


For 50-year environment, the WTG is parked, with blades feathered. In addition, the sea
state is relatively harsh, with H; = 15.8 m, it is thus expected that the surge motion has
most of it’s energy located in the WF range. The spectra of surge motion in Figure 13.13
indicates that there are a significant amount of LF energy, which is seen to correlate well
with the wind spectra in Figure 8.5, but the the main contribution is from the waves, both
as a direct surge motion and as pitch-induced surge from wave forces.

It is noticed that the spectra does not have a prominent local maxima at the surge natural
frequency. An explanation for this can be that the dynamic motions of the lines generate a
damping force that hides the resonant behaviour.

By comparing the spectra for fibre mooring with original mooring in Figure 13.12 and
13.13, it is seen that these follow the same trends and are almost identical. In Section 13.2
it was found that the fibre mooring has a greater amount of damping in surge, this is also
evident in the surge response spectra in the way that the fibre mooring system has less
energy around the surge natural period.

13.3.2 Heave

The heave responses for the system with fibre mooring are, to a large degree, similar to
the one for the original system. However, the MPM in 50-year environment yield a larger
heave response for fibre mooring, 5.23 m against 3.86 m for the original system. From the
results of the decay tests, it is seen that the system’s stiffness’ in heave has not change sig-
nificantly, but the damping has been reduced, as given in Table 13.2. A spectrum analysis
of the heave response in 50-year environment for the two mooring systems, illustrated in
Figure 13.15, reveals that the fibre moored system has more energy around the heave nat-
ural frequency, which is seen to be a result of the fibre mooring system’s inferior damping
in heave.
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Figure 13.15: Sepctrum comparison of heave motion, 50-year environment
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13.3.3 Pitch

The change of mooring system was expected to have little effect on the pitch response of
the spar. Any restoring contributions in pitch from the mooring system is though to be
directly linked to the mooring system’s surge characteristics, which was designed to be
similar to the original system. This expectation is verified by the results, which yield the
same pitch response for both mooring systems.

It is seen that the tower has small pitch angles for rated environment, which is desired
with respect to the hydraulic systems in the WTG. A general rule of thumb is to keep the
pitch angle below 10 deg during operation. For 50-year environment it is seen that the
larger wave forces contribute to larger pitch motions than for rated environment, which is
deemed to be non-problematic since the WTG is parked.

13.3.4 Line tension

The line tension is consistently larger for the original mooring system than for the fibre
system. This is in general due to the decreased pretension for the fibre system, 750 kN vs
1000 kN. However, from the distribution of maxima, in Figure 13.11, it is seen that this
gap has decreased for 50-year environment. This can be a result of larger dynamic forces
on the fibre mooring lines due to the increased line diameter.

From the spectra it is seen that the fibre mooring has more energy at T}, than the original
mooring. By continuing the hypothesis that the fibre mooring introduces more viscous
drag to the mooring system, due to the increased diameter, it is realized that this would
increase the line tension for WF loading due to added resistance and more prominent
dynamic line effects.

From the time series comparison in Figure 13.11 it is seen that the original system has
more contributions from high frequency effects, which is also evident in the spectra in
Figure 13.14. This difference is assumed to be from drag locking effects. At high fre-
quency loading, the mooring line’s ability to move through the water is limited due to
large viscous drag forces from the rapid motions. In such a scenario, the stiffness in the
mooring system is dominated by the elastic stiffness of the lines. Since the original moor-
ing system have a larger axial stiffness, a drag locking scenario would lead to larger line
tensions and tension spikes for the original mooring system compared to the fibre system,
in accordance with Equation (11.2). Due to the difference in diameter between the original
and fibre mooring lines, the two systems will initiate drag locking at different frequencies,
which is not investigated in this thesis.

Note that any dynamic effect of buoy or clump weight attachment is neglected. Such
dynamics could result in increased tension peaks.
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13.3.5 Distributions of largest maxima

The distributions for largest maxima for the two mooring systems, given in Figure 13.8
-13.11, shows that the distributions for 50-year environment are consistently broader, and
with longer tails, than the distributions for rated environment. It is assumed that this is
because the response in rated environment is dominated by the wind loads, which is a
linear effect, while the 50-year environment is dominated by wave loads, which is non-
linear. To investigate this assumptions, the coefficient of variation (COV) is calculated for
the different responses.

