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ABSTRACT The accurate prediction of mooring line loads in floating offshore wind systems is critical for conducting design. These 

loads are significantly affected by the turbine thrust performance, which is typically governed by detailed turbine specifications such 

as blade geometry and control logic. However, such data are typically inaccessible owing to confidentiality, thus rendering thrust- 

curve-based simplified models a practical alternative. This study evaluates the reliability of a thrust-curve-based simplified model 

using only thrust curves, by comparing it with a fully detailed model that includes aerodynamic effects and controller logic. Both 

models are based on the IEA 15 MW reference turbine and the UMaine VolturnUS-S platform, and simulations were conducted under 

DLC 1.2 conditions using OrcaFlex. The results show that the simplified model estimates the rotor thrust and peak mooring loads 

within approximately 2% of those of the detailed model, thus demonstrating sufficient accuracy for early-stage design. However, in 

certain frequency bands, the simplified model shows higher responses owing to inadequate control-based load attenuation This study 

suggests that thrust- curve-based models can serve as a practical tool for mooring system design when turbine data are limited while 

highlighting the necessity for caution in fatigue-sensitive or high-fidelity applications.
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Subscript

BEM : blade element momentum  

DLC : design load case

1. Introduction

In recent years, global interest in offshore wind 

power has surged, driven by strengthened policies 

aimed at expanding renewable energy and achieving 

carbon neutrality.
[1,2]

 In deep waters, where bottom- 

fixed structures are economically less viable, floating 

wind turbines have emerged as a promising alterna-

tive.
[3,4]

 These floating systems offer greater flexibility 

in site selection compared to fixed structures, thus 

maximizing the potential of offshore wind resources.
[5]

As a result, the demand for advanced design and 

analysis techniques for floating wind systems has 

grown, leading to the development and validation of 
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various numerical modeling approaches.
[6,7]

 Floating 

wind turbines are inherently complex multi-degree- 

of-freedom dynamic systems, influenced by the coupled 

interactions of wind loads, waves, currents, and platform 

motions. Accurate simulations require integrated models 

that account for the turbine, tower, floating platform, 

and mooring system.
[8,9]

In particular, precise prediction of extreme loads on 

mooring lines is critical in mooring system design, and 

these loads are highly sensitive to the turbine’s thrust 

response characteristics. Detailed turbine information 

such as blade geometry, aerodynamic coefficients, and 

controller logic is therefore essential. However, in 

practical scenarios, this information is often unavailable 

due to confidentiality restrictions, limiting the ability 

to construct fully detailed models.
[3,8]

 To overcome 

this limitation, simplified models that use thrust curves 

as a function of wind speed are commonly employed. 

These methods are supported by tools such as FAST 

and OpenFAST,
[10,11]

 and serve as practical alternatives 

during early-stage design or when turbine data is 

limited.
[3,12]

Numerous studies have explored the modeling and 

analysis of floating wind systems. Jonkman
[3]

 laid the 

groundwork for dynamic modeling and load analysis, 

while Robertson et al.
[13]

 evaluated the impact of 

mooring model fidelity on system response. Simplified 

modeling techniques have also been studied for instance, 

Truong & Ahn
[14]

 assessed linear models against 

OpenFAST, and Pegalajar-Jurado & Bredmose
[15]

 as well 

as Bachynski & Moan
[16]

 analyzed response variations 

across different model complexities. Other works have 

compared power production and dynamic response,
[17]

 

or experimentally analyzed surge induced thrust varia-

tions,
[18]

 confirming quasi-steady behavior in low 

frequency regions.

However, most prior research has focused on either 

a single modeling approach or mooring load estimation 

alone, and few studies have quantitatively compared 

thrust curve-based simplified models with fully detailed 

turbine models across the entire system response.

