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This study presents an analysis of the fatigue damage experienced by mooring systems under extreme and operational
wave conditions, with a discussion on the Reference Model 3 (RM3), a widely recognized point absorber wave energy
converter (WEC), and the Reference Model 5 (RMS), a floating oscillating surge wave energy converter (FOSWEC).
Utilizing the combined capabilities of WEC-Sim and MoorDyn, both open-source simulation tools, the study
investigates the dynamic behavior of mooring lines over the operational wave condition and a 100-year return period
extreme wave condition. This study highlights the relationship between tension force and fatigue damage in mooring
lines. The tension forces at various nodes of the mooring lines are calculated, revealing that the complex mooring
design is causing a complex trend on the fatigue damage. Instead, variations in tension force show a more significant
impact on cumulative fatigue damage, as evidenced by the higher damage observed in nodes experiencing greater
tension variation. The findings contribute to a better understanding of the factors influencing fatigue damage in
mooring lines of WECs and fatigue damage of different types of WECs, offering insights for more effective monitoring

and strategies for WEC design optimization.

KEY WORDS: Mooring system; wave energy converter;
tension force time history; cumulative fatigue damage; MoorDyn.

NOMENCLATURE

A Cross-sectional area of mooring chain

AEP Annual energy production

D Cumulative fatigue damage

DNVGL  Det Norske Veritas (Norway) and Germanischer
Lloyd (Germany)

GWEC Global Wind Energy Council

H; Significant wave height

i Specific stress range in cumulative damage
calculation

JPD Joint probability distribution

k Total number of stress ranges

LCOE Levelized cost of energy

ML Mooring line

n Number of cycles counted

N Number of cycles in the estimated stress where

failure occurs
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PCC Power conversion chain

PTO Power take-off

RM3 Reference Model 3

RMS5 Reference Model 5

S Stress range

T Tension force

Ty Peak wave period

WEC Wave energy converter
INTRODUCTION

Mooring line failures present significance challenges in the
offshore structures including Oil and Gas (O&G) production
platforms and offshore renewable energy platforms. Ma et al. (Ma
et al. 2013) mentioned occurrences of early-life failures in
mooring systems, the causes of which remain elusive. Fatigue
analysis is a critical component in the design of offshore structure
(DNVGL-RP-C203, 2019), and extensive research has been
conducted on the fatigue analysis of mooring systems for O&G
production platforms (Wu et al. 2015; Wu, Wang, and Eide 2015;
Xue et al. 2018). In recent decades, the advancement of floating
offshore wind platforms has increased by leveraging the
experience of O&G industry. As reported in the Global Offshore
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Wind Report 2023 (GWEC, 2023), by the end of 2022, the global
installation of net floating wind capacity reached 187.8 MW.
Consequently, the mooring systems of floating wind platforms
have been the focus of numerous recent studies (Serum et al.
2023; Gao et al. 2021; Barrera et al. 2020). In addition to offshore
floating structures that are already commercially operational
which produced carbon-based fuel and offshore wind energy,
ocean waves also offer as a promising resource of offshore
renewable energy. As reported by M. Lehmann et al. (Lehmann
et al. 2017), the maximum potential resource of wave energy in
the United States along 100-m-depth ocean region is 522 TWh/yr.
The study also mentioned that considering the wave energy
converters (WECs) technology can extract 5% of the resource,
the ocean waves could provide power up to 6-8 million (5%-7%)
U.S. homes. The high cost and Levelized Cost of Energy (LCOE)
of floating wind turbines have resulted in the increase attention
on the development of wave energy harvesting technology. As an
alternative energy harvester in the deep ocean, WECs present a
promising opportunity to develop low-cost solutions during the
R&D stage.

