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Figure 4.14: Limiting significant wave height, X-coordinate of fender = 12.24
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Figure 4.15: Limiting significant wave height, X-coordinate of fender = 13.24
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One can observe that the availability is somewhat more effected in beam sea than in the
other directions.

4.1.6 Viscous effects

Viscous effects  Ajon  Atma  Azspee disA Ajopw Atmaw  Azspee
NO 0.321 | 0.330 | 0.379 | 0.13 | 0.200 | 0.208 | 0.248
YES, €4 =1m | 0.348 | 0.358 | 0.469 | 0.05 | 0.225 | 0.236 | 0.326
YES, €4 =2m | 0.332 | 0.339 | 0.466 | 0.05 | 0.213 | 0.222 | 0.325

Table 4.7: Results for including viscous effects with different assumed wave amplitude

One can see that the introduction of viscous effects improves the availability. A improvement
of 24% between no viscous effects and viscous effects included with 1 meter wave amplitude
assumed. Assuming 2 meter wave amplitude instead gives slightly decreased availability, a
change of less than 1%.
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Figure 4.16: Limiting significant wave height, only viscous roll damping
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Figure 4.17: Limiting significant wave height with viscous damping in roll, pitch and heave and

a drag force term in heave. Assumed wave amplitude 1 m.

Limiting significant waveheight [Mm](TMA spectrum)
T T T T T

T
——— O deg
——F 45 deg
90 deg
135 deg
——— 180 deg

1
10 A2 14

Peak period of seastate

16

18

20

Figure 4.18: Limiting significant wave height with viscous damping in roll, pitch and heave and

a drag force term in heave. Assumed wave amplitude 2 m.

It is observed that the beam sea for low peak periods experiences the largest improvement
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of limiting significant wave height with the introduction of viscous effects. Plots showing the
magnitude of viscous damping and heave excitation force compared to their linear counterparts

can be found in appendix A.

4.2 Verification in Time Domain

4.2.1 Response to a harmonic wave

Sea state Time domain Frequency domain
Calm] | T'[s] | Bldeg] | Rollampldeg] | Pitchampldeg] | Rollampldeg] | Pitchamy|deg]
1 8 0 0 3.9 0 4.3
1 8 45 5.5 4.0 3.9 4.4
1 8 90 7.7 4.0 5.1 4.5

Table 4.8: Response to a harmonic wave of 1 m amplitude and 8 s period

One can observe that the roll response is larger in the SIMA simulations, while the pitch

response is somewhat larger in the frequency domain calculations.

4.2.2 Standard deviations of vessel coupled to turbine

The standard deviations calculated in the frequency domain are compared with the standard
deviations measured in the time domain for some selected moderate sea states. The time domain

simulations have a length of at least 1000 s.
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Sea state Time domain results Frequency domain results

Hym] | T,[s] | Bldeg] | orouldeg] | opitenldeg] | ovouldeg] | opitenldeg]
1 5 0.0 0.7 0.0 0.5
1 7 0.0 0.9 0.0 1.0
1 9 0.0 1.0 0.0 1.0
1 5 45 1.6 0.6 1.2 0.5
1 7 45 1.6 1.0 1.1 1.1
1 9 45 1.6 1.0 1.0 1.1
1 5! 90 1.8 0.5 1.3 0.5
1 7 90 2.0 1.0 1.3 1.3
1 9 90 2.1 1.0 1.3 1.1

Table 4.9: Standard deviation in roll and pitch measured in SIMO and calculated in frequency

domain

One can observe that the standard deviations in pitch in general correlate quite well, while

in roll the standard deviations are significantly larger in the time domain simulations.

4.2.3 Parameters to be included in accept criteria

The results from the frequency domain suggests that the limiting significant wave height is not
a constant value, but a function of peak period and direction of the sea state. This is put to
the test by exposing the model to a constant significant wave height and then vary either peak
period or sea state direction to observe the effect, the following table show the effect on time
to slip for different wave directions when the significant wave height and peak period is held
constant. Only time to slip is considered, no roll angle limit. If no slip is recorded, the time to
slip is set to 10 000.

Sea state Time to slip for wave seeds 1-4  Mean
Hym] | T,[s] | Bldeg] | 1 2 3 4 tinels]
1.2 7 0 10 000 | 10 000 | 10 000 | 10 000 | 10 000
1.2 7 45 3930 628 263 1182 1501
1.2 7 90 1121 646 312 760 710

Table 4.10: Time to slip from simulations in time domain with constant H, and 7}, varying (.
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The result suggest that the limiting significant wave height do depend on the direction of
the sea state, the effect is more pronounced than in the frequency domain calculation. The
frequency domain calculations suggest that limiting significant wave height for beam sea might
be higher than for head sea given T,=7 s, disagreeing with this the SIMA-simulations suggests
the vessel is far more robust in head sea than in beam and quartering seas for 7,=7 s. The
following table show the effect on time to slip for different peak periods when the significant

wave height and wave direction is held constant.

Sea state Time to slip for wave seeds 1-4 Mean
Hym] | T,[s] | Bldeg] | 1 2 3 4 tine|s]
2 5 393 101 | 178 | 365 259

7 2933 2036 | 261 | 768 1500
9 10 000 | 6206 | 265 | 767 4310

Table 4.11: Time to slip from simulations in time domain with constant Hy and 3 , varying 7).

One can observe that the results suggests that the limiting significant wave height do depend

on peak period of the sea state.

In the frequency domain significantly better availability was achieved by dividing the sea state
into one swell part and one wind generated part, to test for the same effect in the time domain,
the SIMA model is exposed to two common misaligned sea states at Dogger Bank found from
the NORA10 hindcast. The time to slip from having the same sea state described by two spectra

and by one spectrum is compared. The sea states are described in the following table.

Case Sea state Sea state described with two spectra

[ | Hs[m] | T,[s] | Bldeg] HW(m] | T,W([s] | Buldeg] | HsS[m] | T,S[s] | Bs[deg]
1 1.65 7.2 20 1.3 5 0 1 10 45

2 1.65 72 |39 1.3 5 0 1 10 90

Table 4.12: Sea states investigated to consider benefits of dividing the sea state into swell and

wind generated parts

Doing simulations with 4 wave seeds, the following results were obtained.
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Case Wave seed Mean [s]
-] 1 2 3 4 | tincls]
1, one spectrum | 1396 | 7061 | 1322 6228 | 4002
1, two spectra 6823 | 8614 | 10 000 | 8167 | 8401
2, one spectrum | 396 | 257 | 377 170 | 300
2, two spectra 2753 | 2402 | 1969 2318 | 2360

Table 4.13: Effect of dividing the sea state into swell and wind generated parts

One can observe that the results from dividing the sea state into swell and wind generated
part, do indeed effect the result. For the two sea states investigated here, the single spectrum
calculation is conservative. However, not enough sea states have been investigated to conclude

with whether the single spectrum approach is conservative in general.

4.2.4 Time before first incident

One expected slip every 3600 seconds and the JONSWAP spectrum is used as input to calculate
the limiting significant wave heights for some selected sea states with the MATLAB program.

Hence, the value to compare with from the frequency domain calculation is 3600 seconds.

For every sea state, 8 simulations with different wave seeds of duration up to 10 000 seconds
has been done in SIMO to investigate the time before first incident. The first 100 seconds of
the simulations is not considered, if slip occurs here , the simulation will be redone with up to
three different wave seeds. If no valid value can be obtained for three different seeds the time to
incident is set to zero. If no incident is recorded the value is set to 10 000. A incident is defined
as when the fender point of the vessel moves more than 10 cm away from its original position,
or the roll angle exceeds 10 degrees. A total simulation of one sea state with 8 wave seeds has
a duration of about 45 minutes on a lap top with a modern Intel i7 2.7 GHz processor. Values
exceeding 3600 seconds(the value predicted by the frequency domain program) are coloured

green, while values under 3600 seconds are coloured red.
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Sea state Time to slip[s] for waveseeds 1-8

Hy[m] | T,[s] | Bldeg] | 1 2 3 4 5 6 7 8

1.15 ) 10 000 | 10 000 | 10 000 | 10 000 | 10 000 | 10 000 | 10 000 | 10 000
1.65 7 10 000 | 3018 10 000 | 10 000 | 6914 10 000 | 2049 10 000
2.25 9 0 3906 262 763 800 6914 d776 450 962
1.05 5 45 5923 140 326 163 509 424 720 266
1.45 7 45 350 142 0 143 300 421 378 264
2.05 9 45 101 138 0 101 168 103 102 267
1.95 ) 90 0 0 0 0 0 0 0 0

2.15 7 90 127 0 0 0 0 0 149
2.25 9 90 0 107 0 356 151 101 149

Table 4.14: Time to incident from simulations in time domain.

One can observe large deviations between the two methods, only for head sea states the

values obtained in SIMA is of the same order of magnitude as those used in the frequency

domain. Within a 90% confidence interval the following table show if Hy(Frequency domain

method conservative) or Hj(non-conservative) was confirmed in the simulations for each sea

state.
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Sea state Mean Lower limit Upper limit Hy or H; confirmed?
H[m] | Tp[s] | Bldeg] | tincls] | [s] [s] -]
1.15 5 10 000 | 6 100 20 000 Hy
1.65 7 7742 | 4645 9290 H,
2.25 9 2479 | 1487 4958 Neither
1.05 5 45 383 140 326 H,
1.45 7 45 250 153 500 H,y
2.05 9 45 122 74 244 H,
1.95 5 90 0 0 0 H,y
2.15 7 90 28 17 56 H,y
2.25 9 90 108 65 216 H,y

Table 4.15: Hypotheses testing, showing the 90% confidence interval for ¢..pine
One can observe that which method is the conservative varies with sea state. It can easily

be seen that the vessel is far more vulnerable to beam and quartering sea in the time domain
simulations than it was predicted by the frequency domain program.
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Chapter 5

Discussion

5.1 Effect of concept specific parameters

5.1.1 Bollard push force and friction coefficient

In the frequency domain the effect on availability of the system for varying bollard push force,
maximum allowed roll angle and longitudinal distance between the fender point and center of
gravity was investigated. The availability of the access system was found to be sensitive with
respect to bollard push force. A 50% increase from 200 kN to 300 kN lead to a 49% increase
in availability. If one take a look at the expression for risk of slip during one cycle, equation
3.36, it is easy to understand that the availability calculated in the frequency domain heavily

depends on the product of friction coefficient and the bollard push force.