Such validation remains essential, especially because 

the dynamic response of the floating structure and 

turbine directly influences mooring loads. Without 

detailed modeling including controller effects and aero-

dynamic deformations simplified models may introduce 

significant errors in mooring response predictions.
[8,12,19]

Therefore, this study constructs two models of the 

IEA 15 MW reference wind turbine
[20]

 on the UMaine 

VolturnUS-S semi submersible platform:
[21]

 one 

detailed model including aerodynamic and control 

system features, and one simplified model using only 

a thrust curve as input. Under the international design 

condition DLC 1.2,
[22]

 the rotor thrust and mooring load 

responses of both models are quantitatively compared. 

The goal is to assess whether the simplified model 

can reliably predict peak mooring loads during early 

design stages when detailed turbine data is unavailable, 

and to provide foundational insights for future ex-

pansion into broader design scenarios.

While load cases such as DLC 6.x represent more 

extreme environmental conditions and may induce 

higher mooring tensions, this study focused on an 

initial feasibility assessment of the simplified model. 

Therefore, DLC 1.2 featuring rated wind speed and 

moderate wave loading was selected as it represents 

a typical operational condition where the turbine is 

actively controlled and thrust based loading is most 

meaningful. This choice allows for a focused evaluation 

of the model’s capability in replicating mooring loads 

under realistic but controlled conditions prior to appli-

cation in more severe environments.

2. Analysis condition and simulation setup

To compare the response differences between a 

simplified model based on a thrust curve and a detailed 

model incorporating aerodynamic and control charac-

teristics, two simulation models were constructed 
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under identical conditions and subjected to numerical 

analysis. The target system is based on the IEA 15 MW 

reference wind turbine
[20]

 and the UMaine VolturnUS-S 

semi submersible platform. The main specifications 

for the floater, tower, and mooring system were modeled 

based on the publicly available documentation.
[21]

The controller employed in this study, as referenced 

in,
[21]

 is based on the open source ROSCO framework 

developed for the IEA 15 MW reference turbine. It 

incorporates a proportional integral controller for 

blade pitch regulation and a torque controller for 

generator power optimization. The primary role of 

the controller is to maintain the rated rotor speed by 

adjusting the blade pitch angle in response to wind 

speed variations. For floating platforms, the default 

control settings were tuned to mitigate platform pitch 

interactions by modifying the PI gains and introducing 

peak shaving behavior around the rated wind speed 

region. These modifications reduce the excitation of 

low frequency motions and enhance system stability 

under turbulent wind conditions. The controller operates 

in Region 2.5 of the wind turbine power curve, where 

active pitch control is crucial for load attenuation and 

rotor thrust regulation.

The simulations were conducted using OrcaFlex 

11.3a, a commercial software widely used for analyzing 

nonlinear motions and mooring dynamics of offshore 

structures. The platform’s six degrees of freedom 

motions and mooring responses were computed based 

on time domain simulations considering the time history 

of external loads. Hydrodynamic analysis employed 

the Response Amplitude Operator based on linear wave 

theory within OrcaFlex, accounting for wave added 

mass, damping, and wave excitation forces acting 

on the floater. Wave inputs were defined using the 

JONSWAP spectrum, and the mooring system was 

modeled as a three line catenary wire configuration 

in 200 meters of water depth, reflecting a realistic 

marine environment.

Aerodynamic analysis was performed using OrcaFlex’s 

BEM module. Airfoil data were assigned to each blade 

section, and lift, drag, and moment coefficients were 

pre defined based on angle of attack. Major aerody-

namic phenomena, including tip loss, skewed wake, 

and dynamic inflow effects, were included to enable 

real time calculation of rotor thrust and pitch moment 

over time. The model also supported aeroelastic coupling 

by incorporating blade geometry, stiffness, and mass 

distribution. The control system applied was based on 

the default torque and pitch controller settings defined 

in.
[21]

 In contrast, the simplified model was configured 

under the same structural and environmental conditions, 

but with wind speed dependent thrust curves used as 

direct input. This model excluded aerodynamic and 

controller effects, and only computed the response of 

the mooring lines and floater accordingly.

