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Abstract 

This study aims to analyse the mooring stresses on the 

OC3-HYWIND floating platform with variations in anchor 

placement. The stress distribution within the mooring system 

is influenced by several factors, including wind direction, 

the presence of sea waves, and the anchor’s positioning. A 

series of modifications is implemented in the mooring system 

design to enhance the effectiveness of mooring utilisation. A 

numerical modelling approach, utilising ANSYS® AQWA 

software, is employed to analyse mooring stresses. Three 

mooring system variations are conducted based on previous 

research comparing conventional mooring systems with 

innovative ones. The hypothesis is that the mooring varia-

tions would mitigate external influences on the mooring 

lines and reduce the overall stress on the system. 

Ključne reči 

• plutajuće vetroturbinske platforme (FOWT) 

• spar 

• metoda graničnih elemenata 

• sistem privezivanja 

Izvod 

Cilj ovog istraživanja je analiza naprezanja priveza na 

plutajućoj platformi OC3-HYWIND sa varijacijama u postav-

ljanju sidra. Raspodela naprezanja unutar sistema za privez 

podložna je uticaju brojnih faktora, uključujući pravac vetra, 

prisustvo morskih talasa i pozicioniranje sidra. Kako bi se 

povećala efikasnost korišćenja privezišta, u dizajnu sistema 

privezišta uveden je niz modifikacija. Pristup numeričkog 

modeliranja koji koristi softver ANSYS® AQWA korišćen je 

za analizu napona privezivanja. Proces modeliranja podra-

zumeva izradu matematičkih modela strukture platforme i 

sistema privezivanja. Sprovedene su tri varijacije sistema 

privezivanja od kojih su dve zasnovane na prethodnim istra-

živanjima, upoređujući konvencionalne sa inovativnim siste-

mima za privez. 

INTRODUCTION 

Floating offshore wind turbines (FOWTs) represent a 

promising technology for capturing wind energy in deep 

oceans, with the global floating wind market anticipated to 

attain 18.9 GW by 2030, /1/. The dynamic behaviour of 

FOWTs poses distinct problems, especially regarding plat-

form stability and mooring system design, /2/. The OC3-

Hywind spar platform, weighing 7,466,000 kg and with a 

draft of 120 m, has been extensively analysed as a bench-

mark model for floating offshore wind turbines /3/, but opti-

misation of its mooring configuration remains a prominent 

research focus. 

Recent research has explored various mooring configura-

tions to improve the motion performance of spar-type 

FOWTs. Ma et al. /4/ introduced a novel mooring system 

using fairleads positioned at varying depths (10 and 120 m), 

achieving notable decreases in surge (38.57 %) and pitch 

(20.64 %) motions relative to traditional designs with fair-

leads at a depth of 70 m. Building upon previous research, 

our paper presents a novel ‘variative mooring’ configura-

tion for the OC3-Hywind platform, highlighting the impact 

of modifications to anchor placement. 

Mooring systems are essential for preserving the location 

and stability of FOWTs while reducing platform movement 

/5/. The design of these systems must reconcile several 

elements, including environmental stresses, platform dynam-

ics, and installation expenses, /6/. The OC3-Hywind plat-

form often employs three mooring lines, each measuring 
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0.09 m in diameter and with an unstretched length of 902.2 m, 

/3/. Prior studies have examined multiple facets of FOWT 

mooring systems, encompassing line materials, pretension 

levels, /7/, and fairlead placements /8/. 

Positioning of anchors in mooring systems substantially 

affects overall performance and load distribution /9/. Tradi-

tional designs typically employ symmetric anchor configu-

rations with a radius of 853.87 m from the platform centre 

line /3/, although there is increasing interest in investigating 

asymmetric and optimised architecture to improve system 

performance /10/. This study aims to enhance existing know-

ledge by investigating the mooring stress characteristics of 

the OC3-Hywind platform under various anchor placement 

scenarios, with a radius ranging from 800 to 900 m. 

