54 i B MR

http://dx.doi.org/10.7234/kscm.2012.25.2.054

2 MWt B2 FEAAAES SR SebE ol Ba Bl
HA4A B A7

* - *4
Rl }

o

ofd
i)

, ey

A Study on Optimmal Design of Filament Winding Composite Tower for
2 MW Class Horizontal Axis Wind Turbine Systems

Sung Jin Lim’, Changduk Kong™, Hyunbum Park

ABSTRACT

In this study, a specific structural design procedure for 2 MW class glass/epoxy composite wind turbine
system towers is newly proposed through load case study, trade-off study, optimal structural design and
structural analysis. Optimal tower design is very important because its cost is about 20% of the wind turbine
system’s cost. In the structural design of the tower, three kinds of loads such as wind load, blades, nacelle and
tower weight and blade aerodynamic drag load should be considered. Initial structural design is carried out
using the netting rule and the rule of mixture. Then the structural safety and stability are confirmed using a
commercial finite element code, MSC NASTRAN/PATRAN. The finally proposed tower configuration meets the
tower design requirements.
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| Final model

Fig. 1 Design procedure of wind turbine system tower.
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Table 1 System specification of tower Gravityload
(Blade shaft. Gear box, Nacelle,
Type Stepped shell Tower, el
Target 2 MW \
Height 100m
. Section 1 Section 2 Section 3 Section 4 Rotor drag load
Diameter (Blades hub, nacelle)
30 m 34 m 37 m 40 m
Wind drag load(Tower) [ 7|
Tower material Glass/Epoxy composite
Table 2 Load cases for tower design
Load case Case | Case Il Case Il S
Wind speed 8.0 m/s 20.0m/s 55.0 m/s
Fig. 2 Various applied loads on tower.
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Table 3 Estimation of wind load on each tower section

Section WIN/m?] Alm?] PIN]
1(top) 3812.46 100 381246
2 5361.53 185 991883
3 6305.59 255 1607925
4 7074.59 300 2122200
Table 4 Tower design result using steel
Section | Diameter[mm]  Height[mm]  Thickness Mass[ton]
1(top) 3,000 25,000 25
2 3,400 25,000 35
480
3 3,700 25,000 45
4 4,000 25,000 55
Table 5 Technical data for given 2MW towers
HAWT | Rated pwer Height[mm] D(itgr;/‘gg{t[g:nr?] Mass[ton]
MM92 2 MW 80,000 2,955/4,300 620
PMSG 2 MW 76,900 3,000/4,200 730
KBP-
Z(EJO%VI 2 MW 80,000 3,000/4,200 740
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Fig. 3 Proposed conceptual tower configuration.
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Fig. 4 Primarily section design model for tower structure.
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Table 6 Structural analysis results according to various lay-up sequence Wind drag load(Towen)
sle_c?g;\ge [0/90]s0s [45/90]0s  [0/90/45]s0s Rotor drag load
Compressive
30.6[MP. 36.0[MP, 42.7[MP . .
stress(max) [MPa] [MPa] (MPa] Gravityload — Fixed
Tensile
stress(max) 14.2[MPa] 17.0[MPa] 20.5[MPa]
. I Fig. 6 Load and boundary condition of the tower FEM.
Table 8 Structural analysis results according to various lay-up ratio
. Lay-up Compressive Tensile Deflection
Analysis result Case ratio(£35 to stress(max) stress(max) (max)
90) [MPa] [MPa] [mm]
1 10% 90% 568 631 6.71x10"
2 20% 80% 307 193 3.98x10°*
3 30% 70% 219 143 2.93x10*
4 40% 60% 269 248 2.44x10*
4
Table 7 Mechanical properties of used materials 5 50% 50% 355 320 2-13x104
6 60% 40% 230 89 1.90x10
Material 7 70% 30% 469 365 1.88x10°
Property Glass/Polyester UD Polyester Sand 0 0 .
8 80% 20% 435 323 1.83x10
E1 [N/mm2] 17000 5600
E2 [N/mm2] 500 5300 o s . )
12 [Nmm2] 6500 1930 A7 Bl AR SolgT ST U 37 AY B
) 03 037 2 908 U Zol BE AA RolE Axetn e Holw
2] HAS WeElsta olo] AMHY ojAHo Tz &
Xt [N/mm2] 233 %5 A F4E Adsioch v —1"5.‘—3 AZAFL] = ]H el
Xc [N/mm2] 128 546 o] £E o4 79 glo] 94 she Af F=ol i £
Yt [N/mm2] 215 83.8 A 38 FF @Al Uehts Zeg gl =itk
Yc [N/mm2] 108 53.8
Density 2000E-9 kg/mm3 1700E-9 kg/mm3 2.4 |-74|K-I MA HAES E5F =& MA
Ply thickness 0.38 _ _
[mm] ' 2 AFolA TAA HA WHAS Folo] AHI AL,
ERe] AR Ad, $¥ 52 sty &9 S FE
5z FAE A% st Table 7= AE3 A= 7IAA £4
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Fig. 7 Spanwise stress distribution 1st ply and deformation of the tower
using case 6 design result.
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Table 9 Design result of composite tower using sandwich structure

Section | Diameter[mm]  Height[mm] Thickness 'Efg:]s
84.24
1(top) 3,000 25,000 [(£35)22/(90)sw/core]s
93.6
2 3,400 25,000 [(£35)26/(90)se/core]s -
106.08
3 3,700 25000 [(435),0/(90)zr/core]s
115.44
4 4,000 25000 1(435),/(90)s/core]s
Table 10 Design cases of each section thickness
ection | 1st section 2nd section 3rd section  4th section
thickness thickness thickness thickness
Case [mm] [mm] [mm] [mm]
1 28.08 37.44 46.8 59.28
2 312 43.68 53.04 62.4
3 37.44 46.8 59.28 68.87
4 62.4 74.88 84.24 93.6
5 84.24 90.48 93.6 106.8
6 84.24 93.6 99.84 109.2
7 84.24 93.6 102.96 110.6
8 84.24 93.6 106.08 112.4
9 84.24 93.6 106.08 113.8
10 84.24 93.6 106.08 115.44

Table 11 Structural analysis results including maximum stresses and top
deflection of each design case

Stress . .
Compressive Tensile :
Case stress(max) stress(max) Deflection(max)
1 580[MPa] 516[MPa] 67100[mm]
2 573[MPa] 450[MPa] 41100[mm]
3 480[MPa] 397[MPa] 32100[mm]
4 350[MPa] 300[MPa] 11563[mm]
5 240[MPa] 222[MPa] 10023[mm]
6 227[MPa] 120[MPa] 9412[mm]
7 130[MPa] 115[MPa] 6555[mm]
8 119[MPa] 103[MPa] 3526[mm]
9 106[MPa] 71[MPa] 1860[mm]
10 88.8[MPa] 57.6[MPa] 1530[mm]
e
~oX
I —
15530
’\\

Fig. 8 Max stresses (tensile and compressive) and top deflection versus
thickness(w core).
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Fig. 9 Spanwise stress distribution on outer skin and deformation of
composite tower.
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Table 12 Comparison of manufacturing cost between composite and teel
towers(provided FIBRETECH.CO.LTD)

Material Manufacturing Cost per each (won)
Composite 262,000,000
Steel 350,000,000

¢

Fig. 10 Tower buckling mode shapes and its load factors.
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