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Influence of carbon/glass hybrid fiber layup structure on the bending-twisting coupling
behavior of wind turbine blades

FU Lingfeng', JIANG Xin" , SUN Zhen® , WEN Shidong' , GAO Mingze', TIAN Rui"*
(1. College of Energy and Power Engineering, Inner Mongolia University of Technology, Hohhot 010051, China; 2. Key
Laboratory of Wind and Solar Energy Utilization Technology, Ministry of Education, Inner Mongolia University of
Technology, Hohhot 010051, China; 3. Guoneng Zhunneng Group CO., LTD., Erdos 017000, China)

Abstract: In order to analyze the influence of layer structure of composite material on bending-twisting coupling
behavior of wind turbine blade, the carbon/glass biaxial warp knitting fabric with hybrid layer ratio4 : 4 and 2 : 6
were selected as reinforcement to fabricate blade. A 2 kW wind turbine blade samples model was established and
the strain deform behavior of blade samples was experimental studied by combining classical laminate theory and
nodal displacement method. The bending-twisting coupling behavior was also analyzed. The results show that
when the carbon/glass hybrid ratio is same and the fiber off-axis angle is 25°, the optimal value of equivalent bend-
ing-twisting coupling coefficient of blade samples is 0.186. With same fiber off-axis angle, carbon/glass hybrid ratio
4 : 4blade samples has higher equivalent bending-twisting coupling coefficient than carbon/glass hybrid ratio 2 : 6
blade samples. The strain measurement experiment shows that the principal strains decreases gradually along with
blade length, and bending-twisting coupling behavior have a good effect on perfecting the principal strain at the
blade root.
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Fig.1 Schematic diagram of biaxial warp-knitted fabric
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Table 1 Samples size of carbon/glass hybrid blade material

Title Size/mm
Length L 250
Width b 25
Thickness h 2-3

Test section L, 150
Strengthening section L, 50

P2 B/ Bl i ) B R

Fig.2 Vacuum system of carbon-glass hybrid blades samples
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L—Total length of composite material samples; L,—Test length of
composite material sample; L, —Length of reinforcing piece of composite
material sample; b—Width of composite material sample; h—Thickness

of composite material sample
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Fig.3 Schematic diagram of carbon/glass hybrid material samples
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3811 BN AR I, ek B 8h % K 2 mm/min. Fig.4 Quasi-static tensile diagram
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Table 2 Properties of carbon/glass hybrid blade samples

Carbon/glass hybrid ratio Test direction/(°) Density/(g-cm™) E/GPa G/GPa v
. 0 8.15 3.17

4:4 90 1.73 756 2.94 0.284
. 0 5.15 2.02

2:6 90 1.77 4.64 1.82 0.275

Notes: E—Modulus of elasticity; G—Shear modulus; v—Poisson's ratio.
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HIE, RO K 07mx5E 0.12m, PLOLFAEME Ko b M alrE 25 il 4 5 1o Herf 0°2F 4k b )
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(b) Carbon/glass fiber hybrid ratio 2:6
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Fig.5 Diagram of part carbon/glass hybrid blades samples

and meaning

Number Implication

A0 Ratio (carbon/glass) 4 : 4, angle 0°
Al5 Ratio (carbon/glass) 4 : 4, angle 15°
A25 Ratio (carbon/glass) 4 : 4, angle 25°
A35 Ratio (carbon/glass) 4 : 4, angle 35°
A45 Ratio (carbon/glass) 4 : 4, angle 45°
A55 Ratio (carbon/glass) 4 : 4, angle 55°
BO Ratio (carbon/glass) 2 : 6, angle 0°
B15 Ratio (carbon/glass) 2 : 6, angle 15°
B25 Ratio (carbon/glass) 2 : 6, angle 25°
B35 Ratio (carbon/glass) 2 : 6, angle 35°
B45 Ratio (carbon/glass) 2 : 6, angle 45°
B55 Ratio (carbon/glass) 2 : 6, angle 55°
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Fig.6 Schematic of measure plane for carbon/glass hybrid blades
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Fig.7 Bending-twisting coupling test of carbon/glass hybrid blades
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Fig.8 Torsion angle of carbon/glass hybrid blades each section
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- Al5 1\5 Table 5 Equivalent bend-twist coupling coefficient of
04 L - ﬁgg é” 0.18 carbon/glass hybrid blades samples
-~ <
- A45 o Blad Coefficient
1 ade
. « A55 E 016
s 03 g 0.14 Al5 0.133
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g Relative position of blade A35 0.154
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o2y r/%.\ A55 0.128
- = . B15 0.130
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Fig.9 Bending angle at each section of carbon-glass hybrid blades é 600 -
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Table 4 Weighting factors for measured cross sections of
carbon/glass hybrid blades samples

Measurement cross-section Weighting factor
1-1 0.0018
2-2 0.0054
3-3 0.0090
4-4 0.0126
5-5 0.0162
6-6 0.0198
7-7 0.0234
8-8 0.0270
9-9 0.0306
10-10 0.0342

1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1.0

Relative position of blade sections/(m-m™)
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Fig. 10 Principal strain of each section of carbon/glass hybrid blades
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