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Abstract 
 
As the demand for renewable energy has increased following the worldwide agreement to act against global 

climate change and disaster, large-scale floating offshore wind systems have become a more viable solution. 
However, the cost of the whole system is still too high for practical realization. To make the cost of a floating 
wind system be more economical, a new concept of tension leg platform (TLP) type ocean floating wind system 
has been developed. To verify the performance of a 5-MW TLP type ocean floating wind power system designed 
by the Korea Advanced Institute of Science and Technology, the FAST simulation developed by the National 
Renewable Energy Laboratory is used. Further, 1/50 scale model tests have been carried out in the ocean engi-
neering tank of the Research Institute of Medium and Small Shipbuilding, Korea. This paper compares the simula-
tion and ocean engineering tank test results on motion prediction and tension assessment of the TLP anchor. 

 
Keywords: Offshore Floating Wind Turbine (OFWT), Tension leg platform (TLP), NREL FAST simulation, Wave basin test, 

Anchor tension, Response Amplitude Operator (RAO) 

 

 
 

1. Introduction  

To prevent pollution and protect the environment, interest in renewable energy, which can replace fossil 

fuels, has rapidly been increasing all over the world. Among the renewable energy sources, wind energy 

offers many advantages. Hence, it is one of the fastest-growing energy sources in the world. Wind is a sus-

tainable, clean, and free energy source. It does not emit greenhouse gases or other pollutants, and using 

modern technology, it can be efficiently captured. In addition, its operation and maintenance are cost-

effective, and various sizes can be possible. However, wind power systems suffer from some challenges. 

Wind is not constant, and therefore, fluctuations occur during electricity production. Moreover, a good 

wind site is usually far from the cities where the electricity is needed. Wind energy is related to the air den-

sity, power coefficient, swept area of the blades, and wind velocity Equation (1) expresses the power output 

from a wind turbine.  
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Table 1. Principal dimensions of the KAIST floating wind power system.  

Parameter Unit Full-scale Model (1:50) 

Water depth m 100 2 

Rotor 

Diameter m 126 2.52 

Number of blades - 3 3 

Mass kg 110,000 0.88 

Nacelle mass kg 240,000 1.92 

Tower 
Length m 77.6 1.55 

Mass kg 249,718 1.99 

Floating 

platform 

Outer diameter m 70.5 1.41 

Inner tower diameter m 20 0.4 

Tower height m 40 0.8 

Displacement m  8164 0.0653 

Draft m 30 0.6 

Total pre-tension N 78.0 × 10  624 

Pre-tension in each cable N 9.75 × 10  78 

Total 

Roll inertia kg × m  4.559 × 10  14.59 

Pitch inertia kg × m  4.561 × 10  14.6 

Yaw inertia kg × m  2.826 × 10  0.9 

Center of gravity m From water line 14.15 From water line0.283 

Mass kg 1,711,400 13.69 

 

Where   is the air density,    is the power coefficient,   is the rotor swept area, and   is the wind 

speed. Enhancement of the swept area of the blades and velocity are essential to increase the wind energy 

power. To improve and solve the challenges of wind power systems, large-scale offshore floating wind 

turbines (OFWTs) were first proposed in 1972 by Prof. William E. Heronemus at the University of Massa-

chusetts (Musial et al.,2004). Offshore wind power systems have many advantages. In the site of offshore 

floating wind power system operation, The wind speed is higher and less variable owing to the absence of 

obstacles. In addition, greatly increasing the size is possible, and proven deep-water floating technologies 

that are available from the offshore industry can be utilized. Moreover, offshore wind system is free from 

noise and landscape problems. The three primary concepts of a floating subsystem for an offshore wind 

system are the tension leg platform(TLP), spar, and barge. The TLP primarily maintains stability through a 

mooring system and excess buoyancy. Several researches works on the concepts underlying TLP type 

floating offshore wind turbines have been performed. Matha(2010) analyzed and compared the motion 

performance of the TLP, barge, and spar of floating offshore wind turbines. Bachynski and Moan(2012) 

analyzed various types of TLP floating offshore wind turbines. Robertson and Jonkman (2011) analyzed 

the dynamic response of barge, semi-submersible, TLP, and spar types of floating offshore wind turbines. 

