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Structural Test Analysis Study for Manufacturing of Flax Fiber
Composite Blades for 30kW Wind Turbines

Hye-Jin Shin*", Ji-Hyun Lee**, Sung-Young Moon**, Jounghwan Lee*

ABSTRACT: Recently, as global environmental issues for sustainable development, such as carbon neutrality, have
emerged, disposal methods of glass fiber composites, a material of existing wind turbines, have become a problem. To
solve this problem, in this study, 30kW wind turbine blades were manufactured using flax fiber-based composites,
which are eco-friendly natural fiber composites that can replace existing glass fiber composites, and their suitability
was evaluated. First, mechanical strength tests were conducted to verify the feasibility of using eco-friendly natural flax
fiber composites as a wind turbine blade material, and as a result, better strength were confirmed compared to
previous studies on the properties of flax fiber composites. In addition, the suitability was confirmed through a static
strength performance evaluation test to measure the static strength of the flax fiber composite blade using the
manufactured 30kW class flax fiber composite blade.
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Table 1. Greenhouse Gas Emissions by Sector [1]

Emissions
Propotion b Compared
Sectors 2017 | 2018 | TOPOHONBYL 442017
Sector in (%)
2018 (%) ’
Total emissions
709.7 | 727.6 100 2.5
(Excluding LULUCF)
Net emissions
668.3 | 686.3 - 2.7
(including LULUCEF)
Energy 615.7 | 6324 86.9 2.7
Industrial Processes 55.9 57.0 7.8 1.9
Agriculture 21.0 21.2 2.9 1.1
LULUCEF -41.5 -41.3 -5.7 -0.5
Waste 17.2 17.1 2.4 -0.7
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Table 2. Materials for flax composite manufacturing

Materials Manufacturer Model
Flax fabric
BCOMP 1iTe 2
(UD) CO ampliTex 5025
Epoxy Kukdo chemical Epoxy Resin KFR-120
Vinyl ester Polynt composite EPOVIA® KAYAK
4 4 P KRE-1031
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Fig. 1. Natural fiber composite specimen after mechanical test,
(a) tensile (ASTM D3039), (b) compression (ASTM D3410),
(c) flexure (ASTM D790), (d). In-plane shear (ASTM D3518)
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Table 3. Equipment for measurement

Equipment |Manufacturer Model Test condition
i I testi
Universa . SHIB L Instron Model 5985
machine Temperature
i i 18~22°C),
Universal testing | gy g | AG-sokNx | (18722C)
machine Humidity
, , (45~55%)
Universal testing | ;. dzu [UH-EX 500KN
machine

Table 4. Mechanical properties of Flax/Epoxy composites (Strength

(MPa))
Parameters Literature [8] Test results
(Strength (MPa)) | Glass/epoxy | Flax/epoxy |  Flax/epoxy
‘ 229.68
Tensile 1143.0 19321 (5. Dev: 18.03)
Compressive | 778.73 BL77 s, éiiz f.12)
297.45
Flexural H6L82 | 23461 | (¢ Dev: 12.60)
31.98
hear [MP . 26.
Shear [MPa] 63.66 6.88 (S. Dev.: 1.03)

Table 5. Mechanical properties of Flax/Vinyl ester composites

(Strength (MPa))
Parameters Literature [5] Test results
(Strength (MPa)) | Flax/vinylester Flax/vinylester
278.96
Tensil 227.2
ensile (S. Dev.: 18.03)
. 74.72
Compressive - (S. Dev.: 18.03)
256.48
Flexural 252.1
exura; 5 (S. Dev.: 18.03)
In Plane Shear 27.6 et

(S. Dev.: 18.03)
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Fig. 2. Natural fiber composite specimen after mechanical test,
(a) tensile (ASTM D3039), (b) compression (ASTM D3410),
(c) flexure (ASTM D790), (d) In-plane shear (ASTM D3518)
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Fig. 3. Test setup of Natural fiber composite wind turbine blade
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Table 6. Sensors and device for measurement

. Next
. Manu- Device num- K .
Equipment Model calibration
facturer ber
date
Length meter | KOISS 5.0m - 2023.05.24
Laser
displacement | BOSCH |GLM250VF| 510266815 |2023.05.24
sensor
Load OT180 2023.06.09
measurement CAS CASTON2
sensor OT145 2023.06.09
(Crane scale)
Table 7. Test load by position
Load level 2.3m 6m
1 101.2 kg 2.4kg
2 202.0 kg 5.0kg
3 304.0 kg 7.0 kg
4 404.0 kg 9.0 kg
5 506.0 kg 12.0 kg
6 606.0 kg 14.0 kg
7 708.0 kg 17.0 kg
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Fig. 4. Displacement measurement result by load (2.3m sling
position)
120 —e—6m distance from Root
s TR | Linear fit
g 100 )
o4 80
g 60
G
o 40
[y
o
o 20
0

0 24 5 7 9 12 14 17
Load(kg)

Fig. 5. Displacement measurement result by load (6m sling
position)
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