Paip = 6_(%?7)2 (3.36)
The practical consequence of this is that the bollard push force on a access vessel using fender
docking, should be maximised with respect to the load capacity of the access platform and prac-
tical limitations such as maximum engine size. Increasing bollard push force leads to increased
availability which ultimately results in a reduction of downtime costs, on the other hand to
build stronger access platforms and have vessel with stronger engines have a cost too. Hence,
for the construction of a new offshore wind farm, the design of access platform and choice of

access vessel should be considered together and optimized with respect to the total cost.
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5.1.2 Distance from fender point to center of gravity

When investigating the effect of varying the distance between the fender point and center of
gravity of the vessel, it was found that increasing distance led to somewhat improved availability.
3% improvement when increasing the distance 1 from 12.24 m to 13.24. The interesting here
is not necessary the quantity of the improvement, but that it is a factor that matters to some

extent and hence is a factor the designers of access vessels should have in mind.

5.1.3 Maximum roll angle

Given single point fender docking, as is assumed in Wu (2014), the access operation is not
vulnerable to roll motion. Still, to transfer personnel safely to the wind turbine some sort of
gangway has to be used and the roll motion can not be unlimited. Increasing maximum roll
angle was found to increase the availability of the access system up to 10 degrees, increasing
the maximum roll angle further than 10 degrees did not change the availability significantly.
A increase from 10 to 15 degrees lead to an increase of the availability of only 0.3%, while

increasing the maximum from 5 to 10 degrees gives the significant improvement of 9%.

The interpretation of this is that for sea states causing roll angles exceeding 10 degrees, there
will any ways be a too high risk for slip. This tells us that increasing the maximum roll angle
the gangway system can handle pays off until a level of 10 degrees is reached, further increasing

the roll robustness will not lead to increased availability of the access system and hence not pay
off.

5.2 Effect of acceptable risk

If for every sea state there where either 100% chance for success or 100% chance for failure,
the limiting significant wave height would not depend on the risk of failure one consider to
be acceptable. As ocean waves are a stochastic process this is not the case, it does not make
sense talking about a limiting significant wave height without knowing what risk is inherent
in this value. When investigating the effect of varying acceptable probability of failure on the
availability of the access system(i.e the limiting significant wave height), it was found that the

availability to some extent depend on the acceptable probability of failure.

The most conservative estimate which has a 60 times smaller acceptable probability for fail-

ure during one access operation than the best estimate yields a 19 % reduction in availability.
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While the non-conservative estimate accepting one annual fatality during access in the Euro-
pean offshore wind industry, having 22 times as large acceptable probability of failure than the
best estimate, yields 19% improved availability. This shows us that when comparing limiting
significant wave height between access concepts, a value typically stated by the manufacturers

of the vessel, one need to know what risk level is assumed to make a fair comparison.

5.3 Parameters to be included in the accept criteria

The standard in the industry today is to have a single limiting H, independent of the direction
and peak period of the sea state. As can be seen from for instance figure 4.2, the results from
the frequency domain calculations suggests that the limiting significant wave height depend
on both peak period and wave direction. The results from the SIMA simulations verifies this.
The consequence of this is that the accept criteria for starting the access operation should be a

limiting H, as a function of peak period and wave direction.

Another consequence, is that what access concept is the best choice depend on the wave en-
vironment at the specific wind farm location. One might imagine that a access vessel can be
designed to maximize its performance in the actual wave environment where it will operate.
However, this demands that the offshore wind farm owner is willing to share weather data they

have paid for with manufacturers, which might prove problematic.

Sperstad (2014) investigates the effect of single and multi-parameter accept criteria for access on
the total O&M cost and optimal fleet size by use of a strategic maintenance and logistics model.
Where the multi-parameter approach contained 7, and 3 in addition to H,. It was found that
the two approaches could give relatively similar results, but only if the single limiting signifi-
cant wave height was obtained using the information generated by the multi-parameter criteria
together with the relevant weather data. This supports the view stated earlier in this section

that the limiting H, should be considered as a function of 7}, and 3.

5.4 Analysing the access operation

5.4.1 Finite water depth

Introducing finite water depth to the description of the wave environment, gave 3% better avail-

ability for the SWATH concept investigated with standard inputs on Dogger Bank location 2
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where the water depth is around 30 m.In the case of 15 m water depth, the improvement in
availability was found to be 6%. The effect decreases rapidly with water depth and was found
to be 0.5% for 60 m. The effect of finite water depth is taken into account by applying the
TMA spectrum instead of the JONSWAP spectrum commonly used in the offshore petroleum
industry to describe the wave environment. As the TMA spectrum is based on JONSWAP, it
can be implemented without much effort as described in DNV-RP-C205 .

Even though 3% improvement as in this case not is radical, using a more physically correct
spectrum is a low hanging fruit that should be picked. The TMA spectrum is more physically
correct as it takes into account the effect of dissipation of wave energy due to the existence of a
bottom boundary layer, stated by Fonseca (2012). SIMA do not at the moment have the TMA
spectrum built in, an eventual implementation should be very simple as the JONSWAP spec-
trum is already built in. As shallow water operations becomes more relevant with the growth

of the offshore wind industry, I expect this to change.

5.4.2 Effect of dividing the sea state into swell and wind generated

part

A wave environment might consist of waves of different origin coming in from different direc-
tions. From the frequency domain calculations , significantly higher availability of the access
system was obtained when dividing the sea state into a swell and a wind generated part. 31%
increase in all-year availability and a 38% increase in winter availability. As the vessel was far
more vulnerable to beam and quartering sea in the SIMA simulations, one might think that the
effect is less favorable than found in the frequency domain. Nevertheless, results obtained in
SIMA suggest that there is a significant difference between dividing the sea state and not to do
so. Not enough cases were investigated in SIMA to verify whether the effect is favorable with

regards to availability or not, but it is verified that there is a difference.

Before an investment decision is made on choice of access system, one should in principle
compare the different systems with the type of analysis closest to reality. Which would be to
divide the sea state into swell and wind generated part. One could compare different access
systems by their performance in the most common aligned and misaligned sea states at the
wind farm location. The problem with this is that the manufacturers would have to distribute
detailed information about their vessels design, technical and hydrodynamical properties, valu-

able information one cannot expect commercial companies to give away freely.
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Even if it proves difficult using the divided sea state approach in the comparison of access
concepts, in the every day operations of the wind farm when the properties of the access con-
cept is well known this approach should be applied. This is of two reasons, one is the potential
increase of the availability of the access system. The second reason is to take care of the safety
of the technicians. In the frequency domain calculations standard case, 5% of the sea states ap-
proved by the one spectrum approach was deemed to risky by the divided sea state approach. In
the 25 years lifetime of an offshore wind farm this means that using the one spectrum approach,

a significant amount of access operations will be done with a risk level not found acceptable.

5.4.3 Viscous effects

It was found necessary to include viscous effects due to very large extreme values in the RAO’s
for pitch and heave around the natural period. As can be seen from the figures in appendix
A, the linear damping in the wave frequency area is quite small for both heave and pitch. The
results shows that viscous effects matter, a improvement of the availability of 24% was found
when including viscous effects with assumed wave amplitude 1 m. However, it is conservative
to neglect them. The pitch response to a harmonic wave was quite similar in the MATLAB
program and the SIMA simulation. This suggests that the way of linearising viscous effects in
the MATLAB program do not change the physics of the situation significantly. Nevertheless,
to linearize a quadratic effect is a simplification which inevitably will lead to some error. More
conventional hull forms than the quite special SWATH are likely not be effected by viscous

effects to the same extent.

5.5 Comparison with catamaran work boats

According to EWEA (2014), modern catamaran work boats as extensively used in the industry
today, is able to do access in H; up to 1.5 m. As can be seen from the following figure, this
would lead to a availability of about 50% at Dogger Bank location 2. The SWATH concept
investigated here, with the standard input, was found to have a availability of 47%. 6% less

than a catamaran work boat.
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Figure 5.1: Availability versus significant wave height at Dogger Bank location 2

However, one should have in mind that the value of 1.5 m Hj, typically stated by the
manufacturers, do not contain any information of dependency on 7, and  nor what risk is
inherent in the value. Together with the fact that wind farm owners reports of work boats not
being able to perform as promised in all sea states, this suggest that this value is optimistic.
As well, as this is not a design thesis and not many design iterations were done, a optimized
SWATH vessel surely would outperform the SWATH vessel investigated here.

5.6 Verification of frequency domain method

5.6.1 General

The method proposed by Wu (2014) has not been verified in this thesis. The results from the
SIMA simulations do not correspond with the results from the frequency domain calculations.
When comparing the response to a moderate harmonic wave and the standard deviations for
moderate sea states, the results corresponded fairly well. However, when exposing the model
to the less moderate sea states generated in the frequency domain program by expecting one
slip every 3600 s, the results did not correspond. In general the SIMA model was more robust
in head seas and more vulnerable in beam and quartering seas than predicted by the frequency

domain calculations.
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The interesting question is then why do the results not correspond. One possibility is of course
that either the SIMA model, the MATLAB program or both contains errors such that they are
simply wrong. All though that the results from moderate sea states corresponded fairly well
suggests otherwise. There have not been time to a thorough analysis of why the deviations are

so large, but a little time was spent investigating the possible error sources.

