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A 3% [ ] F 2R fE U5 55 55 % (National Renewable
Energy Laboratory, NREL) 2241 (1) 5 MW X7 AL A F 5%
XA, HERESHNR R,

%1 NREL5MW RANEESH
Tab.1 Main parameters of NREL 5 MW wind turbine

2 Parameter {8 Value
HE U1K Rated power/MW 5.0
YA KE Cut-in wind speed/(m/s) 3.0
B4 XUHE Cut-out wind speed/(m/s) 25.0
HE 557 Rated speed/(r/min) 12.1
R H AR Wind turbine diameter/m 126
%5 K Rated wind speed/(m/s) 11.4
- A B Blade length/m 61.5

I F JFi it Blade mass/kg 17 740
YA Hub height/m 90.0
EELRERE Tower height/m 87.6

NREL 5 MW XUHLI i3t 84 61. 5 m, TR
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NACA64 RGNFAN o M H AR 2 k2 iy 6 Fh
AN [ 3 AU AR B, H b SRy sk it e T R A L RIS
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Fig.1 Different airfoil position along spanwise direction
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Fig.2 Geometry model of blade
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Fig. 4 Modeling process of the bionic blade
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Fig. 5 Layering diagram of the blade
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Tab.2 Laminates and mechanical properties of materials
_ " 222 SN/
=% S | .
N - T BRl ) B £T 4 PO BN Tail edge foam (6) XUl 5¢ fz
ZEE WA Fe A< Triaxial skin(2) C . N oot . .
. . Uniaxial Uniaxial glass fiber AT 25 IA Leading edge Biaxial
Name of laminates ~ Gelcoat(1) =l AR 2 . . . .
Triaxial blad layer(3) carbon fiber(4)  reinforced plastic (5) foam (7) skin(8)
riaxial blade root layer( ORI TR Web foam (9)
#EF Material (H/);/ﬁ( . SNL Triax Carbon(UD) E-LT-5500(UD) WK Foam Saertex(DB)
selcoa
B2 Lay-up — [+45°1J0°], 10°l, 10°l, 0, [£45°],
JE 3 Thickness/mm 0.05 0.94 0.47 0.47 1 1
E /GPa 3.44 27.70 114.50 41.80 0.256 13.6
E}/CPa — 13.65 8.39 14.00 0.256 13.3
GX),/GPa 1.38 7.2 5.99 2.63 0.022 11.8
v, 0.3 0.39 0.27 0.28 0.3 0.49
p/(kg/ms) 1235 1850 1220 1920 200 1780
Ry /GPa — 0.7 1546 0.972 — 0.144
Ry 5/GPa — — 1.047 0.702 — 0.213
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W 2 T A R A 2R ) =S BHR S Al iy, 0] 247 41 3
55 R AT B | e G A S I M 52 Bz N P B 7 SR
)% (Polyvinyl Chloride, PVC) L R 4 %} 5 1 B8 2% X 35,
A AN 2 E-LT-5500 B 5584 )2 He Mok 1758 4k 5 AR X
15 22 J2 =l 58 K LU AR SR BE it R S 3R Tl
W2 BAT A FLTH FE I i A LA $ g o v R
A1 H 4y . i 4d Ansys Composite PrepPost (ACP) f5
AT A R R R e 2RI R i 3R
B 2 JEE B A AN BT 6 T s o
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Fig. 6 Thickness distribution of the surface layer of the traditional
blade
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Fig.7 Spanwise partition of the bionic blade
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Tab.3 Comparison of the structural properties

L R IACS 1 [ 45%

ittt . \
Mass/k Span-wise center of  Ist order natural
ss
assiie gravity location/m frequency/Hz
St
- i 17 740 20.475 0.870
Reference value
fegint
17 766.08 20.23 0.838
Traditional blade
-
DIt o 17 725.04 20.90 1.069