The TLP wind turbine concept is promising for intermediate water depths because the limited platform 

motion is expected to reduce the structural loading on the tower and blades compared with the other float-

ing concepts, without requiring a large draft of a spar or the spread mooring system of a semi-submersible. 

The other advantages of the TLP type turbine are mobility, reusability, stability with minimal vertical mo-

tion, low cost that increases as the depth increases, deep water capability, and low maintenance cost. How-

ever, the disadvantages of the TLP turbine are its high initial and subsea cost, fatigue of the tension legs, 

difficulty in maintaining the subsea systems. In accordance with the recommendations of the International 

Electrotechnical Commission, many countries have attempted to research and develop floating offshore 

wind turbine platforms and conducted tests. However, their efforts have not been rewarded with commer-

cial success, making it necessary to develop a stable and economical offshore wind turbine platform. Re-

cently, Vita et al.(2009) presented new developments of a novel concept and described three configurations.  
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Fig. 1.  KAIST TLP type floating wind turbine with spoke platform. 

 

Changhong and Makoto(2014) carried out the development of a semi-submersible type floating wind tur-

bine system(so-called Wind Lens turbines) at Kyushu University, Japan. The platform is a composition of 

cylindrical structures. A new concept for a 5-MW TLP offshore wind turbine platform that uses spoke 

structures has been developed by the Korea Advanced Institute of Science and Technology (KAIST) for 

weight lightening and stability. Fig.1 shows the KAIST model (Lee et al., 2015). 

In this paper, the National Renewable Energy Laboratory (NREL) FAST simulation and 1/50 scale model 

tests were carried out. By comparing and analyzing the two results, the motion performance and anchor-

part tension were estimated, and a new type of TLP floating offshore wind turbine is proposed.    

2. Configuration of the Floating Wind Power System 

The new floating offshore wind turbine platform model is of the TLP type, and the blade, hub, nacelle, 

and tower of the NREL 5-MW reference wind turbine for offshore system development (Jonkman et al., 

2009) were used in this study. Jonkman and Matha (2011), Robertson et al. (2014) and Shin et al. (2013) 

analyzed several types of OFWT using the NREL 5-MW reference wind turbine. Table 1 lists the basic 

dimensions of the real and the 1/50 scale models. Fig. 2 shows the shape and dimension of the KAIST 

floating platform in a real scale, and the numbers indicate the anchor parts located on the sea floor. The 

scaling factors were determined according to Froude’s law of similarity. In the mooring system case, eight 

mooring lines were connected to four anchor parts, and each anchor part has two mooring lines.  

  

 

 

Fig. 2. Plan and side view of the floating structure. 
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Table 2. Sea states for the wave basin test. 

Case 

no. 

Wind speed 

(m/s) 
Wind 

Turbine 

State 

Wind turbine 

RPM 

Wind 

Turbine 

Pitch  

(deg) 

Wave height 

(m) 

Wave period 

(s) Beaufort 

number 
Real Model Real Model Real Model Real Model 

Regular waves with wind speed 

1 8.3 1.17 Cut-in 10 70.7 0 1.31 0.026 5.66 0.8 4 

2 10.8 1.53 Cut-in 11.7 82.9 0 2.69 0.054 7.07 1.0 6 

3 13.9 1.96 Rated 12.1 85.6 8.7 4.08 0.082 7.07 1.0 6 

4 17.2 2.43 Rated 12.1 85.6 13.54 4.64 0.093 8.49 1.2 7 

5 20.7 2.93 Rated 12.1 85.6 18.7 6.86 0.137 9.90 1.4 8 

6 24.4 3.46 Rated 12.1 85.6 22.35 9.64 0.193 11.3 1.6 9 

7 28.4 4.01 Cut-out 0 0 90 10.4 0.208 12.7 1.8 10 

8 53.9 7.62 Cut-out 0 0 90 8.24 0.165 15.6 2.2 12 

Irregular waves without wind speed 

1 
- 

2 0.04 7.5 1.06 5 

2 5 0.10 9.2 1.30 7 

 