Numerical simulation techniques, such as ANSYS® 

AQWA, are essential for examining the intricate coupled 

dynamics of FOWTs and their mooring systems /11/. Off-

shore structures require rigorous technical supervision and 

safety standards for equipment integrity and reliability in 

harsh marine conditions and prior structural performance 

diagnostics for structural revitalisation /12, 13/. These tech-

nologies allow researchers to assess different design config-

urations and environmental variables without incurring the 

expenses of actual trials /14/. The construction and renova-

tion of efficient structural installations in the energy sector 

can increase industrial productivity, which in turn contrib-

utes to sustainable economic growth /15/. This study utilizes 

ANSYS® AQWA to simulate the OC3-Hywind platform and 

proposes a variable mooring configuration which accounts for 

wave heights of up to 6 m and wind speeds up to 11.4 m/s. 

Through the investigation of mooring stresses under 

various anchor placements and system mooring configura-

tions, these simulations reveal potential optimisations to 

improve the overall performance of the OC3-Hywind plat-

form. This research enhances the development of FOWT 

designs and improves the feasibility of floating offshore 

wind energy, potentially reducing the levelized cost of 

energy (LCOE) by as much as 15 % relative to seabed-based 

offshore wind /16, 17/, where environmental conditions are 

specified. 

Table 1. Summarised reference of milestone study. 

Authors Title Experiment Parameter 

Chen et al. /18/  
Experimental study on dynamic responses of a spar-type 

floating offshore wind turbine 

Experiment in the tank 

test 

Scaling model 

Environmental condition 

Measuring point 

Utsunomiya et 

al. /19/ 

Experimental validation for motion of a spat type floating 

offshore wind turbine using 1/22.5 scale model 

Experiment in the tank 

test 

Scaling model 

Regular wave 

Irregular wave 

Liu and Yu /20/ 
Dynamic response of SPAR-type floating offshore wind 

turbine under wave group scenarios 
Numerical 

Wave elevation  

Wind speed  

Catenary mooring tensions 

Benassai et al. 

/21/ 

Optimization of mooring system for floating offshore wind 

turbines 
Numerical 

Scaling model 

Environmental condition 

Mooring system and type 

Static and dynamic load 

Ma et al. /4/ 

Research on motion inhibition method using an innovative 

type of mooring system for spar floating offshore wind 

turbine 

Numerical (BEM, 

ANSYS AQWA) 

Mooring lines configurations 

(conventional and innovative) 

Frequency analysis 

Time domain analysis 

Xu and Day 

/22/ 

Experiment investigation on dynamic responses of a spar-

type offshore floating wind turbine and its mooring system 

behaviour 

Experiment in the tank 

test 

Scaling model 

Regular and irregular wave 

Mooring tension and motion 

Jeon et al. /23/ 
Dynamic response of floating substructure of spar-type 

offshore wind turbine with catenary mooring cables 

Numerical (BEM-FEM 

ANSYS AQWA) 

Length of mooring cable  

Position of mooring cable to 

spar 

Chen et al. /24/ 

Dynamic response and mooring optimization of spar-type 

substructure under combined action of wind, wave, and 

current 

Numerical (ANSYS 

AQWA) 

Scaling model (1:8) 

Wave condition 

Catenary mooring line 

Li and Choung 

/25/ 

Fatigue damage analysis for a floating offshore wind turbine 

mooring line using the artificial neural network approach 

Numerical (ANSYS 

AQWA) 

Catenary mooring 

Random wave 

Kamal et al. 

/26/ 

Experimental Investigation on the dynamic characteristics of 

a spar-type offshore wind turbine under irregular waves 

 

Experimental in a wave 

tank and numerical 

(ANSYS AQWA) 

Scaling model 

Irregular wave 

Catenary mooring 

Low wave frequency 
 

METHODOLOGY 

Optimisation of mooring system casing configurations is 

of paramount importance for the minimisation of stress 

force and the assurance of the platform's capacity to with-

stand external environmental loads. The Boundary Element 

Method (BEM) is crucial for analysing the hydrodynamic 

forces acting on the platform and its components, providing 

valuable insights into its motion response and load distribu-

tion. By optimising both the mooring system and under-

standing hydrodynamic interactions through the BEM, a 

more efficient and resilient spar platform design that can 

withstand offshore conditions can be achieved. 
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Case configuration 