Bionic blade
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Fig. 10 Numerical model of blade
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Fig. 11 Relative variation of the blade stress and 1st-order

buckling factor
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Fig. 12 Finite element mesh of two kinds of blades
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Fig. 13 Boundary conditions and meshes of the fluid calculation
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Tal. 4 First 6-order vibration modes of the blade

(%38 fLgint i it R
Order Traditional blade Bionic blade

H1 ¢ 4 Al S0, Xk PR A Y R 6 BB AT 2 B
12 Bl 73590 - T A2 5 - T A 2R 2 i E A
Aol 60 IR L A AR S 5 2 3 B R ER 4 B O 2 S 5 B
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Tab.5 Natural frequency and vibration mode

fgent i PiA=m R

. Traditional blade Bionic blade
Hril e A S A1) T A S R
Order ik ﬁl\;[m?&l £l ik ’r%lv,[m?&l i1

oda oda
Frequency/H Frequency/H
requency/Hz vibration mode requency/Hz vibration mode

1 i 1 Bri% R
1 0.838 Ist-order 1.069 Ist-order
flapwise edgewise
1 B2 1 B %2
2 1.092 Ist-order 1.411 Ist-order
edgewise flapwise
2 WP 2 R
3 2.574 2nd-order 3.528 2nd-order
flapwise flapwise
2 fir i 2 i8R
4 3.867 2nd-order 3.854 2nd-order
edgewise edgewise
FEER+ A% ISR
5 5.139 Flapwise and 6.048 3rd-order
torsion flapwise
2 [ A% 2 i8R
6 5.761 2nd-order 7.216 2nd-order
torsion edgewise

e R 45 B A AR R RS TAEM R 1~3 £,
HABXT 22 33 10% , UL R LA FRUE RS A S
A SRR I AL 1 B 5. 2R 1 AT, NREL
5 MW X7 B G 5% 53 A 12. 1 o/min, W) H R 4 I A
JiE %% A 3% 1Pl 3 45 % 3P 434l oA 0. 202, 0. 605 Hz.
et i 505 4 ik e 1 B [ B 4% 43 518 0. 838,
1. 069 Hz, P& ¥4 5 1P 3P S 340 22 KT 10% , 7T A
MR RS R A ILIRBEIR . A, O AL 0 R (1) 1815 43R
A T L PR 05 AR 25 R T s e R I O s
53 o
4.2 BhESWH

SRR O KR SR A <8
AR AT WS SER, ARAT I AR RS AR B U
Ty A a5 W E 14~ 17 Fios o d i 14 150, A2 [
— S Bh B LGt B R k3. 337 m, {0t
F 8 0.926 m, J5 & MR /N 72.25% . L]
UL, 05 A i Bk Gt Aa AR R e T I WL i/ it 44
BRSO AR 3G T R 5B AR L

BIAS e it R i A I A8 i . il ) FL AR

N 0 0.3710.742 1.113 1.483 1.8542.225 2.596 2.967 3.338

Displacement/m
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(b) it
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Fig. 14 Displacement distribution of traditional blades and bionic
blades
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Structural design and performance analysis of wind turbine blade based on bionics

ZHU Haibo MIAO Weipao WANG Haisheng LI Chun FAN Shijie YUE Minnan
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Due to the similarity between the internal structure of wind turbine blades and plant leaves, a new type of

bionic leaf vein structural distribution was proposed, along with an entire composite blade layup program based on the bionic

method of applying the mid-axis morphology of plant blades to 5 MW wind turbine blades. The modal analysis and static

analysis of the new bionic vein blade were performed using the fluid-solid coupling method. The results show that the first six-

order of the nature frequency of the bionic blade are improved in comparison to the traditional layup blade and are difficult to

resonate, as well as its torsion resistance. Under the extreme wind load of 50 m/s, the displacement of the bionic blade’s tip is

significantly smaller than that of the traditional blade, and the distribution of the strain and the distribution of the shear stress

are more uniform than those of the traditional layup blade, but the maximum value of shear stress rises.

Key words: Wind turbine blade; Composite materials; Leaf vein; Bionics; Layer design
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