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A Study on Composite Blades of 1 MW Class HAWT Considering
Fatigue Life

Minwoong Kim*, Changduk Kong** and Hyunbum Park***

ABSTRACT

In this work, 1 MW class horizontal axis wind turbine blade configuration is properly

sized and analyzed using the newly proposed aerodynamic design procedure and the
in-house code developed by authors, and its design results are verified through comparison
with experimental results of previously developed wind turbine blade. The structural
design of the wind turbine blade is carried out using a composite materials and the
netting and rule of mixture deign methods. The structural safety of the designed blade
structure is investigated through the various load cases, stress, deformation, buckling and
vibration analyses using the commercial FEM code, MSC.NASTRAN. Finally the required
fatigue life is investigated using the modified Spera’s experimental equation.
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Table 1. Aerodynamic design requirements
Tvoe Horizontal Axis Wind Turbine
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Rated )
Power 1 MW (Electric Power)
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Working | Rated Wind Speed : 4712 m/s
Range Cut-out Wind Speed : 25 m/s
Max. Survival Wind Speed : 55 m/s
Number of
Blades Thres
Tip Speed 7
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; A - .
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Fig. 1. Airfoil shape and aerodynamic

performance characteristics
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Table 2. Type classes of wind turbine system

Class | [ n | v S
Vylm/s] | 50 | 425|375 | 30 | User
Vylm/s] | 10 | 85 | 75 | 6 | define

Table 3. Load cases for structural design

Load case Case 1| Case 2 |Case 3
Reference Rated | Cut-out | Storm
wind speed 12m/s | 25m/s | 55m/s

Gust condition without with

( £20m/s, £40°) gust gust
Rotational speed |28.2rpom | 46.9rpm | stop

N.A.
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MISHoZ 108 Hd 52U V,=375m/s o
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Fig. 5. Flapwise bending moment
diagrams of load case 2

Table 4. Mechanical properties of materials

Material UD Tape | Fabric Foam
Property GFRP GFRP
E(N/mm?) | 35700 | 22147 | 60.86
E,(N/mm?) | 10600 2658 | 59.86
G, (N/mm?) | 2810 1617 | 19.18
v 0.324 0.3 0.2
X, (N/mm?) 711 3673 | 263
X (N/mm?) 1200 411 1.41
Y, (N/mm?) 38 40 2.49
Y.(N/mm?) 183 141 1.41
S(N/mm?) 65.7 52.8 0.71
p(g/em?) 1.8 1.87 | 0.1197
Ply (t?:‘;:r)‘ess 058 03 -

Fig. 6. Conceptual structure configuration
of blade cross section
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Fig. 8. Acting stresses on spar web
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Table 5. Structure design results of blade

skin and spar

Station Spar
(t/R) Front Spar Rear Spar
. 20 plies
Skin [£45s5,Core, +454]
_ 60 plies 60 plies
Roat™0.1
[(+45,03,90)5]s [(+45,05,90)s]s
0102 60 plies 40 plies
170 (145,05 90} [(45,05,90); £45]:
02703 66 plies 42 plies
C 00| (445059005 245,01, | [(45,0590)5:%45,0],
5 74 plies 50 plies
03704 [(+45,05,90)6 0l [(%45,03,90)40ls
04705 84 plies 56 plies
[(£45,05,90)71s [(%45,05,90)4 £45,02ls
05705 82 plies 56 plies
- ((£45,05,90)6,+45,0sls | [(+45,05,90)5,+45,02ls
5 74 plies 48 plies
06 07 [(i'45,03,90)6,0]5 [(i45,03,90)4]5
0.770.8 %6 plles 000,
[(£45,0,90)5 #4501 | [(+45,0590)50l;
5 36 plies 26 plies
0.870.9 [(+£45,05,.90)s]s [(£45,05,90)2 01
09710 20 plies 16 plies
< | (4450590024502 | [(+45,05,90)£45)

Table 6. Structure design results of blade

web
Station Web
(/R) Front Web Rear Web
01702 36 plies 16 plies
T [+45,Core, +45] [£454,Core, +454]
02703 40 plies 16 plies
[+4510,Core,+450] [+454,Core, £45,]
03704 40 plies 20 plies
[+4510,Core,+45(] [+455,Core, +45s]
04705 48 plies 20 plies
’ ’ [i45|2,Core,i4512] [ir455,Core,ir455]
05706 48 plies 20 plies
[+455,Core,+4512] [+455,Core, +455)
06707 40 plies 20 plies
[£4540,Core, +451(] [+455,Core, +455]
0708 40 plies 20 plies
’ ’ [£45,0,Core,*45(] [+45s5,Core, +455]
08709 28 plies 16 plies
[+45;,Core,+457] [+454,Core, +45,]
09710 20 plies 8 plies

[+455,Core,£45s]

[+45,,Core,+45,]
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MSC Patran 20051221 Sep-11 202618
Fringe: Default, A2 Static Subcase. Siress Tensor. X Component. Layer 12

Fig. 10. Spanwise stress contour on spar
(21" ply)
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Table 7. Value of allowable fatigue stresses

]vf Smax S[ Smaxmax Smaxmax
X KDF
203 790 218.8 153.2
3.72x10°
19" MPa | MPa | MPa | MPa
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Fig. 15. Spanwise stress contour on spar
(21™ ply) due to fatigue loads
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