The COV is defined as

cov ==

(13.2)
|l

where
e ¢ = standard deviation
e ;. = mean value

The COVs for the responses are given in Table 13.3 and 13.4

Surge [-] | Heave [-] | Pitch [-] | Tension [-]
Rated 0.06 1.53 0.25 0.03
50-year 0.23 8.75 1.49 0.06

Table 13.3: Coefficient of variation, original mooring

Surge [-] | Heave [-] | Pitch [-] | Tension [-]
Rated 0.05 1.33 0.25 0.04
50-year 0.22 9.47 1.50 0.09

Table 13.4: Coefficient of variation, fibre mooring

Note that the COV become very large for mean values that are close to zero, as for heave
in this case. The COV for such processes provide little information.

From the fact that the COVs are larger for the responses in 50-year environment than the
ones for rated environment, the hypothesis regarding wind-dominated response in rated
and wave-dominated response in 50-year environment is further supported.

The maximum values that have been used are the MPM values, identified as the peaks of
the distributions of largest maxima, which is the 37% percentile. The use of MPM can be
discussed to be non-conservative, and that a design value taken further out in the tail of
the distributions should be utilized, such as the 90% percentile. However, since this thesis
utilizes the DNV rules and regulations, which is based on MPM, the utilization of MPM
is seen to be justified.
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13.3.6 Rotor air gap investigation

Due to the increased heave response with the fibre mooring system compared with the
original mooring system, shown in Figure 13.3f, an investigation on the air gap between
wave crest and rotor blade was conducted. The rotor air gap is crucial since the airfoils
would without a doubt be damaged if they were to be struck by a wave crest. Even though
the WTG would most likely be parked during an environmental condition that would result
in a severely reduced air gap, it is possible that the rotor would be parked with one blade
pointing straight downwards.

The rotor diameter is 82.4 m, and is positioned at a height of 65 m, as stated in Section 3.2,
meaning that the still water air gap is 65 m — % =23.8m.

To investigate the air-gap process for the original and fibre mooring system, SIMA’s post
processor was used to establish a time series of the instantaneous rotor air-gap when the
turbine was parked with one blade pointing straight down for both the original and fibre
mooring system. The mean value of the process’, along with the standard deviations and
lower limits of the confidence intervals are given in Table 13.5.

Original | Fibre

Mean [m] 22.12 22.08
Std. [m] 3.23 3.25
Ro.025 15.79 15.71

Ro.025 is the response at the lower limit of the
95% confidence interval

Table 13.5: Mean and standard deviation of air-gap process

From this investigation, it is seen that the mean response and standard deviation is almost
identical for fibre and original mooring. For the scope of this thesis, the air gap it thus
taken to be satisfactory.

13.4 Leeward line of fibre mooring

Due to fatigue damage of the fibre ropes, it is important to maintain tension in all mooring
lines at all time, as discussed in Section 11.4. In addition, to avoid snapping loads and
large wave-induced forces on the buoy, it is important that the buoy is not subjected to
sea surface contact. The lower limit of the confidence interval of leeward line tension
was calculated to be 525 kN, which is 70% of the pretension. During the design phase,
it was expected that the leeward buoys would help maintain tension in the leeward lines,
and this expectation is hereby confirmed. There was some uncertainty regarding how
much the towards the sea surface the leeward buoys would stretch during a 50-year storm.
The analysis yielded a mean depth of 63.31 m with a standard deviation of only 1.21m,
meaning that the vertical motion of the buoys are limited. The large depth of the buoy also
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help limit the wave forces on the buoy. At 60 m depth, the wave induced particle velocity

and acceleration are known to have decayed significantly, reducing the wave-induced drag
and inertia forces on the buoy.

From the relatively large tension and deep buoy position for the leeward line, it is con-

cluded that compression forces and sea surface contact are not issues that are likely to
occur.

