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ABSTRACT The structural design of large-scale wind turbine blades is inherently complex due to their composite material configuration
and geometric scale. Conventional finite-element (FE) methods have been widely adopted for blade modeling and analysis; however,
such approaches demand considerable computational resources and extended processing time. Furthermore, the multitude of design
parameters involved often impedes systematic parametric investigations, thereby limiting efficiency in the early design stages.This
study proposes a preliminary analytical framework for the initial structural design of laminated composite wind turbine blades,
formulated on the basis of classical lamination theory (CLT). The constitutive relations of composite laminates are employed to derive
an analytical design methodology, which is subsequently benchmarked against a three-dimensional FE blade model. Comparative
results demonstrate strong correlation between the analytical predictions and FE simulations, validating the effectiveness of the
proposed approach. The presented design scheme provides a rigorous yet computationally efficient foundation for early-stage blade
development. It enables simplified modeling, facilitates flexible design modifications across diverse case studies, and significantly
reduces computational effort relative to conventional FE-based methods. Consequently, the proposed methodology offers a practical
tool for accelerating the preliminary design process of large composite wind turbine blades while maintaining structural reliability.

Key words Wind Turbine Blade(Z 2948 5| 0| =), Structural Design(7-3 A3 A)), Classical Lamination Theory(11 7 2] 53 0| £),
Analytical Approach(F41 % L), FEA(-$F2. 4~ 3]4]), Preliminary Design(Z7] A A))
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Fig. 1. Schematic diagram of the present preliminary structural
design procedure
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Fig. 2. Coordinate system and stress in a composite beam
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Table 1. Specification for 2 MW reference turbine and KR40.1b

blade
[tem Description
Type 3 bladed upwind
Rotor diameter 82.0m
Rotor swept area 5281 m”
Hub height 78.0 m

Power regulation

Variable speed, pitch regulated

Rotor speed

17.47 RPM (rated)

Rated power

2,000 KW (2 MW)

Cut—in wind speed 4 m/s
Cut—out wind speed 25 m/s
Rated wind speed 11.5 m/s

Design wind class

ITA (Vref=42.5 m/s, Iref=0.16)

Annual mean wind speed

at hub height 8.5 m/s
Required turbine lifetime 20 years
Blade mass 7,838 kg
Blade length 40.1m
Tower clearance 5.85m
Max chord 3.2m
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Table 2. Material properties for GFRP and CFRP

Ply
Thickness £ £ Cry | Vow | Vo
[mm] [MPa] | [MPa] | [MPa] | [-] |kg/m®
ub 0.47 41,800 [14,000| 2,630 | 0.28 | 1,920
(Glass)
Tri—axial 0.94 217,700 {13,650 | 7,200 | 0.39 | 1,850
Bia—axial 1 13,600 | 13,300 | 11,800 | 0.49 | 1,780
Foam 1 256 256 22 0.3 | 200
Ub 0.47 114,500 | 8,390 | 5,990 | 0.27 | 1,220
(Carbon)
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Table 3. Tip deflection results by 1—D beam formulation for
design load case, 280.7° (My,mi)

Length Flap-wise load Ely Flap-load /Ely | SectionLength | Rotational angle | Deflection
[m] [KNm] [ Nm*] [rad/m] [m] [rad] [m]

033 3,550 7.03%10° 0.0005 033 0.00324 0.00

354 2,880 1.90x10° 0.0015 321 0.00917 0.00

675 2,260 1.04x10° 0.0022 321 0.01820 001

1047 1,760 6.54x10° 0.0027 372 0.03220 0.05

1433 1340 2.95x10° 0.0045 386 0.06000 012

1891 950 125x10° 0.0076 458 0.10400 025

2323 626 4.86x10 0.0129 433 0.17200 0.49

28.10 305 2.04x107 0.0150 486 0.22000 1.09

31.90 136 137x10 0.0100 381 0.25400 191

36.82 16 3.99x10° 0.0039 492 0.25800 326

3846 26 1.49%10° 0.0017 164 0.26000 368

40.10 - - - 1.64 0.00324 4.10
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Table 4. Tip deflection results comparison between 1—D beam
formulation and FEA

Present FEA Discrepancy
Load Case
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Design load case, 280.7°
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