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Structural Design of FRP Wind Turbine Blade
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Abstract

Blades are one of the critical parts of the wind machine. This paper presents a design procedure
for the blade of a 7m diameter horizontal axis wind turbine with the constraint conditions of
stresses and fundamental frequency. This blade consists of glass/polyester woven fabric and
unidirectional prepreg. It was firstly designed by the classical beam theory on the assumption that
torque box sustains all external loads and the reliability of the blade was then inspected in the
preliminary estimation by using FEM.
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Table 1 Operating conditions
U 88.5rpm
Co 0.338
Ar 6.5
Vo 10m/s
7 0.64
Table 2 Design requirements
Durability 20years
Sattow 1000mm
Wmin 4Hz
Safety factor for maximum 4
strength of GFRP
Safety factor for maximum 3
strength of steel
Safety factor for deflection 2
Stress intensity factor 3
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Table 3 Materials property
Glass/Polyester Mild steel Epoxy AN Bolt

0 1.95%10"%kg/mm® | 7.84x10~°kg/mm’ — —

E 3200kg,/mm? 20400kg,/mm? 331kg,/mm? —

E; 800kg,/mm? 20400kg,/mm? 331kg,/mm? —

G 300kg;/mm? 7750kg/mm? 130kg,/mm? -

V12 0.26 0.32 0.28 —

X 55kgy/mm? 35kg,/mm? — 87.8kg,/mm?

X’ 40kg;/mm? 35kg,/mm? — —

Y 1.6kg;/mm? 35kg,/mm? — —

Y’ 6kg;/mm? 35kg,/mm? — —

S 7kg,/mm? — 6.2kg,/mm? 52.7kg,/mm?
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Table 4 Profile of the wind turbine blade

Station Chord Flange location Flange thickness Airfoil

(mm) (mm) (%chord) (mm)

700 250 0~100 12 HUBCIRCLE
800 254 0~100 12 STAT 0800
900 281 2.1~97.7 12 STAT 0900
1000 355 10.1~74.2 12 STAT 1000
1100 447 16~70.9 12 AIRF 1100
1200 573 17.7~58.7 12 AIRF 1200
1300 622 19.3~55.8 12 AIRF 1300
1400 634 20~55 12 NACA 4424
2000 601 20~55 12 NACA 4423
2500 572 20~55 11 NACA 4423
3000 544 20~55 11 NACA 4422
3400 522 20~55 10 NACA 4422
3900 493 20~55 10 NACA 4421
4300 470 20~55 8 NACA 4421
4600 453 20~55 8 NACA 4420
4900 436 20~55 7 NACA 4420
5200 419 20~55 7 NACA 4419
5700 391 20~55 7 NACA 4418
6000 374 20~55 6 NACA 4418
6100 368 20~55 6 NACA 4417
6500 340 20~55 6 NACA 4416
6900 323 20~55 6 NACA 4415
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Fig. 8 Stresses at torque box flange(110rpm with
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Table 5 Shear flow at the torque box web

Station v N ha q
(mm) (kgo) {(mm) (mm) | (kgy/mm)
900 700 77 22 4.5
1000 700 194 229 1.8
1400 700 137 142 2.6
2000 600 128 111 2.7
3000 600 112 97 3.1
4000 500 97 83 3.0
5500 250 72 63 2.0
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Table 6 Results of biade root design

Py Mx My
Load 1740 2.56%10° | 2.18%10*
(kg (kgmm) | (kgmm)
Steel hub 0.5 11.7 —
Omax
(kg;/mm?)
TEpoxy 0.43% 10_2 5.22X 10-22 4.44X 10_‘
(kg:/mm?)
Tsott 0.22 20.69 2.2x107*
(kg;/mm?)
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Table 7 Cases of FE analysis
Case 1 Case 2 Case 3 Case 4
Skin [0/90/45/ —45/45/ —45] s [0/90/0/90/45/ ~—45/45/ ~45] s
Torque 700~2500 . 12Zmm
box 2500~3400 : 11lmm 700~1700 : 12mm
flange 3400~4300 : 10mm 1700~3000 : 10mm
(station : 4300~4900 : 8mm 3000~4500 : 8mm
thickness 4900~6000 : 7mm 4500~5900 : 6mm
of (’layer) 6000~7000 : 6mm 5900~7000 : 5mm
Torque None 900~5500 : [+45]2s 900~ 1800 : [:45]as
box web 1800~4500 : [£45]2s
(station : layup)
Wind Gust Regular speed
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Table 8 Results of blade FE analysis

Case 1 | Case 2 | Case 3 | Case 4
0" 0y.max 33.5 | 11.2 | 9.27 | 3.04
(kgy/mm?) | —19.4| ~7.8 | —6.14 | —1.39
Web 01 max — 13.6 | 7.24 | 2.47
(kg:/mm?)
Deflection,., | 639 126 436 132
(mm)
Flange weight 42 42 37 37
(kg)
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Fig. 10 Result of stress analysis of skin under compressive force in case 1
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WIND-TORBINE 1-¥T DATA FOR 118 RPM WITH GUST, WITHOUT WEB e ~44.1
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Fig. 12 Result of stress analysis of skin under compressive force in case 3
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Table 9 Natural trequency

Mode no Natural frequyency (Hz)
1 4.41
6.31
3 16.27
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Fig. 15 Finite element modeling of blade root
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Table 10 Results of blade root FE analysis

Case 1 Case 3
Bonded layer . 0.84x107°° 0.93
(kg;/mm?)

Steel hub omex 14.6 5.7
(kg,/mm?) —12.1 —0.1
0’layeromax 12.9 2.3
(kg,/mm?) —5.4
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(a) case 1

(b) case 3
Fig. 16 Deformed shape of blade root
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(a) GFRP and bolt

(b) Steel hub and bolt

Fig. 17 Deformed shape of contact area in case 1

(a) GFRP and bolt

(b) Steel hub and bolt
Fig. 18 Deformed shape of contact area in case 3
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