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Table 1  Thickness of composite laminates

A 5 FLZ R /mm
[0°/90°] 3 1.00
+45° 3 0.80
Hifi] 0° 3 0.80
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Fig. 1 Specimen size in tensile test(mm)
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Table 2 Tensile properties of composite materials
i o R Ff S
7T BN MREEMPa BERE/MPa
[0°/90° ] 3 3071 92.50 8373
+45° 3 875 38.04 5456
0° 3 4884 212.35 8333
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Fig. 3 Original parts and failure modes of laminates in
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tensile test
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Table 3 Numbering of board layer

TRV pmokwrn NI TEEE
1 1 Al 1.16
[0°/90° ] 2 2 A2 1.08
3 3 A3 1.07
1 4 Bl 0.99
+45° 2 5 B2 1.02
3 6 B3 1.01
1 7 Cl 1.06
i 00 2 8 c2 1.07
3 9 C3 1.06
®4 EEWEHENR
Table. 4 Order of layering of laminates
o AN

1 [£45°/(0°/90°)/(0°/90°)/(0°/90°)/0°/£45°/(0°/90°)]
2 [£45°/(0°/90°)/(0°/90°)/(0°/90°)/(0°/90°)/0°/+45°]
3 [(0°/90°)/(0°/90°)/(0°/90°)/(0°/90°)/+45°/0°/+45°]
4 [+45°/(0°/90°)/(0°/90°)/(0°/90°)/0°/(0°/90°)/+45°]
5 [(0°/90°)/(0°/90°)/(0°/90°)/(0°/90°)/0°/+45°/+45°]
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Fig. 5 Geometric shape and measuring points and

fixture position (mm)
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Table 5 Natural frequency of specimens
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Fig. 4 System block diagram of experimental modal analysis
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Fig. 6 Change trend of natural frequency growth rate
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TENSILE AND MODAL CHARACTERISTICS ANALYSIS OF
E-GLASS FIBER/VINYL ESTER RESIN

Han Qiaoli', Li Wanghao®’, Xing Weite’, Zhang Zheng’, Guo Shanshan’

(1. College of Energy and Transportation Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China;
2. College of Mechanical and Electrical Engineering , Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: E-glass fiber/vinyl ester resin composite materials used for the layer structure of small wind turbine blades are
carried tensile tests and modal analysis. The following conclusions are obtained through the comparative analysis on the
tensile properties and modal properties of different types of fibers, such as the tensile strength, failure modes, modulus of
elasticity and so on. The uniaxial 0° laminates have better tensile properties. With the number of layers increases, the
uniaxial 0° fiber cloth has the greatest influence on the flapping natural frequency, and the biaxial +45° fiber cloth has the
greatest influence on the torsional natural frequency. The numbers of layers and the laying angles have less influence on the
first flapping and torsional vibration modes. Since the small scale wind turbine has higher rotor speed, more uniaxial 0°
fiber cloth can be laid so as to make the blade structure and modal properties better. In order to study the correlation
between modal parameters of single and multi-layer laminates, it can be analyzed that under the different order of layering
the maximum amount of the natural frequency is 1.45 Hz. This study can provide basic theoretical basis for the production
and research on E-glass fiber/vinyl ester resin composite blades.

Keywords: composite materials; modal analysis; tensile properties; small wind turbine; blade layer