Given the increasing demand of offshore renewable energy
to achieve the carbon net-zero goal by 2050, it is crucial to
investigate the performance of mooring systems that provide
station keeping for the WEC device during operational stage and
extreme conditions. Therefore, the design and fatigue analysis of
mooring systems for different types of WEC are of paramount
importance. One benefit of designing mooring systems for WECs
is the opportunity to leverage practical experience and lessons
learned from commercial projects from offshore O&G and wind
power sectors to mitigate risks during the design phase of future
endeavors. However, most of the WEC developers focused more
on the development of the geometry and power performance of
the WEC devices and most of the time efforts on the design of the
mooring systems is minimal. Ambiihl et al (Ambiihl et al. 2015)
investigated the fatigue reliability of Wavestar prototype
structure, a bottom-fixed point absorber WEC. Yang et al. (Yang
et al. 2016) shed the light on the fatigue damage result in a time
duration of one minute along the mooring lines of a commercial
floating point absorber WEC developed by a company
Waves4Power (“Waves4Power,” 2016). Even though Xu et al.
(Xu et al. 2019) gave a review of mooring design and fatigue
assessment of floating WEC, most of the fatigue assessment
studies reported by them were focused on the floating structures
in offshore O&G and wind power sectors, very few studies
focused on the fatigue assessment of WEC’s mooring system.
Nonetheless, the trend does not imply that the fatigue damage
analysis is unimportant for floating WEC, as a floating WEC
structure has more cyclic motion compared with floating platform
of O&G and wind sectors due to its interaction with waves. In this
regard, this study aims to examine the tension load and fatigue
damage of the Reference Model 3 (RM3) (Neary et al., 2014) and
Reference Model 5 (RM5) (Yu et al. 2015) WECs’ mooring
system.

RM3 is a two-body floating wave point absorber which
harvest the wave energy from the heave motion of a surface float,
while RMS5 is a floating oscillating surge WEC which harvest
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energy through the surge motion of a flap body. These reference
models, which were developed by national laboratories and
published in recent years, are intended to function as open-source
study objects. The purpose of developing reference models for
WEC:s is to facilitate in-depth research and generate insights by
the WEC R&D community regarding these benchmarked floating
WEC designs. As most of the studies focused more on
investigating the improvement of the hydrodynamics and power
take-offs (PTOs) of the RMs, very few studies investigate the
performance of the mooring systems. This arises a question that
which type of WEC provides less influence of cyclic load motion
to the mooring system as it is crucial having a robust station-
keeping system during the extreme conditions. Despite of
analyzing the tension results of the mooring lines, the cumulative
fatigue damage is an important index as well. The cumulative
fatigue damage is evaluated using the rain-flow counting method
and Palmgren-Miner rule which the guidelines can be found from
governing rules and standards (DNVGL-RP-C203, 2019; ASTM,
2017; DNV-0OS-E301, 2021). The stress range and number of
cycles are determined from the S-N curve as defined in the
standard (DNV-0OS-E301, 2021), while the stress history of the
mooring line under different wave conditions can be derived from
numerical simulation tool such as MoorDyn. The main objective
of this study is therefore to compare the tension results and
fatigue damage of the mooring system of the RM3 and RMS5.

The structure of this paper is organized as follow: Section 2
includes the introduction of the RM3 and RMS5 wave energy
converters and its mooring system, and the procedure of the
mooring tension analysis and fatigue damage assessment. The
Section 3 presents the results of the tension variation results in
time domain on selected nodes, and the fatigue damage results
along the mooring line. The conclusions of this study are
provided in the last section.

METHODOLOGY

In this study, we consider the RM3 (Neary et al., 2014) and RM5
designed by national labs (Yu et al., 2015). For numerical
simulation purposes, we employ the open-source software WEC-
Sim (Ogden et al. 2022), which is capable of simulating the
hydrodynamic bodies, joints, constraints, PTO systems, and
mooring systems of WECs. We utilize MoorDyn (Hall and
Goupee, 2015), a lumped-mass based model, to model the
dynamics of the mooring lines by coupling with WEC-Sim. The
tension at each node of the mooring line is simulated using this
combined setup and subsequently apply these tension results to
estimate the fatigue damage.

