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Table 1  Static strength test data of fiber reinforced composite laminates

Wl bR/
JEE R R /M Pa \Pa \Pa
[0]s 811.81 758.52 81338 827.24 813.58 914.64 827.51 — — 823.81 46.36
[90]s 36.51 3206 3455 3488 34.09 3931 38.37 — — 35.68 2.54
[0/90,/0 Is 488.44 479.41 485.59 47090 478.09 465.33 483.40 448.61 431.73  470.17 18.91
[45/-45,/45]; 11231 12091 111.67 126.83 11575 122.58 100.61 126.78 106.17  115.96 9.13
[45/0,/-45 1 55299 603.81 57393 61237 577.53 588.41 60491 566.18 580.07 584.47 19.65
[45/0/-45/90]s  353.82 36424 383.84 364.14 364.58 377.20 371.99 37226 361.35 368.16 9.05
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Table 2 Fatigue test data of fiber reinforced composite laminates
JExSYi R F1/MPa W5 A IE AL AR ¥ 71/MPa W57 FF ARG AL
659 380,555,733,652 29 83,403,265
577 5670,4253,7973,3816 25 3373,2459,1837,1432
535 9134 23 1270,5374
36982,878,66539,29100, 11262,5160,18024,3760,
[0]s 494 [901s 21
24575 3476,13218
200413,136795,238721,
437 20 67411
144387
— — 18 597885,102346,6594,64041
376 722,720,376,420 93 186,196,219,150
329 875,2810,2304,1798,2812 81 350
282 7234,21872,40180, 15566 70 1208,1283,1365,1058
[0/90./0 100795,236136, 165933, [45/-45,/45 ]
235 58 4835,7029, 14054,10391
163685
— — 52 127729,66427,64759,85131
— — 49 494832,234674,265142
468 314,203,259,304 295 172,204,172,196
409 865 258 547
380 2341,2155,1616,1838 239 1045,1155,1210,1929
[45/0,/-45 ] 310 19740,20099,19989,28210 [45/0/-45/90 Js 202 11160,7883,9742,9338
292 81674,30307 166 51638
123936,105527,160743, 155501, 145983, 168040,
263 147
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Table 3 Static strength distribution parameters of fiber

reinforced composite laminates

EEHR TERSH B REZH 0
[0]s 22.7590 843.6595
[90]s 17.6465 36.7732
[0/90,/0 ] 32.7750 478.1594
[45/-45,/45 ] 15.8043 119.8863
[45/0,/-45 ] 39.8144 592.6979
[45/0/-45/90 ] 55.9399 371.8794
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Table 4 o-N curve paramelers of fiber reinforced

composite laminates

JEEM m C
[0Js 13.6411 1.8312x10"
[901s 14.1169 8.5804x10%
[0/90,/0 12.4068 4.5375%10"
[45/-45,/45 ] 11.5638 5.0574x10*
[45/0./-45]; 11.1593 1.4150x10%

[45/0/-45/90 I 9.9381 6.0574x10%
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Table 5 Fatigue life of fiber reinforced composite

laminates under random loading
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Fig. 2 Residual strength of fiber reinforced composite laminate
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PROBABILISTIC MODEL OF RESIDUAL STRENGTH OF COMPOSITE
MATERIALS FOR WIND TURBINE BLADE UNDER RANDOM LOAD

Gao Jianxiong, An Zongwen, Bai Xuezong

(School of Mechanical and Electronical Engineering , Lanzhou University of Technology , Lanzhou 730050, China)

Abstract: In order to evaluate the residual strength of wind turbine blade composite materials (that is, fibre reinforced
composite materials) under random load, the effect of load randomicity and dispersion of material properties on the
probability distribution of residual strength is considered. Firstly, the prediction model of fatigue life for wind turbine
blade composite materials under random load is proposed based on the Miner theory and whole probability formula. Then
the probabilistic model of residual strength of wind turbine blade composite materials under random loads is derived
based on the assumption that the residual strength and residual fatigue life depend on the same damage state in materials.
Finally, the effectiveness of the proposed model is verified through the static strength test data and fatigue life test data of
wind turbine blade composite laminates (a whole structure composed of multiple single layer plates). The results show
that the proposed model can reveal the general degradation law of residual strength of wind turbine blade composite
materials, which has an important guiding significance for fatigue life prediction and reliability assessment of wind
turbine blade composite materials under random load.

Keywords: wind turbine; blade; residual strength; fatigue; reliability