13.5 Economic comparison

To be able to compare the cost of the original and fibre mooring system, the cost of chain,
steel spiral strand rope, clump weights, fibre rope and buoys were needed. In Larsen 2016
the following costs are recommended

Element Cost [USD/kg]
Chain 6.0
Steel rope 7.2
Clump weight 4.8
Fibre rope 3.0
Buoy 4.2

The price of buoy are per kilogram of
net buoyancy

Table 13.6: Cost of mooring system elements

Using the costs defined in Table 13.6 together with the mooring systems defined in Table 9.5
and 11.6, the following total expenses are found for the two mooring systems

‘ Element ‘ Length [m] ‘ Mass coefficient [kg m~!] ‘ Weight [kg] ‘ Price [USD] ‘
Link adaptor 10 148 1480 8880
Spiral strand rope 75 32 2400 17280
Link chain 15 126 1890 11340
Clump weight 1 66 645 66 645 319896
Link chain 37 127 4699 28194
Spiral strand rope 465 32.47 15098.55 108 709.56
Bottom chain 320 125.94 40 300.80 241804.8
\ SUM [ 923 ] | 132513.35 | 736104.36 |

Table 13.7: Cost of original mooring system
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Element \ Length [m] \ Mass coefficient [kg m~!] \ Weight [kg] \ Price [USD] ‘

Fibre rope 330 16.70 5511 33066
Buoy 563.25 36611 126 054.60

Fibre rope 670 16.70 11189 67134
SUM [ 1000 | 53311 [ 2262546 |

Since the buoy is not added as a RIFLEX element with length and mass coefficient, it’s cost is
calculated directly for 30 000 kg of net buoyancy at a price of 4.2 USD/kg of net buoyancy

Table 13.8: Cost of fibre rope mooring system with buoy

From the total cost of the two mooring systems given in Table 13.7 and 13.8, it is seen
that the fibre rope system provides a price reduction of 1 — 22025L803D ~ 70% of the
original system. Note that the cost of each component is given only as a recommendation
in Larsen 2016, and may not be accurate. The cost of anchor and anchor attachments
are not taken into account for any of the mooring systems, neither is the cost of buoy
attachments or fibre attachments to the bridle. Hence, there are some uncertainties in the
cost comparison, but it is seen, without a doubt, that the fibre mooring system provide a
significant cost reduction. The cost of the bridle system is not included, since the same

bridle is used for both systems.

From Section 12.4, it is seen that the fibre mooring system that was designed in Chapter 11
yields a utilization factor of 33.6%, the original system had a utilization of 39.1%. Meaning
that for the analyses performed in this thesis, both systems are over-engineered. It would,
in many ways, be beneficial to utilize a thinner and weaker fibre rope in the mooring con-
figuration. Not only would the material cost of the rope itself be reduced, but the rope
would also become more flexible, since the stiffness is calculated from the MBS, as dis-
cussed in Section 6.3. A more flexible fibre rope could also permit a reduction in the
volume of the buoy. It is therefore seen that the economic benefit of the fibre mooring
system could go beyond the calculated cost reduction of 70%. However, due to the fact
that the original mooring system also has a low utilization factor, it is thought that there
are reasons behind this conservatism which go beyond the scope of this thesis, and the low
utilization factor of the fibre systems is therefore deemed to be acceptable.

In addition to the cost reduction of the mooring system itself, the use of a fibre mooring
system permits the use of smaller installation vessels due to the reduced weight of the
system. The fibre mooring system introduces a weight reduction of about 60%, enabling
lighter anchor handling tug supply (AHTS) vessels to perform the installation, which in
turn reduces the cost of installation.

There are additional, possible, costs with the fibre mooring that is not an issue with the
original mooring. Such costs can be to perform pre-stretching of the fibre rope to minimize
fibre creep after installation. This, however, may not be necessary due to the buoy’s ability
to absorb the elongation. It may also be necessary to use a different anchor type, with
higher resistance against vertical forces, but this is not discussed further in this thesis due
to confidentiality agreements with Statoil ASA.
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13.6 Footprint

The footprint of the original mooring system has a radius of 935 m, while the fibre mooring
system’s footprint has a radius of 1030 m, resulting in an increased footprint of 0.6 km?.
For use on Hywind Demo in a FOWT park scenario, such an increase in footprint is not
significant, since the area will most likely not be used for fishing. For the use on Hywind
Demo in today’s situation, with it’s position along the cost of Norway as a sole installation,
an increase in footprint will lead to a reduction in area that can be used for trawling. Due
to the line geometry of the fibre mooring system, it will not be possible to make the system
over-trawl-able, but this is also the case for the original mooring system (Skarbgvik 2016).
The increase of footprint is not seen to be of significant proportion, but must be considered
if the fibre mooring system is to be used in an area were there is trawling.

