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TABLE 8 to TABLE 16 in the appendix represent a list of the measured quantities including their designation, 
sign conventions and measuring devices. 

4.4 Derived quantities 

In TABLE 17 through TABLE 22, a review of the signals derived from the measured signals is presented. 
The signals that were derived from the measured signals are as follows: 

• Motions of different islands at CoG (6DOF).  
• Total forces and moments around different fenders. 

 
The formulas used to calculate the derived signals are described in Appendix D12. The derived signals 
include the motions at CoG for different islands and the total loads in different fenders.  

4.5 Examples of signals in irregular wave tests 

The records of the signals during the tests were of one of the following types: 
• The type I record consists of a fast oscillating value, of which the frequency corresponds to the 

frequency of the wave (WF). 
 

 
Figure 4-4:  Type I signal with WF oscillations 
 

• The type II record consists of a fast oscillating value, which is superimposed on a slowly varying 
value (LF). 

 

 
Figure 4-5:  Type II signal with combined WF and LF oscillations 

 
• The type III record consists also of an oscillating signal of which the frequency corresponds to the 

wave frequency, superimposed on a slowly varying signal. But in this case the fast oscillating part is 
small compared to the slowly varying signal. 
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Figure 4-6:  Type III signal with LF oscillations 
 

• The type IV record is typical for slamming loads as well as green water on deck. 
 

 
Figure 4-7:  Type IV signal for impact loads 
 

4.6 Types of data reduction 

Each paragraph of this chapter discusses types of analyses that have been applied to present the model test 
results.  

4.6.1 Statistical analysis 

The two types of statistical analysis that can be done on the measured data are described in the Appendix D03 
at the end of this report. They are referred to as Statistical and Extrema Statistical analysis later on in this 
report. 

4.6.2 Signal filtering 

For all signals a Low Frequency (LF) and Wave Frequency (WF) filtering, including a statistical analysis 
was carried out. The boundary of all filter settings are documented in Table 4-1. The Nyquist frequency ωNY 
is about 81.12 rad/s.  
 
Table 4-1: Filter settings in [rad/s] 

Tests UF LF WF 
Tests in Waves 0.0 – ωNY 0.0 – 0.2 0.2 – 2.0 

 

4.6.3 Decay Analysis 

The decay tests are analysed in order to determine the natural periods and damping coefficients. The method 
used to analyse the damping coefficients based on a decay test are described in Appendix D01.  

4.6.4 Weibull fits 

For the extreme values of a number of signals (e.g. roll motion) a 3-parameter Weibull fit was made through 
10, 25 and 50% of the highest peak or through values. This fitted line was used to determine the most probable 
maximum (MPM) values of the signals. A description of this methodology is given in Appendix D05. 

4.6.5 Response Spectra 

The motion response spectrum was determined for all irregular wave tests. It was analysed at the target 
position. A mathematical description of irregular phenomena is given in Appendix D02. 
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4.6.6 Response Amplitude Operator (RAO) 

The motion RAO was determined for all wave tests. It was analysed at the target position. The lead signal is 
the calibrated wave. The theoretical background of the RAO is described in Appendix D06.  

4.6.7 Fast Fourier transform (FFT) 

Several analysis needs an FFT, like the response spectra or the filtered extrema statistical analysis. The FFT 
is always applied on resampled data to avoid issues due to non-equidistant data. 

4.7 Data analysis and deliverables for each type of test 

4.7.1 Current calibration 

Channels: 
• Current velocity at the centreline of the basin 

 

Deliverables: 
• Stationary measurements: 

o Statistics including mean, std, max, min and Turbulence 
o Time traces – plotted and in HDF5 format 

4.7.2 Irregular wave calibration 

Channels: 
• Wave probe at the centreline of the basin (position of the model) 

 
Deliverables 

• (Extrema) statistics of measured wave elevation 
• Comparison measured vs. specified wave spectrum 
• Comparison of measured vs. specified significant wave height Hs 
• Comparison of measured vs. specified peak period Tp 
• Comparison of wave crest probability distribution to the Rayleigh and Forristall distributions (plot)  
• Comparison of measured vs. theoretical wave group spectrum  
• Time traces – H5 format 

 
Channels: 

• Other wave probes 
 
 
Deliverables 

• Time traces – HDF5 format 

4.7.3 Decay Tests   

Channels: 
• 6DOF motions at CoG 

 
Deliverables: 

• PQ analysis  



774253  Space@Sea D10.4 

  Results from Demonstration at Wave Tank 

 

• Time trace plot of measured quantity (for example, roll for a roll decay) combined with a fit based 
on the derived PQ values  

• Time traces – plotted and in HDF5 format 

4.7.4 Model Tests in Irregular Waves  

Channels: 
• Reference basin wave elevations 
• Current velocity at the reference position of the basin 
• 6DOF motions at CoG of the instrumented islands 
• Loads and moments around instrumented fenders 
• Stroke of two wave flaps (one per side) 
• Mooring loads 
• Side by side loads 

