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ABSTRACT As wind turbine blades increase in size and complexity, there is a growing demand for efficient and automated structural
design methods. Conventional approaches often rely on manual tasks, such as geometry creation, mesh generation, composite layup
modeling, and the preparation of inputs for finite element analysis, which can limit both design speed and consistency. This study
presents BladeFORGE, an integrated automation platform that streamlines the structural modeling of composite wind turbine blades.
It automates the entire design workflow, from 3D geometry generation and structured mesh creation to zone-based composite layup
and the production of solver-ready inputs for ABAQUS and VABS. The platform was applied to the structural design of a 7.5 m
composite blade, demonstrating its potential for real-world turbine applications. Multiple structural configurations were efficiently
evaluated through automated modeling and optimization. The final design achieved enhanced flapwise and edgewise stiffness, while
also reducing overall weight through targeted layup optimization. This study highlights the potential of automation-driven design to
improve both structural performance and productivity. Future work will focus on experimental validation and the extension of
digital-twin-based real-time performance prediction and optimization.
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Subscript

LE :leading edge
TE :trailing edge
FEA : finite element analysis

FEM : finite element method
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Table 1. Turbine specification

Design Conditions Target Specifications

Turbine Capacity 30 kW — 50 kW
Blade Length 7.515 m
Power Coefficient (Cp) Cp > 0.46
Blade Weight < 150 kg
Spar System Two—web spar
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Table 3. Reference airfoil sections and locations

Root Connection 30 x M12 bolts

Extreme Flapwise 55.1 kNm @ Root (50 kW)

Moment

Edgewise 45.2 kNm @ Root (50 kW)

Table 2. Material specification

Material (’\;1318) (,\EMZDZa) nu G ﬁg};ﬂ%
UD 41100 9340 (8 gg) 2910 1900
2AX 10000 10000 0.65 9000 1931
3AX 30715 14082 0.52 6835 1931
(0.24)

FORM1 84 130 0.3 40 80
FORM2 105 73 0.3 28 192
Insert | 89600 | 89600 0.33 33940 4500
Chopped | 7000 7000 0.33 6300 1931
Adhesive| 2300 2300 0.33 1 1200

Loc. Chord Twist Thickness Airfoil
(m) (m) (deg) (%)
0 0.42 0 100 Cylinder
0.1 0.42 5 100 Cylinder
1.6135 0.74 1.8 39.55 DU40
2.092 0.752 10,187 30 DU30
3.9 0.5091 4.55 21 NACA21
5.92 0.3576 1,494 18 NACA18
7.515 0.05 2.881 18 NACA18
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Fig. 10. Aerodynamic design concept
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Table 4. Material & design summary for components

Component Material Applicabitity/Locaiton
Spar Cap UD Width 150 mm, to ~6,75 m
Web 2AX, Form |Centerline 60 mm, ~6.7 m
Skin 3AX Applied over entire span
Root 2AX, Chopped | Included M12 Steel Insert
Internal filler Form All other regions

Table 5. Summary of mesh configuration

Category Quantity
Section Division 14 sections (15 nodes)

Total 21,435

Shell 16,170

Nodes
2 Webs 5,264
Tip 1
Total 22,036
Elements Shell 15,696
(Structured
mesh) 2 Webs 5,904
TE Bonding 436
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Fig. 16. Sectional modeling & structural property comparison
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Table 6. Summary of mass

Component Design [kg] |Measured [kg]| Deviation [%]
Shell 91.4 93.5 2.3
2 Webs 21.7 22.6 4.1
Root Insert 20.4 20 -2.0
Adhesive 8.9 7.6 —14.6
Total 142.4 143.7 0.9
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Fig. 19. Natural frequency measurement

Table 7. Summary of natural frequency

Natural Design Measured Deviation
Frequency [Hz] [Hz] [%]
1 Flapwise 3,984 3.875 2.7
1 Edgewise 6.396 6.375 -0.3
2" Flapwise 13.28 12.7 4.4
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