13.7 Limitations to the analyses

This thesis has focused on the design of a fibre rope mooring system for Hywind Demo
that provide the same restoring capabilities as the original mooring system. The focus has
therefore been primarily on surge, pitch and heave motion; and line tension responses The
motion response in yaw, sway and roll has not been analysed. This is, however, seen to be
a justifiable method due to the 2-dimensionality of the problem.

In DNV-0S-J103 2013, it is stated that the mooring system should be designed for a 50-
year return period environment, as discussed in Chapter 4. For the scope of this thesis,
only a single 50-year condition, defined in Chapter 8, was analysed. To be in complete
compliance of the DNV regulations, several 50-year conditions should be analysed. These
can be found by utilizing a contour line of the 50-year combinations of H, and 7T},.

The analyses carried out in this thesis has been computed by SIMO and RIFLEX in SIMA.
SIMO-RIFLEX does not perform calculations on vortex induced vibrations (VIV), for this
SIMA has the module VIVANA. For the scope of this thesis, VIVANA was not utilized,
and VIV is therefore not included in the response calculations. VIV can lead to higher
tension in the mooring lines, but it is assumed that this effect would be limited. In addition,
the mooring line drag coefficients taken from DNV-OS-E301 2013 does, to some degree,
account for VIV (Larsen 2016).

This thesis has only focused on ULS analyses, and has not inspected the FLS or ALS
conditions. However, it can in general be said that fibre ropes provides better endurance to
cyclic load than steel wire and chain. The main focus on a FLS analysis should therefore
be concerning the fibre rope’s connection to the buoy. An ALS condition with one broken
mooring line would result in a large horizontal offset which would most likely result in
a power cable breakage. In such a condition, Hywind Demo would be moored with it’s
two remaining mooring lines. Due to the low utilization factor of the mooring lines, it is
assumed that the system can handle such an ALS condition. However, detailed analyses
on the broken system need to be performed to provide a certain answer.
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oo 14

Fibre mooring of Hywind Demo at
130m water depth

14.1 Introduction

This chapter provides a short feasibility study on fibre rope mooring of Hywind Demo in
130 m water depth, including mooring system design; system analysis; and discussion of
results.

Hywind Demo is now positioned outside Karmgy, Norway, at 204 m water depth, and
through the previous chapters of this thesis, a cost beneficial mooring system composed
of fibre ropes and buoyancy elements has been proposed for this location. The proposed
mooring system has been found to perform satisfactory, and to provided similar floater
motion responses as the original mooring system.

As stated in Chapter 3, the purpose of Hywind Demo is not to generate electrical power for
profit, but to be used as a research tool. In late 2015, Statoil ASA submitted a request to
the Norwegian authorities to relocate Hywind Demo to the unmanned Valemon platform,
located about 160 km west of Bergen, to study the possibility of using FOWTs to provide
power to other offshore installations. The Valemon field has a water depth of about 130 m,
and due to the possible relocation of Hywind Demo, this thesis has performed a short
feasibility study on the possibility of utilizing the fibre mooring system designed for 204 m
water depth in the new location.

155



14.2 Challenges

The use of fibre mooring in shallow water is generally regarded as a challenging task. As
discussed in Section 11.4, one of the main challenge with shallow water mooring with
fibre ropes is to maintain an acceptable level of horizontal flexibility. However, since a
satisfactory design for fibre mooring in 204 m is given in Chapter 11, it is assumed that
this system is applicable for even shallower water and that it will yield similar horizontal
stiffness in 130 m water depth as long as the angle at the buoy and the buoy placement is
not significantly changed.