The study employs benchmarking and parametric anal-

yses to assess hydrodynamic loads on novel moorings. A 

panel convergence procedure is conducted to validate the 

analysis procedure. A comparative analysis is conducted 

between the OC3 Floater Spar and conventional and inno-

vative mooring systems. The number of panels used ranges 

from 1285 to 6232. The findings demonstrate a correlation 

between panel number and key parameters such as radiation 

damping and added mass in surge, heave, pitch, and steady 

drift motions. 

Spar model for FOWT 

This study utilises the OC3 Hywind floating platform as 

a case study to examine the advancements in floating wind 

energy technology. The Hywind OC3 float is designed with 

a low centre of gravity, enabling the deployment of wind 

turbines in areas with higher wind resource potential. This 

design mitigates environmental impact and can withstand 

harsh sea conditions. The parameters and dimensions of the 

platform spar are presented in Table 2 and illustrated in Fig. 

1, /27/. 

Table 2. Parameter of platform spar OC3-Hywind. 

Items Unit Value 

Mass kg 7466000 

Centre of gravity m (0, 0, -89.9) 

Radius of gyration (Rx, RYY, RZZ) m (23.8, 23.8, 4.69) 

Draft m 120 

a) 

    

b)

  
Figure 1. a) Spar OC3-Hywind dimensions; b) reference 

coordinate system. 

Mooring design 

It is imperative that offshore mooring be employed to 

maintain structural buoyancy and ensure safe operation. The 

static catenary configuration of a mooring line can be ex-

pressed through an equation that combines several factors, 

including water depth, the wet weight of the mooring line 

per unit length, the horizontal tension exerted on the mooring 

line at the fairlead, and the length of the suspended mooring 

line. The catenary profile generates geometric stiffness due to 

the weight of the mooring line, and the recovery strength of 

the catenary system is significantly affected by this weight. 

A schematic of a catenary-type mooring line design is pre-

sented in Fig. 2. The properties of the line can be consid-

ered to optimise the system's stability and efficiency. 

 
Figure 2. Schematic of mooring line, /28/. 

In the absence of hydrodynamic loads and with the assump-

tion of a single material in the elastic mooring line, the static 

catenary shape of the suspended line can be expressed as 

given in Eq.(1). The following equation can be used to cal-

culate the variables required to determine the static catenary 

shape of a suspended line, assuming a single material and 

neglecting the hydrodynamic loads, /29/. 

 2 1H
s

T
L h

h
= +  , (1) 

where: h is water depth in metres;  is mooring line wet 

weight per unit length in tonnes per metre; TH is the applied 

horizontal load to the mooring line at the fairlead in tonnes; 

and Ls is the length of the suspended mooring line in metres. 

The horizontal distance x between the fairlead and the touch-

down points of the mooring line position on the seabed can 

be expressed as, /29/, 

 1cosh 2 1H

H

T h
x

T





−  
= + 

 

. (2) 

The distance between the anchor and the line can be deter-

mined through the application of fundamental geometric 

principles as in the following equation, /29/, 

 12 1 cosh 1H H

H

T T h
X h

T



 

−  
= + + + 

 

 . (3) 

To obtain the surge restoring line force, isolating and 

deriving TH is necessary. The catenary profile generates 

geometric stiffness caused by the weight of the mooring line. 

The recovery force of the catenary system is highly depend-

ent on the weight of the mooring line, as can be observed in 

the following equation, /29/, 

 

1
1

11
2

cosh 1

2 1

H

H

H

T h
k

hx T

T






−
−  −  

= = + +  
   +

  

. (4) 

The utilisation of a mooring system can significantly 

improve the stiffness of a spar platform, reducing the influ-

ence of currents, wind, and waves, which can induce dy-

namic movements like surge, sway, heave, roll, pitch, and 

yaw, thereby enhancing stability and efficiency, /30/. 