Site Conditions

According to Neary et al. (Neary et al., 2014) and Yu et al. (Yu
et al. 2015), both RM3 and RM5 WEC were developed for a
reference site situated offshore near Eureka in Humboldt County,
California. Fig. 1 illustrates the reference site has a characteristic
of mild sloping seafloor, resulting in a relatively uniform wave
field. The water depth varies between 40 and 100 meters.
Additionally, Table 1 presents the wave scatter diagram for the
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reference site, which depicts the joint probability distribution
(JPD) of significant wave height and wave period occurrences
over a year. The two WECs design considered the 100-year return
period extreme sea state as the device's survivability design
criteria. The 100-year return period of significant wave height and
peak wave period was evaluated using 20-year of measured data
from 10 buoys positioned in proximity to the reference site
(Neary et al., 2014; Berg 2011).
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Fig. 1, Reference site bathymetry plan (Neary et al., 2014)

Table 1. Percentage of Total Energy of Sea States at Humboldt
Bay, California (Neary et al., 2014)

Joint Probability Plot (%)
[ Te
45 55 65 7.5 8.5 | 9.5 | 105 1.5 12.513.5 14.5| 15,5 16.5] 17.5 | 18.5 19.5

RM3 and RMS Wave Energy Converters

Based on the site conditions and the design methodology
mentioned by Neary et al. (Neary et al., 2014), the general design
and dimensions of the RM3 WEC device is illustrated in Fig. 2.
The RM3 device has a total weight of 680 Tonnes. This device
consists of a surface float that translates the wave motion relative
to the vertical column spar buoy. The surface float is designed to
be able to oscillate along the vertical column up to 4 meters. The
device is intended for deployment in water depths ranging from
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40 to 100 meters. Additionally, the RM3 design incorporates a
hydraulic power conversion chain (PCC) system housed within
the vertical column. Optimal energy capture by a wave point
absorber is achieved at resonance, meaning the velocity of the
oscillating body is synchronized with the hydrodynamic wave
excitation force. The rated power and the annual energy
production (AEP) of the RM3 is 286 kW and 700 MWh,
respectively, as reported by Neary et al.

Surface Float

2m

Fig. 2, RM3 device design and dimensions (Neary et al., 2014)

As reported by Yu et al. (Yu et al., 2015), the RM5 design
incorporates a flap and a supporting frame constructed from steel
tubes, and four tension legs as the mooring system. The general
design and dimensions of the RM5 WEC are illustrated in Fig. 3.
The total weight of this device is 800 Tonnes. The RMS5 captures
energy through the motion of the flap, which rotates against the
supporting frame in response to the surge motion of incoming
waves. The RMS5 is specifically designed for deployment in deep-
water environments (50 m - 100 m), necessitating a mooring
system to maintain its position. The RMS5's rated power output is
360 kW, and its annual energy production (AEP) is reported at
882 MWh. The RM5 exhibits a higher rated power output and
greater weight compared to the RM3. However, when
considering the order of magnitude, both WECs possess
comparable levels of rated power and weight. Therefore, these
two wave energy reference models assure a comparative analysis.

Fig. 3, RMS device design and dimensions (Yu et al., 2015)
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Mooring Design and Analysis

The design of the mooring system for the RM3 and RM5 WECs
is intended to survive in extreme sea conditions. Table 2 outlines
the essential requirements for the mooring system. As reported by
Neary et al. (Neary et al., 2014), for a sea state with a 100-year
return period, the extreme mooring load is estimated to be 1886
kN. To ensure safety, a required breaking strength of 3680 kN is
determined by applying a safety factor of 1.95. The configuration
of the mooring system is designed to accommodate these
specifications.

