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ABSTRACT

This study aims to estimete the fatigue resistance of small wind composite blade using the fatigue life estimation formula
in the GL guideline. For this, firstly, we estimated a turbine blade's bending moment spectrum by using wind profile wind
profile and BEMT. And fatigue tests were performed to obtain the SN curve of composite materids used in blade. In addition,
a finite dement analysis was used to identify fatigue critical locations and fatigue stress spectrum. And the fatigue resistance
of composite blade were evaluated using the rainflow cycle counting, and Goodman diagram and the fatigue life estimation
formula in the GL guideline.
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Table 1 Specification for small wind turbine
Rated Power 1.5kW
Cut-in wind speed 3.0m/s
Cut-out wind speed 22.5m/s
Rated wind speed 10.5m/s
Rated rotational speed 300rpm
Number of blade 3
Blade length 1.42m

Fig. 1 Element of small wind turbine blade
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Table 2 Loading condition at the section 1

Wind speed [m/s] Bending moment [Nm]
49 2657
10.3 66.19
14.8 69.80
20.1 81.01
22.4 89.03
30 89.03
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Fig. 2 Wind speed-Bending moment curve
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Table 3 Element number at FCLs

Direction Stress Element No.
, Max. in—plane prin. stress 578
0 Min. in-plane prin. stress 1077
5 Max. transverse stress 909
0 Min. transverse stress 1182

Table 4 Stress at FCLs of unit load analysis

Direction Stress Stress[MPa]
: Max. in—plane prin. stress 1.132
0 Min. in—plane prin. stress -0.784
5 Max. transverse stress 0.272
0 Min. transverse stress -0.141
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Table 5 Markov matrix for max. stress at transverse direction

Stress Range[MPa]
0.80 | 161 .

0.78 19923/ 1989

1,55 3936 | 9140

2337309 | 4541

31113529 | 3606

3.83] 2863 | 6316 28

4.66| 2174 2305 38

544[ 153 | 1522 35

621 982 | 1157 9
Mean [6.99] 668 | 747 | 987 | 777 [1195[1011 [ 174 | 9 [ 107 | 39 | 32
Stross 77| 850 [ 567 1222 53

854 239 | 364 | 956 63
[MPal[932] 7167 | 357 | 376 53

10.10] 164 | 298 | 187 13

10.87] 75 | 240 | 179 5

1165 45 | 122 | 141 3

1243 79 | 124 | 92

1320 77 | 118 | 151

1393 87 | 139 | 168

1476 75 | 102 | 83

1553 25 [ 30 | 13
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m 10 10

Table 7 Total fatigue damage at stress direction

Direction Stress m Damage
Max. in—plane prin. stress 10 33E75

o 8.94 2.55E-4
Min. in-plane prin. stress 10 25277

8.94 3.26E-6

Max. transverse stress 10 63418
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Min. transverse stress 10 ATE-1L

8.32 1.28E-8
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