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Damage Monitoring of Wind Turbine Blade and Development of Device for Vibration
Energy Harvest Using Magnetic Elastomer
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Fractional Calculus

By recent climate change, the structure may be subjected to mighty wind
force. In order to minimize unanticipated damage, remote surveillance system is important to keep
the structure healthy condition. Detection of damage in structures of the wind power system is
considered to avoid such problems. First, micromechanical analysis is made for a magneto-rheological

elastomer to develop functional material, and macroscopic behavior of the material is identified
with fractional derivative model to design devices. Next, dynamic response of the wind turbine blade

is investigated to detect damage by using CAE model. Mode shape of the structure can be estimated
by response of sensors placed in the blade. The result makes detection of damage in the structure as
easy understanding. To realize the system, electric power generation from vibration energy of the
structure is demonstrated as an application of the magneto-rheological.



| 1
i
Uij
2
po (M -1 )My -1ij ) =1 “m; -my
Uij =—""1 = ] @
4r rlj
Ho Tij '
J T
Ho
m;
1
m =gﬂd3)ce Ho )
d Xe
Wm
Uiji

]
Fractional Calculus

M N

i d ([
T=ZC| Y +Zdt_q1 Zdiﬂ’ 3)
i=1

i=1 j=

Fractional Calculus

Fractional Calculus

mi,mj

Magnetic Particle

Matrix

Aroh * *
TQ—}/(L) 1 _~Magnpetic

Parficles

[

I .0.. 00. ® o o9

: ;'.’. g '..: ..' {
..‘oo.:.i ...

Magnetic Field B

Fig. 2 Shear deformation in
magnetic field.



Riemann-Liouville fractional integral
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Fig. 3 CAE model of wind turbine
generator.
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Fig. 4 Outline of electric generator
from vibration.
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Fig. 5 Effect of magnetic force on
stress-strain relation of composite.
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Fig. 6 Effect of viscoelastic resin
on stress-strain relation of
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Fig. 7 Fitting result for wide frequency range with M =3 and N =9.
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Fig. 8 Damping capacity with variation
of particle volume fraction under
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Fig. 9 Shape and dimension of wind turbine blade.
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Fig. 10 Eigen value problem of wind turbine blade.
Table 1 Effect of damage on resonant frequency
1% [Hz] | 29[HZ] | 39[HZ]
10 No damage 1.99 4.52 7.69
D1, D2, D3 D1 damage 1.79 4.41 7.56
D2 damage 1.91 4.49 7.38
1 D3 damage 1.98 451 7.30
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Fig. 11 Estimation of eigen mode
4 shape from freauency spectrum.
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Fig. 12 Output voltage of vibration
generator.
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