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The Study of strength improvement of the compostie material blade

for the health ensurance of wind turbine system.

Woo-Yeol Jeong

Department of Safety Engineering, Graduate School,

Pukyong National University

Abstract

Recently the modern society has some problems by the exhaustion of
the energy source because of using fossil energy such as the coal, oil,
natural gas, and-etc. Therefore the development of the renewable energy
which is sustainable and-.is clean is obligatorily accompanied.

Our country where is surrounded by sea on 3sides has advantageous
location condition for the wind turbine system. The structure of the wind
turbine system is composed of the blade, nacelle, and tower. The blade is
composed of much technology, it is the most exposed to the danger of
accident and if the accident happens, it would be the most dangerous part

because it revolves at high speed. Especially, the study on the strength

- il -



improvement of the blade is essential to the actual condition in which the
external environment suddenly change due to the global warming.
Therefore, the object of this study secures the safety of the wind turbine
system through the strength improvement of the blade. The Flap—-Wise
Test condition that is the essential structural performance test of the blade
1s given and it tries to compare with the existing blade model after
finding the material characteristic value of-the CFRP through the tension
experiment prior to-the evaluation of an analysis. Finite element analysis
for structural strength improvement ofw-blade was carried" out using the
commercial ANSYS' code:

The following conclusions could be drawn from this study.

1) The stress—strain curve resulting from the material characteristic
evaluation showed the linearly steady relation” until the fracture and it
could confirm the superiority of “the material through the obtained

mechanical characteristic.
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2) The stress distribution under the Flap-wise test condition is regular
and low stress value by load burden of replaced CFRP layer among the
internal structural materials in comparison with GFRP model. In addition,
in the twisted tip part, the stress value which is lower than GFRP model
was shown and the structural performance improvement could be

confirmed.

3) The model teplaced by plain woven CFRP confirmed that
displacement was markedly deereased inrcomparison with GEFRP model and
it controls the deformation of the blade. The CFRP model which is proved
the strength improvement is considered additional lightweight by reducing
the thickness "of section of (\CFRP model since performing the analysis

about the model having the same thickness of section of the models.

4) The models showed the high stress value in the Hub and Neck
connection part. In the case of broadening the application to connection
part based on the analysis result, it is considered that the reinforcement

about Hub and Neck connection part can be improved.
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Fig. 2 The cross-section structure of rotor blade.
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Table 1.“\The accident ca urbine system  (CWIF,2005)

29 % AnF@R e HE®
Edols &4 I @‘ 32.5
728 &4 17.2
SHA) Iy e 14.1
olm Apir 36 13.7
lce® 913+ &4 23 8.8
THeA At 9 3.4
T Ro| A Ala 7 2.7
3499 6 2.3
71A Ast 4 1.5
7] 10 3.8
Al 262 100




Table 2. The accident caused by structural damage (CWIF,2005)

4 < AF 3L 5 (R) 1 =(%)
2ZH Efol= 14 31.1
15 ) 12 26.7
71 A= 7 15.6
3 A 4 8.9
A7) A3 3 6.7
o FA] 1 2.1
71 4 8.9
A 45 100

Table 3. The rotor blade breakdown and damaged accident (CWIF,2005)

a9 ENEE 0/ =@
%, B3 25 29.4
o g 21 24.7
714 A% 3 3.5
= gk 1 1.2
B9 = 1 1.2
Al By 34 40.0
A 85 100
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Fig. 4 Texture of plain woven CFRP laminate composite
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Table 4. Composition of the fiber and resin in prepreg

Material Fiber Resin Resin Content Total t
ateria

Wt(gr/m®) | Wt(gr/m®) (%) Wt(gr/m*) | (mm)
CF 3327 EPC 205 148 42+2 353 0.27

10_27mm x 6 ply

Fig. 5 Construction of plain woven CFRP prepreg
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Fig. 8 The entire model and Cross section of rotor blade
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Table 5 Material property of the rotor blade

Elastic Modulus | Poisson’s Tensile ultimate
(GPa) ratio strength (GPa)
Skin 10.3 0.3 0.151
Lining 10.3 0.3 0.151
Urudirectional
) 37 0.31 0.986
fiber
Balsa Core 3.518 0.3 0.013
Plain Woven
149.3 0.1 1.546
CFRP

linng's ; -
unt? core CERE T .
™ skin
Detail a Detail b Detail ¢

Fig. 9 The structure material of rotor blade
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Fig. 10 Boundary condition of numerical analysis model for Flap-wise test.
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B4 CFRP A% 5345 AgA A Dl dat A7z 38 -9

Table 6 Mechanical properties of tensile specimen

Tensile modulus, | Ultimate strength, |«Poisson’s ratio,

E Ou 0

149.3 GPa 1,046 MPa 0.1
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Fig. 11 A typical stress-strain curve acquired for a plain woven CFRP

composite under uniaxial tensile test.
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Fig. 12 The comparison of stress contours for the rotor blade under the

minimum flap-wise test.
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Fig. 13 The stress distribution along the longitudinal direction of the rotor

blade under the minimum flap-wise test.
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Fig. 14 The stress distribution along the twisted tip of the rotor blade under

the minimum flap-wise test.
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Fig. 15 The comparison of stress contours for the inter-layer in the rotor

blade under the minimum flap-wise test.
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Fig. 16 The displacement distribution along the longitudinal direction of the
rotor blade under the minimum flap-wise test.
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4.3 Maximum flap—wise test 43}
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Fig. 17 The comparison of stress contours for the rotor blade under the

maximum flap-wise test.
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Fig. 19 The stress distribution along the twisted tip of the rotor blade under

the maximum flap-wise test.
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under the maximum flap-wise test.
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the rotor blade under the maximum flap-wise test.
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NOMENCLATURE
CFRP : Carbon Fiber Reinforced Plastic

E . Modulus of elasticity

GFRP : Glass Fiber Reinforced Plastic

GREEK LETTERS

0 : Orlentation degree of warp and weft fiber
Y . Poisson's ratio
Oy . Ultimate strength
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