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Structural Analysis and Proof Test of Composite Rotor Blades
for Wind Turbine

Sunho Park* and Kyungseop Han

GFRP based composite rotor blades were developed for 750 kW & 2 MW wind turbines. The blade sectional
geometry was designed to have a general shell-spar and shear web structure. For verifying the structural safety under all relevant
extreme loads specified in the GL guidelines, the structural analysis of the rotor blades was performed using commercial FEM
codes. The static load carrying capacity, blade tip deflections and natural frequencies were evaluated to satisfy the strength and
stability requirements. Full-scale proof tests of rotor blades were carried out with optical fiber sensors for realtime condition
monitoring. Finally, the prototype of each rotor blade passed all proof tests for GL certification.
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Table 1. Material properties for FE analysis

ub it 45° 3Ax
Et (MPa) 41600 11,500 29,600
E2 (MPa) 7300 11,500 10,300

G12 (MPa) 4000 9700 6856
Poisson ratio 0.3 0.5 0.46
Specific weight (kg/m°) 1,880 1,880 1,880

Fig. 1 Cross-sectional view of a rotor blade.
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Fig. 2 Meshed model of 2MW rotor blade.



Table 2. Total length, total mass and center of gravity of rotor

blades
B 750kW MW
Total length 27.75m 42 65m
Total mass 2,533kg 7,940kg
Center of gravity 8.93m 14.57m
t}, Table 2 Z4Zt9] Edo|E RH 9] Zoj, T7‘“ A
A

Hio|lct AckE(wind shear), B9 4F 2 T4
#3} 5o wet A5 A HuZ FAE 95tes dAH
olof 3} A< g AA ZE Edo|= Aol P4l

Table 3. Calculated natural frequency

750kW MW
1 flapwise 1.02Hz 0.83Hz
1 chordwise 1.66Hz 1.52Hz
2" flapwise 3.14Hz 2.51Hz

Fig. 3 2™ flapwise mode shape of the 2MW blade.
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Fig. 4 Campbell diagram (750kW)

Fig. 5 2MW flapwise static analysis results
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Table 4. Calculated stress and strain of 2MW rotor blade a9y
‘ oF 15mm, A|S-2 oF 250molctt FBGAIA oA vhabg A
E
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M?x, chord\n{ise 834 —24.25 0.026 -0,079 .3]_04 ES: %E} (5~7)
Min, chordwise 24.46 -7.93 0,080 -0.025
Max, flapwise 1468 -1453 0.477 -0.474 i
Min. chordwise | 1639 | -1658 | 0535 | -0.539 4.2 18AF4 AY
Allowable 33 -205 0.84 -0.59
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= ZZy g A2 9o g A2 AL A8 Aole] £ Accelerometer FBG sensor FEM
o|5}7] wEo|ch FRGAIAL MAl F7+e W 5aly] 93] of 1 flapwise 1.05Hz 1.07Hz 1,02Hz

1 chordwise 1.72Hz 1.78Hz 1.66Hz

Table 6. Measurements and calculations

~ Measurement /- Calculation -
Max, Min, ©Max, - Min;
flap flap - chord chord
Tip deflection 6.712 / 8.306 / 1.360 / 1.252 /
(m) 7.274 8,692 1.129 1.012
Max, strain 0397 / 0.464 / 0231/ 0201/
FOB1 15b4nm, Ret4 ) (%) 0.439 0.51 0.229 0.157
Min, strain -0.385 / -0.449 / -0.236 / -0.205 /
Fig. 6 Test set-up of the 750kW rotor blade. (%) -0.423 -0.496 -0.180 -0.200
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Fig. 8 2MW chordwise proof test.

Table 7. GL deviations and test errors

% Natural frequency Deflection . Strain
Flap Chord Flap Chord Flap Chord )
GL +5 15 17 17 +10 +10
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Fig. 9 750kW chordwise proof test and strain changes from FBG
sensors.
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