 
Deliverables: 

• Time trace plots of the unfiltered measured quantities 
• Time traces of the unfiltered measured quantities – HDF5 format 
• Time traces of the filtered measured quantities (LF+WF) – HDF5 format 
• (Extrema) Statistical mean crossing statistical analysis of unfiltered signals (UF) 
• (Extrema) Statistical mean crossing statistical analysis of filtered signals (LF+WF) 
• Spectrum response plots and tables for the motions of the islands 
• Spectrum response plots and tables for the loads and moments around instrumented fenders 
• Spectrum response plots and tables for the mooring and side by side loads 
• RAO plots and tables for the motions of the islands 
• RAO plots and tables for the loads and moments around instrumented fenders 
• Weibull Analysis for relevant signals 

4.7.5 Static Loads of the mooring system 

Channels: 
• Carriage offset  
• Loads applied on the total island configuration by the mooring arrangement  
• Line tensions  

 
Deliverables: 

• Plot offset curves 
• Statistical analysis 
• HDF5 files 

4.8 Visualization 

During the model tests and the preparations still photographs were taken. Furthermore, video recordings were 
made. 
 
Still photographs 

Still photographs were taken of the models in the workshop, the test set-up in the basin and during a selected 
number of model tests. A selection of the photographs is shown on the photo pages at the end of this report 
in addition to the ones placed in the text.  
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Video recordings 
Video recordings were made to obtain a good overall impression of the behaviour of the floaters. Two above 
water video cameras and two underwater video cameras were used for the wave tests.  
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5. Test Review and Experimental Procedures 

5.1 Test review 

In this section, a brief overview of the model tests performed is given. A more complete overview is shown 
in at the end of this report. 
 

• Static offset tests [see TABLE 23] 
• Decay tests 
• Tests in irregular waves [see TABLE 24 through TABLE 26] 

5.2 Experimental procedures 

The test procedures applied in the different types of model tests performed in this project phase are described 
in this section.  

5.2.1 Weight distribution procedure  

Prior to the tests in the basin, the weight distribution of the models was prepared and calibrated for one 
sample of each module-type. The experimental procedure followed to prepare the weight distribution of the 
model is described in Appendix M05. 

5.2.2 Zero adjustment 

All results presented in this report are given with respect to the ‘zero values’ taken after each setup change 
and at the beginning of every new day. In its zero-position, the floater is at the specified draft and at even 
keel. The zero values in each test represent the actual values of the respective quantities for the model in this 
starting position.  

5.2.3 Current calibration  

Stationary current was calibrated in the basin prior to the start of the model tests. The experimental procedure 
followed to calibrate the current is described in Appendix E02.  

5.2.4 Wave calibration 

Irregular waves were calibrated in the basin prior to the start of the model tests. The experimental procedure 
followed to calibrate waves is described in Appendix E04.  

5.2.5 Static load tests 

Prior to the actual wave model tests, the stiffness of the horizontal mooring arrangement was verified by 
means of pull-out tests, also referred to as static load tests. The experimental procedure followed to carry out 
the static load tests is described in Appendix P02.  

5.2.6 Decay tests 

Motion decay tests are carried out by pulling or pushing the model from its equilibrium position, after which 
it is released. In this project, decay tests were carried out for surge, sway and yaw. The resulting decaying 
motions are recorded for later analysis. The experimental test procedure followed to carry out the decay tests 
is described in Appendix P03.  
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5.2.7 Tests in waves 

The procedure followed to execute the tests in waves is described in Appendix P04 at the end of this report. 
The basin setup and mooring arrangement are described in chapter 2. 
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6. Results and Discussion 

6.1 Static load mooring system 

The static load results are summarized in TABLE 23. The static load was executed per side of the island, i.e., 
in total four static load test were performed for the North, East, South and West side. A force frame was 
connected to the basin carriage. Underneath the force frame, a truss beam was bolted representing the side 
of the island. The truss is considered to be rigid. The mooring lines are connected to the fairleads on the 
beam. The fairleads on the beam are located such that they correspond to the fairleads of the free floating 
islands. The static load is performed over the offset range expected to be found in the stationkeeping tests, 
which is +10m to -20m. 
 
There is a good agreement between the static load tests and the theoretical offset curve. As it is a non-
segmented line consisting of catenary chain only, this was also expected. The static load tests confirmed a 
proper installation of the mooring system in the test-up. 

6.2 Natural periods and damping values 

Decay tests with the moored island were performed to identify the natural periods and damping of the global 
response. It should be noted that with 73 interconnected modules, there are theoretically 438 orthogonal 
modes which all have their own natural period and damping. In three consecutive decay tests it is aimed to 
only excite the global surge, sway and yaw motion. It is however physically unavoidable that other modes 
will get excited as well, which makes the analysis of the decay tests less straight forward. An example is 
shown in Figure 6-1. A beating pattern, typical for multiple modes interacting, can be seen. This leads to an 
amplification of the signal after 2000s.  

