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A Study on Structural Design and Analysis of Large Scale
and High Efficiency Blades for Wind Turbine System

Changduk Kong* - Minwoong Kim** - Hyunbum Park**

ABSTRACT

Recently, the renewable energy has been widely used as a wind energy and solar energy resource
due to lack and environmental issues of the mostly used fossil fuel. In this situation, the
interest in wind power has been risen as an important energy source. For this blade a high
efficiency wind turbine blade was designed with the proposing aerodynamic design procedure, and a
light and low cost composite structure blade was designed considering fatigue life. Structural
analyses including load case study, stress, deformation, buckling, fatigue life and vibration
analysis were performed using the Finite Element Method.

Key Words: Wind Turbine Blade, Structural Design, Sandwich Composite
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Table 1. Aerodynamic design results

Rated Power

1 MW (Electric Power)

Rotor Radius 285 m
Blade Root Chord 2734 mm
Blade Tip Chord 957 mm
Blade Total Twist 24.687 deg.

Airfoil NACA 63-421

Fig. 1 Aerodynamic design result of blade

0.55 4
0.50
0.45 o
0.40
0.35
0.30
0.25

0.20

Power Coefficient

0.15
0.10 !

/.
0.05 4 e

—a— 1MW Blade
—&— E-44 ENERCON

=x.

2
7N

|

0.00 .

Tip Speed Ratio
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Table 3. Structure design results

Fig. 4. Configuration of blade section structure Front Spar i
Station (plies) Rear Spar (plies)
Table 2. Load cases for structural design (t/R) Skin | Spar | Web | Skin | Spar | Web
Load case Case 1 | Case 2 | Case 3 Root~01 Skin(20) /Spar(59)
Reference 0.1~0.2 | 20 59 34 20 40 14
wind speed 2ms | 25mys | 5oms 02~03 | 20 | 66 | 40 | 20 | 42 | 14
— : . 03~04 | 20 74 40 20 50 20
Gust conditon | - without | with | 04~05 | 20 | 83 | 48 | 20 | 55 | 20
(+20mfs, £40°) | gust gust 05~06 | 20 | 81 | 48 | 20 | 55 | 20
0.6~0.7 | 20 73 40 20 48 20
Rotational d | 282 46.9 t
oational spee o om | stop 07~08 | 20 | 55 | 40 | 20 | 38 | 20
0.8~09 | 20 36 28 20 26 14
09~1.0 20 19 20 20 16 8
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Fig. 6. Stress contour on skin of blade

MSC Patran 2006 12 21-Sep-11 202918 2154001
Fringe: Default, A2 Static Subcase, Stress Tensor, . X Component. Layer 12 n 725+001
) 6344001

5.44+001

453+001

3.68+001

2.72+001

1814001

2.09+000)

4.08-002)

-9.01+000)

-1.81+001
2714001

-8.62+001

-452+001
5434001

ault_Fringe.
Max 8.16+001 @Nd 1088
Min -5.43+001 @Nd 417

Fig. 7. Stress contour on spar flange of blade
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