The alignment of all mooring lines at the same horizon-

tal distance, a conventional system, can result in increased 

motion and reduced stability when subjected to dynamic 

environmental conditions. In contrast, this novel technology 

addresses both horizontal and pitch motions, thereby enhanc-

ing the performance of the FOWT. The data demonstrate a 

reduction in the mean, maximal value, and standard devia-

tion of pitch motion by 17.87 %, 20.64 %, and 18.37 %, 
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respectively, compared to the conventional system. The data 

obtained facilitate the optimisation of the mooring system 

through modification, reducing the applied tension force 

and emphasizing stability, especially for horizontal and pitch 

motion. Relevant parameters related to the mooring line are 

shown in Table 3 and illustrated in Figs. 3 and 4. 

Table 3. Parameters of mooring line. 

Items Unit Value 

Type  Conventional Innovative Variative 
Mass kg/m 130.5 130.5 130.5 

Diameter m 85 85 85 

Break load MN 7.37 7.37 7.37 

Extensional stiffness MN 539 539 539 

Depth of anchor m 320 320 320 

Length m 950 1145/650 990/505 

Horizontal span m 880.7 1063/590.5 903.5/442.875 

Depth of fairleads m 70 10/120 10/120 

Angle between 

mooring 1 & 2 
° 15 15 22.5 

a)

  

b)

  

c)

  
Figure 3. Three types of mooring systems: a) conventional; 

b) innovative; c) variative. 

 
Figure 4. Top view layout mooring system, /4/. 

Environment condition 

A series of simulations are conducted utilising a range of 

mooring systems in the Timor Sea region /31/ under condi-

tions devoid of meteorological activity. The environmental 

parameters employed reflected a relatively moderate hydro-

dynamic situation. The Timor Sea is renowned for its stable 

marine conditions outside the hurricane season, which permit 

the utilisation of environmental parameters such as low to 

moderate wave height, moderate wind speed, and consistent 

ocean currents. Table 4 presents the environmental condi-

tions in the area. This simulation assesses the mooring sys-

tem's functionality and the platform's hydrodynamic re-

sponse under typical operational conditions in the specified 

area, where external disturbances are minimal. Such studies 

are essential for understanding the performance of FOWT 

spar under typical operating conditions, particularly in main-

taining structural integrity and reducing unwanted motions 

without significant wave or wind influences while ensuring 

the reliability of the resulting renewable energy system. 

Table 4. Parameters of environment condition Timor Sea /32/. 

Items Symbol Unit Value 
Significant wave height Hs m 4.8  

Wave period Tp s 11.5 

 Tz s 8.3 

Gamma   1 

Wind velocity Vwind m/s 16.6 

Current Vcurrent m/s 1.1 

BOUNDARY ELEMENT METHOD 

Potential flow equations can be efficiently solved through 

the boundary element method (BEM) to model the response 

of structures to the effects of waves, currents, and wind. 

This method necessitates only the surface of the structure to 

be discretised (panel discretisation) which markedly reduces 

the computational complexity. ANSYS® AQWA employs 

the BEM to calculate the hydrodynamic forces acting on the 

model. Furthermore, BEM is also used for modelling and 

calculating radiation damping, added mass, and steady drift, 

which are essential components in dynamic response analy-

sis. This method allows for the evaluation of structure motion 

under irregular wave conditions and the analysis of moor-

ing stresses generated by the interaction of waves with the 

mooring systems. 
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Airy theory wave 

In the context of wave modelling, the underlying assump-

tions typically encompass incompressibility. The assump-

tions, as mentioned earlier, include those on compressible 

flow, irrotational flow, and inviscid fluid, /33/. The continu-

ity of incompressible flow for three-dimensional bodies is 

as follows: 

 0
u v w

x y z

  
+ + =

  
. (5) 

The velocity component for the x-direction is represented 

by variable u. The velocity component for the y-direction is 

designated as v. In contrast, the velocity component for the 

z-direction is designated as w. For an irrational flow, the 

vorticity (defined herein as the velocity curve) becomes zero, 

as expressed by the following equation: 