5.6.2 Reasons for failed verification

In Wu (2014) it is assumed that the propeller thrust force is constant working along the global
x-axis normal onto the fender, while in the SIMA model it is more physically correct set to be
working along the local x-axis of the vessel. Two observations makes this the main suspect as
the main reason for the large deviations. One, that when trying to remove the error sources one
by one it gave the largest improvement in the results. And two, that in the SIMA simulations
almost exclusively upwards slips were observed. This was not predicted by the frequency domain
calculations, where upwards slip was the least common slip mode. To change the force to work
along the local x-axis, as explained below, specifically increases the risk of upwards slip. This
suggest that the assumption of bollard thrust in global x-direction is the main reason behind
the large deviations. It should be noted though, that other reasons may matter significantly

as well. For instance does not the frequency domain program have any viscous excitation in sway.

The fact that the propeller thrust works along the local x-direction yields two effects that
increases the chance for slip. The bollard thrust have a force contribution in both Z and Y
direction in the fender as a function of pitch and yaw angle. As well, a moment around the
Y-axis is induced by the propeller thrust and the vertical distance between the propeller thrust
and fender point. This creates a constant vertical force in the fender,F.., that the vertical
force in the fender will oscillate around. This force can be found by solving the statical heave
pitch problem, how to do this is shown in the end of chapter three. The static calculations and
the fact that the vertical fender force will oscillate around this value is verified by static and
dynamic analysis in SIMA. A plot of the vertical force in one of the two fenders in a moderate

sea state is shown below.
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Figure 5.2: Vertical force in left fender, H;=1 m, 7,=10 s and =0 deg.

For the standard case investigated here a downwards force from the fender was found to be

of magnitude 29.5 kN. Remembering the limit for upwards slip:

alt) < p+Fy (3.22)

Then including the constant vertical force:
alt) < u*x F,— F,, (5.1)

It is easy to see that if F). not is negligible compared to p * Fj, the risk of upwards slip is
increased. In our standard case with a p* Fj, of 160 kN and a F. of 29.5 kN, a reduction of the
limit for upwards slip of 18.5 % is obtained, a significant amount. The risk of downwards slip
is reduced in the same way, this might be the reason why the SIMA model is more robust in
head sea than what was predicted in the frequency domain. It should be noted that one might
manage to avoid this effect, by counteracting the induced moment with for instance the use of

a ballast system.

The force in horizontal and vertical direction induced in the fender by yaw an pitch motions
will increase the risk for slip in all directions. The force in Z and Y direction with r(¢) as the

ship response vector can be written:
F, = F, x sin(r(5)) (5.2)
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F, = Fy, x sin(r(6)) (5.3)

To quantify this, with a yaw or pitch angle of 5 degrees one get a force contribution of 17
kN. That is significant compared to 160 kN. The next interesting question would then be if it
is possible to include these two effects in a frequency domain method. The static force is not
problematic to implement. Assuming that both pitch and yaw are small angles, have zero mean,
are ergodic narrow banded and normally distributed the forces induced in the fender from the
pitch and yaw motion as well can be included in the slip criterias described in chapter three.
To propose a way of doing this is somewhat beside the scope of this thesis, but a suggestion is
made and can be found in the end of chapter three .
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Chapter 6

Conclusion and proposals for further

work

6.1 Conclusion

The topic of this thesis is the marine operation to access an offshore wind turbine to transfer
technicians and parts. Compared to marine operations in the offshore petroleum industry, there
are similarities, but also some fundamental differences that require a different mindset. Where
operations in the petroleum industry often are few, but large and complex, the operations in
the offshore wind industry are repetitive and less complex. The repetitive nature of offshore
wind marine operations makes the benefits of finding a optimal solution rather than just a good
solution, more significant than in the offshore petroleum industry. In the case of access, the
access vessels may spend their entire life cycle in a geographically very limited area. This gives

the new opportunity to optimize a vessel with respect to one location.

One obstacle for optimizing the access solutions, is the restricted flow of information between
the players in the offshore wind industry. The different participants in the supply chain do not
have access to the necessary information to make their part as good as possible. To optimize
a access vessel, the yard need information about both the wave environment and the design of
access platform. To analyse what is the best possible choice of access solution, the wind farm
owner needs detailed technical and hydrodynamic information of the different vessels. This
problem is not easily solved. It is understandable that commercial companies are not giving
away their intellectual property, even though increased openness would have been beneficial for

the industry as a hole. If anything, it shows the value for the wind farm owner to have broad
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in-house expertise.

Looking back at the introduction, three focus points for this thesis were mentioned. One of
them was to explore the potential of small water plane area solutions for access of offshore wind
turbines. The SWATH concept investigated showed that it is possible to design a vessel to
perform better in certain type of sea states. Catamaran work boats is considered to be able
to make access in Hy up to 1.5 m according to EWEA (2014), this would lead to a availability
of about 50% at Dogger Bank location 2. However, one should have in mind that the limiting
H, for work boats is typically given by manufacturers, without information of risk level nor
dependency of peak period and wave direction of sea state. Together with the fact that wind
farm owners reports of work boats not being able to perform as promised in all sea states, this

suggest that this value is optimistic.

Nevertheless, the SWATH concept investigated here is not able to beat a availability of 50%.
One should though have in mind that not many design iterations were done and that a opti-
mized SWATH design surely would outperform the concept investigated here. To sum up, it is
found that it is possible to design a SWATH to perform in a specific wave environment, but it

is not proved that it would outperform a classical catamaran work boat.

Another focus point was to investigate what parameters that should be included in a accept
criteria for starting the access operation. It was found that the limiting significant wave height
depend on both peak period and wave direction. Hence it is recommended to step away from
the industry standard of considering limiting H, as constant value, to consider limiting H, as
function of wave direction and peak period. The effect of dividing the sea state into swell and
wind generated sea was also investigated, it might prove problematic to use this in the compari-
son of different access concepts, but it was found beneficial to use this in the everyday operation

of the offshore wind farm.

The last focus point was to verify the method proposed by Wu (2014) by time domain sim-
ulation in SIMO by the use of SIMA. It is concluded that in its current form the method is
too simplified and yields results of limited value. It is shown in chapter 5 why the assumption
of bollard thrust along the global x-axis effects the results significantly. A frequency domain
method including these effects is proposed in 3.4. However, it might very well be that the prob-

lem of fender docking simply is too strongly non-linear to be assessed in the frequency domain.
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One should have in mind that as discussed in Jimenez (2007), the friction coefficient of rubber
do not follow the classic Coulomb’s and Amonton’s friction laws. The friction coefficient depend
on contact pressure, temperature and sliding speed. In addition, as more closely discussed in
Groetting (2014), both the assumption of linear waves and the validity of calculating frequency
dependent terms with strip theory or panel methods are questionable. This is due to the shallow
water and small size of the vessels. As well, the hydrodynamical interaction between the turbine
and the vessel is not accounted for neither in the frequency domain nor the SIMA model in this

thesis. All in all, both models have room for improvements.

6.2 Proposals for further work

As offshore wind farms move further offshore, it seems that larger vessels with active motion
compensating units are gaining popularity. If vessels using fender docking will still be used in
large quantities for offshore wind farms, the industry would benefit from better knowledge of
the operation. First of all, governing authorities should find a acceptable probability of failure
during one access operation, such that future accept criterias can be based on scientific analysis

and not depend on the willingness to take risk of each captain.

To improve the understanding of fender docking, a first step would be to obtain a better un-
derstanding of the fender. The analysis in SIMO were quite sensitive to small changes in both
dynamic and static friction coefficient. Hence to know how temperature, sea water, slip speed

and pressure effects the friction coefficient is a key factor in modelling fender docking.

It would be of interest to make a more complex time domain model including for instance
diffraction effects from the wind turbine and a more advanced fender. Then this should be vali-
dated with model testing or sea trials. One major challenge with this is to obtain the necessary
information about the wind turbine, the access platform and the access vessel including the
fender. To solve this problem one could imagine a cooperation between a wind farm service

vessel owner and a wind farm owner.

When a complex time domain model has been validated, other more simplified time domain
models and frequency domain methods would have something to be validated against. Then
it would be interesting to try to verify frequency domain methods, for instance the improved
method proposed here in 3.4. The benefits of finding a reliable frequency domain method are

without a doubt large, it would be a efficient tool for design of access vessels and for wind farm
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owners to compare access CODCGptS.
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Appendix A

Viscous damping coefficients and

exclitation forces

o5 X 105 Damping coefficients in heave as function of frequency[kg/s]
i T T T T T T
Linear damping
Viscous damping
2 =
1.5 = —
1L .
0.5 —
o L L L L T
o] 0.5 1 1.5 2 2.5 3 35

Wave frequency [rad/s]

Figure A.1: Damping coefficients in heave, assumed wave amplitude 1 m.

67



~10°% Damping coefficients in pitch as function

a5 of frequency[kg*mzfs]

Linear damping
Viscous damping
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Figure A.2: Damping coefficients in pitch, assumed wave amplitude 1 m.
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Figure A.3: Heave excitation force, assumed wave amplitude 1 m.
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105 Damping coefficients in heave as function of frequency[kg/s]
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Linear damping
Viscous damping
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Figure A.4: Damping coefficients in heave, assumed wave amplitude 2 m.

P 108 Damping coefficients in pitch as function of frequency[kg*mzfs]
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Linear damping
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Figure A.5: Damping coefficients in pitch, assumed wave amplitude 2 m.
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3.5

1.5
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Viscous force included
No viscous force
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Wave frequency [rad/s]

Figure A.6: Heave excitation force, assumed wave amplitude 2 m.
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Appendix B

MATLAB program

The flow in the program can shortly be described as the following.

1.

2.

8.

The hydrodynamical basis of the vessel is read by the function readveres.m

Viscous damping is calculated in viscdamp.m using the RAO’s from VERES directly.