Table 2. Mooring design requirements [Reproduced from (Neary
etal., 2014)]

Water Depth 70 m
100-year Significant Wave Height (H;) 11.9m
100-year Peak Wave Period (7;) 17.1s
100-year Current Speed 0.59 m/s
Seafloor Composition Sand/ Clay
Mooring legs 2 zcgglgun)
Drag
Anchors Embedment

As depicted in Fig. 4, the mooring system of the RM3
comprises three mooring legs, each exhibiting a catenary profile.
To mitigate the vertical force components exerted on the mooring
line, a subsea buoy with a net uplift capacity of 55 kN is
integrated into each mooring leg. The mooring lines are
positioned 120 degrees apart, with the first mooring line placed
parallel to the direction of incoming waves.

(@) J_Rwv3

Wave
Direction 0°

Subsea
buoy

70 m

Mooring chain

(b) ML2 \

Anchor

Chain (240 m) —>

[
o, @
(R
Chain
(40 m)

ML1

\"

Subsea buoy

ML3

Fig. 4, Mooring system configuration and dimensions of RM3
(not in scale).
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Fig. 5 illustrates the mooring system design of the RMS,
which features four mooring legs, each characterized by a
catenary profile. The decision to change the mooring lines of
RMS5 from a tension leg system (Yu et al., 2015) to a catenary
profile is based on two primary reasons. First, the installation cost
of the tension leg mooring system accounted for approximately
50% of the total installation cost due to the high pretension and
anchoring load requirements. In contrast, catenary profile does
not encounter these high requirements, significantly reducing
installation costs. Secondly, using a similar mooring system for
both devices ensures that the results are comparable, facilitating
the investigation of the influence of different WEC devices on the
same mooring system. Unlike the RM3, the RMS5's mooring lines
are not equipped with subsea buoys. The reason is the uplift force
provided by the subsea buoys will increase the heave response,
which could diminish the power generation performance of the
flap as the draft increase. The mooring lines are positioned 90
degrees apart, with the initial mooring line set at a 45-degree
angle relative to the direction of incoming waves.

The tension force along the mooring line is simulated
through the integration of two open-source simulation tools,
WEC-Sim and MoorDyn, both of which have been well validated
for simulating WEC and mooring line dynamics. Table 3 shows
the properties and hydrodynamic coefficients of mooring line
considered in the MoorDyn simulation.

(a) RM5

Wave

Direction 0°
70 m

Mooring chain

(b)

T

Anchor

Chain (260 m)

N

Fig. 5, Mooring system configuration and dimensions of RMS5
(not in scale).
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To examine the effects of wave excitation, an irregular wave
profile using the JONSWAP wave spectrum from the 0° direction
is modeled. Table 4 lists the wave conditions considered in the
simulation. The first bin represents the 100-yr return period wave
condition, while the second bin describes an operational wave
condition with a probability of occurrence of 4.1% as indicated
by the wave scatter data (Table 1). The simulation, conducted
using WEC-Sim and MoorDyn, spans a total of 3800 seconds
with a time step 0of 0.01 seconds in WEC-Sim and 0.0005 seconds
in MoorDyn. To avoid numerical instability at the beginning of
the simulation, the initial and final 100 seconds of the simulated
data are excluded from the fatigue damage assessment.

Table 3. Input data for RM3 and RMS5 simulation in MoorDyn
(WEC-Sim Documentation, 2023) (Neary et al., 2014)

RM3 RM5
Number of Mooring Legs 3 4
Line Type Chain
Volume-Equivalent Diameter 0.144 m
Mass Density in Air 126.0 kg/m
Axial Stiffness 583.376 x 10°
Normal’ Added Mass 10
Coefficient
TangenFial Added Mass 0.0
Coefficient
Normal Drag Coefficient 1.6
Tangential Drag Coefficient 0.05

Table 4. Wave bins information

Bin H; Ty Wave Condition
1 11.9m 17.1s Extreme
2 225m 95s Operational

Fatigue Damage Assessment

In this study, the fatigue damage is evaluated under both extreme
and operational wave conditions. The fatigue damage assessment
is conducted in time domain by following the governing rules and
regulars (DNVGL-RP-C203, 2019; ASTM, 2017; DNV-OS-
E301, 2021).