 
1

0
2

x
w v

y z


  
= − =   

 , (6) 

 
1

0
2

y
u w

z x


  
= − =   

 , (7) 

 
1

0
2

z
v u

z y


  
= − =   

 . (8) 

In this context, the rotational components along the x, y, 

and z directions are represented by x, y, and z, in 

respect. The velocity potential, a function of , can describe 

the wave flow analysis around the spar-type platform and 

the hydrodynamic forces. The variables x, y, and z are 

defined as follows: 

 u
x


=


, (9) 

 v
y


=


, (10) 

 w
z


=


. (11) 

The wave velocity potential can be expressed as /34/: 

 cosh( ( ))
( , , ) sin( )

2 cosh( )

H g k z d
x y t kx t

kd
 



+
= − , (12) 

where: H and k can be expressed as wave height and wave 

number; while  indicates angular frequency. With the 

velocity potential result, the fluid velocity (u, w) can be 

determined, but when considering flat waves, the velocity 

component v in the y direction is 0. The detailed expres-

sions are as follows: 

- horizontal velocity component u in the x direction 
cosh( ( ))

cos( )
2 sinh( )

H k z d
u kx t

x kd


 

 +
= = −


, (13) 

- vertical velocity component w in the z direction 
sinh( ( ))

sin( )
2 sinh( )

H k z d
w kx t

z kd


 

 +
= = −


. (14) 

The velocity component in the y-direction of v is 0 due 

to the assumption of flat waves 

 0v = . (15) 

The result of the fluid velocity calculation is used in the 

Bernoulli equation to determine how much pressure occurs 

in the structure, /35/. 

 21

2
p v gh C + + = . (16) 

- Dynamic pressure 

 21

2
dP u= , (17) 

 
2

1 cosh( ( ))
cos( )

2 2 sinh( )
d

H k z d
P kx t

kd
  

+ 
= − 

 

, (18) 

- Total pressure 

 
d aP P P+ = , (19) 

 
2

1 cosh( ( ))
cos( )

2 2 cosh( )
a

H k z d
P P kx t

kd
  

+ 
= + − 

 

, (20) 

where: p is pressure;  is density of fluid; v is fluid velocity; 

g is acceleration of gravity; and h is surface elevation. For a 

free surface we can ignore the elevation h. This dynamic 

and total pressure affect waves that occur and the forces the 

structure receives. 

Equation of motion 

Modelling in ANSYS® AQWA is a combination of panels 

and Morison elements. The following equations give struc-

tural equations of motion with frequency-dependent coeffi-

cients: 

 2[ ] [ ][ ( ) ]jm jm s a h aF x M M i C K K    = − + − + + . (21) 

Matrices Ms and Ma correspond to total structural mass 

and total added mass, respectively, due to the Morison element 

and diffraction panels. The coefficient C denotes the hydro-

dynamic damping matrix associated with diffraction panels. 

Kh and Ka are the assembled hydrostatic stiffness and the 

additional structural stiffness, respectively. The term Fjm 

signifies the collective Froud-Krylov and diffracting forces 

and moments, where variable ‘m’ represents the structure 

and ‘j’ refers to the motion mode (6 DOF). 

To model the mooring line, the Morison element is used, 

subjected to hydrodynamic inertia and external structural 

loads /36/, where diffraction effects do not dominate the 

hydrodynamic force on the mooring line. The motion equa-

tion for each cable element can be written as follows: 

 
2

2h
e e

T V R
W F m

s s t

  
+ + + =

  
, (22) 

 

e e

M R
V q

s s

 
+ + = −

 
. (23) 

Values of R , T , M , and V  are determined at the initial 

node of the element and represent the position, tensile force, 

bending moment, and shear force vectors. Additionally, hF , 

q, m, and W  are determined per unit length and represent 

external hydrodynamic loading, distributed moment, struc-

tural mass, and element weight. 