The plan view of the floating structure in Fig.2 shows the middle circle as the center of the floating off-

shore wind turbine, and the red marks represent the anchor parts. The blue circles indicate the vessel part 

for connection to the fixed bottom part. The numbers indicate the underwater load cells. Underwater load 

cell 1 first encounters the wave and wind load. The surge and sway directions are indicated by X and Y, 

respectively. 

3. Wave Basin Test 

3.1 Test Conditions 

To estimate the motion performance and anchor-part tension, 10 test cases were chosen. Eight cases con-

sidered regular waves, and two cases considered irregular waves. The wind speeds in all cases were differ-

ent. According to the test case, the wind speed was varied, and the strength of the wind and wave was cho-

sen on the basis of the Beaufort Sea State scale. The Beaufort scale is an empirical measure that relates the 

wind speed to the observed conditions at sea or on land. Its full name is the Beaufort wind force scale 

(Beaufort, 2010). To describe a real-world operating environment, the conditions of the rotor revolutions 

per minute (RPM) and the blade pitch angle were equally set to control the system properties of the NREL 

5-MW reference wind turbine (Jonkman et al., 2009). The sea conditions tested in this study were divided 

into two types. The first condition involved regular waves with wind speed, and the second condition in-

volved irregular waves without wind speed. Table 2 lists the two types of sea conditions tested in this study.  

The direction of the incident wave was 0° in all cases, and the wind direction was the same as that of the 

incident wave. Fig. 2 shows that anchor 1 encountered the waves and wind first.   

3.2 Wave Basin Test 

An ocean engineering wave basin test was conducted to analyze the motion performance and tension of 

the anchor part. The scale ratio of the model was 1/50, and the Froude’s law of similarity was used. The 

experiment was conducted at the Research Institute of Medium and Small Shipbuilding, Korea. Fig. 3 

shows the view of the ocean engineering wave basin. Using a wave maker and a wind generator, external 

conditions that occur in real sea could possibly be realized. The results from the test were taken from the 

surge, heave, and pitch motions to evaluate the motion performance, and using four underwater tension 

meters, the tension of the TLP mooring line anchor parts was measured. Irregular waves were created using 
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the TMA spectrum, which is an extension of the JONSWAP spectrum, by considering finite depth. The 

wind speed was constant during the test. 

To generate the similar rotational speed that was used in a real model, an electronic device was employed 

in the nacelle part. A remote control system was used to control the rotational speed of the turbine. Fig. 4 

shows the installation and setting of the experiment of the floating wind turbine system. This experiment 

was designed to concentrate on floating platform motion analysis. The blade considered was similar to the 

NREL 5-MW reference model in terms of form only. The blade was reproduced considering just the weight, 

not the aerodynamics aspects. Fig. 5 shows the basic dimension of the experimental condition.  

4. Computer simulation 

 To verify the floating wind turbine system, the NREL FAST simulation(Jonkman et al., 2015) was con-

ducted on a full-scale model. FAST is the primary computer-aided-engineering tool of the NREL for simu-

lating the coupled dynamic response of wind turbines. In the tower, rotor, and nacelle parts, the NREL 5-

MW reference wind turbine(Jonkman et al., 2009) was used. To operate HydroDyn which is one of the 

FAST modules, hydrodynamics analyses are required, as shown in the following: 

- Linear, non-dimensionalized, hydrostatic restoring matrix 

- Frequency-dependent hydrodynamic added mass matrix 

- Damping matrix, frequency- and direction- dependent wave excitation force vector per unit wave ampli-

tude 

 To estimate the hydrodynamics analyses, we used the Multi-Operational Structural Engineering Simula-

tor(MOSES). WAMIT is the most widely used 3-D computer program for diffraction and radiation prob-

lems and is a proven computer program. MOSES has the same capability, and both programs use the con-

ventional 3-D constant panel method and mathematical formulation (J.Ray McDermott Engineering, 2000).  

