglsang , EWEC 2008; etc.
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Optimizationm n-Based Multti--Level
Blade Desigm

Cost:
AEP

Aerodynamic parameters:
chord, twist, airfoils

1. Aerodynamic
Optimization

Cost: /

_ v multibody simulator
AEP/weigh (or cost /
model if available) 2D ANBA cross
sectional analyzer

Macro parameters:
rotor radius, max
chord, tape

Cp-Lambda
aero-servo—elastic

3D FEM models

— Yy
':) 3. Combined 2. Structural
Aero-Structural Optimization
Q Optimization J + Controls

/

':1. Cost:
= Blade weight (or cost

' :i model if available)

s Structural parameters:
= thickness of shell and
-3 spar caps, width and

_R-:’ location of shear webs

'S Controls :

model - based (self -
adjusting to changing

§ design)
e
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Preliminary
design

Design
refinement

Fully automated
links
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