14.3 Design

The mooring system design is taken directly from the 204 m version, but in order to main-
tain the buoy at a satisfactory depth, i.e. roughly 50 m, the 1 : 2 ratio for buoy placement
along the line had to be altered to a 1 : 5 ratio, as illustrated in Figure 14.1. It is expected
that this will result in a reduction of the geometric flexibility.

Bridle \

Figure 14.1: 1 : 5 ratio of fibre mooring line on each side of a buoyancy element
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A mooring line characteristic was generated for the system using the same parameters as
the 204 m, except for the new buoy placement.

Total length: 1000 m

Buoy volume: 65 m?

Anchor displacement: -10 m

Buoy placement: 0.165

where the buoy placement of 0.165 corresponds to the 1 : 5 ratio.

These parameters were seen to result in a system with a horizontal stiffness very similar
to the case of 204 m, but with a pretension lower than initially desired. Therefore, a
line characteristics for the same system, but with an anchor displacement of -5m was
investigated. This resulted in a reduction of geometric flexibility in the system, similar
to the case of the buoy optimization in Section 11.5.4. From the leeward line tension
investigation for 204 m, given in Section 12.3, it is seen that the system has relative large
amount of tension in the leeward lines. Therefore, the reduced pretension was taken to be
acceptable since this maintains a satisfactory amount of geometric flexibility. The system
with anchor displacement of -10 m was thus chosen for further analysis. The pretension
for the chosen system is 623 kN between anchor and buoy, and 559 kN between buoy and
bridle. The footprint of the system is the same as 204 m version, i.e. 1030 meter radius.
The line characteristics are given in Figure 14.2a.
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Figure 14.2: Single mooring line characteristics for 130 m water depth

14.4 Natural periods and damping

To determine the natural periods of the system, the same kind of decay tests that were
performed on the original mooring system, and on the fibre mooring in 204 m water depth,
was utilized. Time series of the decay tests are given in Figure 14.3, and the natural
periods are compared with the previously tested results in Table 14.1. The decay tests
were measured at the COG, a coordinate system is given in Figure 9.13.
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Figure 14.3: Decay tests, measured at center of gravity

Surge | Heave | Pitch | Yaw
Fibre mooring, 130 m 124 27 26 27
Fibre mooring, 204 m 123 27 26 23
Original mooring 204 m | 115 28 26 18
Hywind Demo full scale | 125 27 24 24

Table 14.1: Natural period of Hywind Demo with fibre rope mooring system in 130 m water depth

From the decay tests and calculated natural periods, it is seen that the 130 m system

have similar stiffness and damping in surge, heave and pitch as the 204 m fibre system.

However, it is seen that the stiffness in yaw has decreased, which is thought to be in con-
nection with the 1 : 5 fibre ratio. In Equation (2.2), it is evident that the stiffness in yaw

will decrease if the distance to the mooring lines’ horizontal rotation point is increased,
and it is assumed that the buoy will function as the horizontal rotation point of the mooring

line.

To compare the damping in yaw with the 204 m fibre system, the damping ratios were
calculated in the same manner as described in Section 13.2. A comparison between the

two fibre systems are given in Table 14.2.
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Fibre, 204 m | Fibre, 130 m
Eyawr_s 0.16 0.19
Eyawa_s 0.07 0.10

Table 14.2: Comparison of damping coefficients, original and fibre mooring

It is seen that the damping in yaw is larger for the 130 m version than for the 204 m
version. This is in correlation to the assumption of the buoy acting as the rotation point,
since this will lead to a longer length of line being set into motion for the 130 m system,
resulting in more viscous damping from drag forces. Note that these damping coefficients
are derived from the decay tests, which were performed in still water conditions. For
an environmentally loaded system, the damping is assumed to increase due to dynamic
line motion. In addition, since the yaw motion is of less interest in this thesis, assumptions
regarding skin friction was made in Section 9.2 during the establishment of the model. The
damping ratios are therefore not meant to be used in any design considerations.

14.5 Feasibility

The response of an FOWT can be described with the generalized dynamic equation given
in Equation (5.1), i.e. a mass-spring-damper system. The response to an external load
is thus dependant on the mass, stiffness and damping of the system. Knowing that the
external load, i.e. the environmental forces are the same as for the 204 m system, and
it has been found that the mass, stiffness and damping properties are also similar, it is
assumed that the response of the 130 m system will also be similar.

