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ABSTRACT

This study conducted a seismic qualification analysis of small savonius style vertical axis wind
turbine(VAWT) using finite element method(FEM). The modal analysis was performed on the wind turbine
structure to check the occurrence of resonance caused by the rotation of gearbox and windmill blades. Next, it
conducted a seismic response spectrum analysis due to horizontal and vertical seismic load of required response
spectrum of safe shutdown earthquake with 5 % damping(RRS/SSE 5%) of KS C IEC 61400 and conducted a
static analysis due to deadweight and wind load. The total maximum stress of the VAWT structure was
calculated by adding the maximum stresses due to each load case using the square root of the sum of the
squares(SRSS) method. Finally, the structural safety of the VAWT structure was verified by comparing the total
maximum stress and the allowable stress.

Key Words : Vertical Axis Wind Turbine(5=&5 Z& 2™ 7]), Seismic Qualification(HZHZ),
Response Spectrum Analysis(SEf2A8 EZ S A), Finite Element Analysis(F8H2 25l A1),
Safety Factor(2HH|4=)
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Fig. 1 Schematic of the VAWT geometry
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Table 1 Material properties of the VAWT

Pole Turbine Turbine
(SS400) frame blade
(AL6061-T6) (PO
Elasticity (GPa) 200 69 227
Poisson's ratio 0.3 0.33 0.38
Density (kg/m3) 7,850 2,700 1,200
Yield stress
(MPa) 315 275 62
Allowable
stress (MPa, o) 284 248 56
Wind turbine

Bottom plate

Fig. 2 Finite element model of the VAWT
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Table 2 Excitation frequencies of the VAWT 10 4 Operation Speed range(10~30 rpm) :
9 4th mode >
Excitation source Exciting frequency !
8 - 3rd mode L116X
Carrier (input) 1X 7] "
— |
Gearbox Planet gear shaft 4X a 6 - |
Sun gear shaft (output) 16X E 3 :
@
= 4
Turbine blade 16X g ;! :
B3 Ist. 2nd mode - !
21 iy .- -: X
Table 3 Natural frequencies of the VAWT ' N - I
(I R S DR S 1X
Mode er | 1% | 2 | 3 | g4t N : :
0 5 10 15 20 25 30

Frequency (Hz) | 2.12 2.13 8.25 8.96 Input speed (rpm)

Fig. 4 Campbell diagram
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Table 4 Modal analysis results ; ratio to total mass
in the X-direction

Table 7 Computed maximum stress to seismic load

Max. stress (MPa)
Mode | Freq. (Hz) Ratio Ratio to total mass Part Xodir. Ydir. 7-dir. | Resultant
1 2.12 0.28 0.37x 10-] o’sf‘,is,.’r O’seis,y O’seis,z Oseis
2 213 1 0.47 Pole | 4636 | 4276 071 63.07
3 8.25 0.26 0.32x10™ Turbine
4 8.96 021 0.22x10"" ; 119.28 119.57 26.53 170.96
) 4 .
5 9.87 0.71<10 0.23x10 Tglr:érele 163 165 036 235
6 10.02 | 0.88x10° 0.36x10°
150 | 223.65 | 0.15x10" 0.12x10° 030 ———— L
Sum _ _ 090 035 — = Vertical acceleration 025
C @
Table 5 Modal analysis results ; ratio to total mass £ 0209 -
in the Y-direction o Loas
Mode | Freq. (Hz) Ratio Ratio to total mass g 0.10 B Loto %
1 2.12 1 047 5 3 : \ . £
=} s = - g U002
2 2.13 027 0.36x10" I I -
3 8.25 021 0.22x10" 00 10 20 30 10 0
4 8.96 025 0.31x10™ Frequency (H2)
9.87 0.74x10” 0.25x10™
> 3 - Fig. 5 Seismic load (Floor RRS/SSE-5%)
6 10.02 0.69x10 0.22x10
- - — — 9] Figs®] £TgH2AED gt FHY
150 223.65 0.24<10 0.24x10 G NEW HLNEEE A=251C, = 0.28g(AHHE
Sum | - - 091 F AUAUS), FERAAF C,=0.08, AW
SAS I=14, AAF7] 1000802 7PDHEA I
Table 6 Modal analysis results ; ratio to total mass 2 69 AxlAA AFH HrtEE gt

in the Z-direction

Mode | Freq. (Hz) Ratio Ratio to total mass
1 2.12 0.52x10° 0.17x10”
2 2.13 0.12x10° 0.91x10”
3 8.25 0.12x10" 0.90x10°
4 8.96 0.89x10” 0.52x10”
5 9.87 0.52 0.17x10"
6 10.02 1 0.65x10"
150 223.65 0.12 0.43x10°
Sum - - 0.90

Azl FE=HERHNY AAZRE X-, Y, Z-%
ko] Hul-$-8(Maximum stress)= 4] (1)Z 7o)
SRSSHH o= JHikste] Azt g Hoig-E
AAkgit,

2(Resultant maximum  stress)-=

Oseis — O—zeis,.’r +O—§eis,y +O—§eis,z (1)

FUs) 72 2EE AAsFel 9@ 4

$H(0,,;)% Table 791 A3t 3z
(Stress contour)E Fig. 6 YERY %‘1‘3]—.
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Z
XY
e :
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(C) Z-direction
Fig. 6 Von-Mises stress due to seismic load

Fig. 8 Von-Mises stress due to deadweight
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Fig. 9 Von-Mises stress due to wind load

Table 8 Computed resultant maximum stress to
deadweight and wind load

Part Resd@t max. stress- (MPa) due to
deadweight, 0., | wind load, o,,,,
Pole 0.0102 13.71
Turbine frame 0.2195 25.57
Turbine blade 0.0017 1.84
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Table 9 Computed total maximum stress and safety
factor of the wind turbine parts

P Total max. Allowable Safety
art stress, o0, stress, o, factor, S
Pole 64.54 284 4.40
Turbine
172.86 248 1.43
frame
Turbine
298 56 18.77
blade
3.4 8
B ATelNE 3 kwE 48 AuUsay 53
5 FTEET WIHSFSE st kRAA A=Y
QTS HF2HEH(RRS/SSE-5%) oA SH29
EfSAHoE Yl HEs Fa% A3 oS 2
L HZES I
128 $A% FY 279 mes)y A 1g
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