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Thickness Optimization for Spar Cap of Composite Tidal Current Turbine
Blade using SQP Method

Myung-Chan Cha*, Sang-Woo Kim*, Min-Soo Jeong*, In Lee**",
Seung-Jae Yoo**, Cheon-Jin Park***

ABSTRACT: In this study, the thickness optimization for uni-directional (UD) glass fiber reinforced polymer (GFRP)
laminates of the spar cap of composite tidal blades was performed under the tip deflection constrains. The spar cap
was composed of GFRP composites and carbon fiber reinforced polymer (CFRP) composites. The stress distributions
in the blade as well as its material costs for the optimized results were additionally investigated. The optimized
thickness was obtained by interacting a sequential quadratic programming (SQP) algorithm and an ABAQUS software
to calculate an objective function. It was confirmed that the thickness of UD GFRP increased with a decrease of the
restrained tip deflection when a thickness of UD CFRP laminates was constrained to 9 mm. The weight of the
optimized spar-cap increased up to 96.2% while the maximum longitudinal tensile stress decreased up to 24.6%. The
thickness of UD GFRP laminates increased with a decrease of the thickness of UD CFRP laminates when the tip
deflection was constrained to 126.83 mm. The weight increased up to 40.1%, but the material cost decreased up to
16.97%. Finally, the relationships among the weight, internal tensile stress, and material costs were presented based on
the optimized thicknesses of the spar cap.
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Fig.1. Configuration of spar cap model for optimization.
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Longitudinal Direction

Fig. 2. Figure of laminates of spar cap section.

Table 1. Material properties and costs of composites

UD CFRP | 2AX CFRP | UD GFRP Unit
E, 109,200 14,980 43,379
MPa
E, 6,500 14,980 10,304
Viy 0.280 0.750 0.238 -
G, | 4280 28,160 3,452 MPa
Cost 4.50 4.50 0.42 million won/kg

Gradient 2
L

,,,,,,

Secl’on 28

Fig. 3. Configuration of UD GFRP and UD CFRP thickness.
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Fig. 4. Optimization flow chart.

Table 2. Yield strength of composites

UD CFRP |2AX CFRP|UD GFRP | Unit
XT (Tensile) 2,005 138 910
X€ (Compressive) 894 140 750
MPa
YT (Tensile) 68 138 50
Y® (Compressive) 198 140 140
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Fig. 5. Displacement (U2) contour of basis model.

Fig. 6. Stress (511) contour of basis model.
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Fig. 7. Weight variation along UD CFRP thickness.
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Fig. 8. Maximum tensile stress variation along UD CFRP thickness.
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Table 4. UD GFRP thickness, weight, maximum tensile stress and costs at the UD CFRP thickness of 9 mm

Tip Deflection UD GFRP Thickness (mm) Weight Maximum tensile Ma'te.rial cost
t3 t4 t5 (kg) stress (MPa) ( Million Won)
Basis Model (2.3%) 76.00 44.00 21.00 878.0 178.6 780
3.0% 76.00 15.73 0.10 575.3 215.3 651
2.3% 76.00 54.59 3.44 859.0 173.3 772
2.1% 76.00 76.00 27.05 11289 162.3 887
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Weight (kg) 859.0 1203.4 process)S E=&IStch, B Lo A AAISE A S S
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