  
 

Figure 6-1: Surge module L7, decay test no. 30381_02OB_04_001_001_01. Raw data (left) and fit (right) 

To get an estimate of the natural period and damping of the global surge response, a theoretical decay 
timetrace of a single mode is fitted on the raw data. This gives a reliable estimate of the natural period and 
damping. It should be noted that due to the interaction between mode shapes it is not feasible to exactly 
determine these values. The estimated values are presented in Table 6-1. 
 
Table 6-1: Natural period global moored response 

Mode Natural period % of critical damping 
Surge 155 s 1.9 % 
Sway 232 s Could not be determined 
Yaw 180 s Could not be determined 
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6.3 Current only test 

In calm water with currents only, the island has shown a stable behaviour. The maximum overall 
displacement variations in a 1.0 hour test were 0.3m in surge-, 0.2m in sway- and 0.02m in heave-direction. 
The mean offset due to the current is limited to only 0.045m. From the theoretical static offset curve of the 
mooring system, this corresponds to a global current load of only 170kN. The current-velocity had a mean 
value of 0.945 m/s and a standard deviation of 0.05 m/s. 
 

 

 
Figure 6-2: Surge X_COG_L1, sway Y_COG_L1 and heave Z_COG_L1 of module L1 for current V_CUR 

 
The load in all mooring lines at the bow of the island had a mean value of 1774.53kN with a standard 
deviation of 7.09kN. On the port side, the average load in the lines 19-22 was 1674.47kN with a larger 
standard deviation of 12.24kN. 
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6.4 Current and Wave response 

6.4.1 Motion response 

 
Surge, Sway and Yaw 
The measured motions in surge, sway and yaw are characterized by the low frequent content. Almost no 
wave frequent or high frequent horizontal motions were measured. This is illustrated in Figure 6-3, where 
the standard deviation of the unfiltered signal is compared to the standard deviation of the low frequent signal 
(see Section 4.6.2 for filter settings). As the two are almost identical for all tests, the wave frequent horizontal 
motions are marginal.  
 
In Figure 6-4, the effect of current is shown on the horizontal motions of the platform. It can be seen that 
depending on the seastate, the current can either have a dampening or amplifying effect. The differences are 
in the order of 10%. 
 
It should be noted that the maximum excursion in a 3 hour seastate is not a converged statistic due to the long 
natural period of the mooring system. Typically only 66 oscillation occur per test. 

 
Figure 6-3: Surge standard deviation unfiltered (UF) 
and Low frequent (LF), tests without current 

 
Figure 6-4: Surge standard deviation unfiltered, tests 
with and without current (Cur) 

 
Pitch motions 
The Most Probable Maximum (MPM) pitch angle of each test has been derived for all modules with a 
measuring target. At the waveward side of the island, the wave-energy converters, developed in Task 6.2 [7], 
are absorbing and reflecting part of the incoming wave energy which leads to reduced pitch of the modules 
behind. The pitch motion of the first and second row of modules is shown in Figure 6-5 in Figure 6-7. It can 
be seen that the first module on the waveward side (L1) is pitching more than the module on the second row 
(L7). From simulations it was found that the first row diffracts the incoming wave at the keel plate, sheltering 
the modules on the second row and further. The MPM pitch angle is under 0.5 degrees for all operational and 
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1 year conditions. For the 10 years and 100 years tests, the MPM pitch goes up to respectively 3 and 7 
degrees. The rapid increase is mainly due to the wave-length/module-length ratio. It is expected that larger 
modules than 90m x 90m will maintain the low pitch response in these seastates as well. 
 
The MPM pitch of the small modules on the last (M33) and second last row (M27) is shown in Figure 6-6 
and Figure 6-8. Interesting is that the response of the module on the last row is higher than the module on the 
second last row. Despite being sheltered by the wave-ward modules, the pitch response is similar or even 
larger. Most likely this is due to their small dimensions (45m x 45m) and the fact that the small modules are 
not moored. 

 
Figure 6-5: Pitch motion module L1 (front row) and L7 
(second row). Tests without current 

 
Figure 6-6: Pitch motion module M27 (second last row) 
and M33 (last row). Tests without current 

 
Figure 6-7: Pitch motion module L1 (front row) and L7 
(second row). Tests with current 

 
Figure 6-8: Pitch motion module M27 (second last row) 
and M33 (last row). Tests with current 

 
The WECs show large pitch amplitudes for all tested sea states. The reason is, that, apart from friction, the 
pitch motion has not been damped. The reason was that modelling the power take off (PTO) system is a big 
challenge due to scaling effects and was not supposed to be part of the tank tests.   