 

 

Fig. 3 Ocean engineering wave basin for the test. 

 

 

Fig. 4 Installation and experimental settings. 
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Fig. 5 Basic dimension of the experimental condition. 

4.1 Simulation Result 

FAST simulation was performed to predict the performance of a floating wind power generation system. 

In the wave basin test, when the extra buoyancy and weight of the floating wind turbine were included and 

when no other external force was present, the underwater tension meters indicate a zero reading. To com-

pare the values under the same state, simulation was performed in the same environment as that in the ex-

periment.  

 

 

Fig. 6. Time history of the simulation of the surge and anchor tension (regular wave with wind). 
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 Table 3. Results of the surge free-decay test 

 Real scale 1/50 scale 

Experiment  12.8 s, 0.078 Hz 1.81 s, 0.553 Hz 

Simulation  12.4 s, 0.081 Hz 1.75 s, 0.571 Hz 

Error 3.23 % 

4.2 Regular Wave Condition with Wind 

Eight sea conditions were tested in the presence of wind and wave loads. In each full-scale simulation, 

three motions(surge, heave, and pitch) and the tension that occurred in parts of the four anchors were 

measured. The NREL 5-MW reference wind turbine for offshore system development which includes the 

blade, hub, nacelle, and tower were used in this study. Fig. 6 shows the simulation of the surge motion and 

the tension applied to anchor 1. In the surge motion and anchor tension, they were periodic. However, the 

anchor tensions were not periodic when slack events occurred. The periodicity of the surge displacement 

and anchor tension are caused by external forces, which are the wind and wave loads and the restoration 

force due to buoyancy and mooring-cable tension. However, when slack events occur, tension in the moor-

ing cable rapidly increases. Therefore, the periodicity in the tension disappears. Also, Slack event occurred 

from case 06 and Beaufort number of case 06 is 9. This case is strong and severe gale and wind speed is 

24.4m/s. Wave height and periods are 9.64m and 11.3s respectively. Although, Beaufort number 9 case is 

not normal situation and it does not show problems of slack effect, more hydrodynamics analysis should be 

considered to improve performance in severe environment. 

5. Comparison of the Wave Basin Test and Computer Simulation 

The results of the experiment and simulation were compared and analyzed. In the free-decay test, the nat-

ural periods of the surge motion obtained in the experiment and simulation were compared. In the regular 

wave under wind condition, the experimental and simulation response amplitude operators (RAOs) of the 

motion and anchor-part tension were compared. Section 6.3 presents the experimental results for the irregu-

lar wave without wind. 

5.1 Free-Decay Test 

In the free-decay test, the amplitude decreased due to the presence of the damping resistance on the floating 

platform itself when no external force was present. Through the free-decay test, we can possibly estimate 

the natural frequency of motion and the resonance period. Fig. 7 shows the results of the wave basin test 

and the surge free-decay test simulations. Compared with the surge motion, the heave and pitch motions 

were very small. Therefore, in this study, only the surge free-decay test was considered. In the experiment, 

the estimation was performed in a model scale, and in the simulation, the results were converted from the 

real to the model scale and compared.  

