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Abstract: The structural layout of mechanical and civil structures is commonly obtained using conventional methods.
For example, the shape of structures such as electric transmission towers and offshore substructures can be generated
systematically. However, with rapid advancements in computer graphic technology, advanced structural analyses and
optimum design technologies have been implemented. In this study, the structural shape of a jacket substructure for an
offshore wind turbine is investigated using a topology optimization technique. The structure is subjected to multiple
loads that are intended to simulate the loading conditions during actual operation. The optimization objective function
is defined as one that ensures compliance of the structure under the given boundary conditions. Optimization is carried
out with constraints on the natural frequency in addition to the volume constraint. The result of a first step model
provides quick insights into the optimum layout for the second step structure. Subsequently, a 3D model in the form of
the frustum of a quadrilateral pyramid is developed through topology optimization.
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Fig. 1 Description of problem (a) Upper part,® (b)
Lower part
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Table 1 Load applied to the substructure

Load Value Description

Weight of Blade,

1. Static Load 75.0e+5N Nacelle and
Tower
6m 7.3e+5N
15m 8.2e+5N ;
2. Hydro- Equlvalen.t loads
24m 9.1e+5N are applied at

static Load

33m 10.0e+5N points

42m 10.9e+5N

Current Velocity

+
3. Current Load 5.4e+5N 10m/s
4. Wave Load 5.0e+5N Reference®
. Wind Velocity
+
5. Wind Load 1.2e+5N 50m/s
6. Moment 168.0e+5Nm Z axis
7. Moment 2790.0e+5Nm X and Y axis

= 2.00e+07

FORCE = 1.172+05

FORCE = 5.002+05

FORCE = 7.29e+05

FORCE = 8.208+05

RCE = 9.10e+08

RCE = 1.00e+08

(@ o

Fig. 2 Support and loading conditions imposed on the
substructure design, (a) Solid model (b) Hollow
model
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Table 2 Property of the material used for the substructure

BERREREE

. Density Poisson’s Young’s
Material | 1o /d) ratio Modulus(Pa) |
/ ‘ ““"
Steel 7.8¢+3 0.3 2.1e+11 e Sl
Fig. 3 Optimization history for the stepl




32 Al e R

tio
i)
o

51 231 A E N Sl AR 2 3} 313

Table 4 Optimal topology of the substructure for step2 case Table 5 Results of topology optimization based on
problem definition

Member
size Volume 0.3 Volume 0.4 Volume constraint 0.3
control(m) N T
. .  Natura
Iteration | Compliance(Nm) Frequency (Hz)
Iter. 0 9.7¢+5 1.42
Stepl
Iter. end | 8.4e+4(-91.3%) 1.61(+13.4%)
0.94-4.70 Iter. 0 2.2et+6 1.5
Step2
Iter.end | 2.0e+5(-90.9%) 2.0(+33.3%)
Table 6 Structural performance of the post-processed
substructure
Vertical Horizontal
Force Stress(MPa) 1.62 9.29
Moment Stress(MPa) 3.66 27.7
1™ Natural frequency(Hz) 3.6
1.41-5.64
1.88-3.76
A s
(a) (b)

Fig. 5 Remodeling of the substructure optimal topology
and verification of the natural frequency (a)
pse— S i Remodeling (b) Mode analysis(1*)
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