The fatigue analysis employs the rain-flow level-crossing
counting method (ASTM, 2017), which identifies the number of
cycles and stress amplitude from the time history of stress at the
nodes of the mooring line. The time history of stress is derived
from the tension force as simulated by MoorDyn.

To quantify the total damage, the S-N curve approach (DNV-
0OS-E301, 2021) is utilized together with the rain-flow counting
method and the Palmgren-Miner rule (DNVGL-RP-C203, 2019).
The relevant S-N curve for mooring analysis is represent by
Equation (1):
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ap
sm —
NC (1)

where S represents stress range in MPa, defined as S = 7/4, where
A is the cross-sectional area in m?, and T is the tension force in
kN. For studless chain, the parameters are ap = 6 x 10'° and m =
3.0.

The cumulative fatigue damage, D, is calculated according
to the Palmgren-Miner rule which is expressed in the following
equation:

k
n.
Dzz_’ 2
LT, )
i=1

where i corresponds to a specific stress range, k is the total
number of stress ranges, n is the number of cycles counted, and
N is the number of cycles in the estimated stress where failure
occurs as determined from the S-N curve.

RESULTS AND DISCUSSION

This section illustrates the results of the tension load of the nodes
as simulated by MoorDyn and the evaluated fatigue damage
along the mooring lines.

Tension Force of Fairlead

Two irregular wave bins in JONSWAP spectrum are modeled
using WEC-Sim and MoorDyn over a duration of 3800 seconds.
The tension force of each node of the mooring lines is derived
from the outputs of MoorDyn. The aim of considering these two
wave bins is to explore the fatigue damage induced by both
extreme and operational wave conditions.

Fig. 6 and Fig. 7 demonstrate the wave elevation, the heave
response of the platform, and fairlead tensions during time
interval from 3000 s to 3600 s for the RM3 and the RMS5,
respectively, under the Bin 1 wave condition. For the RMS, as the
configuration of mooring line (ML)l and ML4, ML2 and ML3
are symmetric, therefore, for better visualization, the fairlead
tension of ML1 and ML2 are shown. Notably, in both scenarios,
the first mooring line—which is aligned parallel to the incident of
the wave—exhibits a greater variation in tension force compared
to the other two mooring lines. Additionally, the results reveal
that the tension force fluctuates more significantly under extreme
wave conditions than under operational wave conditions. While
the RM3 has more drastic heave response under the same
incoming waves condition with the RMS, it has higher tension
force compared with the RMS5. This implies that the absence of
the subsea buoy in the mooring system of the RM5 provides a
better result in terms of the tension force of the fairlead. These
tension force readings are subsequently utilized to compute the
stress time histories necessary for the fatigue damage assessment.

Fig. 8 and Fig. 9 display the wave elevation, the heave
response of the platform, and the fairlead tensions for the RM3
and RMS, respectively, during the time interval from 3000 s to
3600 s under Bin 2 wave conditions. The fairlead tensions of both
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WEC:s are lower than those observed under Bin 1 wave conditions.
Additionally, the fairleads of the RMS5 experience lower tension
forces compared to those of the RM3, despite the similar heave
responses exhibited by both WECs in this wave condition.
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Fig. 6, Wave elevation, heave response, fairlead tensions under
extreme wave condition for RM3.
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Fig. 7, Wave elevation, heave response, fairlead tensions under
extreme wave condition for RMS5.
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Fig. 9, Wave elevation, heave response, fairlead tensions under
operational wave condition for RMS.

