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ABSTRACT 

In this study, structural vibration analyses for a 5MW offshore wind wind-turbine model have 

been performed for different substructure models. The efficient equivalent modeling method based 

on computational multi-body dynamics are applied to the finite element models of the present 

offshore wind turbines. Monopile and tri-pod substructure types of the typical offshore wind-

turbine are considered herein. Detailed finite element modeling concepts and boundary conditions 

are described and the comparison results for previous analyses are presented in order to show the 

verification of the present numerical approach. Campbell diagrams are also present to investigate 

the rotational resonance characteristics of the offshore wind-turbines with different substructures.
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(a) Three-dimensional configuration 

 

 
(b) Equivalent FE beam model 

Fig. 1 5MW blade model for offshore wind-turbine. 

 

Table 1 Properties of the 5MW offshore blade model 

Blade Length  61.5 m 

Overall Mass 17,740 kg 

Structural-Damping Ratio 0.477465 % 

Blade Pitch Actuator Spring 971.35 x 106 (Nm/rad) 

 

main bearing drivetrain 

torsional spring LSS(Low Speed Shaft)

yaw bearing

yaw bearing spring

 

(a) Rotor and nacelle modeling 

 

 

(b) Equivalent FE model 

Fig. 2 Equivalent beam and concentrate mass models for 

hub and nacelle parts. 

 

Table 2 Properties of the 5MW offshore wind-turbine 

system 

Rating 5 MW 

Rotor Orientation, Configuration Upwind, 3 Blade 

Rotor, Hub Diameter 126 m, 3 m 

Hub Height 90 m 

Cut-in, Rated, Cut-out Wind Speed 3 m/s, 11.4 m/s, 25 m/s 

Rated Tip Speed 80 m/s 

Overhang, Shaft Tilt, Precone 5 m, 5°, 2.5° 

Rotor Mass 110,000 kg 

Hub Mass 56,780 kg 

Nacelle Mass 240,000 kg 

Tower Mass 347,460 kg 

Yaw Bearing Spring Constant 9028.32E6 (Nm/rad) 

Main Bearing Spring Constant 

(Drivetrain Torsional Spring) 
867.637E6 (Nm/rad) 

Table 3 Material properties of the tower 

Young’s Modulus 210 GPa 

Density 8,500 kg/m3 

Poisson’s Ratio 0.3 
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Fig. 3 Three-dimensional configuration of the present 

5MW offshore wind-turbine without substructures. 

 

3. 해석결과 및 검토 

3.1 Phase I Model (Monopile with Rigid 

Foundation) 

hase 

I MSL(Mean-Sea 

level)

MSL monopile

monopile

node

Fig. 4 Finite element equivalent beam model for the 5MW 

offshore wind-turbine (Phase I Model).  

 

 

     (a) 1st Tower Fore-Aft  (b) 1st Drivetrain Torsion 

(c) 1st Blade Asymmetric  (d) 2nd Tower Side-to-Side 

     Edgewise Yaw 

Fig. 5 Natural mode shapes of Phase I Model. 

Monopile

Campbell
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Fig. 6 Campbell chart of 5MW Phase I model. 
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Fig. 7 Comparison of natural frequencies for 5MW offshore wind-turbine (Phase I Model). 
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Fig. 8 Finite element equivalent beam model for the 5MW 

offshore wind-turbine (Phase II Model).  

 

Fig. 9 Structural boundary conditions for the monopile 

substructure with flexible foundation. 
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Fig. 10 Full-system natural frequencies from Phase II model. 

(a) 1st Tower Fore-Aft  (b) 1st Drivetrain Torsion 

Fig. 12 Natural mode shapes of Phase II Model. 
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Fig. 11 Comparison of natural frequencies for 5MW offshore wind-turbine (Phase II Model). 
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(c) 1st Blade Asymmetric  (d) 2nd Tower Side-to-Side 

Edgewise Yaw 

Fig. 12 Continued. 

 

Fig. 13 FEM equivalent beam model of 5MW wind turbine 

Phase III. 

 

3.3  Phase III Model (Tripod Support) 

OC3 Phase 3

Monopile 

tripod monopile

monopile

 

(a) 1st Tower Fore-Aft  (b) 1st Drivetrain Torsion 

Fig. 15 Natural mode shapes of Phase III Model. 
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Fig. 14 Comparison of natural frequencies for 5MW offshore wind-turbine (Phase III Model). 
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(c) 1st Blade Asymmetric  (d) 2nd Tower Side-to-Side 

Edgewise Yaw 

Fig. 15 Continued. 
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Fig. 16 Campbell chart of 5MW Phase III model. 

4. 결 론 

monopile tripod

Phase 

III tripod monopile
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