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Analysis on the Influence of Layup Design Parameters of Megawatt
Horizontal Axis Wind Turbine Blades

ZHANG Li,YAN Yang-tian, LI Chun, LIU Qing-song
( School of Energy and Power Engineering, University of Shanghai for Science and Technology , Shanghai , China, Post Code: 200093 )

Abstract: In order to study the influence of spar cap’s material and ply orientation angle on the struc-
ture characteristics of wind turbine blades, the model of wind turbine blades is established based on the
secondary development of three-dimensional modeling software NX, combined with layup design and ob-
tained the surface pressure distribution of the blades by CFD method. The finite element method is used to
analyze the structural modal , strength and buckling of the blades. The results show that the weight of the
blade with CFRP in spar cap is reduced by about 8. 08% compared with GFRP in spar cap. The spar cap’
s material has less effect on the modal vibration mode. The ply orientation angle of the spar cap has a
greater impact on the flapping direction of the blade. The 0° laminating of spar cap can reduce the risk of
blade resonance damage and has the smallest maximum stress and strain. The maximum stress and strain
of the blade with CFRP in spar cap are reduced by about 20. 57% and 26. 51% , lower than those of
GFRP. The blade buckling factor is the largest when the spar cap is laid at 0°,and the smallest when the
spar cap is laid at 60°. Compared with GFRP in spar cap,the blade with CFRP in spar cap can increase
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the eritical buckling load by up to 17.84% ,and effectively reduce the risk of buckling failure. Under ra-

ted conditions, the local buckling region of the blade is located at the trailing edge near the blade tip and

the leading edge of the maximum chord section near the blade root.

Key words: wind turbine blade, parametric modeling, structural characteristics , modal , buckling
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Tab. | Parameters of NREL 5 MW wind turbine

Z ¥ Lt
T /MW 5.0
B A /m - s 11.4
e e/ - min ! 1241
B/ m 61.5
HLAGS E/m 14.286
SRR ke 56 780
Pl AR#/m s~ 3.0
B R /m s 25.0
A E AR/ m 126
T TR ke 17 740
HLAG R/ m 3.5
AR R ke 347 000

NREL 5 MW RUALAF A Hy 6 FhIE RIS AL,
BASHANR 2 ram. MR IR AKX i
P X B AR X, 4R Xk ] NACA 3270 D) gk A5% 1 K
BTy AR Xk DU 32 A GRIE T F A A 1 &5
PRI EE , AR R P B A e A S 5e 8 A i i 4. 0t
Fr A EB AR U AR A 2R A2 i T 32 5 U1 S5 L5 )
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Tab. 2 Parameters of wind turbine blade

=) e MREEmEE A KI/m -
2/m L

1 1.5 Cylinder 13.308  3.386 0.5
2 2.87 Cylinder 13.308 3.386 0.5
3 11.75 DU 4050 13.308 4.557 0.38
4 15.85 DU 35 11.48 4.652 0.36
5 24.05 DU 97 - W -300 9.011 4.249 0.35
6 28.15 DU91-W2-250 7.795 4.007 0.35
4 32.25 DU91-W2-250 6. 544 3.748 0.35
8 36.35 DU 93 - W =210 5.361 3.502 0.35
9 40.35 DU 93 -W -210 4.188 3.256 0.35
10 44.55 NACA 64 -618 3125 3.010 0.35
11 48.65 NACA 64 -618 2.319 2.764 0.35
12 DTS NACA 64 -618 1.526 2.518 0.35
13 56.17 NACA 64 -618 0.863 2.313 0.35
14 58.90 NACA 64 -618 0.37 2.086 0.35
15  61.63 NACA 64 -618 0. 106 1.419 0.35
16 63 NACA 64 -618 0 0 0.35
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of the wind turbine blade
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Tab. 3 The mechanical properties of laminate

EAH ik E./GPa E,/GPa G, /GPa v, kg i ues, UTS,

A% Gelcoat 3.44 3.44 1.38 0.3 1235 - -
BEIE WM E-LT -5500(UD) 41.80 14.00 2.63 0.28 1920 702 972
Tl 2T 4 Carbon( UD) 114.50 8.39 5.99 0.27 1220 1047 1 546

LA Foam 0.256 0.256 0.022 0.3 200 - -
KUkl ) 52 17 Saertex( DB) 13.60 13.30 11.80 0.49 1780 213 144
=t e -3 SNL( Triax) 277 13.65 T2 0.39 1 850 \ 700
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Fig. 9 Ply orientation angle of spar cap of the blade
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Tab. 4 Buckling factors of the blades with GFRP in spar cap

Frge  o° 152 30° 45° 60° 75° 90°

1fr 2,164 2.159 2.134 2.058 2.020 2.047 2.115
2Fr 2,175 2.166 2.139 2,065 2.028 2.057 2.124
3Fr 2.653 2.473 2.307 2.254 2.271 2.322  2.346
4y 2.672 2.484 2.315 2.261 2.277 2.329 2.354
SHr 2,676 2.578 2.373 2.301 2.311 2.369  2.404

6 Fr 2.689 2.581 2.375 2.302 2.313 2.371 2.406

F5 BRAEIRHREHETF
Tab. 5 Buckling factors of the blades with CFRP in spar cap

B  0° 15° 30° 45° 60° 75° 90°

1By 2.550 2.431 2.264 2.190 2.166 2.178 2.195
2 2.564 2.441 2.269 2.194 2.171 2.184 2.202
3 3.155 2.992 2.738 2.566 2.488 2.452 2.442
4 3.161 3.017 2.749 2.574 2.494 2.457 2.446

5Fr 3.553 3.104 2.775 2.625 2.526 2.48] 2.467

6 Fr 3.574 3.120 2.797 2.627 2.528 2.484  2.470
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