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Tab.1 Main parameters of 5 MW VAWT

28 H 28 fH
Parameter Value Parameter Value
HE L) H 5 et de e 3140
Rated power/MW Optimal tip speed ratio A ’
e A 13 LSS 6.357
Rated wind speed/(m/s) Chord length of blade ¢/m ’
i o2 ey I B RE
B e g Jrhﬂ—JE 127.144
Rated speed/(rad/s) Blade height H/m
YA GHE X =
AN 3s || SUEEE 97.872
Cut-in wind speed/(m/s) Wind turbine diameter D/m
P H R e
kAR 25 ORI 113.567
Cut-out wind speed/(m/s) Tower height H,/m
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Tab.2 Mechanical properties of blade materials

#1 B Material pl(kg/m?) t,,,/mm E,/GPa E,/GPa E,/GPa G,/GPa G ,/GPa  G,/GPa v, Vi Vyy
L) 1 B8 B T A
Unidiriijﬁ%f)il?ﬁs fiber 1900 0.53 43 14 14 4.5 4.3 2 0.3 0.1 0.1
XL 28 S IS £ Y
Bi-directional cross ply(BIAX) 1900 0.53 13 12 11 9.5 2 2 06 02 02
glass fiber
U HF Core material 200 3.125 0.25 0.25 0.25 0.085 0.085 0.085 035 035 035
K5 )2 Nexus 1678 0.381 7.58 7.58 7.58 4 4 4 03 03 03
A Gelcoat 1235 0.381 3.44 3.44 3.44 1.38 1.38 1.38 0.3 0.3 0.3
&3 GFRP M HI R R 5E 45 1%
Tab.3 Ultimate strength properties of the GFRP and core material MPa
K Material S, S., S, S, S., 5. Sy, Sy, Sy,
B Core material 7.1 7.1 7.1 4.8 4.8 4.8 3.5 3.5 3.5
PR B IS EF4E UD glass fiber 914 42 42 525 121 123 36 35 10
K1) 38 LB HEEF4E BIAX glass fiber 150 150 40 150 150 570 144 38 39
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Tab.4 Blade section lay-up details and wall thickness
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Tab.5 Material safety factors

520 [N 2 Influence factor { Value
MBHEAL Aging effect €, 1.35
LEESZ M Temperature effect C,, 1.10
HilfE 1.2, Manufacturing method C,, 1.10
24 R [E L Laminate curing C,, 1.00
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Tab. 6 Allowable tensile and compressive material strains

R 8:,1/ ‘9:,2/ &5/ e/ €. 84",3/
Material 107 10° 10° 107 107 107
o 4T 2

irﬂ%ﬁﬁ*’f{ﬁ 9.640 1.361 1.361 -5.537 -3.920 -3.984

UD glass fiber

XLi) 38 S B £ 4

BIAX glass fiber 5223 5.669 1.649 -5223 -5.669 -23.624
iy

12.880 12.880 12.880 -8.770 -8.770 -8.707
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Fig.5 Flow field calculation domain and boundary conditions
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Tab.7 IEC wind turbine design classes m/s

S0 Parameters Class I Class I Class I Class IV
S 247 JRL R
TR 10 8.5 7.5 6
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Fig. 6 Mesh of the fluid field
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Fig. 9 Displacement deformation and strain distribution
5.2 BAFESH
A o A IR i 7 3 TSR BRXU A T KT
BLAGRERS BB 3-8 = P, AP 10~ 12 7

e

IFFRRIE Vertical view

C O

U,Magnitude
+4.158 x 10°
+3.812x 10°

+3.465 x 10°

+3.119x 10°
+2.772 x 10°

+2.426 x 10°

= +2.079 x 10°
+1.733x 10°
+1.386 x 10°

+1.040 x 10°
+6.930 x 10*
I +3.465 x 107
+0.000
IEALIE] Front view

E10 HMERIATRANCE S

Fig. 10 Displacement distribution on the wind turbine under
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Tab.9 Relative difference between the natural frequency and the operating frequency of the wind turbine

[ e EEEETES W T ARSI AHX 22 AR A
Modal order Natural frequency /Hz Wind turbine operating frequency /Hz Relative difference /% Resonance risk
1 0.179 25 0.133 34.774 73 No
2 0.186 05 0.133 39.887 77 No
3 0.221 27 0.133 66.368 73 No
4 0.308 41 0.133 131.887 7 No
5 0.369 63 0.133 177.917 7 No
6 0.389 61 0.133 192.940 7 No
7 0.397 64 0.133 198.977 7 No
8 0.499 772 0.133 275.768 7 No
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Research on structural design of 5 MW vertical axis wind turbine

ZHU Haibo MIAO Weipao LI Chun WANG Haisheng YUE Minnan

(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Vertical axis wind turbines have gradually become a research hotspot due to their ease of scalability, but the

research involving structural aspects is relatively limited. Therefore, a blade and strut composite layup design solution was

proposed to meet the structural performance requirements. The computational fluid dynamics method was used to obtain the

aerodynamic loads under extreme environments and loaded them onto the wind turbine surface. The finite element method was

used to perform the statics and modal analysis. The results show that the proposed wind turbine blade, strut, and tower have

sufficient safety under extreme loads. The maximum displacement is located at the top of the blade trailing edge, the maximum

stress is located at the connection between the tower and the strut, and the maximum strain is located at the blade web in

contact with the strut; the vertical axis wind turbine wind wheel still has strong torsional load characteristics under the

windward condition; the wind turbine operating frequency is less than the wind turbine first-order natural frequency, and its

relative difference exceeds 10%. The wind turbine will not resonate under rated conditions.

Key words: Vertical axis wind turbine; Blade; Composite; Structure design; Finite element analysis
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