In this study, the simplified model was constructed 

by generating time history thrust loads based on the 

wind conditions of DLC 1.2 and directly applying them 

as external forces to the floater, thereby simplifying 

the turbine representation. To maximize model sim-

plicity, the calculation of wind speed acting on the 

turbine did not account for the relative velocity caused 

by the dynamic motion of the floater. Consequently, 

in floating offshore wind systems where significant 

platform motion occurs, applying thrust without con-

sidering this relative velocity can lead to discrepancies 

in the system’s dynamic response. Furthermore, aero-

dynamic damping effects, which require detailed turbine 

specifications, were not included in the simplified 

model.

The key structural differences between the two models 

are illustrated in Fig. 1, and a detailed comparison of 

each component is provided in Table 1, allowing for a 

clear understanding of the modeling framework adopted 

in each case.

In addition, the specific simulation conditions inclu-

ding mean wind speed, turbulence intensity, and total 

simulation time are summarized in Table 2. These 

conditions were defined based on DLC 1.2, one of the 
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Fig. 1. Schematic diagram of the modeling strategy

Table 1. Configuration comparison between the detailed 
model and the simplified model

Component Detailed model Simplified model

Hydrodynamic 

modeling
BEM-based aerodyn

Thrust curve 

input

Control system
Pitch controller 

(DLL implementation)
N/A

Wind input
Identical turbulent time series 

(Turbsim)

Floating platform VolturnUS-S semi-submersible

Mooring system Three-line catenary mooring

Simulation tool Orcaflex

Table 2. Simulation conditions for DLC 1.2

Parameter Value

Vhub (avg.10 min) 10.59 m/s

wind shear 0.14

Wind model NTM

turbulence intensity 14%

Hs (3 hr) 1.84 m

Tp 7.5 s

gamma 1

Wave model NSS

Current N/A

Water level MSL, 0.207 m

Simulation time 3 hr

design load cases outlined in the international standard 

DNV-RP-C205,
[22]

 in order to enable a direct com-

parison of wind induced response characteristics. The 

platform, tower, and mooring system configurations 

were kept identical for both the detailed and simplified 

models. 

3. Validation of the simplified model

In the early stages of design, it is often difficult to 

obtain detailed aerodynamic data or control logic for 

wind turbines. As a result, simplified models that use 

wind speed dependent thrust curves are frequently 

adopted in practical engineering applications. While 

such models offer advantages in terms of simulation 

efficiency, their omission of actual aerodynamic and 

control system responses necessitates prior validation 

to ensure prediction reliability.

This section evaluates how closely the thrust curve- 

based simplified model replicates the response of a 

fully aerodynamic model under various mean wind 

speed conditions. The aim is to assess the degree of 

load prediction accuracy the simplified model can 

achieve within the design envelope, and to determine 

its quantitative applicability in subsequent simulation 

stages.

Before directly comparing the simplified model (based 

on thrust curve input) with the detailed model, a 

preliminary verification step was conducted to confirm 

that the detailed model itself adequately reproduces 

the turbine’s design standards. Specifically, the thrust 

response calculated by the detailed model was com-

pared to the official design thrust curve provided for 

the IEA 15 MW reference turbine. Fig. 2 presents this 

comparison across a range of wind speeds. A deviation 

was observed between 9 m/s and 12 m/s due to the 

influence of the controller implemented in this study, 

which resulted in peak shaving in the simulation. 