. viscousF.m calculates the viscous excitation force in heave.

fendertransf.m calculates the transfer functions of the vessel and forces in the fender when

coupled to the wind turbine.

. limHs2.m finds the limiting significant wave height for each combination of peak period

and wave direction. Using the function stdev.m to calculate the standard deviations and

specter.m to calculate wave spectrums.

. availability.m goes through the weather data from NORA10 and compares with the limit-

ing significant wave heights calculated by limHs2.m , output is what the availability would
have been the time period between 1957 to 2010.

doublespec.m reads each sea state from NORA10 and calculates for each sea state, whether

access can be done or not.

Then the results obtained is presented in the file result.dat and various graphical outputs.

This is illustrated in the following flowchart.
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viscdamp

Results

Plots

Wave
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viscousF | |fendertransf] | limHs2 availability || doublespec

[ N

stdev specter doublestdev

Figure B.1: Flow chart of the frequency domain program

Script for calculating the limiting significant waveheight as%
a function of peak period and wave direction and return %

useful statistics and graphics when compared to weather data.$%

Author: Heine Groetting %
Last edit: 19/04-15 %
Input %
name — VERES hydrodynamic data file name %
Racc — Acceptable risk for failure during one access%
Wavestat.dat - Metoccean file from Dogger Bank location 2 %
Fbollard — Available bollard force available for vessel %
AccP - Point of access, coordinate system have %

origo in water plane, right handed %

and positive x direction towards stern %
gma — Parameter for the JONSWAP spectrum %
my — Friction coefficient for vessel turbine %

fender interaction %
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23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

o\

h - Water depth [m] %

% Hsmax — Maximum Hs one would like to consider [m] %
% Rollmax - Maximum roll angle acceptable [deg] %
% Needs to be hardcoded into main.m %
% Output: %
% result.dat - File containing key results %
% plots - Folder containing plots describing the LHS %
% ,excitation forces and RAOS %
% Self written functions: %
% [A, B, C, M, Frao, beta , omega,RAOS]=readveres (name) ; %
% [Stma Sjon Spm]= specter (Hs,Tp, h,omega, gma) %
% []=plotter (Frao, beta, omega, LHS_TMA,LHS_JON, Heta, ... %
% Hneta,Rtransf,Jl,J2,J3,RA0S) %
% [LHS_TMA LHS_JON dwTMA upTMA dwJON upJON]=limHs2 (Heta, ... %
% Hneta,Racc,gma, h,omega, beta,Fbollard... %
% ,my,Hsmax,Rollmax,Rtransf, SHeta, SHneta) %

o\°
o

[avblty_TMA avblty_ JON avblty_JON.W avblty_ TMA_W TMA_vector]
=availabily (LHS_TMA, LHS_JON)

Standev = stdev (Hw, S, omega) ;

Standev = doublestdev (HwW, SW, HwS, SS, omega, beta)

o\
o\°

o° oo
o\°

o\

o\
o

[avblty_2spc W avblty 2spc diffdec]=doublespec (Racc,Heta...

o\
oe

Hneta, h,my,Fbollard, omega, gma,beta, ...
Rtransf,Rollmax, TMA_vector, SHeta, SHneta)
[Heta Hneta Rtransf Jl J2 J3 SHeta SHneta]=fendertransf...

o\
o\

o\

o\

%$(A,M,C ,B,Frao,omega,beta,AccP,my) %
% [Bvisc]=viscdamp (my,A,B,C,M, RAOS, omega,Frao,viscKsi, h) %
% [Fv]=viscousF (my, omega,Frao,beta, viscKsi) %
$--—-—-—---——-—-—-—-—-—-——-—-——- - ————— %
clc

clear all

close all

format long

tic

Srxrhhrrrhrrrd INPUT S hkhkkhrhhhkhrhhhk A rhhhkrArkhh kA Ak hk kA Ak kxS
name="'inputs/input_35_.26.out"';

AccP=[-12.24 0 3.8];

my=0.8; % Friction Coefficient

Fv=0;

[

viscKsi=1l; % Assumed wave amplitude for calaculation of viscous damping and forces

h=30; % Water depth
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67
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69
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73

74
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7

78

79
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81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

Racc=12%10"(-4); % Acceptable probability for failure during one access
gma=3.3; % Gammafactor (JONSWAP)

gmaS=5; % Gammafactor for representing swell

Fbollard=2x10"5;%[N]

plotting=0; %If plotting shall be done

dividedseacalc=0;% If divided sea state calculation shall be done
Hsmax=4; % MAximum Hs considered

Rollmaxdeg=10; %[deqg]

Rollmax=Rollmaxdeg*pi/180; % Translating to [rad]

o)

viscouseffects=1l; % Parameter to determine weather viscous effects

o)

% 1n heave and pitch should be accounted for( Roll already is)

%***~)<~k~k~k~k~k~k****~)<~k~k~k~k~k~k****~)<*~k*************************%

[A, B, C, M, Frao, beta , omega,RAOS]=readveres (name);

if viscouseffects
[Bvisc]=viscdamp (my,A,B,C,M,RAOS, omega,Frao,viscKsi, h);
B=B+Bvisc;

[Fv]=viscousF (my, omega,Frao, beta,viscKsi);

end
[Heta Hneta Rtransf J1 J2 J3 SHeta SHneta Ptransf]=fendertransf(A,M,C,B,Frao,omega,beta,?

[LHS_TMA LHS_JON ]=l1imHs2 (Heta, Hneta, ...
Racc,gma, h, omega,beta,Fbollard,my, Hsmax,Rollmax, Rtransf, SHeta, SHneta);
[avblty-TMA avblty_JON avblty_JON.W avblty_ TMA_W TMA_vector]=availability (LHS_TMA, LHS_JON) ;

if plotting
plotter (Frao, beta, omega, LHS_TMA,LHS_JON,Heta, Hneta,Rtransf,Jl,J2,J3,RA0S);

end

if dividedseacalc
[avblty_2spc.W avblty_ 2spc diffdec]=doublespec (Racc,Heta, Hneta,h,my, ...
Fbollard, omega, gma, beta, Rtransf,Rollmax, TMA_vector,gmaS, SHeta, SHneta);
end
t=toc
[al=resultprint (avblty 2spc._ W, avblty 2spc,diffdec, ...
avblty_TMA, avblty_JON, avblty_ JON_W, avblty_-TMA_W,t,Rollmaxdeg, Hsmax, my,Fbollard, Racc, Acc



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

o\

readveres.m %

o
o

S 9

o
o

o\

Function for reading file from Veres of type input.out %

o\

Frequency dependent added mass and damping terms , mass mat-%

% rix , hydrostatic stiffness matrix together with transfer %
% function for excitation forces for different frequencies %

o\

and directions is read from the file generated by VERES to %

o\

be used in a function written later that will calculate the %

% limiting significant waveheight for access of a offshore %
% wind turbine. %
% Author: Heine Groetting %
% Last edit: 27/02-15 %
% Input: %
% A VERES result file of format input.out %
% Output: %
% N is number of frequencies investigated and M is number of %
% of directions. %
$ M - 6x6 mass matrix %
% C — 6x6 hydrostatic stiffness matrix %
% A — 6xNx6 added mass matrices %
% B — 6%«Nx6 damping matrices %
% Frao — 6%NxM %
% omega - Nx1 vector containing frequencies %
% beta - Mxl vector containing headings %
% RAOS - 6%xNx6 responce amplitude operator %

©
©

o
o

function [A, B, C, M, Frao, beta , omega,RAOS]=readveres (name)
A=[];

B=[];

C=1[1;

M=[];

Frao=[];

RAO=[];

fid=fopen (name, 'r'");

run=1;
teller=1;
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44 while run
45 temp=fgetl (fid);
46 teller=teller+1l;

47 1f strcmpi (temp,’ WAVE ENVIRONMENT')
48 for i=1:4

49 dummy=fgets (fid) ;

50 end

51 temp2=fgetl (£id) ;

52 temp3=strsplit (temp2, '=");

53 Nfreg=str2double (temp3(2))% NUMBER OF FREQUENSIES INVESTIGATED
54 $A=zeros (Nfreqgx6,6) ;

55 %$B=zeros (Nfreqgx6, 6) ;

56 for i=1:2

57 dummy=fgets (fid) ;

58 end

59 temp2=fgetl (£id);

60 temp3=strsplit (temp2, '=");

61 Nhead=str2double (temp3(2)) % NUMBER OF HEADINGS INVESTIGATED
62 for i=1:10

63 dummy=fgets (fid) ;

64 end

65 for i=1:Nfreq

66 temp2=strsplit (fgetl (fid));

67 temp3=str2double (temp2) ;

68 omega (i) =temp3 (3);

69 Wnum (i)=temp (5); %%% Wave numbers

70 end

71 for i=1:7

72 dummy=fgets (fid) ;

73 end

74

75 temp2=str2double (strsplit (fgetl (fid)));
76 beta=temp2 (2: (Nhead+1) ) ;

77

78

79

8o end

81

g2 1f strcmpi (temp, ' Mass matrix:')

83 for i=1:6

84 temp2=strsplit (fgetl (fid));

85 temp3=str2double (temp2) ;
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86

