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Tab.1 Main parameters of wind turbines

ZH0 Parameter {H Value
#5E K Rated wind speed /(m/s) 11.4
5E 7 7 Rated rotor speed/(r/min) 12.1
it K Blade length /m 61.5
YIAKGE Cut-in wind speed /(m/s) 3.0
YJ i KGH Cut-out wind speed /(m/s) 25.0
X% B 42 Hub diameter /m 126

i F i it Blade mass /kg 17 740
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Fig.1 Spanwise distribution of twist angle and chord length of the
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Fig.2 Parametric modeling process of the blade
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Tab.2 Mechanical properties of laminates
R
Composite material
JEEAK Gelcoat 3.44 3.44 1.38  0.30 1235
BYISA E-LT-5500(UD)  41.80  14.00 263  0.28 1920
REFYE Carbon(UD) 114.50  8.39 599  0.27 1220

E,/GPa E/GPa G /GPa v, pl(kgm’)

JBIK Foam 0256 0256 0022 030 200
REIHES S
Saertex(DB) 13.60  13.30 1180 0.49 1780
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Fig. 5 Maximum stress and 1st order buckling factor of the blade

corresponding to different mesh sizes

HT I 5 R, S5 R 42 Ja JOSPEC0. 1 m i, i 7 d
RN SIAEAG 1 Iy Jsk oy PR3~ A0S 2 AL B3/ T 5%
PR, 76 30K B2 SR SR AT AT I R ,0. 1 m 2
R A A O A RS R 0 ) RS o AN TR TR A% R
JETT A 1B Ji RS A 6 BT 7 o

K7 Fr s A SCRIZ BT R BRET 4T i 52 %0t
RV E AT SR ART LU AR . BT TR, R RD 6 B
[ A7 AR R S A2 R R B W, R SCR a7
(2 AR B — e e
2 |}FEITE

N TRFEH R 7 S i SR PERESE i, A 3G i
U= % VSRRV L W 5T e A = R IR o
P AR L R R A ) e R A v e e i R T
A, P38 a5 1] 3T [ R 5 7 0 R i S RSl BT
WS B A A 5 BB BROCAEETY , X L BEA T 4540 i
Sy A K AT
2.1 HEEREMELS

IR R At % iz 2l , FLAT TR R 1/3
Gl ot S, AR R . il e L K
R HUE, WA 8 7R o IS M 5 R 23 D b
TN W S 26 AR XTI BLI) B S 80
VB, AR 11, 4 m/s, 5 H R I RRER SR



114 HL Ui

i 2025 4

P

[ 4% ]RLF0.2

.0 645 1
Mesh size 0.2

0.581 42
0.508 75
0.436 07
0.363 39
0.290 71
0.218 03
0.145 38
8.072 68

ks R 012
Mesh size 0.12

[k R5F0.1
Mesh size 0.1

4% R 5+0.06
Mesh size 0.06

El6 ARMERETHR1MEBEZS
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Fig. 15 Buckling modal and eigenvalue of the blades under the rated wind speed
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Tab. 4 1st order buckling factor after adding a safety factor

Ly e AU I R
Blade Rated wind speed  Cut-out wind speed
BREFYEN H Carbon fiber blade 2.025 1.543
BEIANIT H Glass fiber blade 1.033 0.834
Yiew =3 1.364 1.165
Ve = 13 2.025 1.543
Yeem =1 1.033 0.834
Yire) = 1 2.023 1.541
Yier = 13 1.019 0.821
Yo =3 1.003 0.834
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(b) Change rate of mechanical property of the blades
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Fig. 16 Analysis of relative change of multi-performances of
different blades
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Carbon fiber and glass fiber mixed design and structural performance
analysis for large wind turbine blade

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

Abstract: Carbon fiber is increasingly used to replace conventional glass fiber in layup designs of large wind turbine
blades to improve their structural strength, but the high cost of carbon fibers makes it difficult to cover the entire area of the
blade. Therefore, the research of the influence of mixing ratio and relative position of carbon fibers and glass fibers on the
structural performance of the blade can help to obtain higher performance and lower cost wind turbine blades. The proportion
of carbon fibers and glass fibers in the corresponding position of the main beam of the blade and the relative position of layup
were adjusted by Ansys software. And the structural statics, modal and buckling analyses were conducted by using a
combination of computational fluid dynamic method and finite element method. The results show that the performance of the
blade main beam using carbon fibers and glass fibers mixed layer can be similar to that of carbon fiber blades. When the
carbon fibers near the tip of the blade can improve the blade first-order modal and buckling factors. When it is close to the
root of the blade has less impact on the blade maximum stress and strain. Under the premise of ensuring the blade stability and
anti-resonance performance, when the carbon fibers and glass fibers layup ratio is 3: 1 and the carbon fibers are close to the
root of the blade, the overall performance of the blade is better.

Key words: Wind turbine blade; Carbon fiber; Glass fiber; Main beam; Finite element method
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