However, outside this range, the simulation results 

matched the design curve very closely. This confirms 

that the detailed model used in this study faithfully 

reproduces the turbine’s design thrust data, and is 

therefore valid for use as a benchmark in the com-

parison with the simplified model.
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Fig. 2. Comparison between design thrust curve and 
simulation-derived thrust values from the detailed 
aerodynamic model

Fig. 3. Comparison of rotor thrust time histories for the 
simplified and detailed models

3.1 Time-series analysis

Based on the previous validation, this study con-

structed the input thrust curve for the simplified model 

not from the original design thrust curve of the IEA 

15 MW turbine, but from the mean thrust values 

obtained from the detailed model simulations across 

various wind speeds. To enable real time application 

of thrust loads corresponding to varying wind speeds, 

a custom Python script was integrated using the 

External Function feature in OrcaFlex. This script 

receives wind speed as input, references a predefined 

wind speed thrust mapping table, and applies linear 

interpolation between wind speed intervals, allowing 

the thrust curve to be implemented as a continuous 

function rather than a discrete set of values.

To verify the validity of this simplified model con-

figuration, a simulation was performed where wind 

speed was incrementally increased at fixed time 

intervals, as shown in Fig. 3. The initial wind speed 

was set to 6 m/s and was increased stepwise every 

200 seconds up to 20 m/s, covering the range of 9 

to 20 m/s in 1 m/s increments. This scenario was 

designed to quantitatively examine the thrust response 

characteristics of both models across the full design 

wind speed range.

The results show that the simplified model main-

tained a constant thrust value for each defined wind 

speed interval, while the detailed model exhibited 

sharp thrust variations and oscillatory responses near 

the rated wind speed due to controller actions and 

aerodynamic dynamics. Nevertheless, the overall thrust 

trend showed good agreement between the two models, 

indicating that the simplified model effectively appro-

ximates the thrust behavior of the 15 MW turbine.

Next, before conducting the full floating system 

analysis (including platform motion), the study investi-

gated whether there are inherent structural differences 

in the rotor thrust response characteristics between 

the two models. As shown in Fig. 4, both models were 

simulated under the same DLC 1.2 wind conditions 

with the platform fixed, allowing comparison of the 

rotor thrust response while excluding platform motion. 

In this configuration, environmental disturbances such 

as wind and waves were kept identical, enabling a 

fair evaluation of how each model responds to the 

same wind field. 

The results showed that the mean rotor thrust values 

both models were closely matched, with an average 

error of only -0.65%, as shown in Table 3. In addition, 
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Fig. 4. Rotor thrust response comparison under fixed conditions (DLC 1.2 wind field, fixed)

Table 3. Comparison of fixed condition rotor thrust statistics 
between the detailed model and simplified model

Error metric Value (%)

Mean rotor thrust -0.65

Mean instantaneous thrust error 14.44

Std. deviation of instantaneous error 9.8

Fig. 5. Comparison of thrust response scatter for simplified 
and detailed models under DLC 1.2 (fixed condition)

the mean instantaneous thrust error calculated as the 

average of absolute differences at each time step was 

14.44%, indicating that although the average thrust 

levels are similar, local deviations are more pronounced. 

These deviations arise not because of increased fluc-

tuation in the detailed model, but rather due to the 

difference in how each model responds to rapid wind 

changes. The simplified model reflects abrupt thrust 

changes directly from the input wind speed, whereas 

the detailed model moderates this behavior through 

pitch and torque control, aiming to maintain thrust 

stability. This difference in dynamic response charac-

teristics between the models results in higher instan-

taneous thrust errors, especially during periods of 

fluctuating wind conditions.

Fig. 5 presents a scatter plot constructed from the 

full time series data obtained under DLC 1.2 conditions 

with the platform fixed. It maps the wind speed at 

each time step against the corresponding rotor thrust 

value. As seen in the figure, the simplified model 

closely follows the design thrust curve throughout 

the entire simulation period, demonstrating that the 

thrust table was accurately applied in response to 

real time wind speed variations. 

In contrast, the detailed model also shows thrust 

responses that generally cluster near the design thrust 

curve. However, in regions with rapid wind speed 

fluctuations or near the rated wind speed range, 

deviations occur due to controller induced peak shaving 

or delays in aerodynamic and control system responses. 

