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Improvement of Design by Structural Test for 750kW
HAWT Composite Blade

C.D.Kong" - J.C. Jeong”

ABSTRACT

In this study, the 750kW scale composite blade for the horizontal axis wind turbine
system was designed and manufacted, and it was tested and evaluated by the specific
structural test rig. In the test, it was found that local bucklings at the trailng edge of the
blade and excessive deflections at the blade tip were happend. In order to solve these
problems, the design of blade structure was modified. after improving the design, the abrupt
change of defletion at the blade tip was reduced by smooth variation of the spar thickness
and the local buckling was removed by extending the web length. The modified design was
analyzid by the FEM, the safety and stability of th blade structure.
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Fig. 1. Flow chart for blade design
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Fig. 2. Result of Aerodynamic Design

Table. 1. Specification of HAWTS
Rated Power 750kW
Cut-In Wind Speed 3.0m/s
Rated Wind Speed 12.5m/s
Cut-Out Wind Speed 25m/s
Rotor Speed 15-35RPM
Number of Blades 3 Blades
Blades Length 23.3m
Airfoil NACA 63-218
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Table. 2. Rsult of load analysis for 20m/s wind

speed

FNIKN] | FT{KN] | MN[KNm]{ MT[KNm]
Station (Nomal |(Tangential (Flap\fvise (Chordwise
Force at | Force at Bending Bending

Chord) Chord) Moment) | Moment)

1.00 8.148 1.460 16.297 2.919
0.92 9.800 1.778 52.195 9.396
0.84 | 10.765 1982 | 109.624 19.838
0.76 | 11.233 2.063 | 189477 34.406
0.68 | 11.108 2067 | 291.546 53.110
0.60 | 10.520 1952 | 414655 75.719
0.52 9.606 1.801 | 556976 | 101.930
0.44 8.455 1578 | 716.207 | 131.298
0.36 7.030 1.326 | 889.499 | 163.319
0.2 5751 1.069 |1074.296 | 197.478
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Fig. 3 Sectional configuration

Table. 3. Material property

Fabric UD Foam
Density
(kg/m’) 1750 1850 52.06
Ex[GPa] 248 31 0.07
Ey[GPa] 11 11 0.07
G[GPa] 4.14 4,14 0.019
Poisson’s
Ratio 0.27 027 0.2
Fxc[MPa] 174.6 620 0.896
Fxt[MPal 313.7 777.8 1.896
Fyc[MPa] 138 138 0.896
Fyt[MPa] 31 31 1.896
Fs[GPal 717 717 0.0008
Thickness
[mm/ply] 0.445 0.49 125
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Fig. 4 Mesh generation of the blade

Table. 4. Result of FEM analysis for first
structural design

Weight [ton] 2.63
125m/s 39
Max. Stress
2 635
[MPa] Om/s
55m/s 127
Max. 125m/s 1.089
Displacement 20m/s 1,685
[en] 55m/s 3318
1th 2.25
Flap Mode
Eigen Value 2nd | 824
[Hz] Lead | 1th | 232
“Lag Mode | o4 | 547
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Table. 5. Comparison between analysis and

test results

Measurement Position
Load (from Root)
[ kN ]
6.0 10.0
Analysis 3.25 3.93
9.8
Test 3.07 3.65
Analysis 6.3 7.77
19.6
Test 5.77 7.27
Analysis 9.76 116
29.4
Test 8.37 10.53
Analysis 13.02 15.6
39.2
Test 12.06 14.28

Fig. 6. Loaded configuration by chain block
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Fig. 8. Deformed shape of the blade under testing
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Table. 6. Result of FEM analysis for modified

design
Weight [ton] 2.36
12.5m/s 449
Max. Stress
[MPa) 20m/s 722
55m/s 144
12.5m/s 1.2
Max.
Displacement | 20m/s 1.834
[m]
20m/s 3.387
Flap 1th 1.89
Mode | 9,4 543
Eigen Value
(Hz] Lead 1th 2.33
-Lag
Mode 2nd 75
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