Tension Force and Fatigue Damage along

Mooring Lines under Extreme Wave Condition

Fig. 10 (a) illustrates the configuration of 1% mooring line (ML1)
of the RM3. The tension forces of each node are calculated from
MoorDyn, and the tension force of NODES 1, 3, 6, 8 under Bin 1
(extreme) wave condition are depicted in Fig. 10 (b). NODE 1 is
the position of fairlead which connects with the platform. As
shown in Fig. 10 (b), NODE 1 has the highest tension force,
NODE 8 has the second highest tension force. NODE 3 has a
larger tension force variation compared with NODE 6. As
indicated in Fig. 10 (b), while NODE 1 bears the maximum
tension force, it sustains the greatest fatigue damage, see Fig. 10
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(c). Furthermore, in Fig. 10 (c), it is observed that NODE 3 incurs
more fatigue damage than NODE 6, correlating with its larger
tension force variation.
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Fig. 10, Results of RM3: (a) Configuration of Mooring Line 1
(ML1); (b) Tension force of nodes on ML1 under extreme wave
condition; (¢) Cumulative fatigue damage along MLI under
extreme wave condition.

Fig. 11 presents a comparison of the mooring line tension of
NODE 1 (Fairlead), NODE 3, NODE 6, and NODE 8 of 2"
mooring line (ML2) and 3™ mooring line (ML3), respectively.
Given that ML2 is symmetrically deployed in relation to ML3,
their tension force time histories are identical. Furthermore, to
investigate the fatigue damage along ML2 and ML3, the same
fatigue assessment is carried out for ML2 and ML3, the results
are displayed in Fig. 12. Since the tension force time histories for
both mooring lines are equivalent, their cumulative fatigue
damages are also identical. Furthermore, the pattern of fatigue
damage along ML2 and ML3 mirrors that observed in MLI1,
where the fairlead exhibits more damage than the other sections
along the mooring line. Nonetheless, the overall fatigue damages
for ML2 and ML3 are less than those for ML 1, which is attributed
to ML1 experiencing higher tension forces.
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Fig. 11, Tension force of nodes on (a) ML2 and (b) ML3 under
extreme wave condition, RM3. Since the configuration of ML2
and ML3 are symmetric, therefore both mooring lines have same
results.
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Fig. 12, Cumulative fatigue damage along ML2 and ML3 under
extreme wave condition, RM3.

Regarding the mooring line profile of the RMS5, Fig. 13 (a)
illustrates the profile of ML1. Similar to the results shown for the
RM3, the tension forces of each node are calculated from
MoorDyn, and the tension force of NODES 1, 2, 3 under Bin 1
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(extreme) wave condition are depicted in Fig. 13 (b). NODE 1 is
the position of fairlead which connects with the platform. As
indicated in Fig. 13 (b), NODE 1 has the highest tension force,
following is the NODE 2 has the second highest tension force. As
shown in Fig. 13(b), while Node 1 sustains the maximum tension
force, it also incurs the greatest fatigue damage. A notable
difference from the RM3 is that the fatigue damage of the
mooring line near the anchor is higher than at the touchdown
point of the mooring line (around x = -50 m), a phenomenon not
observed under either wave condition in the RM3 case.
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Fig. 13, Results of RM5: (a) Configuration of Mooring Line 1
(ML1); (b) Tension force of nodes on ML1 under extreme wave
condition; (c) Cumulative fatigue damage along MLI1 under
extreme wave condition.
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Tension Force and Fatigue Damage along

Mooring Lines under Operational Condition

To explore the tension force time history and associated fatigue
damage along the mooring line under operational wave condition,
the tensions at NODES 1, 3, 6, 8 under Bin 2 (operational) wave
condition are shown in Fig. 14 (a) for the ML1 of RM3. Fig. 14
(a) reveals that NODE 1 no longer exhibits a higher tension force
over the time compared to the other nodes in this wave condition,
but slightly higher that other segments between the subsea buoy
and the fairlead. However, unlike in Bin 1 wave condition, the
cumulative fatigue damage at NODE 1 is slightly lower than other
nodes as indicated in Fig. 14 (b). Furthermore, Fig. 14 (a) shows
that while the average tension at NODES 3 and 6 is lower than at
NODE 1 8, the variation of tension is greater. Consequently,
NODES 3 and 6 experience more cumulative damage than NODE
8, suggesting a positive correlation between cumulative damage
and the variation in tension force.
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Fig. 14, Results of RM3: (a) Tension force of nodes on MLI1
under operational wave condition; (b) Cumulative fatigue
damage along ML1 under operational wave condition.