These discrepancies reflect the complex dynamic behavior 

of the detailed model. 
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Fig. 6. Time-series comparison of rotor thrust between detailed model and simplified models (free condition) 

Table 4. Comparison of  rotor thrust statistics between the 
detailed model and simplified model

Error metric Value (%)

Mean mooring tension -4.65

Mean instantaneous mooring tension 12.01

Std. deviation of instantaneous error 9.27

This trend becomes more pronounced in off-design 

wind speed ranges, particularly at lower wind speeds 

(6 to 9 m/s) and higher wind speeds (above 17 m/s), 

where the differences from the design curve increase. 

The results highlight that while the detailed model 

attempts to follow the design thrust curve as closely 

as possible through its aerodynamic and control mech-

anisms, it is inherently limited by system response 

delays and rapidly changing wind conditions, making 

perfect adherence to the design curve impractical.

4. Result

This section presents a quantitative comparison 

between the simplified thrust curve based model and 

the detailed model incorporating aerodynamic and 

control features as applied to a floating offshore wind 

turbine system. The simulations were conducted under 

DLC 1.2, and the comparison focuses on key response 

metrics including rotor thrust, mooring line tension, 

statistical load indicators, and frequency domain 

responses. 

Fig. 6 illustrates the time series comparison of 

rotor thrust generated by the two models under DLC 

1.2 conditions. Similar to the results observed in the 

fixed-platform simulations, the detailed model exhibited 

several high load instances that exceeded the design 

thrust curve, primarily due to turbulent wind speed 

fluctuations and dynamic controller responses such 

as pitch control. In contrast, the simplified model, 

which applies a fixed thrust input based on a wind 

speed dependent thrust table, showed a more con-

strained thrust response even under rapidly changing 

wind conditions, owing to the absence of dynamic 

aerodynamic or control feedback. 

The quantitative comparison of thrust responses is 

summarized in Table 4. The mean rotor thrust cal-

culated from the detailed model was 1,968.61 kN, 

while that of the simplified model was 1,877.02 kN, 

indicating a difference of approximately -4.65%. Addi-

tionally, the mean instantaneous error in the time- 

series thrust was about 12.01%, and the standard 

deviation of the instantaneous error was 9.2%, con-

firming that there is a significant difference in the 

variability of instantaneous responses between the 

two models.
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Fig. 7. Time history of mooring tension under DLC 1.2. Top 15 peaks from each model are marked

Table 5. Comparison of mooring tension statistics between 
the detailed model and simplified model

Error metric Value (%)

Mean rotor thrust 8.41

Mean instantaneous thrust error 10.81

Std. deviation of instantaneous error 7.86

Fig. 7 presents the time-series comparison of mooring 

line tension obtained from both models under DLC 1.2 

conditions. This particular mooring line was selected 

because it is located on the windward (front-side) of 

the platform, where the influence of rotor thrust is 

most prominent. 

Despite exhibiting different thrust response cha-

racteristics, both models produced similar maximum 

mooring loads, each exceeding 4,500 kN over the 

course of the 3 hour simulation. The figure also 

highlights the top 14 peak tension values recorded 

from each model. While the temporal distribution of 

these peak values varies between the models, the 

magnitude of the response remains comparable. Notably, 

the simplified model, despite lacking aerodynamic 

modeling and active control systems, still yielded 

tension responses that were not significantly different 

from those of the detailed model.

Although both models applied a nacelle tilt angle of 

6 degrees, the way thrust loads were derived and 

applied differs fundamentally. In the detailed model, 

aerodynamic calculations naturally account for the 

inclined inflow due to the platform pitch and nacelle 

tilt, which leads to a reduced effective horizontal thrust 

component. In contrast, the simplified model uses 

pre-defined thrust curve values based on horizontal 

wind input and applies them with a tilt angle but 

without adjusting for the true inflow direction or its 

effect on horizontal loading. As a result, the horizontal 

component of the thrust tends to be overestimated 

in the simplified model, explaining the higher peak 

tensions observed in Fig. 7. 

