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Abstract @ The rotor blade is an important component of a tidal stream turbine and is affected by a large thrust force and load due to the high density
of seawater. Therefore, the performance must be secured through the geometrical and structural design of the blade and the blade structural safety to
which the composite material is applied. In this study, a 1 MW class large turbine blade was designed using the blade element momentum (BEM) theory.
GFRP is a fiber-reinforced plastic used for turbine blade materials. A sandwich structure was applied with CFRP to lay-up the blade cross-section. In
addition, to evaluate structural safety according to flow variations, static load analysis within the linear elasticity range was performed using the fluid -
structure interactive (FSI) method. Structural safety was evaluated by analyzing tip deflection, strain, and failure index of the blade due to bending
moment. As a result, Model-B was able to reduce blade tip deflection and weight. In addition, safety could be secured by indicating that the failure
index, inverse reserve factor (IRF), was 1 or less in all load ranges excluding 3.0%Vr of Model-A. In the future, structural safety will be evaluated by

applying various failure theories and redesigning the laminated pattern as well as the change of blade material.
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Table 1. Specifications of 1MW tidal current turbine

Design Parameters Values
Hydrofoil NREL’s S814
D: Rotor diameter 19.81 m
N: Number of blades 3
RPM 14.45
Rated power 1 MW
V:: Rated current velocity 2.5m/s
p: Sea water density 1024 kg/m’
A: Tip speed ratio 6
Flap-wise
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Fig. 2. Two-Dimensional S814 profile of IMW tidal blade.
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Fig. 3. Lift and drag ratios of hydrofoil S814.
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Table 2. Material properties

Material characteristics GFRP CFRP
Density, p(kg/m?) 2000 1490
Longin]l;ili(tll\zl]) :)mdulus 45000 121000
Tran;:irEs: (I\I/Jl}ogﬂus: 10000 8600
MaJOII;l}I;(l)?llSzS(I(iEP Sa)faﬂos 0.3 0.27
Major ll;;;zls\z(]);;)s ratio, 0.4 0.4
" G by B W
hl-planeG‘j;el\Z; ;\)/Iodulusa 38462 3100
ngimdin;(t&;;e strength, 1100 2231
Transve;s::tzilzsl\ldl;a;trength: 35 29
Longitudinal ;(C)msive strength, 675 -1082
TransverseYcCinzaf(rle\:le)l:)e strength, -120 -100
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Table 4. Structural analysis results

) &,
Blade 1\(/1[5;)5 (’Iﬁlﬁ) vy | R
Vi 519 | 0014 | 0.16
Model-A| 2.0Vr | 3160 | 2072 | 0033 | 0.57
3.0%Vr 2566 | 0057 | 102
% 196 | 0013 | 010
Model-B | 2.0%Vr | 2728 | 556 | 0021 | 044
3.0Vr 1452 | 0068 | 0.78
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