o=s DOL: http://dx.doi.org/10.5293/kfma.2013.16.4.022
O Original Paper ISSN (Print): 2287-9706

MUSEHES o|88t 28 = SHE SHol=e| = z[Xs|
2" - FIK|Y - 2717

Structural Optimization for Small Scale Vertical-Axis Wind Turbine
Blade using Response Surface Method

Chan-Woong Choi’, Ji-Won Jin, Ki-Weon Kang"'

Key Words : Blade(E#°9]5), Central Composite Design(s #8575 %), Response Surface Method(#F§-3'H %), Optimized Structural
(7+F FHZ3}), Vertical-Axis Wind Turbine( 3% 38 5-37))

ABSTRACT

The purpose of this paper is to perform the structural design of the small scale vertical-axis wind turbine (VAWT) blade
using a response surface method(RSM). First, the four design factors that have a strong influence on the structural response
of blade were selected. Analysis conditions were calculated by using the central composite design(CCD), which is a typical
design of experiment for the response surface method(RSM). Also, the significance of the central composite design(CCD) was
verified using analysis of variance(ANOVA). The finite element analysis was performed for the selected analytical conditions
for the application of response surface method(RSM). Finally, a optimization problem was solved with a objective function of

blade weight and a constraint of allowable stress to achieve a optimal structural design of blade.
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Table 1 Mechanical properties of AB063-T5

FE(GPa) oys(MPa) v ou(MPa)

A6063-T5 68.9 145 0.33 186

Table 2 Specifications for small scale VAWT Blade

Rated power kW
Cut-in wind speed 3m/s
Rated wind speed 10m/s
Cut-out wind speed 25m/s

Rated rotational speed 200rpm
Clamping thickness 16mm
Height of the rotor 3000mm
Radius of the rotor 1500mm

Safety factor 33
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Fig. 1 Geometry of small scale VAWT Blade

[e)

[e)

7

=

=]
1=

A Aol S Rpet S5 o] BAE A
P1e 78] E7FsstER o2 71A] $h

oA ARt RS Adstoiof gt & tollM= §H47:HT
ob7] i RAFE7E fFAsk o] g EAlOIA A8

SRuigo] 471 kel 23 BARY A1) A

5t

“
J9~
ol

>
Y
.L4

[~

i ofn o
N

k
y:ﬁ(]+z,6’zmi+2@]zlzj+e (1)
=1 i=

~ N0, %) 0|3 A& =

1A i WEA, i 0,5 S, 1, 0 5
cvolch, W4t o2 WEAS] ATl N0 S HE
RolA] #7582 grol NolwA Bito] 0ola EA
A HFRES wECk oot

et u g el A
Mol 2 QA FORL SUASE FHT 5 )
uRe] S-S Beka AL Sihe] APOR Tue
a7 gistel BAHI P 2 BAAY] F74A17 A

A g el 4184 A S (Central Composite Design, CCD)

2 Apgkgi o

23



ﬂ
r2
oo
2]

TESHA
A% Beo|=e] & FANS B 913
E9Jo]el ABAQUSWE ARg3le] AgEz B BT
2 9 F3gol skl Hristelet. BRWAL Fig, 2] ot
elom], aRelA] Shelg 4 Qlol 4Rt 9 A,
s} 3 A, AR 9 §IX, AR 9 ) S Al

sHlo|=2] =3 at7] #fste] 2 Al A A

»
w

/koHol N

Y

o oo |

[>

O A5
e 5

2 B3} 12 E Fig, 337} o] HARSIgoH, Eols &
o 650mmAFFE 7 WFeR 16mm FAZ ZHF

(Clamping) AlFlth A8E= AARALS 973 F=9 X,
Y, Z9&F 9 X, Y, Z 3733 (Rotation direction)?] A}
fES TEION, A8INE EL Beol=s AT
YHA71 = (Centrifugal acceleration)of 2]sto] W]
sFge Belol= AAel Hashaict
EYo|=9] 4> FA Wk 47t ok Aol Hlst
3s] A7) whizol Fig, 37 22 4 84x(Shell element)
g skt AA fe 84 BE2 4 94 FoflA] 4
2 7}4 S4Ro] AREE|SIOH QA (Element)?] 7f4=
181,1687]j0]31, HH(Node)2] 7= 179,1917] o]},

=)

L=
.

ta

o
=
|
=

ox

al
E

’é"

BT
3.1. £7|x7
BEo]= 4914}0] 27| AL Table 33} Zo] R0
M, Fig, 4 Bao|= 4Q1410] 27|20 W2 )4 Azt
ofch, E % IYeIA & 4 %ol A 3.3 Teld
3/8-3-2] 56,36MPatt} 2 65 01MPacleHs §¥o] 23
2 AR Zubae] oA WSk on, 47k1) A
Are] 2r)zA0RE T2 PN 2AS WENA E

ao] ghels|glct

Shear web
spacing

Shear web
position

X

L
! \\
.r\ Chord line
-

Shear web

Spar cap

Fig. 2 Details of the VAWT Blade structure

Table 3 Initial structural variables and analysis results
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thickness, «, thickness, ,|position, z,|spacing, z, €ss t
2mm 2mm 3L.06mm | 50mm |65.01MPa|6.19kg
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Fig. 3 Element of Blade

Fig. 4 Blade stress distribution
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Optimized structural variables and analysis results
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