Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2016.17.4.734
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 17, No. 4 pp. 734-742, 2016

Az A4S DAY FTDLASS) TS A5

Study on the Natural Frequency of Wind Turbine Tower Based on Soil
Pile interaction to Evaluate Resonant Avoidance Frequency
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Abstract Global warming and the depletion of fossil fuels have been caused by decades of reckless development.
Wind energy is one form of renewable energy and is considered a future energy source. The wind tower is designed
with a fundamental frequency in the soft-stiff design between the 1P and 3P range to avoid resonance. Usually, to
perform natural frequency analysis of a wind tower, the boundary condition is set to the Fixed-End, and soil-pile
interaction is not considered. In this study, consideration of the effect of soil-pile interaction on the wind tower was
included and the difference in the natural frequency was studied. The fixed boundary condition was not affected by
the soil condition and depth of the pile and the coupled spring boundary condition was unaffected by the depth of
pile but affected by the depth of the pile, and the Winkler spring boundary condition is affected by both the soil
condition and the depth of the pile. Therefore, the coupled spring boundary condition should be used in shallow depth
soil conditions because the soil condition does not take the shallow depth soil into consideration.
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2. Theoretical Background
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2.1 Fixed Boundary Condition Model
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2.2 Coupled Spring Boundary Condition
Model

Coupled Spring A AZ=7 EL%]_%
o) WRAeE R} 3709 34
o= Xgate] F 6789 Ay
H—L— Novak(1983)[6]°] ]+
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2.3 Winkler
Model
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7IATEEH 783 Sl
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¢}

Spring Boundary Condition
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"E,
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e FAsI oM, Fig. 49 %Ol
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3. Finite Element Analysis ¥ T
: y /A A
Mg Pz T2 199l ABAQUS 6.138 A43) s 1f(t)rc'|‘ay)
o 7|2T2EY Anke] Hosg-g aedh FEUE 1
Ao 2dy 9 3{47155 A4S 3590
30m 30m 10m
(Soft clay) (sand) sand)
3.1 Parameter !
1.5SMW, SMW, 10MW & EFIE tjaro 2 a148l9) i
o1 Table 1914 1.5MW, 5SMW, 10MW & Z&ubd L 1{?"} )
clay
e 47, A0l we T, mwsde] A, gy
of ol, b)Y TEEN EH9] AL LehRgic, Y Y
Bl o] &fo| FUIETE AE FRE] dFo] AA bedrock
W, Bee A4, 74 =i =ol7t Sk A& Fig. 7. Soil Conditions
Table 1014 &% 4 ok 2 AT O 71 =7x
o] mi-mtele] A vlele] Haleki AT EaA Table 2. Soil Properties
e skl om, API[8]71ES whet kel ol (1) 2 Foundation Clay Sand
- = o Length
o A WA AT Ak AT WS - 0 0
Shear
D wave velocity 110 300
= el (s)
t(mm)=6.35+ ™ 1) e
weight 16.5 10.2
(KN/m3)
Table 1. Wind Turbine Tower Properties Shear
. elastic modulus 22.0 345
Capacity 1.5SMW SMW 10MW
MP.
Topside M ( é) 0 26.25
(Rotor/ ass 84,838 | 350,000 | 676,703 Undrained En =
Nacelle) (kg) Shear Strength I 0.35
it Top 2.82 3.84 5.50 (kPa) ~30m | 75
fameter (M)—p om | 5.6 5.96 8.30 Angle of
Thickness Top 12 25 20 internal friction of } 36
T (mm) | Bottom 18 35 38 sand
o Height ©
g ——
(m) 82 88 116 P01ss.0n s 03 035
Mass ratio
130,990 | 347,460 | 628,442
(kg)
ple | US| oo | oo | 00w A QA SN WEE Agsl, S0l we
L.SMW, SMW, 10MW+ Z&RHdElRs] Rde HE |
Ak Ee] 7 9o Fig, 7949} o] Aekdr x WL R ANE ERF ANks sk wAw AAE,
WK(Soft clay) 30m, ®2] A%KSand) 30m, &9} we  Coupled Spring 8 /|%3, Winkler Spring 787 %%1¢]
2 F83 &3 AuiMulti Layer) 30m = piapgoe  AHAEANE FASAT FAH0R 29l g 1
o, 30m ool ZololMt wug etzow spger B NS XAkl F 81719 W s S skl
Atk 2 Ao MR AAS Aukxd 2o 1 e

AEHA ARE wlawshr] Qlate], AAe] Hidgh Auk
%7S Table 29} 70| 7HA3lalATHI).