Frequency domain analysis 

According to the theory of three-dimensional potential 

flows, the diffraction and radiation potential can be calcu-

lated by resolving the boundary integral equation that meets 

the specified conditions. The first-order hydrodynamic force 

is represented by Fj: 

 
0

[ ( ) ]i t i t
j js

F e i X n dS e  − −= −  , (24) 

where:  is wave frequency;  is fluid density; s0 is mean 

wetted surface of body;  is velocity potential, X = (X, Y, Z) 
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is the location of a point on the submerged body surface; nj 

is unit normal vector of the body surface pointing outwards; 

j = 1…6 represents 6 DOF. 

The additional mass and radiation damping coefficients 

can be obtained by: 

 
0

( )
( ) ( )

jk
jk rk j rjks

B
A i i X n dS F

 
 

 
+ = − = , (25) 

where: Ajk and Bjk are respectively added mass and damping 

coefficients in frequency domain; Frjk is the radiation force 

induced by amplitude motion; rk is the radiation potential. 

Time domain coupled analysis 

This analysis aims to evaluate the time-varying dynamic 

response of a structure to an external excitation or force. 

The time domain coupled motion can be obtained by solv-

ing Cummins equation: 

0
( ) ( ) ( ) ( ) ( ) ( ) ( )

t
eM X t X R t d CX t KX t F t  + − + + = , (26) 

where: M is structural mass matrix; R is velocity impulse 

function; X  represents velocity; C is damping matrix includ-

ing radiation and auxiliary damping; K is hydrostatic recov-

ery stiffness matrix; Fe is exciting force which includes wave 

load (first-order, mean drift and difference frequency wave 

force), and mooring system recovery force. 

RESULT AND DISCUSSION 

Panel convergence and benchmarking 

A hydrodynamic analysis of the OC3-Hywind floating 

platform is conducted utilising a boundary element method. 

The objective of this analysis is to assess the convergence 

of the mesh and evaluate key hydrodynamic parameters. A 

comprehensive mesh convergence study utilised six-panel 

numbers ranging from 1258 to 6232. This study aims to 

identify the optimal mesh resolution for accurately predict-

ing hydrodynamic coefficients while maintaining computa-

tional efficiency. 

The mean drift force, a critical parameter for mooring 

system design, demonstrates a notable variation in the number 

of panels, particularly at lower frequencies, as illustrated in 

Fig. 5. As mesh resolution increases, the predicted mean 

drift force exhibits convergence, with the 5364 and 6232 

number of panels demonstrating close agreement across the 

frequency range. This convergence indicates that a minimum 

of 5364 elements is necessary for reliable prediction of mean 

drift forces, which is crucial for accurately estimating the 

steady-state offset of the floating platform. 

 
Figure 5. Mean drift mesh variation. 

As illustrated in Fig. 6, the surge added mass results 

exhibit a discernible trend of declining values with rising 

frequency. This aligns with the anticipated behaviour of spar 

platforms. The variation in surge-added mass is more pro-

nounced at lower frequencies, with the use of coarser meshes 

generally resulting in the prediction of higher values. Con-

vergence improved markedly at higher frequencies, indicat-

ing that mesh density is significant for the analysis of low-

frequency motion. As illustrated in Fig. 7, the heave-added 

mass exhibits a distinctive peak at approximately 0.3 rad/s, 

with excellent convergence across all mesh densities, par-

ticularly above 0.5 rad/s. This peak indicates the potential 

for a resonance frequency for heave motion which should 

be carefully considered in the platform's design to avoid 

excessive vertical motion. 

 
Figure 6. Surge added mass mesh variation. 

 
Figure 7. Heave added mass mesh variation. 

Results for pitch added mass, Fig. 8, demonstrate a pattern 

similar to that observed for surge but with a more pro-

nounced sensitivity to mesh density across the frequency 

range. The variation between mesh densities was most sig-

nificant at low frequencies, emphasizing the importance of 

adequate mesh refinement for accurate prediction of rota-

tional inertia effects. The convergence of pitch-added mass 

results suggests that a mesh with at least 4281 elements is 

necessary for reliable rotational motion analysis. 

