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Lightning struck the blade tip.
Information found online.

Lightning strike damage accounts for ~ 23.4% of wind turbine failure.
Lightning strike protection cannot 100% prevent lightning damage;

An accurate evaluation of wind turbines’ reliability considering lightning strike is of
critical importance. 2/17
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Overview

IS

_— 4 3 x10°m
“_Cloud voltage, V | L3 :2>’ o Composite /

Materialsﬁf—IJ

|
Branched lightning
leader model | |

: Aft Shear Web
X Spar Cap

Forward Shear Web l Trailing Edge
Leading Edge /

~
Root

-Ground *

Parametric lightning stepped leader model

Problem set up in COMSOL
Reliability Analysis of Composite Wind Turbine Blades

Design Optimization Considering Lightning Strike Damage 3



Zhejiang University

Straight Lightning Stepped Leader Model

e Lightning-strike-induced electric field calculation by finite element models.
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Artificial Lightning Arc Channel
(High Voltage Lab at Mississippi State University)

Lightning in the Nature (Picture found online)

e Both the natural and artificial lightning channels show strong tortuosity.

e Fifty percent of the discharges exist two or three branches, and only twelve
percent do not show any branch. 3
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Parametric Lightning Stepped Leader Model

e The azimuthal angle 6 in the spherical coordinate follows uniformly
distribution;

e The angle between two adjacent line segments ¢ follows a Gaussian
distribution;

e The length of each segment follows a uniform distribution from 80m to
100m.
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Problem Setup in COMSOL

e The random generation procedure is terminated when the distance between
the tip of the tortuous channel and the ground structure becomes smaller
than the striking distance
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Problem Setup in COMSOL
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lightning leader model calculation
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e The generation of branches keep same;
e The upper bifurcation happens at the height near 2500m;
e The lower bifurcation occurs at the height approaching 1500m.
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Estimation of the Electric Field
e Electric field magnitude distribution in the vicinity of wind turbine.
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FEA Result and Discussion

e The magnitude of electric field on the vertical blade OA induced by three
different lightning stepped leader models, LPL I.
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FEA Result and Discussion

e The magnitude of electric field on the vertical blade OA induced by the
tortuous lightning stepped leader models, LPL |, LPL |I, LPL Il
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Reliability Analysis of Composite Wind Turbine Blades
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Estimation of Breakdown Strength and Safety Factor

e Dielectric breakdown strength of composite wind turbine blades
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The Result of Reliability Analysis

e The average safety factor on the vertical blade OA induced by three
different lightning stepped leader model considering the uncertainty of the

peak current.
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Design Optimization®

e Optimization Design Considering Lightning Strike Damage
e Design variables — laminate thicknesses
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Design Optimization’

e Optimization problem formulation
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