 

 

Fig. 7. Surge free-decay test. 
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 Table. 4 Anchor tension 

Beaufort number 5 7 

Anchor number 1 2 3 4 1 2 3 4 

Significant period(T / )(s) 1.667 1.316 1.724 0.694 1.389 0.820 1.389 0.820 

Mean force (F )(N) 1.089 1.556 1.273 1.010 11.00 17.88 10.71 2.27 

 

 Table 5. Motion response  

Beaufort number 5 7 

Value Surge Heave Pitch Surge Heave Pitch 

Significant period(T / )(s) 1.7067 25.60 1.7067 1.4841 102.4 1.3653 

Mean motion(A )(mm) 115.2117 0.525 0.0022 2040.86 29.73 0.0242 

 

 

Fig. 8.RAOs of the surge, heave, pitch displacement, and anchor tension under regular waves. 

 

Using four positive and five negative periods, the average value was obtained, and the natural frequency of 

the surge motion was then estimated. Table 3 lists the natural frequency and error between the experiment 

and simulation. The resonance period of the real scale was 12.8 s, and that of the model scale was 1.81 s in 

the experimental model. In the simulation, the resonance periods of the real and model scale were 12.4 and 

1.75 s, respectively. The results obtained through the experiment and simulation were substantially the 

same.  

5.2 Regular Wave with Wind Condition 

The experimental and simulation results under eight sea conditions with both wind and wave loads were 

compared. Fig. 8 shows the RAOs of the surge, heave, and pitch motions and the anchor-part tension ac-

cording to the Beaufort number. The units of the surge and heave are in meters per meter, and that of the 

pitch is in degrees per meter. In the case of an increase from 0.06 to 0.18 Hz, obtaining the pitch motion 

was difficult owing to the limitation in the tracking equipment, and the momentary speed was not accurate-

ly captured. However, in the movie recording process and advanced case analysis, the surge and heave 

motions were estimated using one target under the assumption that pitch did not occur or was negligibly 

small. 

In the case of regular waves with wind speed, the ocean environment developed extreme conditions, as 

reflected in the increase in the Beaufort number. The surge motion for the simulation and the heave motion 

for the experiment were higher than that for the simulation and experiment, respectively, and we deter-

mined that the error due to the installation of the wave basin tank which suffered from inaccuracy in the 

wind-turbine blade manufacture, and the wind field range influenced the measurement results. In the case 

of the heave and pitch motions for both the simulation and experiment, a relatively small movement was 

exhibited compared with that in the surge motion, and the same results were observed for the typical TLP 

type turbine. The anchor-part tension increased with an increase in the Beaufort number. The tensions in 
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anchor parts 1 and 3 were larger than those in anchor parts 2 and 4 because the former anchor parts square-

ly met the waves and wind. The highest tension occurred in anchor part 1 because this part encountered the 

wave and wind firstly. Generally, the results of the experiment showed higher motion and tension than the 

simulation results.  

5.3 Irregular Wave without Wind Condition 

In the irregular wave test, the results under two experimental sea conditions were analyzed. In each case, 

an irregular wave was present, but no wind load existed. The Beaufort numbers in the irregular-wave test 

cases corresponded to 5 and 7. The measured anchor tension value and the surge, heave, and pitch motions 

are listed in Tables 4 and 5. 

The spectrum of the surge motion is shown in Fig. 9, and that of the anchor-part tension is shown in Fig. 

10. 

 

 

Fig. 9. Surge motion spectrum at Beaufort scales of 5 (left) 

and 7 (right). 

 

 

Fig. 10. Tension force spectrum at Beaufort scales of 5 

(left) and 7 (right). 

 

The experimental conditions were under Beaufort numbers 5 and 7. In each case, wind load was not pre-

sent. At Beaufort number 5, high anchor-part tension appeared in anchor parts 1 and 3. Further, anchor 

parts 1 and 3 exhibited high energy in a similar period. The highest energy in anchor part 1 was 0.6Hz, and 

the highest energy in anchor part 3 was 0.59 Hz. In the surge motion, the highest value was 0.59Hz, and 

this frequency was similar to that obtained for the anchor-part tension. At Beaufort number 7, high anchor-

part tension and energy occurred in anchor parts 1 and 3. The same phenomenon was observed at Beaufort 

number 5. The highest energy in anchor part 1 was 0.71 Hz, and the highest energy in anchor part 3 was 