The radiation-damping characteristics for surge, heave, 

and pitch motions, as illustrated in Figs. 9, 10, and 11, ex-

hibit excellent convergence across all mesh densities. The 

surge radiation damping exhibits a maximal value of approx-

imately 1.2 rad/s, while the heave radiation damping demon-

strates a maximal value of approximately 0.6 rad/s. The pitch 

radiation damping exhibits a broader peak, centred around 

0.8 rad/s. The consistent convergence of radiation-damping 
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results across mesh densities indicates that even coarser mesh 

may be sufficient for predicting the energy dissipation char-

acteristics of the platform. 

 
Figure 8. Pitch-added mass mesh variation. 

 
Figure 9. Surge radiation damping mesh variation.  

 
Figure 10. Heave radiation damping mesh variation. 

 
Figure 11. Pitch radiation damping mesh variation. 

Results of the time-domain study, illustrated in Figs. 12-

15, provide additional information that describes the plat-

form's dynamic behaviour when subjected to simulated envi-

ronmental circumstances. Figure 12 shows mooring tension 

at line 1 with mesh variation; Fig. 13 shows mooring tension 

at line 2 with mesh variation; Fig. 14 shows tension at line 

4 with mesh variation; and Fig. 15 shows mooring tension 

at line 5 with mesh variation. Although the surge motion 

exhibits oscillations of around 10 m, it was the motion that 

displayed the most significant amplitudes. The fact that the 

platform is susceptible to the excitation of low-frequency 

waves is demonstrated by this circumstance. While the heave 

motion was occurring, the amplitudes were diminished and 

were approximately 2 m in magnitude. Another indication 

of the platform's resistance to rotational excitation is that 

pitch motion was maintained within a range of 2 degrees. 

This motion was maintained throughout the experiment. 

 
Figure 12. Mooring tension at line 1 with mesh variation. 

 
Figure 13. Mooring tension at line 2 with mesh variation. 

 
Figure 14. Mooring tension at line 4 with mesh variation. 
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Figure 15. Mooring tension at line 5 with mesh variation. 

Since findings are only gathered from a fraction of the 

mooring lines, this particular mooring line is provided here. 

As a result of the fact that some mooring lines are identical 

to their anchor placement, this consequence has arisen. 

A comparison is made between the findings obtained with 

the finest mesh (6232 panels) and the benchmark data, and 

the results show a high degree of agreement for most of the 

hydrodynamic parameters. It is determined that this is the 

case when the findings are compared. To validate the valid-

ity of the numerical model currently applied, it is discov-

ered that the mean drift force estimates are in good agree-

ment with the benchmark data. This is performed to vali-

date the credibility of the model. Particularly within the 

frequency range of 0.2 to 2 rad/s, relevant for ordinary ocean 

wave circumstances, the surge, heave, and pitch on radia-

tion damping and additional mass display a significant con-

nection with the benchmark data. 

Comparison of the mooring system 

Once the optimal number of panels for accurate hydro-

dynamic modelling are determined, a comprehensive moor-

ing system comparison is conducted to evaluate its perfor-

mance under simulated environmental conditions. This anal-

ysis examines mooring line tension and its effect on the 

operation of the turbine system. By comparing different moor-

ing configurations, including conventional, innovative, and 

variative systems, the discussion highlights how they respond 

to external forces, emphasizing differences in stress distri-

bution, total mooring length, and the corresponding impact 

on platform stability and economic viability. 

Figures 16 to 21 illustrate the comparison between the 

mooring lines. Figure 16 shows comparison tension of moor-

ing line 1; Fig. 17 shows comparison tension of mooring 

line 2; Fig. 18 shows comparison of mooring line 3; Fig. 19 

shows comparison tension of mooring line 4; Fig. 20 shows 

comparison tension of mooring line 5; and Fig. 21 shows 

comparison tension of mooring line 6. 

The simulation findings indicate that stresses encountered 

by each mooring depend on the particular method utilised. 

