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Application of advanced bio-composites in wind blades

JIANG Zehui, SUN Zhengjun, REN Haiqing"
(International Center for Bamboo and Rattan, Beijing 100102, China)

Abstract: Bamboos, a kind of bio-materials, grow fast and have good mechanical behaviors. The properties of out-
side strip of bamboo are better than those of inside, so the grading process was developed, which can make the lami-
nate bamboo strip lumber (LSBL)of grading A, B, C and D. The advanced bio-composites, compared with other
materials, can replace GFRP and wood/epoxy, and can be used in wind blades as a new generation of materials.
This new materials have many advantages, such as renewable, less dissipation of energy, low cost, no waste and the
worn-out products can be disposed easily.
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Fig.1 Structure and materials of wind blades
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Table 1 Materials in wind blade’s layers

Layer 1 2 3 4 5
Material 1 Epoxy gelcoat GFSCM* 3-D fabric Balsa 3-D fabric
Material 2 Epoxy gelcoat GFSCM*~ 3-D fabric GFRP spar 3-D fabric

Thickness/mm 0.51 0.38 1.27 —_— 1.27

* GFSCM; glass fiber short cut mat
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Table 2 Material properties in wind blades

A260 CDB340 GFRP spar GFSCM Balsa Gelcoat Epoxy
Longitudinal modulus /GPa 31.0 24.2 25.0 9. 65 2.07 3. 44 2.76
Transverse modulus /GPa 7.59 8.97 9.23 9. 65 2.07 3.44 2.76
Shear modulus/GPa 3.52 4,97 5. 00 3.86 0.14 1.38 1.10
Poisson ratio 0.31 0.39 0. 35 0. 30 0,22 0. 30 0.30
Fiber volume fraction/ % 40 40 40 _ —_— —_— —_—
Density/(gecm™3) 1,75 1.75 1.75 1,67 0,14 1,23 1.15
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Fig. 2 Process of grading laminated bamboo lumber
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Table 3 Mechanical properties of grading LSBL

Property Grade A Grade B Grade C Grade D Hybrid

Shear strength/MPa 15,87 24,72 16.68 14,70 14,38

Bend strength/MPa 168.67 146,17 123.83 87.83 125.00

Bend modulus/MPa 17833 13000 10017 7433 12233
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Table 4 Tensile and Compressive
properties of Grade A LSBL

Tensile Tensile Compressive Compressive

Property strength/ modulus/ strength/ modulus/
MPa GPa MPa GPa
Mean value 200. 67 21,17 124.13 20. 54
Standard deviation 34, 47 1.75 9.51 2.05
Discrete coefficient 17. 18 8.24 7.70 1. 00
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Table 5 Properties comparison of wind blade’s materials

A260(GFRP) Birch LVL Grade A LSBL
Relative density 1.75 0.70 0.98
Tensile modulus/GPa 31.0° 13.8 21.2
Tensile strength/ MPa 977.0 29,0 200. 6
Compressive strength/MPa 559, 0 29.6 1241
Specific modulus 17.7 19.7 21.6
Specific strength 558. 3 41.4 204.7
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