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Abstract

In this paper, a lightweight design of the spar cap of 2MW wind turbine blade was carried out using the
ply reduction ratio (PRR) and CFRP with a trade-off study. The spar cap is one of the most critical factor
in determining the mechanical performance of the blade. Tsai-Wu and Puck fracture theory were used to
determine the fracture. As a result, the CFRP composite material could be lighter in terms of weight by
about 30% than GFRP composite material under the same conditions. Based on the analytical results, we
derive the optimal value of the laminate thickness of the composite material and present the structural
performance improvement and the lightweight design result.
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Fig. 2 Cross-section of wind turbine blade[1]

Fig. 3 Configuration of 2MW wind turbine blade

Table 2 Material properties of GFRP composites

UD | 2AX | 3AX1 | 3AX 2 | 3AX 3
GFRP | GFRP | GFRP | GFRP | GFRP

En [MPa] | 40700 | 10900 | 26760 | 13300 | 11400

Eps [MPa] | 11800 | 10900 | 13300 | 26760 | 31820

Giz [MPa] | 3323 | 11600 | 74600 | 74600 | 64200

Viz 0.308 | 0.646 | 0.513 | 0.261 | 0.196

o [kg/mf] | 2243 | 2243 | 2267 | 2267 | 2267

X: [MPa] 770 104 328 131 328

X. [MPa] 550 110 294 189 294

Y, [MPa] 43 108 131 328 131

Y. [MPa] 150 114 189 294 189

S [MPa] 429 | 428 | 131 328 131

*X;, X. =Longitudinal tensile and compressive strength
*Y,, Y. =Transverse tensile and compressive strength
*S = 1-2 plane shear strength

Table 3 Material properties of UD CFRP

UD CFRP
Carbon/phenol(SKC)
Exn [MPa] 131600 X: [MPal] 2000
B [MPal 10800 X. [MPal 1400

Gz [MPa] 5650 Y: [MPal] 61
Vig 0.28 Y. [MPa] 130
p [kg/m’] 1540 S [MPa] 70
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Fig. 4 Positive Flapwise test

Load clamp position [m] 12 24 35.4
Test shear force [kN] 51.3 | 39.1 | 126.6
Vertical deflection 021 156 5

on load clamp [m]

Table 5 Static load condition of edgewise test
Load clamp position [m] 12 24 35.4
Test shear force [kN] 54.8 | 64.1 | 57.4
Vertical deflection 011 | 048 | 1.12

on load clamp [m]
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Fig. 9 Partitioning of spar cap components
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Fig. 12 Puck failure index of GFRP and CFRP spar cap

Table 7 Puck failure index & failure mode of GFRP spar cap

Puck failure index
Id. | Failure Mode Fiber Failure Mode Matrix
1 1 0.1614 5 0.2083
2 1 0.1633 5 0.2250
3 1 0.1711 3 0.3147
4 1 0.1953 5 0.3451
5 1 0.1528 5 0.2934
6 1 0.1510 5 0.3949
7 1 0.1670 5 0.2935
8 1 0.1582 3 0.2518
9 1 0.1468 3 0.2148
10 1 0.1680 3 0.2460
11 1 0.1567 5 0.2628
12 1 0.1720 5 0.3159
13 1 0.1564 3 0.2396
14 1 0.1611 3 0.2682
15 1 0.1697 3 0.3227
16 1 0.1792 3 0.2811
17 1 0.1923 3 0.2585
18 1 0.1930 3 0.2586
19 1 0.1999 3 0.2698
20 1 0.1961 3 0.2585
21 1 0.1972 3 0.2651
22 1 0.1980 3 0.2628
23 1 0.2053 3 0.2940
24 1 0.2079 3 0.2911
25 1 0.2021 3 0.2787
26 1 0.2143 3 0.3046
27 1 0.2167 3 0.3178
28 1 0.2237 3 0.3417
29 1 0.2041 5 0.3397
30 1 0.0757 5 0.3594
31 1 0.1752 5 0.3007
32 1 0.0778 3 0.2559
33 1 0.0557 3 0.4744
34 1 0.0368 3 0.4196
35 1 0.0098 3 0.1095
36 1 0.0010 5 0.0038
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Table 8 UD CFRP of spar cap section b Light-Weight Design —
LT I T T T )
Nul'l'lber Of Nul'nber Of ™ : : :E:::E:Z ::gzizr\jﬂean(current) 6400
S UD CFRP S UD CFRP e Pl ndec st
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. . o
section | PRR 0% 60% section | PRR 0% 60% § o6 —
Id. 1 5 2 Id. 19 42 17 o _ 8
Id. 2 5 2 Id. 20 44 18 2 e
Id. 3 5 2 Id. 21 44 18 = 02 5600
Id. 4 5 2 Id. 22 44 18
Id. 5 12 5 Id. 23 44 18 il e
Id. 6 15 6 Id. 24 44 18 5900
0 10 20 30 40 50 60
Id. 7 15 6 Id. 25 44 18 UD Carbon Ply reduction ratio
Id. 8 18 7 Id. 26 44 18 . . . .
4.9 o 9 27 10 16 Fig. 16 Result of spar cap lightweight design
1d. 10 22 9 1d. 28 36 14 by Tsai-Wu theory
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