Strains are detected in moorings 1, 3, 4, and 6. Conven-

tional systems are generally more compact. The homogene-

ous stress distribution across three moorings on each side 

results in modest stresses in conventional systems. Con-

versely, innovative and variative systems have merely two 

similar moorings on each side and one shorter mooring, 

leading to a diminished distribution of loads.  

 
Figure 16. Comparison tension of mooring line 1. 

 
Figure 17. Comparison tension of mooring line 2. 

 
Figure 18. Comparison tension of mooring line 3. 

 
Figure 19. Comparison tension of mooring line 4. 
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Figure 20. Comparison tension of mooring line 5. 

 
Figure 21. Comparison tension of mooring line 6. 

Table 5. Mooring stress/force (MN) statistic. 

Mooring line Parameters Conventional Innovative Variation 

1 

Max Tension 0.822 1.122 1.052 

Mean Tension 0.687 0.937 0.882 

Pre-Tension 0.482 0.57 0.573 

2 

Max Tension 0.819 0.584 0.552 

Mean Tension 0.684 0.458 0.438 

Pre-Tension 0.478 0.310 0.305 

3 

Max Tension 0.822 1.122 1.052 

Mean Tension 0.687 0.937 0.882 

Pre-Tension 0.482 0.577 0.573 

4 

Max Tension 0.837 1.133 1.046 

Mean Tension 0.727 1.002 0.922 

Pre-Tension 0.576 0.779 0.706 

5 

Max Tension 0.836 0.596 0.563 

Mean Tension 0.731 0.492 0.469 

Pre-Tension 0.587 0.388 0.376 

6 

Max Tension 0.839 1.122 1.070 

Mean Tension 0.737 0.988 0.943 

Pre-Tension 0.598 0.750 0.746 

Each side has a shorter mooring, enhancing stress distri-

bution across the two remaining moorings. The quantity of 

moorings is generally higher. From Table 5, statistics reveal 

that moorings 2 and 5 exhibit markedly higher tensions in 

the conventional system compared to the other two systems. 

Innovative and variative systems demonstrate minimal dis-

tinction. Stresses on each mooring in the variable system 

are often lower than those in the inventive system. 

A new system has been developed. An augmentation of 

the angle and a decrease in the horizontal span within the 

variation system can alleviate the strains encountered by the 

mooring. The variative system possesses the capacity to 

diminish stress levels markedly. The shortened horizontal 

span decreases the total mooring length, reducing installation 

costs. Additionally, the data illustrate the escalation of ten-

sion concerning the pre-tension of each mooring. 

CONCLUSIONS 

Based on the results of the analyses and the conducted 

studies, the following conclusions can be drawn: 

- The variative mooring system exhibits reduced strains com-

pared to the innovative system; by decreasing the distance 

between anchor points and the platform, the overall moor-

ing length can be minimised, minimising the tension in 

mooring lines. The cumulative mooring length in the inno-

vative system is 8820 m, whereas the variative system 

measures 7455 m. This lowering not only alleviates tension 

but also improves the economic efficiency of the mooring 

system. 

- The percentage rise in stress compared to initial stress 

values demonstrates that the variative system produces lesser 

stress rises than the innovative system. In mooring 1, the 

stress increase for innovative and variative systems is 54.5 % 

and 47.9 %, respectively. The increases for mooring 2 are 

27.4 % and 24.7 %, while for mooring 4, they are 35.4 % and 

34 %. Mooring 5 exhibits a stress augmentation of 20.8 % 

in the innovative system and 18.7 % in the variative system, 

while mooring 6 shows increases of 37.2 % and 32.4 %, 

respectively. The findings indicate that the variative system 

is a more effective solution for alleviating stress in mooring 

lines, rendering it a superior option for design. 

Conventional systems exhibit an even stress distribution. 

In contrast, innovative and variative systems exhibit an un-

balanced stress distribution, with the most significant stresses 

occurring at longer moorings. Variative systems offer ad-

vantages in stress reduction and mooring lengths. Further-

more, the stress rise in the variative system is lower than that 

of the innovative system, making it a more practical option 

for developing efficient and reliable mooring systems in 

offshore operations. 
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