87

88

89

90

91

92

93

94

95

96

97

98

99

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

M(i,:)=temp3(2:7); SREADING MASS MATRIX
end
for i=1:3
dummy=fgets (£fid) ;
end
for i=1:6
temp2=strsplit (fgetl (fid));
temp3=str2double (temp2) ;
C(i,:)=temp3(2:7); SREADING HYDRODYNAMIC STIFFNESS MATRIX
end
end
if strcmpi (temp, ' ADDED MASS AND DAMPING MATRICES'")
for i=1:Nhead
for j=1:Nfreqg
for n=1:11
dummy=fgets (£id) ;
end
templ=(j-1) *6;
for n=1:6
temp2=templ+n;
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
A(temp2, :)=tempd (2:7);
end
dummy=fgets (fid) ;
dummy=fgets (fid) ;
for n=1:6
temp2=(j-1) *6+n;
temp3=strsplit (fgetl (fid));
temp4d=str2double (temp3) ;
B(temp2, :)=temp4d (2:7);
end
for n=1:14
dummy=fgets (£id) ;
end
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
Frao(l+templ, i)=complex (temp4 (2),temp4d (3));
Frao (2+templ, i)=complex (temp4 (4),tempd (5));
Frao (3+templ, i) =complex (tempd (6),tempd (7)) ;
for n=1:5
dummy=fgets (£id) ;
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128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

156

157

158

159

160

161

162

163

164

165

166

end

temp3=strsplit (fgetl (fid));
temp4d=str2double (temp3) ;
Frao (4+templ, i)=complex (temp4 (2),tempd (3));
Frao (5+templ, i) =complex (temp4 (4),temp4d (5));
Frao (6+templ, i)=complex (temp4 (6),tempd (7)) ;
for n=1:18
dummy=fgets (fid) ;
end
end
end
end
if strcmpi (temp, ' NON-DIMENSIONAL MOTION TRANSFER FUNCTION')
for n=1:22
dummy=fgets (fid) ;
end
$E55%5%%%5555555%%%%%%% 0 deg $555555%5555555%5%55%5%5%%%
for n=1:Nfreq
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
RAOS (n,1)=temp4 (3);
RAOS (n, 2)=temp4 (5);
RAOS (n, 3)=temp4 (7);
end
for n=1:5
dummy=fgets (£id) ;
end
for n=1:Nfreq
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
RAOS (n, 4)=temp4 (3);
RAOS (n, 5) =temp4 (5) ;
RAOS (n, 6) =temp4 (7) ;
end
for n=1:27
dummy=fgets (fid) ;
end
$55%5%%%%%%5%5%5%%% 45 deg 3333355555555 5%5%5%5%%%



171

172

173

174

175

176

177

178

179

180

181

184

185

186

187

188

189

190

191

192

193

194

195

198

199

200

201

202

203

204

205

206

207

208

210

211

for n=1:Nfreq
temp3=strsplit (fgetl (fid));
temp4d=str2double (temp3) ;
RAOS (Nfreg+n, 1)=temp4 (3);
RAOS (Nfreg+n, 2) =temp4 (5) ;
RAOS (Nfreg+n, 3)=temp4 (7) ;

end
for n=1:5
dummy=fgets (£fid) ;

end

for n=1:Nfreq
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
RAOS (Nfreg+n, 4) =temp4 (3) ;
RAOS (Nfreg+n, 5)=temp4 (5) ;
RAOS (Nfreg+n, 6)=temp4 (7) ;

end
for n=1:27
dummy=fgets (fid) ;
end

for n=1:Nfreqg
temp3=strsplit (fgetl (fid));
temp4d=str2double (temp3) ;
RAOS (2xNfreg+n, 1) =temp4 (3) ;
RAOS (2xNfreqg+n, 2) =temp4 (5) ;
RAOS (2*Nfreqg+n, 3) =temp4 (7) ;

end
for n=1:5
dummy=fgets (£id) ;

end

for n=1:Nfreq
temp3=strsplit (fgetl (fid));
temp4=str2double (temp3) ;
RAOS (2xNfreg+n, 4) =temp4 (3) ;
RAOS (2xNfreg+n, 5) =temp4 (5) ;
RAOS (2+Nfreg+n, 6) =tempd (7) ;

end
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214

215

216

217

218

219

220

221

222
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224

225

10

11

12

13

14
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17

18

19

20

21

22

23

24

25

26

e

run=0;
nd

% QUITING WHILE LOOP

end

fclose (fid)

end

% fendertransf.m %
% Function that calculates the relevant transfer functions %
% as a function of frequency and wave heading %
% Author: Heine Groetting %
% Last edit: 27/02-15 %
% Input %
$ M - 6x6 mass matrix %
% C — 6x6 hydrostatic stiffness matrix %
$ A - 6xNx6 added mass matrices %
$ B - 6xNx6 damping matrices %
% Frao - 6xNxM %
% omega - Nx1 vector containing frequensies %
% beta - Mxl vector containing headings %
% AccP - Point of access %
% my — Friction coefficient between vessel and turbine %
% Output %
% Heta — Transfer function for eta, variable that describes %

SHneta

o

limit for downward slip. Function of frequency and
wave direction. Nfreg x Nhead %

—-Transfer function for sneta, variable thatdescribes$%
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28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

o°  o°

o

SHeta

o°  oe

o\

Hneta

limit for sideways slip . Function of frequency and%

wave direction. Nfreq

-Transfer function for

limit for sideways slip. Function of frequency and

wave direction. Nfreq
- Transfer function for
limit for upward slip

wave direction. Nfreq

% Rtransf- Transfer function for

3 J1l
% J2
% J3

x Nhead %

seta, variable thatdescribes

o°  oe

o

x Nhead

neta, variable that describes

o\

o°

Function of frequency and
x Nhead

roll angle. Function of

o\°

o\

frequency and wave direction. Nfreq x Nhead %

- Transfer function for
- Transfer function for

- Transfer function for

normal force in fender %
sideways force in fender %
vertical force in fender %

S <

function

Heta=1[]

7
Hneta=1[];

[Heta Hneta Rtransf Jl J2 J3 SHeta SHneta Ptransf]=fendertransf (A,M,C,B,Frao, omege

Rtransf=[];

P1=[];% Joint force in x,y,z direction. Consists of J1,J2 and J3

J1=[1;
J2=[1;
J3=[1;

Xacc=AccP (1) ;
Yacc=AccP (2);
Zacc=AccP (3);

Q0=[0 —-Zacc Yacc; Zacc 0 —-Xacc; -Yacc Xacc 0];

RQO=-0;

Nfreg=length (omega) ;
Nhead=length (beta) ;

if Fv==0

Fv=zeros (6xNfreqg,Nhead) ;

end
teller=1;

img=11i;

for i=1:Nhead
templ=(i-1) %6;

for j=1:Nfreq

temp2=(j-1) «6;
tempA=A ( (temp2+1) : (temp2+6),
tempB=B ( (temp2+1) : (temp2+6),

1:6); % Added mass matrix for given frequency

1:6); % Damping matrix for given frequency
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70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

86

87

88

89

90

10

11

12

13

14

15

16

17

18

e

e

o

o

tempFraov=Fv ( (temp2+1) : (temp2+6), 1i);

tempFraov=real (tempFraov) .*cosd (imag (tempFraov) ) +real (tempFraov) .*sind (imag (tempFraov) )

tempFrao=Frao ((temp2+1) : (temp2+6), 1); % Excitation force Rao for given frequency and c
tempFrao=real (tempFrao) .xcosd (imag (tempFrao) ) +real (tempFrao) .+*sind (imag (tempFrao) ) .*imc

G=-omega (Jj) "2 (M+tempA) +omega (j) *tempBx1i+C;

H=(G(1:3,1:3)*0+G(1:3,4:6))*inv(G(4:6,1:3)*0+G(4:6,4:6)-0Q0*xG(1:3,1:3)*0-0*G(1:3,4:6));

Pl=H«* (tempFrao(4:6)-Q*tempFrao(l:3))- tempFrao(l:3);
Heta (j,1)=P1(3) -my*P1(1);

Hneta (j,1)=—(P1(3)+tmy*P1(1));
R2=inv(G(4:6,1:3)*xQ+G(4:6,4:6)) ~ (tempFrao(4:6)+QxP1);

Rtransf (j,1)=R2(1);
Ptransf (j,1)=R2(2);
SHeta (j,1)=P1 (2) -my*P1 (1) ;

SHneta (j,1)=—(P1(2)+my*P1(1));
J1l(j,1)=P1(1);
J2(j,1)=Pl(2);
J3(3,1)=P1(3);
end

nd

nd

limHs2.m %

Function that calculates limiting significant waveheight as
function of wave frequency and direction

Author: Heine Groetting

o oe

o\

o

o\

o°

Last edit: 17/03-15 %
Input %
Heta — Transfer function for eta, variable that describes$%
limit for downward slip. Function of frequency and$%
wave direction. Nfreqg x Nhead %
Hneta — Transfer function for neta,variable that describes$%
limit for upward slip . Function of frequency and %
wave direction. Nfreg x Nhead %
SHneta —Transfer function for sneta, variable thatdescribes$%
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o\

19 limit for sideways slip . Function of frequency and$

o\

20 wave direction. Nfreg x Nhead %

o
o\°

21 SHeta -Transfer function for seta, variable thatdescribes

o\
o\

22 limit for sideways slip. Function of frequency and

23 % wave direction. Nfreqg x Nhead %
24 % Racc — Acceptable probability for failure during one %
25 % seastate %
26 % gma — Peakness factor for JONSWAP spectrum %
27 % h - Water depth [m] %
28 % omega - Wave frequencies %
20 % beta - Wave headings %
30 % Fbollard- Bollard force[N] %
31 % my — Friction coefficient for fender %
32 % Hsmax — Maximum significant wave height considered %
33 % Rollmax — Maximum acceptable roll angle %
3¢ % Rtransf - Roll transfer function %
35 T
36 % Output: %
37 % LHS_.TMA - Matrix containing limiting significant waveheight%
38 % as function of peak frequency and wave heading %
39 % calculated by use of the TMA spectrum %
40 % LHS_JON - Same as LHS_TMA but with use of JONSWAP %

[ o

41 7 o

42 function [LHS_.TMA LHS_JON ]=1imHs2 (Heta, Hneta,Racc,gma,h, omega,beta,Fbollard,my, Hsmax, Rolln
43 LHS_TMA=[];