There are, however, uncertainties to such an analogy. As previously stated, the damping
for an environmentally loaded system will be different to the damping found from the still
water decay tests. It is therefore necessary to perform a full set of analyses on the system to
determine it’s applicability. For the scope of this thesis, it is concluded that fibre mooring
of Hywind Demo in 130 m water depth is feasible.
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e 1D

Conclusions and
recommendations

15.1 Concluding remarks

The work done in this thesis has resulted in an improved, fibre mooring system for Hywind
Demo that reduce the cost of the mooring system with 70% while maintaining the same
motion responses and utilization factors as the original, catenary system.

A comparison between frequency domain and time domain analysis was performed on the
original mooring system, i.e. chain and spiral strand rope, revealing correlating results.
The restoring properties of the original mooring system was set as the design goal for
the fibre system, and several fibre mooring designs were investigated, including plain taut
mooring and the utilization of clump weights and buoyancy elements. The system that was
chosen for further studies utilized a buoyancy element of 65 m* and possessed a very sim-
ilar restoring stiffness as the original system, without an significant increase in footprint.
By analysing the fibre mooring system in environmental conditions, it was confirmed that
the fibre system resulted in very similar motion responses of the floater.

It was found that the fibre mooring altered the damping of the system slightly in the way
that the larger rope diameter provided an increase in surge damping, but the loss of cate-
nary effect resulted in a decrease in heave damping.

Based on recent events, a feasibility study on the use of the fibre mooring system in 130 m
water depth was performed. This feasibility study did not include environmental response
analyses, but was based on the physical properties of the system. The study yielded posi-
tive results, and it is concluded that it is feasible to utilize the fibre mooring in 130 m water
depth.

161



15.2 Recommendation for further work

This thesis has only analysed the global behaviour of the mooring system. Since the fibre
mooring designed in this thesis includes a relatively large buoyancy element, it is necessary
to perform an analysis on the local behaviour of the buoy, both with respect to ULS and
FLS. In addition, an ALS analysis with a broken mooring line should be performed.

An investigation on the rotor air gap have been performed due to the decreased heave
damping with fibre mooring. This investigation did, however, not include several time
series realizations, and is therefore based solely on the mean and standard deviation of the
process. It is recommended to simulate this process for several wave and wind seeds so
that a distribution of the smallest air gaps can be established.

From the environmental data provided, the 50-year ULS environmental condition was es-
tablished. However, only a single 50-year condition was utilized in this thesis, whereas
there are several combination of H and 7T, that can be associated with a 50-year return
period. Therefore, it is recommended that ULS response analyses are performed with
additional sea states that are related to the 50-year contour line.

To verify the feasibility of the fibre mooring system in 130 m, environmental response
analyses on this system should be carried out. Similar to the 204 m system, these analyses
should be based on several different 50-year sea states.

Fibre ropes are known to subject to irreversible elongation after installation due the com-
paction of fibres when they are tensioned for the first time. This can, for Hywind Demo, be
solved by tensioning the ropes before installation, but this is not a cost effective solution. It
is therefore recommended to perform studies on the possibilities of accommodating such
creep with the buoyancy elements.
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Appendix

Bridle details
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Figure A.1: Bridle details (Larsen 2015)
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Appendix

