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Abstract: The dynamic behavior of a small wind-turbine blade was analyzed experimentally. Arrays of fiber
Bragg-Grating (FBG) sensors attached along the blade were used to measure the strains of the blade surface.
An impact test was performed to estimate the resonance frequencies of the fundamental and higher modes of
the cantilever blade system developed for this study. The results were similar to the results for conventional
strain gages. However, FBG sensors could sense modes that strain gauges could not sense. The strains
obtained from the FBG sensor array were used to estimate displacement-mode shapes of the blade.
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Fig. 1 Blade cantilever system
m
Fig. 2 Experimental setup
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Fig. 3 Location of Sensors.
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Table 1 Wavelength of FBG Sensors

7= 34 ax 5 a3

RL-1 1550.9nm 1551.9nm
RL-2 1555.9nm 1556.4nm
RL-3 1550.9nm 1551.8nm
RL-4 1561.0nm 1561.7nm
RL-5 1550.9nm 1551.8nm
RL-6 1555.9nm 1557.1nm
RL-7 1565.9nm 1567.2nm
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Fig. 4 Results for the impact test. (a) Time domain
response, FBG, (b) Time domain response,
Strain Gauge, (¢) Fourier Spectrum, FBG,
(d) Fourier Spectrum, Strain Gauge

o] Fglo] 2~HE= (Fourier Spectrum)e] 237}
Fig. 4l AlA =] Q)

7} A7 obd FBG AEHS AAE o
43 Jdio A EAN =AHL AA7 JPEHZ
e sEd WeldAe] wHold YA, 1

2oL sl FAl ol AEE d4dd 5 e o
AE Egsta gl
F AAME o] 83 Il Flapwise 3 (Fig. 3

_l

o] AW Qha} nrow o] MEwahe] RE F3
i Table 20 A|AIE npof o], w5 ARG 2
H}=Z BHoFJut. w3 FBG AAEFE S A}
¢l Fig. 4(c)9] Felol ~HAEHE A9 HW Fig.
4ol 2EU AlolA=FHe Aol 2y
Flapwise ®aFo] 12} B9} 23} B= Alo], Z1g
I 22k REQf 32 RE= Apolo] & w7} &
As & Atk o= 2EHS AolAe 4
G 2EDQ AolA7F FAE= W] a2 B
of wadel Rbgsta S 3ol v

@t wkal, FBG AlA o] A

o] &3 FH LAY Eie] BE 4 515

Table 2 Modal frequencies

FBG Sensors Strain gage
1™ mode 18.5Hz 18.5Hz
2" mode 56.8Hz 56.9Hz
3™ mode 129.8Hz 129.1Hz
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Fig. 5 Results for Modal analysis (a) Mode shape
obtained using FBG data. (1%, and 3"
modes from top to bottom) (b) Mode shape
obtalned using strain gauge data. (1%, 2
and 3™ modes from top to bottom)
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