To enable a comparison of the mooring average 

tension responses between the models, Table 5 presents 

a statistical summary of the mooring loads shown 

in Figure 7. The mean mooring tension error was 

calculated to be 8.41%, indicating a slight overesti-

mation by the simplified model. The mean instan-

taneous error was 10.81%, with a standard deviation 

of 7.86%, reflecting moderate variation in the amplitude 

of tension values between the two models.

Fig. 8 presents a comparison of the power spectral 

density (PSD) of mooring line tension for the two 

models under DLC 1.2 conditions. By converting the 

time domain responses into the frequency domain, 

the graph quantitatively illustrates how much energy 

each frequency component contributes to the mooring 
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Fig. 8. Frequency domain analysis of mooring tension via 
FFT

Fig. 9. Frequency domain analysis of rotor thrust via FFT

line loads. As shown in the figure, the simplified 

model exhibits a generally similar frequency response 

pattern compared to the detailed model, but shows 

higher PSD values in certain frequency bands. In 

particular, the simplified model shows a notably 

stronger response around 0.04 Hz, suggesting that it 

may overestimate thrust fluctuations or underrepresent 

damping effects in specific periodic responses. In the 

0.1 to 0.2 Hz range, both models show comparable 

energy distributions. Overall, the simplified model 

successfully replicates the load distribution charac-

teristics of the detailed model not only in terms of 

average response levels but also across major frequency 

components. However, some discrepancies are observed 

in specific natural frequency regions. 

Fig. 9 compares the power spectral density of rotor 

thrust obtained under DLC 1.2 conditions. As shown 

in the graph, the simplified model produces higher 

PSD values near 0.04 Hz, indicating that thrust 

fluctuations in this low frequency offshore band are 

more pronounced. A notable difference between the 

two models appears around 0.04 Hz, as observed in 

both the mooring tension PSD and the rotor thrust 

PSD. This frequency corresponds to the natural pitch 

frequency of the floating platform. In the detailed 

model, the implemented pitch and torque control systems 

act to damp out oscillations around this resonance 

frequency by adjusting the blade pitch in response to 

platform motion and aerodynamic loading. As a result, 

the thrust variations and consequently the mooring 

line loads are effectively suppressed at this frequency.

In contrast, the simplified model lacks such control 

mechanisms and aerodynamic damping effects. There-

fore, the pitch induced oscillations remain unattenuated 

and are directly transmitted as fluctuating thrust 

forces, leading to amplified mooring tension responses 

near 0.04 Hz. This explains the higher PSD values 

observed in the simplified model around this frequency 

range. This distinction is also considered one of the 

main factors behind the frequency domain differences 

observed earlier in the mooring line load responses.

Fig. 10 compares the top 14 peak tensions extracted 

from the time series mooring line response of mooring 

line under DLC 1.2 conditions. The figure visually 

illustrates the response differences between the two 

models for each individual peak. A detailed quantitative 

comparison of these values is provided in Table 6, 

which summarizes the absolute differences and relative 

error rates, enabling a comprehensive analysis of both 

the overall similarity and minor deviations between 

the models.

As shown in the figure, except for the first peak, 
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Fig. 10. Comparison of the top 14 peak mooring tensions under DLC 1.2

Table 6. Quantitative comparison of top 14 peak tensions in 
Mooring Line #1 under DLC 1.2 

Peak Difference (kN) Error (%)

1st -21.17 -0.45%

2
nd

51.76 1.11%

3
rd

56.82 1.22%

4
th

84.58 1.84%

5
th

95.06 2.07%

6
th

93.28 2.05%

7
th 80.77 1.78%

8
th

81.27 1.79%

9
th

67.43 1.49%

10
th

75.63 1.67%

11
th

86.72 1.93%

12
th

58.85 1.31%

13
th 33.48 0.75%

14
th

47.24 1.05%

the simplified model generally exhibited slightly higher 

peak tensions than the detailed model across most cases. 