Original mooring response
samples

Rated 50-year
Surge [m] | Heave [m] | Pitch [deg] | Tension [N] || Surge [m] | Heave [m] | Pitch [deg] | Tension [N]
Sample 1 13.95 0.62 2.92 1.43E6 25.16 3.36 10.41 1.66E6
Sample 2 14.07 0.62 2.95 1.43E6 25.40 3.61 10.61 1.69E6
Sample 3 14.08 0.67 2.97 1.43E6 25.52 3.63 10.76 1.70E6
Sample 4 14.16 0.68 2.98 1.43E6 25.70 3.73 10.77 1.71E6
Sample 5 14.21 0.68 2.99 1.43E6 25.89 3.75 10.81 1.72E6
Sample 6 14.24 0.32 3.01 1.44E6 25.90 3.83 10.83 1.72E6
Sample 7 14.26 0.68 3.03 1.44E6 25.98 3.83 10.85 1.72E6
Sample 8 14.39 0.69 3.06 1.44E6 26.11 3.85 11.24 1.73E6
Sample 9 14.39 0.70 3.06 1.44E6 26.41 3.90 11.27 1.73E6
Sample 10 14.40 0.71 3.06 1.44E6 26.87 3.92 11.42 1.73E6
Sample 11 14.41 0.71 3.07 1.45E6 26.89 3.94 11.66 1.73E6
Sample 12 14.43 0.71 3.07 1.45E6 26.99 3.98 11.72 1.74E6
Sample 13 14.47 0.72 3.08 1.45E6 27.02 4.08 11.80 1.75E6
Sample 14 14.50 0.72 3.09 1.45E6 27.32 4.15 12.04 1.75E6
Sample 15 14.57 0.77 3.09 1.45E6 27.69 4.24 12.15 1.76E6
Sample 16 14.57 0.78 3.15 1.45E6 28.36 4.39 12.42 1.77E6
Sample 17 14.64 0.78 3.18 1.45E6 28.43 4.40 12.49 1.80E6
Sample 18 14.80 0.79 3.24 1.45E6 28.49 4.55 12.55 1.81E6
Sample 19 14.89 0.80 3.24 1.46E6 28.94 4.72 12.58 1.82E6
Sample 20 15.10 0.84 3.27 1.46E6 29.34 4.85 13.40 1.84E6

Note that this is collection of different data sets, and that each data set has been sorted by magnitude. Hence, there is no connection between
the values that are placed on the same row in the table.

Table B.1: Response samples for Hywind Demo original mooring configuration
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Appendix

Fibre mooring response samples

Rated 50-year
Surge [m] | Heave [m] | Pitch [deg] | Tension [N] || Surge [m] | Heave [m] | Pitch [deg] | Tension [N]
Sample 1 14.47 0.63 2.91 1.21E6 25.66 4.30 10.66 1.57E6
Sample 2 14.48 0.64 2.93 1.21E6 26.20 4.51 10.77 1.59E6
Sample 3 14.53 0.68 2.95 1.21E6 26.20 4.82 10.81 1.60E6
Sample 4 14.54 0.68 2.99 1.22E6 26.30 4.92 10.93 1.61E6
Sample 5 14.60 0.68 2.99 1.22E6 26.44 5.22 10.95 1.61E6
Sample 6 14.62 0.69 2.99 1.22E6 26.50 5.27 11.03 1.61E6
Sample 7 14.63 0.70 2.99 1.22E6 26.58 5.37 11.03 1.61E6
Sample 8 14.67 0.71 3.02 1.22E6 26.71 5.38 11.16 1.62E6
Sample 9 14.70 0.72 3.03 1.23E6 26.78 5.40 11.52 1.62E6
Sample 10 14.72 0.72 3.06 1.23E6 27.05 5.51 11.56 1.64E6
Sample 11 14.72 0.72 3.07 1.23E6 27.29 5.52 11.72 1.64E6
Sample 12 14.77 0.72 3.08 1.23E6 27.41 5.53 11.79 1.65E6
Sample 13 14.79 0.73 3.09 1.23E6 27.56 5.56 11.98 1.66E6
Sample 14 14.89 0.74 3.10 1.23E6 28.13 5.58 12.03 1.66E6
Sample 15 14.93 0.78 3.11 1.24E6 28.22 5.83 12.26 1.67E6
Sample 16 14.98 0.78 3.19 1.24E6 28.30 5.98 12.31 1.67E6
Sample 17 15.05 0.78 3.22 1.24E6 28.65 6.05 12.51 1.68E6
Sample 18 15.08 0.80 3.23 1.25E6 28.78 6.13 12.69 1.71E6
Sample 19 15.13 0.80 3.26 1.25E6 29.46 6.43 12.69 1.73E6
Sample 20 15.15 0.87 3.30 1.26E6 29.96 6.75 13.82 1.78E6

Note that this is collection of different data sets, and that each data set has been sorted by magnitude. Hence, there is no connection between
the values that are placed on the same row in the table.

Table C.1: Response samples for Hywind Demo fibre mooring configuration
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