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Stress Analysis of Composite Rotor Blade with Sandwich
Structure for Medium Class HAWT

C.D.Kong" *D.W.Oh™ and J. H. Bang™

ABSTRACT

The exhaustion of fossil fuels and serious environmental pollution put the concern about
non-po llution energy into the world. On the developments of technology, wind energy has
been spotlighted as a non-pollution energy in many countries. This study has carried out
the aerodynamic and structural design procedure of the lightweight composite rotor blades
with an appropriate aerodynamic performance and structural strength for the 500kW medium
class wind turbine system. The previous design, which is shell-spar structure, is redesigned
to shell-spar- sandwich structure for light weight. Large deformation problem from light
weight is examined by non-linear analysis. Local buckling occurred under lower stress than
failure stress. The buckling analysis is accomplished to confirm the safety of the composite
blade. The stress analysis around pin hole joint part at hub is carried out and it is
confirmed that the pin hole is not failed. The results show that the resonance of redesigned
blade does not happen in operation range.
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. Tabie 2. Thickness and material of blade with
{O0R 0SR OAR O7R (06R 058 C4R OIR O2R E.lR/
iBJejning vj 8 fv i 61 i /j honeycomb
'''''''''' T 1 Station Thickness (mm) Material
0.025R ~
0.035R 20t/85t/20t
?ﬁuﬁ lass/Epox 1] 0.035R ~
@:j Steel 0.039R 20t/20t/20t GRP/Steel/GRP
/ AT 0.039R~
0.100R 20t/10t/20t
Hub Blade
0.1R~
25t/5t (20t) Spar GRP/
i ] i i 0.2R par
Fig. 1. Blade configuration without honeycomb Skin GRP
0.2R—~ 25t/5 (20t) (Honeycomb)
Table 1. Thickness of blade without honeycomb 0.3R
Station | THCKNESS | naerial | Part O3 | 23avzsuan/sian
1 20t/85t/20t -~
0U85Y 0'4($5R 20t(4t/12,5t/40)/5t(200)
2 20t/32t/20t | GRP/Steel/GRP :
3 | 20t/20t/20t Hub 05R~
06R 18t(4t/12,5t/4t)/5t(20t) Spar GRP
4 | 40v/20t . (Web:GRP/
5 20t/13t ‘ 0.7R 18t(4t/12,5t/41)/5t(20t) | Honeycomb./
6 00Tt . GRP/Skin GRP
0.7R~ (Honeycomb)
18t(4t/12,5t/4t)/5t(20t)
7 |17/ 08R /
8 | l4vmt Spar GRP/Skin 0'859"1% 184(4t/12,5t/40)/54(200)
9 10t/7t GRP Blade -
10 | 6uTt 0'91R0~R 18t(4t/12,5t/4t)/5t(20t)
11 2t/7t
12 | 2t/7t
Skin
H b
13 2t/7t - oneyco
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Fig. 2. Blade configuration with honeycomb
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Fig. 3. B.C. for pin strength analysis

Table 3. Failure mode

Range Failure mode
0°< 8 4y <15°
30°< 6 py <60°
75°< 0 py <90°

Bearing failure J

Shear - out failure

Net - Tension failure
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Table 4. Analysis result for blade without

honeycomb
Analysis NISAll FEM Code
Result Max. Stress Max. Max.
Case of (MPa) Disp. Dist.
Analysis Ten. | Com. | (m | (deg)
12 m/s 39.0 40.3 15 1.2
20 m/s 61.1 66.8 233 1.94
30 m/s 853 978 3.25 26
65 m/s 1037 | 1188 | 344 -




Table 5. Analysis result for blade with

honeycomb

Analysis {Max. Stress| wpax. | Max.

Cage ONTEU WPal | Digp. | Dist
Analysis Com. (m) | (deg)
12 m/s 53.48 1.0 |0.36°

20 m/s 88.68 16 059

30 m/s 120.8 218 10.88°

65 m/s 148.3 24 | 1.09°
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Table 6. The predicted results of pin joint of
composite blade ROT, ROC

Stacking angle Skin Spar
0° Ply -~ Not fail
45° Ply Not fail Not fail
-45" Ply Not fail Not fail
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Fig. 5. Stress on the skin(-45°)
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Fig. 6. Stress on the skin(+45°)
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Fig. 7. Stress on the skin(0°)
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Table 7. Compressive force for buckling analysis

Giobal Compressive force(KN)
station
Local
station 0.1R 0.2R 0.3R
12.¢ 9.0 356
1. . 61.3
Leading edge i 033
122.7 92.0 58.7
1176 88.2 51.0

102.2 76.7 51.0

80.0 60.0 40.0
Trailing edge 17.8 133 89

6.7 5.0 3.3
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Table 8. Result of buckling analysis

Mode Buckling load factor (without honeycomb)
Section 2 | Section 3 | Section 4 | Section 5
1| 528 | se9 | 5909 | s
2 | SAL | 63w | 63 | 6238
3| SaD) | 6403 | 63% | 6303
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Fig. 8. Deformation at the 1st mode
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Fig. 10. Stress on the 1st mode
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Table. 9. Result of linear static and nonlinear

static
ase of analysis Nonlinear
Linear static )
Analysis result static
Max. Stress

(Com.) [MPa] 347 454
Max. Disp.[m] 0.96 1.0
Max. dist.[deg] 0.36° 0.38°
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Fig. 11. The result of analysis on linear static
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