For the tension force time history and associated fatigue
damage along the mooring line of the RM5 under operational
wave condition, the tensions at NODES 1, 2, and 3 under Bin 2
wave condition are shown in Fig. 15 (a) for the ML1. Fig. 15 (a)
reveals that NODE 1 remain exhibits a higher tension force over
the time compared to the other nodes in this wave condition, same
as the trend under extreme wave condition. The cumulative
fatigue damage along ML 1 also has a similar trend compared with
extreme wave condition. These results imply that without the
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existence of non-continuous point, such as the installation of a
subsea buoy, will result in a more consistent of the fatigue
damage under different wave conditions.
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Fig. 15, Cumulative fatigue damage along ML 1 under operational
wave condition.

Comparison of Tension and Fatigue Damage
Results between RM3 and RMS5

To provide a comprehensive view of the results, the highest
tension forces of Mooring Line 1 (ML1) for both WECs under
extreme and operational wave conditions have been extracted and
compared in Fig. 16. It is demonstrated that the ML1 of the RM3
experiences a higher tension force compared to that of the RMS5.
Additionally, the highest cumulative fatigue damage of ML1 for
both WECs under these conditions is also analyzed in Fig. 16. As
previously mentioned, the RMS5 exhibits lower cumulative
fatigue damage relative to the RM3, attributed to a smaller
amplitude of tension force fluctuation in the time domain. This
comparison indicates that the RMS5 has better performance than
the RM3 in terms of both tension force and fatigue damage,
displaying lower values in these indices.

CONCLUSIONS

This study has presented an analysis of cumulative fatigue
damage along the mooring lines of the RM3 wave point absorber
and RMS5 oscillating surge wave energy converter under the
influence of extreme and operational wave conditions. Utilizing
the dynamic modeling capabilities of WEC-Sim coupled with the
simulation of mooring line dynamics via MoorDyn, the authors
have estimated the fatigue damage over a 100-year extreme wave
event and an operational wave event, simulated over a time
duration of an hour.
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Fig. 16, Comparison of highest tension and fatigue damage of ML1 of RM3 and RMS5 under Bin 1 (extreme) and Bin 2 (operational)

wave conditions.

The findings of this study indicate that the trend of the
cumulative fatigue damage for the mooring system of RM3 is
different between extreme and operational wave conditions. This
observation underscores the complex nature of fatigue
phenomena where the local maxima of tension are not necessarily
the predictors of the most significant damage. Instead, it is the
variation in the tension force, rather than its peak values, that
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exhibits a positive correlation with the cumulative fatigue
damage. Furthermore, as the wave energy converters are
designed to have the best performance during operational wave
conditions, it is crucial to investigate the fatigue damage of the
mooring lines under the operational wave condition of the desired
site, instead of only investigate the maximum tension force of the
mooring line under extreme wave condition. As mentioned
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previously, for the floating structures of oil & gas drilling and
production, there are numerous cases of mooring line failure in
early stage without encountering the extreme wave condition (Ma
et al. 2013) Therefore, this depicts the importance of looking at
the fatigue damage of the mooring line.

In addition, the design of the mooring system will affect the
power performance of the wave energy converters, as the
mooring lines will produce restoring force that influences the
motion response of the WEC under the wave excitations.
Therefore, incorporating the mooring system design into the
design optimization of WEC is essential.

Future research should focus on broadening the range of
simulated conditions, including variable wave directions and
multi-hour extreme scenarios, to enhance the understanding of
fatigue damage distribution. Furthermore, considering the
importance of multiple parameters in the design optimization
process, the application of data-driven models, such as neural
networks, could be explored in future studies.
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