44 LHS_JON=[];

45 Tp=[2:0.5:20];

46 lim=myxFbollard;

a7 for j=l:length(beta) % wave headings

48 for i=1l:length(Tp)

49

50 Nsycle=1800/Tp(i); % Approximation of number of cycles during one access operation
51 %$%%%%% WORKING UNDER THE 0.5HOUR OPERATION ASSUMPTION %%%%%%%%%

Q

52 Racc_lcycle=Racc/Nsycle ; % Acceptable probability of slip per cycle
53 runTMA=1;

54 runJON=1;

55 run=1;

56 Hs=0.1;

57 while run~=0;

58 [Stma Sjon Spm]=specter (Hs,Tp (i), h,omega, gma) ;
59 TMAstdv_eta=stdev (Heta(:, j), Stma, omega) ;
60 TMAstdv_neta=stdev (Hneta(:, j),Stma, omega) ;
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61 TMAstdv_seta=stdev (SHeta (:, j),Stma, omega) ;

62 TMAstdv_sneta=stdev (SHneta(:, j), Stma, omega) ;

63 TMAstdv_roll=stdev (Rtransf (:, j),Stma, omega) ;

64 JONstdv_eta=stdev (Heta(:, j), Sjon, omega) ;

65 JONstdv_neta=stdev (Hneta(:, j), Sjon, omega) ;

66 JONstdv_seta=stdev (SHeta (:, j), Sjon, omega) ;

67 JONstdv_sneta=stdev (SHneta(:, j),Sjon, omega) ;

68 JONstdv_roll=stdev (Rtransf(:, j), Sjon,omega) ;

69

70 TMAdw_probfail=exp(-1im~2/ (2+*TMAstdv_eta”2));

71 TMAup_probfail=exp(-1im~2/ (2xTMAstdv_neta”2));
72 TMA_rollfail=exp (-Rollmax”2/ (2+xTMAstdv_roll”"2));
73 TMAle probfail=exp (-1im"2/ (2+*TMAstdv_seta”2));
74 TMAri_probfail=exp (-1im"2/ (2«*TMAstdv_sneta”2));
75 JONdw_probfail=exp (-1im~2/ (2«JONstdv_eta”2));

76 JONup_probfail=exp (-1im~2/ (2«JONstdv_neta”2)) ;
77 JON_rollfail=exp (-Rollmax”~2/ (2xJONstdv_roll”2));
78 JONle_probfail=exp(-1im"2/ (2xJONstdv_seta”2));
79 JONri_probfail=exp(-1im~2/ (2«JONstdv_sneta”2));
80 TMA probfail=1-(1-TMAup_probfail)  (1-TMAdw_probfail) x (1-TMAle probfail) ...
81 (1-TMAri_probfail)* (1-TMA_rollfail);

82 JON_probfail=1-(1-JONup_-probfail) « (1-JONdw_probfail) « (1-JONle_probfail) ...
83 (1-JONri_probfail)* (1-JON_rollfail);

g4 1f runTMA

85 if TMA_probfail>Racc_lcycle

86 runTMA =0;

87 LHS_TMA (i, j)=Hs-0.05;

88 run=run-0.5;

89

90 end

91

92

93 end

94

95 if runJON

96 if JON_probfail>Racc_lcycle
97 runJON =0;

08 LHS_JON (i, j)=Hs-0.05;

99 run=run-0.5;

100 end

101 end

102

Hs=Hs+0.1;
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if Hs>=Hsmax %

run=0;
if runTMA

oo

3 *Introducing

LHS_TMA (i, j) =Hs;

runTMA =0;

end
if runJON

LHS_JON (i, j) =Hs;

runJON =0;

end

end

end

end

end

end

o

o\

o

o0 o0 o° o

o

o° o

o

o

o o

©
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Function that calculates the availability dividing the

seastate in one swell and other wind generated part

with respect to nora hindcast stored in wavedat.dat

limiting
limiting
limiting

limiting

downwards slip

upwards slip
left slip
right slip

Wave data for Dogger Bank location 2

Acceptable probability for failure per access

Friction coefficient between fender and mill

Vector with the wave headings considered

Author: Heine Groetting

Last edit: 27/02-15

Input

Heta Transfer function for

Hneta Transfer function for

SHeta Transfer function for

SHneta Transfer function for

wavedat .dat

Racc

h Water depth

omega Frequencies of Heta and Hneta
my

Fbollard Amount of bollard thrust

beta

Rtransf Transfer function for roll motion
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o°  o°  oe

o\

spe

o

Rollmax — Maximum acceptable roll angle
TMA_vector - Vector containing if access can be made

according to the calculation with the TMA

ctrum

o\

o\°

S <

o

o\

Output:
avblty_2spc_W -

o\

o\

avblty_2spc -
diffdec -

o°  o° oe

©

Winter availability obtained

Overall availability

Part of seastates found acceptable by use
of the TMA spectrum that was not approved
by the two spectrum method

o

function [avblty_-2spc.W avblty_ 2spc diffdec]=doublespec (Racc,Heta,Hneta,h,my,Fbollard, omege

A=load ('wavedat.dat'

Hs=A(:,1); % Vector containing the signinficant waveheights

Tp=A(:,2); % Vector containing the peak periods

Mdir=A(:,3); % Vector containing the mean direction

HsS=A(:,4); % Vector containing the significant waveheight of swell part of waves

TpS=A(:,5); % Vector containing the the peak periods of swell

MdirS=A(:,6); % Mean
HsW=A(:,7); % Vector
TpW=A(:,8); % Vector
MdirW=A(:,9); % Mean
month=A(:,10); % Mon

Q

Nseas=length (Hs); %

Avteller=0;

UAteller=0;

Wteller=0;

AWteller=0;

lim=my=*Fbollard;

roll_teller=0;

dw_teller=0;

up_-teller=0;

gmaW=1;

diffdec=0;

for i=1:Nseas
Nsycle=1800/Tp (1) ;
Racc_lcycle=Racc/N

); % A becomes a matrix containing the wave data

direction of swell

containing the significant waveheight of windsea

containing the peak periods of wind sea

direction of windsea
th of record

Number of seastates

[

Q

sycle ; % Acceptable probability of slip per cycle

86

% Approximation of number of cycles during one access operation



67
68 [Swind Sjon Spm]=specter (HsW (i), TpW(i), h,omega, gmaW);
69 [Sswell Sjon Spm]=specter (HsS(i),TpS(i), h,omega, gmas);

70 if or((MdirS(i)>=338), (MdirS(i)<=23))

71 betacordS=1;% _Head sea

72 elseif or ((MdirS(i)>=293), (MdirS (i)<=68))

73 betacordS=2; %Quartering head sea

74 elseif or ((MdirS(i)>=247), (MdirS (i)<=113))

75 betacordS=3;% Beam sea

76 elseif or ((MdirS(i)>=203), (MdirS(i)<=158))

77 betacordS=4; % Quartering following sea

78 else

79 betacordS=5; % Following sea

80 end

81

82 if or ((Mdirw(i)>=338), (MdirW(i)<=23))

83 betacordW=1;% _Head sea

84 elseif or ((MdirW(i)>=293), (MdirW(i)<=68))

85 betacordW=2; %Quartering head sea

86 elseif or((MdirW(i)>=247), (MdirW(i)<=113))

87 betacordW=3;% Beam sea

88 elseif or ((MdirW(i)>=203), (MdirW(i)<=158))

89 betacordW=4; % Quartering following sea

90 else

91 betacordW=5; % Following sea

92 end

93 stdev_eta=doublestdev (Heta (:,betacordwW), Swind, Heta (:,betacordS), Sswell, omega, beta) ;
94 stdev_neta=doublestdev (Hneta (:,betacordwW), Swind, Hneta (:,betacordS), Sswell, omega, beta);
95 stdev_roll=doublestdev (Rtransf (:,betacordW), Swind,Rtransf (:,betacordS), Sswell, omega, bet:
96 stdev_seta=doublestdev (Heta (:,betacordW), Swind, SHeta (:,betacordS), Sswell, omega, beta) ;
97 stdev_sneta=doublestdev (Hneta (:,betacordW), Swind, SHneta (:,betacordS), Sswell, omega,beta),
98 dw_probfail=exp (-1im"2/ (2«stdev_eta”2));

99 up_probfail=exp (-1im"2/ (2«stdev_neta”2));

100 roll_ probfail=exp (-Rollmax"2/ (2xstdev_roll”2));

101 left probfail=exp(-1im~2/ (2+xstdev_seta”2));

102 right_probfail=exp(-1im"2/ (2+xstdev_sneta”2));

103 probfail=1-(l-dw_probfail) * (l-up_probfail)*(l-roll probfail)*...