The maximum difference observed was approximately 

95.06 kN (2.07%), and the overall range of error was 

within −0.45% to +2.07%, indicating a relatively 

narrow margin of variation.

This trend is attributed to the absence of instan-

taneous load damping in the simplified model, which 

lacks control system functionality. As a result, it 

does not reflect the load mitigation effects typically 

induced by active control responses. In particular, 

the amplified PSD of rotor thrust at 0.04 Hz observed 

in Fig. 9 is considered a key factor contributing to the 

increase in peak mooring tensions in the time domain. 

Although the first peak in the detailed model was 

higher than that of the simplified model, this is 

regarded as an anomalous case, likely caused by 

momentary wind fluctuations or timing differences 

in the controller’s response. Overall, however, the 

magnitude of the peak tensions predicted by the 

simplified model closely matched those of the detailed 

model.

5. Conclusion and discussion

This study aimed to whether a simplified thrust 

curve based model can reliably predict peak mooring 

loads in a floating offshore wind turbine system even 

when detailed turbine specifications are not available 

an issue that commonly arises in practical mooring 

system design. Specifically, using the IEA 15 MW 

floating offshore wind system, a comparison was con-

ducted between a detailed model that includes aero-

dynamic and control system features, and a simplified 

model based solely on wind speed dependent thrust 

curves. Both models were simulated under the same 

environmental conditions, and their responses in 
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terms of rotor thrust and mooring line tension were 

quantitatively analyzed.

The results showed that, despite the simplified 

model lacking aerodynamic and control dynamics, its 

overall rotor thrust and predicted peak mooring line 

load under DLC 1.2 were within approximately 2% of 

those from the detailed model. Moreover, in terms 

of extreme mooring tension magnitudes and rank 

distributions which are critical factors for mooring 

system design the differences between the two models 

were not significant. This confirms that the simplified 

model holds substantial potential as a practical alter-

native tool, particularly during early stage design or 

in data limited scenarios.

In addition to its predictive accuracy, the simplified 

model demonstrated a significant computational advan-

tage. Under identical DLC 1.2 simulation settings, 

the detailed model required approximately 911 minutes 

for time domain simulation, whereas the simplified 

model completed the same in about 120 minutes a 

reduction by a factor of roughly 7.6. This level of 

efficiency is particularly beneficial in early stage design 

phases, parametric studies, or optimization tasks, where 

numerous simulations are often required. While the 

simplified model sacrifices some physical fidelity, its 

ability to deliver reasonably accurate results with 

much lower computational cost makes it a valuable 

tool for preliminary mooring system assessments.

However, due to the absence of active load mitigation 

through control mechanisms, the simplified model 

exhibited a tendency to overpredict responses in certain 

frequency bands. These discrepancies may lead to 

conservative or inaccurate assessments in fatigue 

analysis or detailed structural design, especially in 

components sensitive to specific dynamic behaviors. 

In such cases, additional uncertainty analysis or con-

servative design margins may be required. 

Furthermore, the validation presented in this study 

is limited to DLC 1.2, and for a comprehensive design 

of the mooring system, it is necessary to analyze a 

broader range of DLCs, as different load cases may 

govern the ultimate limit state. Future research is 

recommended to extend the evaluation of this sim-

plified modeling approach to a wider set of influential 

design scenarios, including other operational DLCs 

as well as potential fault or shutdown conditions, to 

assess its capability in predicting maximum loads. In 

addition, it would be meaningful to investigate the 

applicability of the model for estimating fatigue damage 

contributions and for integration into more extensive 

extreme value analysis frameworks based on multiple 

DLC simulations.
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