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Analysis of Load on the Hybrid Tower and
Cost Effectiveness of the Wind Turbine

Seunugmin Lee*, Daeyong Kwon, Yongchun Kim, Shi wei, Hyunchul Park**, Chinwha Chung

With the development of wind industry, rated power of the wind turbine also increases gradually. Accordingly, size
of the wind turbine tower is becoming larger. Tower base diameter of the 2MW wind turbine is about 4m. Larger tower is expected
for AMW or 5MW turbines. Due to limitation of transportation, new type of tower with smooth transportation and effective cost
is needed. In this work, a hybrid tower consisting of steel and concrete is designed and analyzed. The optimum ratio of steel
and concrete of the hybrid tower is calculated as well as the thickness of the concrete part. Different FE analysis including modal
analysis, buckling analysis and static analysis are performed to check the design of hybrid tower comparing with the steel tower.
Redesign is also expected after various analyses.
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Nomenclature

Vi : reference wind speed, m/s d. : local diameter, m

Vave: average wind speed, m/s Sy : local section modulus, m
A : category for high turbulence o : local stress, MPa

B : category for low turbulence S . steel tower

1 . turbulence intensity C . concrete tower

a : slope parameter
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subscrip

IEC : International Electrotechnical Commission
DLC : Design Load Case

GH : Garrad Hassan

NWP : Normal Wind Profile

NTM : Normal Turbulence Model

ECD : Extreme Coherent gust ind Direction change
EOG : Extreme Operating Gust

EWS : Extreme Wind Shear

EDC : Extreme Direction Change

EWM : Extreme Wind Model
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Mx My Mxy Mz Fx Fy Fxy Fz

Load case kNm kNm kNm kNm kN kN kN kN
Mx | Max | bdle2lc 27399 | 19426 | 33586 | 3527 | 3827 | 1418 | 4081 | -14958
Mx | Min | hdle2lb 45509 | 49182 | 67007 | 16519 | 1388 | 2213 | 2612 | 14416
My | Max | hdic 11 f 1643.9 | 27729 | 32235 | 9525 | 1593 | 705 | 1742 | 14603
My Min h_dlc 3.2 ¢ 1085.6 -7240.6 73215 -1760.0 -124.7 1711 2117 -1456.9
Mxy | Max h_dlc 3.2 ¢ 1085.6 -7240.6 73215 -1760.0 -124.7 1711 2117 -1456.9
Mxy | Min 29.2 45.4 53.9 -1895.8 -62.3 -122.3 137.2 -1369.7
Mz Ma: -804.0 -2683.2 2801.0 4627.8 271.1 -57.8 2772 -1509.4
Mz | Min 3078 | 33224 | 34192 | 49537 | 1565 | 2439 [ 2808 | 13299
Fx | Max | hdlcl5a Jl 15 $733 | 6987 | 11185 | 4321 | 8243 | 484 | 8244 | 15249
Fx | Min | hdlc15agl17.45 4177 | 45577 | 457658 | 13666 | 798 | 237 | 7202 [ 14152
Fy Max h_dlc_6.1 b_wind_42.5 2 -1258.4 6754 1428.2 -2481.7 -6.50 6714 6714 -1275.9
Fy Min 871.3 -3624.5 3727.8 1808.7 -130.4 -619.9 633.5 -1419.2
Fxy Max 1189.8 -683.4 1372.1 500.0 8243 -21.7 824.6 -1520.2
Fxy Min 140.6 -2870.5 2873.9 0.18 0.15 0.074 0.17 -1452.1
Fz | Ma: 5005 [ 14173 | 15031 | 24103 | 1520 | 601 | 1635 | 9747
Fz | Min | b dlc_110_f icing 2 19591 | 24935 | 31711 | 7703 | 4007 [ 2260 | 4609 | 17022
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Steel Tower Hybrid tower Mol
Mx [kNm] 4577 4551 —26
My [kNm] 7192 24 49
Mxy [kNm] 7269 7322 53
Mz [kNm] 5344 4954 -390
Fx [kN] 754 824 70
Fy [kN] 756 671 -85
Fxy [kN] 791 825 34
Fz [kN] 1707 1702 -5
Table 10. 2% ZIS$ Hjw
[Hz] Steel tower Hybrid tower
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Tower fore—aft mode 2 2.32 2.40
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Tower side—side mode 2 2.75 2.87
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Table 11. 5}0|=22[= E}9| Z|CH S L HY|
Load case Omax [MPa] | 8nex [mm]
Mx | Max h_dic 2.1 ¢ 81,28 374.0
Mx | Min h_dic_21_b 93.15 463.9
My | Max h_dic_1.1_f 57.16 2783
My | Min h_dic 32 ¢ 90.55 369.8
Mxy | Max h_dic 32¢ 90,56 369.8
Mxy | Min h_dic_4.2 f gl_15 33.38 1563.0
Mz | Max h dic 21 e 54,94 236.0
Mz | Min h_dic_3.2_c 90,55 369.8
Fx | Max h_dic_1.5_a gl_15 175.0 880.7
Fx | Min h_dic_1.5_a gl _17.45 169.0 909.8
Fy | Max | h_dlc_6.1_b_wind_42.5 2 148.2 768.0
Fy | Min | h.dic 61 e wind 425 1 1426 7400
Fxy | Max h_dic_1.5_a gl_15 175.0 880.7
Fxy | Min h_dic_5.1a 39,52 77.58
Fz | Max h_dlc_7.1_b_pa_30 33,01 142.3
Fz | Min h_dic_1.10_f_icing_2 98 31 4770
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Position Omax (MPa) aiiow (MPa) Safety
oz 249 43 173
Jhe 12.5 43 3.44
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