104 (l-left probfail)x (l-right_probfail);

105 if or(month(i)==12,month (i)<4);

106 Wteller=Wteller+1;

107 end
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111
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if probfail>Racc_lcycle
UAteller=UAteller+l;
if TMA_vector (i)
diffdec=diffdec+1;
end
else
Avteller=Avteller+l;

if or (month (i)==12,month (i)<4);

AWteller=AWteller+l;

end
end
end
avblty_2spc_W=AWteller/Wteller;
avblty_2spc=Avteller/Nseas;

diffdec=diffdec/sum(TMA_vector);

end

o

o\
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Function that calculates the availability for a given

with respect to weather data stored in wavedat.dat

o

o\

Author: Heine Groetting

o

S ©

o\

o\

Last edit: 17/03-15

©

o

% Input:

% LHS_TMA - Matrix containing limiting significant

% waveheight as function of peak frequency

% and wave heading calculated by use of the

% TMA spectrum

% LHS_JON - Same as LHS_.TMA but with use of the JONSWAP
% spectrum instead

% wavedat.dat - Wave data for Dogger Bank location 2

o° oo oP
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o\

Output: %

% avblty_TMA — Availability with use of the JONSWAP spectrum%
% avblty_JON - Availability with use of the JONSWAP spectrum%
% avblty TMA_W - Availibilty in December, January %
% February, Mars %
% avblty_ JON.W - Availibilty in December, January %
% February, Mars %
% TMA_vector - Vector of length Nseas containg 1 if the %
% seastate was ok and 0 if not %

S © %

function [avblty.TMA avblty_ JON avblty JON.W avblty TMA_W TMA_vector]=availabily (LHS_TMA, LI

A=load('wavedat.dat'); % A becomes a matrix containing the wave data
Hs=A(:,1); % Vector containing the signinficant waveheights
Tp=A(:,2); % Vector containing the peak periods

Mdir=A(:,3); % Vector containing the mean direction
)
)

HsS=A(:,4); % Vector containing the significant waveheight of swell part of waves
TpS=A(:,5); % Vector containing the the peak periods of swell

MdirS=A(:,6); % Mean direction of swell

HsW=A(:,7); % Vector containing the significant waveheight of windsea

TpW=A(:,8); % Vector containing the peak periods of wind sea

MdirW=A(:,9); % Mean direction of windsea
month=A(:,10); % Month of record
l=length (Hs) ;

JONteller=0;

TMAteller=0;

Wteller=0;

JONWteller=0;

TMAWteller=0;

for i=1:1
temp=round (Tp (1) +0.5)-0.5;
Tpcord=temp/0.5-6;
if Tpcord<l
Tpcord=1;

end
if or((Mdir (i)>=338), (Mdir (i)<=23))

(
betacord=1;% _Head sea
elseif or ((Mdir (i)>=293), (Mdir (i)<=68))
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betacord=2; %Quartering head sea
elseif or((Mdir (i)>=247), (Mdir(i)<=113))
betacord=3;% Beam sea
elseif or ((Mdir (i)>=203), (Mdir (i)<=158))
betacord=4; % Quartering following sea
else
betacord=5; % Following sea
end
if Hs (i)<=LHS_TMA (Tpcord, betacord)
TMAteller=1+TMAteller;
TMA_vector (i)=1;
else
TMA_vector (i) =0;
end

if Hs (1)<=LHS_JON (Tpcord, betacord)
JONteller=1+J0ONteller;

end

if or (month (i)==12,month (i)<4);
Wteller=Wteller+l;
if Hs (i)<=LHS_TMA (Tpcord, betacord)
TMAWteller=1+TMAWteller;
end

if Hs (i)<=LHS_JON (Tpcord, betacord)
JONWteller=1+JONWteller;
end

end

nd

avblty_TMA=TMAteller/1;
avblty_JON=JONteller/1;
avblty_ JON_W=JONWteller/Wteller;
avblty_TMA_W=TMAWteller/Wteller;

o° o oe

o\

Function that calculates additional quadratic damping in
heave and pitch, linearize it and and returns an additional
damping matrix.

viscdamp.m

o° o

o\
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% Author: Heine Groetting %

S 9

% Last edit: 17/03-15 %
% Input %
s M - 6x6 mass matrix %
% C - 6x6 hydrostatic stiffness matrix %
% A — 6xNx6 added mass matrices %
% B - 6%xNx6 damping matrices %
% Frao - 6xNxM %
% omega - Nx1 vector containing frequensies %
% beta - Mxl vector containing headings %
% AccP - Point of access %
% Output: %
% Bvisc= Additional viscous damping matrix %

function [Bvisc]=viscdamp (Xg,A,B,C,M,RAOS,omega,Frao,ksiA,h)

a=Xgj

viscplot=1l;

[HxP WxP x]=Swathdesign(a);

Cd=1.1; % # Cengel and Cimbala for this kind of form and aspect ratio
amp=ksiA; % This value has to be assumed, and result will depend on this!
Nfreg=length (omega) ;

img=1i;

Bvisc=zeros (6xNfreq, 6) ;

RAOS2=RA0S (1:Nfreq, :);

Nponts=length (WxP) ;

DX=x(2)-x(1);

rho=1025;%% Density of seawater
g=9.81;

teller=0;

for i=1:Nfreqg

temp=(1i-1) *x6;

diff=1;

krav=0.1;

tempA=A((temp+l) : (temp+6), 1:6); % Added mass matrix for given frequency
tempB=B ( (temp+l) : (temp+6), 1:6); % Damping matrix for given frequency
tempFrao=amp*Frao ( (temp+l) : (temp+6), 1); % Excitation force Rao for given frequency
B33 (1)=0;
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B55(1)=0;

RAO=inv (-omega (i) "2 (tempA+M) +omega (1) *imgrxtempB+C) xtempFrao;
RAO01d=RA0;

teller=0;

while diff>krav

Mamp=abs (RAO (3) ) xamp;
Cdstar=0.5xrhoxCd+«Mamp=*8+omega (1) / (3*pi);%%% Linearization, ref Faltinsen page
for j=1:Nponts

b33 (j)=2xCdstar*WxP (j) *DX; $ two pontoons

end

B33 (i)=sum(b33);

tempB (3, 3)=B (temp+3, 3)+B33(1);
RAOnew=1inv (-omega (i) "2* (tempA+M) +omega (i) ximgxtempB+C) xtempFrao;
diff=abs (abs (RAOnew (3)) —abs (RAO(3)));
teller=teller+l;

RAO=RAOnew;

end

Bvisc (temp+3, 3)=B33(1i);

diff=1;

krav=0.05;

while diff>krav

k=wavenum (omega (i), h) ;
Mamp=k*abs (RAO (5) ) ramp;
Cdstar=0.5+*rhoxCd+«Mamp*8+omega (1) / (3*pi);%%% Linearization, ref Faltinsen page
for j=1:Nponts
b55(J)=2+Cdstar+«WxP (J) *DX*x (J) " 3;
end
B55 (i) =sum(b55) ;
tempB (5,5)=B (temp+5, 5)+B55(1i);
RAOnew=1inv (-omega (i) "2* (tempA+M) +omega (i) ximgxtempB+C) xtempFrao;
diff=abs (abs (RAOnew (5) ) —abs (RAO0ol1ld (5)));
teller=teller+l;
w=omega (1) ;
RAO01d=RAOnew;

end
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Bvisc (temp+5, 5)=B55 (1) ;

RAOS2 (i,

end

end

1:6)=abs (RAOnew) ;
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Excitation force RAO

Wave frequencies

Wave headings

Poition of COG compared to LPP/2

o

% Output:
% Fv -

)

Viscous excitation force in heave as depending in

frequency and direction. 6%NxM matrix

°

function [Fv]=viscousF (Xg,omega,Frao,beta,ksid)

a=Xg;

viscplot=0;

[HXP WxP x]=

Swathdesign(a);

Nfreg=length (omega) ;
Nhead=length (beta) ;

Cd=1.1;
rho=1025; %%
g=9.81;

Density of seawater
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Nponts=length (WxP) ;
DX=x(2)-x(1);
z=-1.5;
h=30;
img=1i;
Fv=zeros (6xNfreqg, Nhead) ;
for n=1:Nhead
for i=1:Nfreq
temp=(i-1) x6;
if omega (i)>1.57

end

k (i) =wavenum (omega (i), h);

Wavelength (1) =2xpi/k (1) ;

kx=cosd (beta (n)) *xk (1) ;

ky=sind (beta (n)) *k (i) ;

F3amp=0;

for j=1:Nponts

WspeedAmpleft=ksiA+romega (i) * (sinh (k (i) * (z+h) ) /sinh (k (i) xh) ) *xcos (=kx*x (J) ~ky=*4) ;
WspeedAmpright=ksiA*omega (i) * (sinh (k (1) * (z+h) ) /sinh (k (i) *h) ) xcos (=kx*x () +ky=*4) ;
Cdstarleft=ksiAx0.5+xrho+xCd+WspeedAmpleft+8+romega (1) / (3*pi);
Cdstarright=ksiA*0.5+rhoxCdxWspeedAmpright+8+omega (i) / (3*pi);
F3amp (j)=(Cdstarleft+Cdstarright) «*WxP (j) xDX; % % Taking into account varying
% lin=linearization factor

end

Fv (temp+3,n)=sum (F3amp) /ksiA-img*90; % Taking care of the phase

F3(i,n)=sum(F3amp);

end
end
end
% stdev.m %
% Function that calculates the standard deviation of a %
% of a transfer function and a load spectrum, working under %

o\

the assumption that the stochasticprocess is ergodic, normal$%

o\
o\

distributed and narrow banded.

s _ e ___9S

o

Author: Heine Groetting %
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o

Last edit: 27/02-15

Input:
Hw - Transfer function
S — Spectra

omega - Corresponding frequency values

o

Output:
Standev - The standard deviation

S

function Standev = stdev (Hw, S, omega) ;

Hw= (transpose (Hw) ) ;

i

nteg=abs (Hw.*Hw.*S) ;

variance=trapz (omega, inteq);

o
°
o
<
%
o
o

o
°

tandev=sqgrt (variance) ;
fig=figure (7)

plot (omega,Hw, 'r'")
figure (8)

plot (omega, S, 'blue')
figure (9)

$plot (omega, integ, 'green')

e

o

o o0 oo oo oo o

©

o

oe o

o

o° o

o

o

o

o\°

nd

S

doublestdev.m

Function that calculates the standard deviation of two load

spectrums and two fransfer functions linearly working under

the assumption that the stochasticprocess is ergodic,

distributed and narrow banded.

normal

o\°

S

Author: Heine Groetting

Last edit: 16/03-15

S
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o

o

o\

function Standev = doublestdev (HwW, SW, HwS, SS, omega, beta) ;

HwW - Transfer function 1

S

SW - Spectra 1

HwS - Transfer function 2

SS - Spectra 2

omega - Corresponding frequency values
beta - Corresponding headings

Output:

