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An Improved Lumping Approach for Fatigue Analysis of a Spar-type Wind Turbine
Huijuan Tan, Jian Song, Junyi Wu

Jiangsu Ship Design & Research Institute Co., Ltd

ABSTRACT: Fatigue assessment for offshore floating wind turbines subjected to random environmental loads has
been a crucially important issue in design phase. The traditional lumping approach for fatigue assessment of
offshore structures is normally applied in the pure hydrodynamic loading rather than taking wind-wave correlations
into account. An improved lumping approach is proposed in the present paper in which the joint probability
distribution of wind and wave climates of a specific site is accounted for. The unit fatigue damage is calculated by
means of fully coupled dynamic analysis, and then the stress ranges on the wind turbine tower base are achieved
through rainflow counting technique which is subsequent in compliance with S-N curves to determine cycles to
failure at different stress range levels. After that, the joint probability of each block is figured out through joint
probability density function of wind and waves linked to North Sea. Finally, the damage for each unit is obtained
by scaling the unit damage with the corresponding probability. An example application is given in the paper to
calculate fatigue damage for a SMW spar-type wind turbine tower base.

Key words: fatigue analysis; lumping approach; joint probability of wind and waves; floating wind turbine
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Joirt Probability 16<Uw<138 [m/s]
Hs[m] op-l0 | 1020 | 2030 | 3040 | 4050 | 5060 (| 6070 | 7080 | 3090 | .0-10.0 | 102110
Hs,i[m] (L] L5 25 EX] 4.5 50 6.0 FA &5 95 10.5
Tplsl Tp.jlsl
0.0-1.0 ([ ]
Lo-20 L5
2.0-3.0 A
3.0-4.0 35
4.0-5.0 4.5
5.0-6.0 S0 0.015% | 0.016%
6.0-7.0 (] 0.012% | 0.036% [ 0.022%
7080 ] 0.047% | 0.061% [ 0.028%
3.0-9.0 &5 0.042% | 0.095% [ 0.084% | 0.029%
J.0-10.0 25 0.028% | 0.098% [ 0.143% | 0.093% | 0.023%
10.0-1L0| 105 0.016% | 0.076% [ 0.157% [ 0.161% | 0.076% | 0.013%
L0120 115 0.046% | 0.123% [ 0.175% | 0.128% | 0.042%
120-13.0| 125 0.024% | 0.075% | 0.132% | 0.129% | 0.064% | 0.014%
13.0-14.0| 135 0.011% | 0.038% | 0.075% | 0.087% | 0.056% | 0.018%
14.0-150| 145 0.016% | 0.034% | 0.043% | 0.031% | 0.012%
15.0-16.0 15.5 0.013% | 0.016% | 0.012%
16.0-170 16.5
17.0-13.0 175
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Unit Damage 16<Uw=18 [m/s]

Hs[m] 0.0-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-7.0 7.0-8.0 8.0-9.0 | 5.0-10.0 | 10.0-11.0

Hs,i[m] 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5
Tpls] Tp.jls]
0.0-1.0 0.5
1.0-2.0 1.5
2.0-3.0 2.5
3.0-4.0 3.5
4.0-5.0 4.5
5.0-6.0 5.5 1.41E-05 | 1.86E-05
6.0-7.0 6.5 1.46E-05 | 2.36E-05 | 4.26E-05
7.0-8.0 7.5 2,28E-05 | 4.17E-05 | 8.27E-05
8.0-9.0 8.5 2.32E-05 | 4.15E-05 | 7.93E-05 | 1.47E-04
9.0-10.0 9.5 2.46E-05 | 4.50E-05 | 7.97E-05 | 1.35E-04 | 2.16E-04
10.0-11.0 10.5 2.58E-05 | 4.80E-05 | 8.90E-05 | 1.64E-04 | 2.91E-04 | 4.94E-04
11.0-12.0 11.5 4.85E-05 | 8.90E-05 | 1.63E-04 | 3.02E-04 | 5.34E-04
12.0-13.0 12.5 4,66E-05 | 8.48E-05 | 1.50E-04 | 2.61E-04 | 4.61E-04 | 7.87E-04
13.0-14.0 13.5 4,30E-05 | 7.75E-05 | 1.36E-04 | 2.29E-04 | 3.73E-04 | 5.82E-04
14.0-15.0 14.5 6.92E-05 | 1.20E-04 | 2.00E-04 | 3.22E-04 | 5.00E-04
15.0-16.0 15.5 1.05E-04 | 1.75E-04 | 2.80E-04
16.0-17.0 16.5
17.0-18.0 17.5
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Actual Damage 16<Uw=18 [m/s]

Hs[m] 0.0-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 5.0-6.0 6.0-7.0 7.0-8.0 8.0-9.0 | 9.0-10.0 | 10.0-11.0

Hs,i[m] 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5
Tp[s] Tp.ils]
0.0-1.0 0.5
1.0-2.0 1.5
2.0-3.0 2.5
3.0-4.0 3.5
4.0-5.0 4.5
5.0-6.0 5.5 2.05E-09 | 2.93E-09
6.0-7.0 6.5 1.81E-09 | 8.50E-09 | 9.45E-09
7.0-8.0 7.5 1.07E-08 | 2.55E-08 | 2.30E-08
8.0-9.0 8.5 9.68E-09 | 3.95E-08 | 6.69E-08 | 4.24E-08
9.0-10.0 9.5 6.98E-09 | 4.43E-08 | 1.14E-07 | 1.25E-07 | 5.05E-08
10.0-11.0 10.5 4.14E-09 | 3.63E-08 | 1.39E-07 | 2.64E-07 | 2.20E-07 | 6.61E-08
11.0-12.0 11.5 2.25E-08 | 1.10E-07 | 2.84E-07 | 3.85E-07 | 2.22E-07
12.0-13.0 125 1.13E-08 | 6.39E-08 | 1.98E-07 | 3.37E-07 | 2.95E-07 | 1.07E-07
13.0-14.0 135 4.79E-09 | 2.94E-08 | 1.02E-07 | 2.00E-07 | 2.09E-07 | 1.02E-07
14.0-15.0 14.5 1.13E-08 | 4.06E-08 | 8.50E-08 | 1.01E-07 | 6.10E-08
15.0-16.0 15.5 1.34E-08 | 2.79E-08 | 3.37E-08
16.0-17.0 16.5
17.0-18.0 17.5
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