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Nonlinear analysis of the structural strength

of a composite wind turbine blade
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Abstract: The nonlinear finite element model of a 100 kW wind turbine blade was built to simulate the
composite structural responses. According to the GL guidelines, ultimate loads in 4 directions were applied
to the blade model to analyze the strain and safety factor distributions, and the linear and nonlinear
buckling behaviors. It is found that under the condition of an extreme flap-wise load, a large strain happens
in the middle of the blade and the transition between the blade root and the maximum chord section; the
first eigenvalue and nonlinear bucklings occur around the blade tip; the nonlinear buckling analysis is more
conservative than the linear analysis. Under the conditions of extreme edge-wise loads, a large strain exists
at the trailing edge of the middle of the blade, and the first eigenvalue and nonlinear bucklings occur around
the trailing and leading edges of the maximum chord section; in this case, the linear buckling analysis is

more conservative than the nonlinear analysis. The first eigenvalue buckling load factors are larger than the
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nonlinear buckling load facors under the limit load conditions in all 4 directions.

Keywords: wind turbine blades; structural strength; finite element analysis; strain; buckling
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Fig. 1 The extreme loads of the 100 kW blade
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Fig. 2 The finite element model of the wind blade
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Fig. 3 The strength of the composite of the 100 kW blade under the minimum flap-wise load
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Fig. 4 The strength of composite of the 100 kW blade under maximum flap-wise load
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Fig. 5 The strength of composite of the 100 kW blade under minimum edge-wise load
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Fig. 6 The strength of composite of the 100 kW blade under maximum edge-wise load
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Fig. 7 The buckling behavior of the 100 kW blade under minimum flap-wise load
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Fig. 8 The buckling behavior of the 100 kW blade under maximum flap-wise load
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Fig. 9 The buckling behavior of the 100 kW blade under minimum edge-wise load
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Fig. 10 The buckling behavior of the 100 kW blade under maximum edge-wise load



%28 WEEF ARG ety 25 M 3R T AE KOS5 AT 23

3.3 EHEETETF

MR AE 4 A5 1) de R BR 27 (9 56 1 B P i ity 8 Ay R R0 A v i ot A Y A 11 PR . RRAE
(B 28 A PR 1~ 489 K T A 2ok I il 28 oy R 7 55 BRAE W A L P e i 10000 235 ) ) R M A A — 2 A AU . DU il
Ay B K/NATRVE S S/ NMEIR A /AN ESE TO0S , it Fr s i A e PETE . 35 8 5 1) Sl ot Ja ot 2 ey I8 -
55 M 3 TR 2 B K AR Oy 1) 2 A /0N o DT 58 W A7 Pl 32 O 30 ) 0 6 o e 2 R 4 A T e it AR
JE T L R IR 08 B T AR O v A MR O R A I W ORT R 5 I R JUART I AR Y 2 R
AR AL Ty A T it o AEL SR 6 T i B R g A R R AL 1 R R AN B 2

6 -
B 1 £t ih 5.3450
sk ek i
4.508 0
AL W CLAL T R 2 1t
i AL, i 225 B

24600 24440

Ja A R

RS AR NS AL
AT

B MARZEMELEEHSETET
Fig. 11 The linear and nonlinear load factors of the 100 kW blade
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Table 1 The linear and nonlinear buckling safety factors of the 100 kW blade
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