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Effect of Flange Shape on the Structural Stability of
3 MW Wind Turbine Tower
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ABSTRACT

Hyun-Do Huh", Youn-Jea Kim™"

3l14), Tower Flange(El] X)),

As the interest of the development of new renewable energy has picked up, demand for energy production of wind power

generation is increasing. In order to increase the power generation of the wind turbine, the size of the wind tower is required

to be enlarged as the size of the blades gets larger. However, the enlargement of the wind turbine sometimes causes breakdown

due to the increase of its own weight and wind load. Therefore, it is necessary to develop techniques to design and manufacture

components that can achieve structural stability of wind turbines. In this study, numerical analysis of stress applied to wind

tower and tower flange was performed to secure the optimal design data base. The optimal design study of the shape and

parametric investigation of the tower with varying wind speeds was carried out by using the fluid-structure interaction (FSI)

analysis. Numerical analysis of the von Mises stress of the tower and flange was calculated using the commercial code ANSYS

17.1. The results were described graphically and the tower flange case with the highest structural stability was deducted.
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Table 1 Reference model configuration of wind tower and flange

Height of wind tower 100 m
Diameter of turbine blade 102 m
Outer diameter of flange 6 m
Inner diameter of flange 5382 m
Outer height of flange (h) 0.203 m
Inner height of flange (ho) 0.152 m
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Fig. 1 Model description of wind turbine and tower flange
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Table 2 Material properties

Material SM35C Carbon-epoxy
Density (kg/m’) 7850 1580
Tensile strength (MPa) 620 5360
Poisson’s ratio 0.29 0472
Elastic modulus (GPa) 205 138

d
Fig. 3 Grid systems of (a) flow domain (b) turbine blade (c) tower
section (d) tower flange
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Fig. 4 Grid dependency test of (a) fluid analysis of the blades (b)
structural analysis of the upper tower flange
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Table 3 Boundary conditions applied in this study
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Table 4 Imported pressure applied to wind turbine

Working fluid Air Blade Rotation speed (RPM) Maximum Pressure (Pa)
Wind inlet (m/s) 0 Wind blade 2870
Wind outlet (Pa) 0 Wind tower 2632
Blade rotational speed (RPM) 10, 15 5 Wind blade 13610
Turbulence model Shear stress transport Wind tower 11711
W= qCA 3 .
s
1= VR ) 333
| \
9] AollH W F3EL e, %t g FHAS - ,\-1-——-
O QrEE W WA A Bl A S AET 4 9l E i /’
et HEY o= TF VR HIERE W WY Ao RREY s /
%ol b B9 AN 5 Yk FFWAL SST(Shear P
stress transport)dHFERELS A5t SSTHREHL H
A fs& AU AS5T = e k- IR 2t o (@
g o siAe 9Iet k—€ R RO AR 7HA]AL QL Pressure
BN o] = S Rt Foh AHESLI R85t § H":o
Bl o Xt F5 H EdlolE Y JFE wHFst | 1278
7] oA HAAelsteady—state) 2 JaE|%ich
At AARAS WPt 4EE FHENIS FURE fz;
£ Fig. 4o ZAISIT R EFo|E9] H$- EdolE § 2233
oo, EY Eele] 49 Beol=E AXSH: LA o
(nacelle)ol| A Eeto] &7 Hxaigle), 5 m/so] F42710] Pl
Al E9lo]l= 34 4= 10 RPM, 15 RPM Z2t9] 739~ F-EE o
o

Wloll g3k ) FHS Table 4] Lrehfigirk, 2 o]
ol B4 & 2NN EHl Bdo|=o] A g Hr) F
Qrol FEHA] A8ok Hr Hehurt A AEHAE
Y, elo]= %5 10RPM3} ]2 A] 15 RPMS 1, 2
¥I9] Z) bl oF 476 = F7kstlct,

4. REY oM T

242 Aol H1EY oA} T AT FE
2 iAo} Felat ), Fao] Walshs A0 151
T}, Von Mises §2-2 RIFE oyx] 71dof 7|23 AL
o2 AP O R von Mises 30| 79 FE-5H =
Gt o) ko] Yol Ao BetEd g Aow A
Ayt 4 9tk

o = \/(01 — 0y )2 +(<72 — 0oy )2 +(<73*01 )2 5

2
Tom = Jg/zeld (6)

44

Fig. 4 Imported pressure applied to wind tower at blade rotation
speed of 10 RPM
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Fig. 5 Von Mises distributions of (a) wind turbine (b) upper tower
flange

Table 50 WYepfdct. 9174 wol(h)= S:A] 7|2mdo)

Zo|2 nAston, WA &ol(h)E WSAA S
AT Fig, 62 U7 T4 2710] 5 m/sY o 747+
Elol= ﬁlﬂ* 7d°ﬂ*1 &) ofl w2 Arth(upper) ¥ 3}

n Mises 57F28S T A|3H
Sfelct, et Aekele EAA Sl 54520 B
?J__

& AbEsto] 23 PEAE e SR FHIE &S
ok

F40] 5 m/sY wf %l Elo|& X4 2lolA, A
@ E;A]of] HLEl= | von Mises 57HeE-2 3l &
WAof] L= F7HHES 2 A5 YERIH o]
= A EWA7} ke FMAE) =olof whE HEgo] o

ARGt Fotgo] A 4= A Sulgitt,
Fig. 6(a) Edo]= 3747} 10 RPMY off Aehalt
WA 9] Hot von Mises 57H-2S YERH Zoltt
st ZWA| F WA P4 ho/h=0,852) 4}&4%

u

OF 2256 MPa® L& Ao|A F I #=3& HFon 7|
Hmelol h,/h=0,75%} oF 3 MPa W7 urs}uu} Fohs
A=) ZWA] FAH] ho/h:O 89] F7]~o_gﬂ,% oF

o}
235.3 MPa=Z 7} 2 =25 B 7] E mdo] §A)
H] h,/h=0,75 Xt} ¢F 0.7 MPa ;bﬂ Urepyiot,

E3F o] & 3| A7 15 RPMS] -2 Abshg Zali] 9]

2t 9 H von Mises 5732 Fig. 6(b)o] =A|3}%

ol

=RKAD AR =28: M212, M2g, 2018

F

Table 5 Design parameters of tower flange for each case

Case Aspect ratio (hy/h)
1 0.65
2 0.7
3 0.75
4 0.8
5 0.85
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Fig. 6 Maximum von Mises stress of tower flanges at wind speed
of 5m/s and blade rotation speed of (a) 10 RPM (b) 15 RPM
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Table 6 Imported pressure applied to wind tower

Blade rotational speed Total deformation (mm)
(RPM) Upper flange Lower flange

10 25578 24.925

15 46.433 45.286

Total Deformation

Type: Total Deformation
Unit: mm

Time 1

25.578 Max
24838
24098
23358
22618
218Mm
21137
20397
19.657
18917 Min

Fig. 7 Total deformation of upper tower flange with apect ratio of

ho/h=0.8
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