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Bend-Twist Coupling Behavior of 10 MW Composite Wind Blade

Soo-Hyun Kim*, Hyungki Shin**, Hyung-Joon Bang*"

ABSTRACT: In this study, a structural optimal design of 10 MW composite blade was performed using bend-twist
coupled(BTC) design concept. Bend-twist coupling of blade means the coupling behavior between the bending and
torsional deflections due to the composite lamina with fiber angle biased from the blade longitudinal axis. This can
potentially improve the overall performance of composite blade and reduce the dynamic loading. Parametric studies
on layup angle, thickness and area of off-axis carbon UD were conducted to find the optimum coupling effect with
weight reduction. Comparing the results of fatigue load analysis between conventional model and BTC applied model,
the damage equivalent load(DEL) of blade root area were decreased about 3% in BTC model. To verify the BTC effect
experimentally, a 1:29 scaled model was fabricated and the torsion at the tip under deflection behavior of blade
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stiffener model was measured by static load test.
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Table 1. Design parameters of 10 MW blade

Parameters Specifications Units
Rated Power 10.0 MwW
IEC Wind Class IEC class IB -
Rotor Diameter 176.0 m
Blade length 85.5 m
Root Diameter 5.0 m
Design TSR 8 -
Pre-bend 3.35 m
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Fig. 1. Airfoil geometric shapes used for 100 MW blade model
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Table 2. Mechanical properties of composite materials

l\ierco}:‘erft;al Unit Cijll’)on 2AX | 3AX45 | 3AX60
E, GPa | 147 120 29.4 326
E, GPa | 134 120 15.1 12.0
Gy, GPa | 761 11.0 7.10 6.16
Vi, ] 0.34 0.55 0.43 0.54

Fig. 2. 3D shape of 10 MW Blade
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Fig. 3. FE mesh model for structural analysis
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Fig. 4. Twist angle after bending deformation by the off-axis
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Fig. 6. Comparison of blade DEL according to BTC application
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Fig. 8. Configuration of BTC static load experiment



Bend-Twist Coupling Behavior of 10 MW Composite Wind Blade 373

271 9 o= [+45]9] biaxial 324G EFAE A4
shalom, 2 = o] 92 oA K E BE7FA o] 23]
el 20=2 A A3E E&*é.% UDE- 174 2

ol AIc A S o
T} 2 F ol ARk} v e eF
%ﬁ—“ﬂ4 on], 7 28 o] 83 HtF AFstol
Ao P ES 5757 91% Al A"E Fig 83 o] 5

ahaict.

«n OID

4.2 N8 Zdat

AAE Sando] H35S 98 FE s wde 545t
Oq ey *o}io]foﬂ*ifﬂ HYE5 vkt Fig. 93 o]
90% 2]x]o]l Z}zF 196, 196, 147 N
a";E} 83 EHAEE AR 4710 24

FO = 53Lof Fakgh ‘?ﬂ%‘% Aol A&
-, Fig. 102} o] FYU3t Hﬂ‘ﬂl’ﬂ—l
‘jr- é 4 ﬁxloﬂ w2} ‘jr Aol & H
Zandal sfang
o] FUT HMIFE %?_—;E% 1o g ELOI sk

Eglo|= BAAY] 42 o) tia flapwise L edgewise BF
aFoll thall 242+ impact modal A 92 =353 6709] 1
2 AEEAS Zamd o] A5} ol 754w, Fig 11
of go] mEGA U WGAFR ZHA AP AT
1% 918 9bA] 43 ABAQUS FE 34 =S 85}
o] Ritz {H ol o3l ALFFTE 553Ut Table 30 4]

= T T

196N 196N 147N
(55% Span) (70% Span) (90% Span)

T T T
| I T 1 1 T

ET

Fig. 9. Loading position of blade stiffener scaled model

strain [ue]  ESG1  ESG2 ESG3  ESG4  ESGS
Exp. 3417 1839 1535 2351 1710
FEA 3227 1687 1474 2354 1858

Diff. -5.6% -83% -40% 01% 8.6%

Fig. 10. Strain results on the strain gage (ESG) points
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4th flapwise mode

Fig. 11. Mode shape of scaled model in flapwise direction

Table 3. Design parameters of 10 MW blade

Experiment | FE analysis .
M Diff. (%
ode Freq. (Hz) Freq. (Hz) ift. (%)
1* Edgewise 7.642 7.754 -1.5
1* Flapwise 8.619 8.516 1.2
ond Flapwise 25.448 25.368 0.3
2nd Edgewise 26.669 26.633 0.1
1 400
—A—Tip twist O
ol—a —0— Tip deflection 300
- 3
g - \ 200E
g S
ke
2 2 100.3
S 5
30 0
A
a4l L1100
0 1
Loading condition

Fig. 12. Twist and bending deflection result of BTC static load
experiment
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