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Background and motivation

« Wind turbine rated power increases /
— ex. Vestas V236, rated power "
output 15MW (blade length 115.5m) 2/

X 'Q )‘.'.

* Wind turbines - multiple lightning
strikes during service life

« Recent (almost 20 years) large WTs (g
use large amounts of CFRP in _____‘1 ﬂ\\\
blades —u]”

 CFRP elements electrically —

conductive e

 Lightning strikes can cause
significant damage

« Lightning protections systems (LPTS)
used
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* UD CFRP used in WTB
sparcabs

 UD CFRP materials
effectively semi-conductors
with strongly anisotropic
electrical and thermal
properties

e Susceptible to lightning
damage

* Limited electrical and
thermal conductivity
transverse to the fibres

: 7z, Global laminate direction .
: : L Resin
i .. Through-thickness direction
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Material Properties — Dielectric Breakdown

Semi-conductor . Conductor
I
- '

-

Insulator

I

CFRP Through-Thickness Direction :
CFRP Transverse Direction |

CFRP Fibre Direction : -
Epoxy Resin — |
Carbon Fibres (Cross Direction) : j—
Carbon Fibres (Fibre Direction) i p—
I

GFRP (Fibre Direction) | | a— | | |
| | | | |

| | |
1072 1071 107 10°% 1074 10° 104 108
Conductivity, o S/cm

 For CFRP WT blades direct strikes occur when lightning attaches normal to the blade
surface.
* Large current densities, result in large temperature rises and damage
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Representative CFRP laminate from the Sparcap
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Simulated lightning strike
damage

Simulation of direct attachment lightning
strike: Idealized by so-called 10/350us
waveform according to IEC61400-24 (wind
turbine blade lightning protection standard)
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X-ray CT validation of meso-scale model
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On the Effect of Dielectric Breakdown In UD CFRPs Subjected
to Lightning Strike Using an Experimentally Valldated Model
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Multiscale modelling framework

Lightning Strike Simulation Quarter Plate Damage
Zone Point Grid

Structural Model

Structural Post-
Buckling Model

Damage Material
Assignment

Full Damage
Zone Point Grid

Damage Zone
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Results
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ompression after lightning strike (CALS) rig
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Predicting the effect of lightning strike damage on the structural response
of CFRP wind blade sparcap laminates
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Model validation - panel end shortening
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Multiscale model validation- out of plane displacements
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Damage severity prediction vs. experiment
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Conclusions

Meso-scale FE model developed and validated against extensive simulated lightning
strike conditions on realistic scale CFRP UD laminates

CALS Procedure combining DIC with large scale compression rig developed
Non-linear structural scale FE model validated using CALS

Modelling approach has the potential to be used as a design tool for CFRP WT
Blades and for design of lightning protection systems
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