3.2 Material Properties
Aol AFRHE A= dutAel ZeukAelYo) 714
o] A5+ S3550]|t} Table 3% EFJ9} Ri-vlddo
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UERH, BEAISR(E) 210GPa, Zo}
3 QukEl el vl
Foz AHEHE 7,850kgm’ S 485t HH, BR9] 9
L%, A AT S Telmw
NREL(National Renewable Energy Laboratory ; USA)
oA Agshe 8,500kgmel ToFES ARSI
[10].

Table 3. Material Properties(S355)

Young’s modulus Poisson’s Density
(GPa) ratio (kg/m?®)
210 0.3 8,500

3.3 Structure Modeling
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Table 4°]4+&= &
aHe AAZRA &4

Ehale,

%8 BURaEse) Auzn
o

Table 4. The 1* Natural Frequency based on Soil

Condition
Condtion | oy | 5 | e
Fixed 0.442 0.442 0.442
1.5 MW Coupled 0.418 0.430 0412
Winkler 0.391 0.400 0.393
Fixed 0.338 0.338 0.338
SMW Coupled 0.302 0319 0.294
Winkler 0.272 0.281 0.274
Fixed 0.269 0.269 0.269
10MW Coupled 0.246 0.258 0.240
Winkler 0.226 0.240 0.238

1.5MW & E99] 13 187 55E dI3dE
oM A AAZA 223} Coupled Spring 73
5.7%<] o)E Bylow, 1A
13%4 ztol &

)

N
[
A U o=

I

2ol

N
o
o

Y
BN

2

3} Winkler Spring 7 A% o]
oh B AukelAE 149 AAZA ZE7 Coupled
Spring 77127 BElo] 2.8%9] zfolE HYom, 17
@ AAZA 23 Winkler Spring BAIZE EHo]
10.5%2] #tol& Hth &3F Autel M= g A
Z7 223} Coupled Spring AAZ B0l 7.3%2
Aolg wylen, 1Y FAEA 23t Winkler
Spring A% 9ol 12.5%9] x}olE BTk
w EF9Ie 12 1RFErE g A, A
FHE AHbo|A AT FAZRA 293} Coupled
Spring A2 2ol 11.9%2] 2}o]E HolFa ¢l
gk AAZA 2A3}t Winkler Spring FAIZ B
°] 24.3%°] 2kolE HojFa vk R Auk2 uAd
ZAAIZ7 293} Coupled Spring A7 Bl 6%
o] Apolg HoJFI Jx, AT AARHI Ed
Winkler Spring A7 E@o] 20.3%2] 2Ho]E B A
ol &3 ARkl AE 1A AAZE 2937 Coupled
Spring Az Edo] 15%2] xfo]lE HolFal 9,
TAT AAE7 227 Winkler Spring 241271 R
o] 23.4%°] ztol& HolFaL 9tk
LIOMW & E}919] 12} af35rE deleh 2 o
FHE AHbo|A AT FAZRA 293} Coupled

HI

Spring AAZA EHo] 9.49%9] Xfo]E RolF1 9L,
A AAZA 293} Winkler Spring A2 24
] 19%9] zfo]E& HolFa gitk K A|gtef A= 14
o AAZA 293} Coupled Spring ZAAIZH Edo]
43%°] zolE Uehli, w4 AAxd 2di
Winkler Spring A A|Z7 Rdlo] 12.1%2] z}o]& K

o} &3 ARkl M e nAw AAIZHA 2 Coupled
Spring AAIZ7 Bdo] 12.1%9] X}o]& HolFa g1

A AAZA 293} Winkler Spring A AIZ &
o] 13%¢°] #tol& Btk 1.SMW, SMW, 10MW +
A9 12k 1R FTFE BAS A
293} Coupled Spring A AIZ
7P 2 AtolE HolFal glaL
Winkler Spring A A|1Z71 BE2 AoF & X|dtoA] 7}
2 AbolE vERdITH

Table 5+ <9dold w& 1HF3NAY AHE
ERdITE 10m, 20m, 30m Ze] ¥ ¢15-o]A%= Winkler
Spring A2 wdo] goldes 72 Fof i 43
S WkEEA] £33k, Coupled Spring AAZ7 Rd3}
frAbet A5 YERT

Table 5. The 1" Natural Frequency based on Pile

Depth
Soft Clay 1.SMW SMW 10MW
Fixed 0.442 0.338 0.269
Coupled 0.418 0.302 0.246
10m 0.427 0.316 0.259
Winkler 20m 0.410 0.294 0.248
30m 0.391 0.272 0.226
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