0.57 Hz. In the surge motion, the highest value was 0.67 Hz, and a similar frequency was observed at the 

anchor-part tension. This surge frequency was similar to the tension frequency. From these results, the 

pitch and heave motions were very small compared with the surge motion. The significant periods of the 
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surge motions were 1.7067 and 1.4841 according to Beaufort numbers 5 and 7, respectively. In the Beau-

fort number 7 test, the significant period was similar to the natural frequency of the model. Therefore, ob-

taining a large surge motion is possible. 

6. Conclusion 

In this study, a wave basin test and a computer simulation were performed to predict the performance of 

the TLP type floating wind turbine developed at KAIST. Table 6 is shown by comparing the key features 

of KAIST and other floating wind turbine model. 

 

Table. 6 Comparison of TLP type floating wind turbines 

 
Matha 

(2010) 

Erin E. and T. Moan 

(2012) 

Wang and Fan 

(2013) 

This research 

(2016) 

Organization 
NREL 

MIT 
NTNU 

Harbin  

Institute 
KAIST 

Turbine power (MW) 5 5 5 5 

Water Depth (m) 200 150 200 100 

Floating 

platform 

Pontoon 

diameter (m) 
54 54 64 56 50 65 50 70.5 

Main column 

diameter (m) 
18 18 14 14 14 6.5 15 20 

Main column 

height (m) 
50 55 45 32 39 28 40 40 

Number of tendons 8 4 3 3 4 3 8 8 

Draft 48 45 35 22 29 18 10 30 

Total mass (ton) 8600 2322 1518 1293 859 505 1468 1711 

Displacement 

ume (m ) 
12179 11866 7293 5655 4114 2320 9080 9424 

Pretension per line (kN) 3750 6868 4936 8262 5556 3384 11410 9747 

 

Relatively well-known models like, NREL MIT TLP (Matha, 2010),Five models of Bachynski and Moan 

(2012) and Wang and Fan (2013) model were compared with the KAIST model. All these models are 

5MW offshore floating wind turbine of TLP type. The KAIST model used was in relatively shallow water 

and had a great pre-tension with high displacement volume and relatively low weight. The overall weight 

of the model has been kept small for economic efficiency (Lee et al., 2015). As the model had large pre-

tension, It was expected to prevent slack effects. The relatively large number of tendons were expected to 

create difficulties comparing to other models, during installation. However, as operational water depth is 

considered to be relatively low (100m), it is estimated that installation should not be more difficult compar-

ing to other models. The number of tendons and difficulty of installation will be discussed again in future 

works. To determine and confirm the advantages of the model in this study, which improves the pitch and 

heave motion compared with the conventional TLP type floating wind turbine (Lee et al., 2015), a simula-

tion comparison was conducted between the KAIST model and the NREL MIT TLP. The advantage of the 

NREL MIT TLP is that it essentially behaves like a land-based turbine with only a slight increase in the 

ultimate and fatigue loads, but its disadvantage is that it has an expensive anchor system (Jonkman, 2009). 

Table 7 lists the comparison results in terms of the pre-tension, mass, maximum surge, heave, and pitch 

according to the increase in the sea state based on the Beaufort number. In the KAIST model, the results of 

the FAST simulation and experiment were similar. Therefore, we can reasonably compare the FAST simu-

lation results for the KAIST and the NREL MIT TLP models in which the initial data were provided by the 

NREL under the same sea conditions and to perform analysis according to the simulation results. 
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 Table. 7 Comparison between the KAIST TLP and NREL MIT TLP  

 

Total 

pretension 

(MN) 

Total mass 

(ton) 

Sea 

state 

Surge 

max 

(m) 

Heave 

max 

(m) 

Pitch 

max 

(deg) 

Anchor 

tension 

max(MN) 

