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Structure Dynamic Analysis of 6kW Class
Vertical-Axis Wind Turbine with Tower
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ABSTRACT

In this study, the design and verification of 6 kW class lift-type vertical-axis wind turbine
(VAWT) has been conducted using advanced CAE technique based on computational fluid dynamics
(CFD), finite element method (FEM), and computational structural dynamics (CSD). Designed aerody-
namic performance of the VAWT model is tested using unsteady CFD method. Designed structural
safety is also tested through the evaluation of maximum induced stress level and resonance character-
istics using FEM and CSD methods. It is importantly shown that the effect of master eccentricity
due to rotational inertia needs to be carefully considered to additionally investigate dynamic stress

and deformation level of the designed VAWT system.

1.4 B 13} 2ol $8E sAFoR Us 4

PN
Atk 52

%= ZHERI(VAWT, vertical-axis wind turbine)&

AR R  FEddAzgel  Add Hige vhre] W] #Alglel 240 s

1990} FNF o] EAHoR ]$OW Al =95, Ylvawing) AA7F L2 Aol Sl

2008 & AA T4 2
of @star 9tk FHA
o2 AHE FH XW*EU 9] ﬁ%* T
1980t 29 50kWHlA Al 6 MWHOR
1208 ARk olHdt HAAIG ek AfAd]
WA e wE 23] H (repowering), 33-E F
9k (offshore wind turbine) AH|7} 7} & A
olgh= oS3 A FE AT MY Feje thet
A gl

THEA = dubdos WS uet Fig.

T A 7IARE s 3 el (@ HAWT (b) VAWT
E-mail : dhk@gnu.ac.kr Fig. 1 Two kind of wind turbine
Tel : (055)755-2083, Fax : (055)755-2081 according to the rotate axis

o YA AR FEY et
s AR

at7] ol &

6630



iy Aol 2

stol 7

S

B P

[e)

] 0] 15m= o]

EFY] o] 6m=E o ltt.

L

goj =7} &l o

A7l A

R

A=}
=

o:

(Field) dAgom wper A4 s9len, d=

A% A9 B

(gyromill type)o. =2

B

3]

@

SR

=

BRC o F P o TR R N Jo
EHEHBORT g
Hﬁ__l\:rﬁ,_ ﬂvmo}LX‘._Jloﬁadl
< = 1 9 W N 4
< = W o T °
(\,UIX E# - U;AJIL\:r
B o kW 5 e W X X 5 <
U2 _Wesm e d= g8
o a0 mo aLoLt B o £ o
Sown B EAJluAI_._,o oy . P El=
r oo s R N €=
- IV T S Gl ) T =
= '€ W g ﬂwwnﬂ,m.‘_dvﬂ”; ©
Pmﬂu(u w0 ,LIVI hl i  — - WW
N ] Ho o o 0 55 o N\ T g
%%Mu..%%wr.%_%%_ﬂ? 82
«1EEFeiRa 0 82
Nam 7L B R
AR T S CIE N =S 2
T el BRI
QA%%MA.EE_L,mu_nW Lmﬂ
m%ﬂﬂ7ﬁﬁqﬂeﬂe Oﬁa,,._m.n‘mo
B 5 - oy Fo TEET g
ERE R e
)2 S A
T e RE Ew b
R B Al B G o oy’
© ﬂﬁogdl,mlMMWﬂL “ujol_o% ﬂ%aeﬂLﬂ%OI
= MEMLMMO_;OSQQ dﬂﬂiLﬂﬂidﬁm
= TR = mg oo A ph = = A W B
‘S S \a N 1o OM o A Ot HE 2| =0 )
o 2 Ho MEﬂWﬂﬁoﬁa HJ = ﬂﬂm,_d,ﬂooaﬁ Wﬁoﬁah X
S E TEd g g WOT e T T o B
25 7,.%&:_ L T S| . %0 ,m.oiﬁ
S Lo R Ew Pee oW DXk
2% aN oo o SO s S =
£ :WLHLAE7_ZAW =1 el EH_NLGFLATM ixummr_nd]
= & T oy — = ] [ i T < KRB %o
83 W%mﬁ7mﬁuxdr.ﬂ/| ™ o MA@ m o & "X
o 5 m%ﬂz?ﬂ;‘LﬂM%EoﬁM ™ _ ﬁTﬁTLT‘aﬂzTﬂ]‘: J_/l‘_
I S S T R N A~
S ¢ Moo 0 e om A S
2€ I ww  Fagxx TEgHE TN T
g5 W= (- BT o T ai - o= oy — 2 o
= ~ = ur < o ogs JI_,oLJI_ik 7dﬂ7£o
3T " EpgOzwn] sPaL e Pyl
g PO TMmT o, W el I ol
< © L o) o — o= X0 N —_ ol il
S NE TR gl ST Blg®® TEHY
E 0 - 03
gf v g TR PE ST =2ua T oM
k= T oo B o w T BT G Y ,Hﬂ
g B T X =) iﬂﬂ&%@mzﬁo@
3 N e T B B o RR] TR R T

0664



ts 2 d

oIr

3| A

w
OH
ol

==]
=

Z8 715 (power coefficient)?} EA
Al9=(torque coefficient)™ TSR(tip-speed ratio)l|
upe} WislshA wm Bylo]l=o] smeZols: S
W ALoA 7% ERL HT 4 9o} B
& A ol Algkd ZVIA solidityE L‘]—r
A& A o}ﬁﬁé}ﬂ] Hol F

Q38| k| A QL

rﬁ WE, olN

07
O Model A
06 H o ModelB | ____ _ __ __
E 4 Model C
Q ® ModelD
= 051 @ ModelF [~~~ oo omooo oo
5 % Model E
S
2
o
:
o
o
0.0 [a) g © "
0 1 2 3 4 5

Tip Speed Ratio (TSR)

Fig. 4 Comparison of power coefficient for various
design condition

ST 7)He A8}
o] tfa] TSR W3alo] wa ule) A4
HAsl AFE TG0, Fig. 45 o A+l
A ARgE TSRel W FYAS Wi o E HolF

P= C7 pV3A77g (1)

Fig. 49 Aol 2 (DS o] 8¢ o 292
7} 0.3, p7t 1.225kg/m?, A4 F4 14 m/solA
&%‘?i?@ A7} 18 meola 7|k r] 2
& ¢k 0.67 AL AL

oju 9]

FHua)e) 3
el delt omel AAAE 48

~

B

l
=
o
(@)}
o
oo
>~
=

r_>¢
) r]I.

oY

rlo
N —
o OO
o B

N
:L

Fig. 5 Computational fluid grid
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(a) Pressure contour distribution
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(b) Velocity contour distribution
Fig. 6 Pressure and velocity contours distribution
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Fig. 9 Finite element structure analysis model
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Fig. 10 Load conditions on the wind turbine
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(a) Stress distribution of blade system
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(b) Maximum stress part
Fig. 11 Result of structure stress analysis

Fig. 12 Boundary conditions of finite element

models
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(a) 1st mode(1.8 Hz)

(b) 4th mode(6.6 Hz)
(d) 9th mode(13.3 Hz)
Fig. 13 Natural vibration mode shape

(c) 6th mode(8.4 Hz)
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Fig. 17 Final assembly of 6 kW class VAWT model
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