Standev - The standard deviation

S

HwW= (transpose (HwWW) ) ;

i

ntegW=abs (HwW. «HwW. *SW) ;

HwS= (transpose (HwS) ) ;

i

i

ntegS=abs (HwS.*HwS.*SS) ;
nteg=integW+integs;

variance=trapz (omega, inteq);

S

e

tandev=sqgrt (variance);

nd

s _ S

o

o

Function that generates a TMA and a JONSWAP spectrum given
Hs, Tp and depth. Spectras are defined as in RP C205 by DNV

S o

Last edit: 17/03-15

Input:

Tp - Peak period

Hs - Significant waveheight
h - Occean depth

gma — gammafactor in the JONSWAP spectrum
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% omega - wave frequencies

S

o°

o\

% Stma - TMA specter
% Sjon — JONSWAP specter

o

o\

% Spm - PM specter

function [Stma Sjon Spm]=specter (Hs, Tp, h,omega, gma)

Stma=[]; % TMA spetrum
Sjon=[]; % JONSWAP spectrum
Spm=[]; % PM spectrum

[)

Agamma=1-0.287+1log(gma); % Normalizing factor, log means natural algorithm in MATLAB

wP=2+pi/Tp;

w=omega;

krav=10"-6; % Accuracy in the wave number iteration
diff=1; % just to get the wave number iteration started

g=9.81; % Acceleration of gravity

for i=1: length (w)

if w(i)< wP
sigma=0.07; % Width parameter of JONSWAP Spectrum

else
sigma=0.09;
end
Spm (i) = (5/16) *Hs " 2+wP " 4x (w (1) "=5)*exp (-1.25x (w (i) /wP) "-4);

Sjon (i) =Agamma*Spm (i) xgma” (exp (-0.5% ((w (i) -wP)/ (sigma*wP)) "2));

Sxxkkkrxrkxxx Wave number 1teratlon *xxk kxhkhkrrxhhkkxx3
k=w(i)"~2/9;
while diff>krav

knew=w (i) "2/ (g*xtanh (kxh)); % The dispersion relation
diff=abs (knew-k) ;

k=knew;

end

TMA= (cosh (kxh)) "2/ ((cosh(kxh)) "24+w (i) "2xh/qg);

Stma (i)=Sjon (i) *TMA;

%************************************************%
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end
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Appendix C

Script for writing input file to VERES

Cl Cl
% Swathdesign.m %
5 o
Cl Cl
% Function for creating a geometry file to be %
% used in VERES. Input is a SWATH main particulars %
% and output is a .mgf file for application in VERES %
5 S o
Cl Cl
% Written by: Heine Groetting %
% Last edit: 22/02-15 %
g g S
Cl Cl
% Input: —-Hard coded main characteristics of SWATH %
5 U o
Cl Cl
% Output: - mgf file for input in Veres %
% - x, containing x-coordinates of the %
% different sections. %
% - HxP, containing height of pontoon as %
% function of x-coordinate %
% - WxP, width of pontoon as function %
% of x—-coordinate %
999000000000 000090000900090000000900000000000000000000000000000o0
OO0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOWOOOO©O™O

function [HxP WxP x]=Swathdesign(a);
Lpp= 23 ;% [m] Length between perpendiculars

B= 10.6; % [m] Beam of vessel

Lwl= 24; % [m] Lengt in waterline
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68

Dswath= 2.6; % [m] Draft in SWATH mode

Dcat= 1.6 ; % [m] Draft in catamaran mode

Depth= 6.4 ; % [m]Depth of vessel

SWE=0.35; % [-] Width of strut as a fraction of width of pontoon
Lps=0.9; % [-] Length of struts as part of length of pontoons
Ns=31; % [-] Number of sections

Np=20; % [-] Numer of points per section

WP=2.6; % [m] Width of Pontoon at the widest

HP= 2.2; %
HPB=1.8; %

m
[ Height of Pontoon at highest
[
HPS=1.2; % [
0
1

Height of pontoon at bow

Q

]

]

] Height of pontoon at stern

5; % [m] Horizontal distance from centerline to centerline of pontoon

YP= (B-WP) *
); % [m] Length between sections
BowInc=6 ; % [m] Distance where the pontoon is inclined in the bow;

SternInc=5; % [m] Distance where the pontoon is inclined in the stern;

SternHPS=3; [m] Distance where the pontoon have HPS;

NSternInc=floor (SternInc/DX); % [-] Number of sections pontoon inclined in stern
NBowInc=floor (BowInc/DX) ;% [—] Number of sections pontoon inclined in bow

HxP=[]; % [m] Height of pontoon as a function of section

WxS=[]; % [m] Width of strut as a function of section

WxP=[]; % [m] Width of pontoon as a function of section

Zcord=zeros (Np,Ns); % [m] (Np,Ns) Matrix containing z coordinate for point n section
Ycord=Zcord; % [m] (Np,Ns) Matrix containing y coordinate for point n section m
teller=1;

for i=1:Ns

x(1)=—Lwl*0.5+ (i-1)*DX;

if x< -0.5+«Lwl+BowInc
HxP (1) =HPB+ (Lwl*x0.5+x (1)) » (HP—HPB) /BowInc;

else
if x< -0.5*«Lwl+ (Lwl-SternInc—-SternHPS);
HxP (i) =HP;
else

if x< -0.5xLwl+ (Lwl-SternHPS);
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95
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101
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HxP (i) =HP—-(x (i) - (Lwlx0.5-SternInc-SternHPS)) *

teller=teller+l;
else
HxP (i) =HPS;
end
end

end
if x(i)>=0;
WxP (1) =0.5+xWP*sqgrt (1-(x(1)/(0.5*Lwl)) "2);
else
WxP (1) =0.5+«WP*cos (pi*x (i) /Lwl);

end

WxS (1) =SWE*WxP (1) ;

teller2=1;
for j=1: (Npx0.5)
if j == (Npx0.5)
Zcord(j,1)=HP-HxP (1) ;
Ycord i)=YP;

(]
Zcord(Np, i) =Depth;
Ycord (Np, i) =0;

elseif j==
zZcord i)=Depth;
Ycord 1) =YP+WxS (1) ;

(J
(J
Zcord(Np j,1)=Zcord(j,1);
Ycord (Np—-j, 1) =YP-WxS (1) ;

elseif j==
zZcord i)=HP;
Ycord 1) =YP+WxS (i) ;

(3
(J
Zcord(Np j,1i)=Zcord(j,1);
Ycord (Np—-j, 1) =YP-WxS (1) ;

elseif j==
Zcord ) =HP;

(J
Ycord (] =YP+ (WxP (1)-0.02);
Zcord(Np j,1i)=Zcord(j,1);
Ycord (Np-j, 1) =YP-(WxP (1) -0.02);
else
templ= 0.5% (Np-8);
temp2=HxP (1) / (templ+1) ;
temp3=temp2+ teller2;

Zcord(j,1)=HP-temp2* teller2;
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120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

139

140

141

142

143

144

145

146

147

148

149

150

151

152

end

PR

o

Ycord(j,1)=YP+ WxP (i) +sqrt (1-(temp3/HxP (i)) "2);

Zcord (Np—-3j,1i)=Zcord(j,1i);
Ycord (Np—7,1)=YP- WxP (i)*sqgrt (1- (temp3/HxP (1)) "2);
teller2=teller2+1;

end

end

oo

o

o

fid=fopen ('swath 35.mgf"',
'VERES GEOMETRY FILE\D');

'SWATH OFFSHORE WINDTURBINE SERVICE VESSEL\D');
' Draught between 2.6 and 1.6\n');

'Author:
'$f \n'

for

fprintf (fid,
fprintf (£id,
fprintf (£id,
fprintf (fid,
fprintf (fid,
i=1:Ns

fprintf (fid,
fprintf (fid,

fprintf (fid,

for j=1:Np
fprintf (fid,

end

o°  oe

o\

Hhooe

-

— —

58 B

14

o

et

o

Heine Groetting\n');

Lpp) ;

x(1));

Np) ;

’
S
°

[)

—-i); % SECTION number, beginning in the bow

Printing x position

Number of points per section

'$f %f\n', Ycord(j,1i), Zcord(j,1i));
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end

fclose (fid) ;
WxP=2+WxP;

end
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Appendix D

Script for calculation of drag

coeflicients

% Script for calculating quadratic force

% of a SWATH, specific for design made by Swathdesign.
% input

% HxP- height of pontoon as function of x-position
% WxP—- Width of pontoon as function of x position
% X — x-positions of sections of SWATH

% output

o°  oe

o\

% Cdx- Drag coefficient in
% Cdy- Drag coefficient in
% Cdz- Drag coefficient in

% Last edit: 02/06-2015

Coupled terms neglected ,
kKN s72/m"2 and kNs“2/m

Bg- Diagonal quadratic force matrix

given in

x direction

y direction

o° oo oe

o\

[HxP WxP x]=Swathdesign(a);
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Bg=zeros (6, 6) ;
dx=abs (x (1) -x(2));
Nsec=length (x);
L=x (Nsec)-x(1);
HxPm=max (HxXP) ;
WxPm=max (WxP) ;
Cdl=0.1; %%% Drag coefficients from CENGEL and CIMBALA
Cd2=1.2;
Cd3=1.1;
Bg(l,1)=2% (WxPm+0.35%0.4+HxPm*+WxPm) *Cd1l«0.5+rho;
Bg(2,2)=2%(L*x2.6)*Cd2%0.5xrho;
for j=1l:Nsec
B33 (7)=dx*Cd3+WxP () *0.5xrho%*2;
B55 (j)=dx*abs (x(J) "3) *WxP (j) xCd3%0.5*xrhox2;

end
g(3,3)=sum(B33);
qg(5,5)=sum(B55) ;
Cdx= Bq(l,l)/
Cdy=Bq(2,2) /24
Cdz=Bq(3,3)/24

106

2010