KAIST  

TLP 
77.98 1711 

4 0.15 0.005 0.021 1.911 

6 0.30 0.008 0.014 1.772 

7 1.40 0.006 0.094 3.935 

8 3.04 0.009 0.182 3.891 

9 5.87 0.073 0.464 8.782 

10 8.69 0.088 1.198 18.19 

12 13.23 0.198 2.139 19.13 

NREL MIT 

TLP 
30.00 8600 

4 3.22 0.009 0.248 2.57 

6 5.23 0.001 0.414 3.93 

7 5.10 0.020 0.362 3.70 

8 5.86 0.034 0.384 3.81 

9 7.04 0.069 0.384 4.00 

10 7.93 0.069 0.318 3.43 

12 7.38 0.259 0.168 6.67 

 

In the NREL MIT TLP, the total weight was five times larger than in the KAIST TLP, and the upper part, 

including the tower and rotor, was the same. Therefore, the difference between the two weights was on the 

floating platform structure. In the surge motion case, when the sea state was relatively favorable, the surge 

motion of the KAIST model was smaller than that of the NREL MIT TLP, but the surge motion of the 

NREL MIT TLP did not significantly increase with the increase in the sea state. However, in the KAIST 

model, the surge motion exhibited relatively significant movement. In the heave motion case, the KAIST 

model exhibited relatively less movement, and in the pitch motion case, the NREL MIT TLP exhibited 

relatively less movement. In the anchor tension case, we can see that a relatively small surplus tension ini-

tially occurred, but as the sea state increased, the surplus tension in the KAIST model significantly in-

creased, whereas the surplus tension in the NREL MIT TLP model did not significantly increase. Conse-

quently, when the sea states were relatively good, the performance of the KAIST model showed little 

movement, but under extreme sea conditions, the NREL MIT TLP model showed a more favorable move-

ment and performance. The reason for this is that the small motion was affected by the large weight of the 

NREL MIT TLP, and in the case of the KAIST model, the floating platform protrudes from the surface, 

resulting in a significant effect from the waves. Therefore, in normal operation conditions and sea state that 

produces electricity than the extreme conditions, KAIST model optimizes the performance of motion. The 

results of the KAIST model simulation and experiment were in a similar range and showed reasonable 

agreement. However, the reasons for the differences between the simulation and experiment are that in the 

case of the FAST simulation, after assuming that the platform movement is very small, the linearized hy-

drostatic forces were considered. Therefore, the calculation accuracy is low for excessive change in posture. 

After the hydrodynamic forces were calculated in the frequency domain, the hydrodynamic forces changed 

from the frequency domain to the time domain using the Cummins equation. When the equations of motion 

are directly solved in the time domain, the accuracy of the result is low in the transient period. These meth-

ods and procedures are determined by simulating the error(Ku et al., 2012). In fabricating the experimental 

model, production errors are inevitable. We determined that these production errors caused the difference 

in the overall results between the simulation and experiment. In the KAIST model, the floating platform is 

subject to withstand a mooring cable tension force because this floating platform model consists of spoke, 

and it is thin and long. Therefore, reinforcement is necessary in the spoke of the KAIST model. Further-

more, for the TLP natural frequency in the surge, the sway and yaw motion must be shorter than 1/30 Hz to 
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avoid the wave load frequency range, and it should be more than 1/200 Hz to avoid the wind load spectrum 

frequency. In the heave, pitch and roll motions, the natural frequency must be longer than 1/3Hz(Larsen, 

2010). But in KAIST model’s surge natural period was not located in suitable range. Therefore, more hy-

drodynamics analyses should be considered to reflect a future detailed model design. Suitable choice of 

natural frequency, properties of model, buoyancy and pre-tension can be used to implement design im-

provements. The current study suggests the feasibility of an OFWT platform in which the motion perfor-

mance improves under extreme conditions. Its weight is lighter, which will lead to economic efficiency in 

the long run. 
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