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ABOUT MARINET
The MaRINET2 project is the second iteration of the successful EU funded MaRINET Infrastructures Network, both
of which are coordinated and managed by Irish research centre MaREI in University College Cork and avail of the
Lir National Ocean Test Facilities.
MaRINET2 is a €10.5 million project which includes 39 organisations representing some of the top offshore
renewable energy testing facilities in Europe and globally. The project depends on strong international ties across
Europe and draws on the expertise and participation of 13 countries. Over 80 experts from these distinguished
centres across Europe will be descending on Dublin for the launch and kick-off meeting on the 2nd of February.
The original MaRINET project has been described as a “model of success that demonstrates what the EU can
achieve in terms of collaboration and sharing knowledge transnationally”. Máire Geoghegan-Quinn, European
Commissioner for Research, Innovation and Science, November 2013
MARINET2 expands on the success of its predecessor with an even greater number and variety of testing facilities
across offshore wind, wave, tidal current, electrical and environmental/cross-cutting sectors. The project not only
aims to provide greater access to testing infrastructures across Europe, but also is driven to improve the quality
of testing internationally through standardisation of testing and staff exchange programmes.
The MaRINET2 project will run in parallel to the MaREI, UCC coordinated EU marinerg-i project which aims to
develop a business plan to put this international network of infrastructures on the European Strategy Forum for
Research Infrastructures (ESFRI) roadmap.
The project will include at least 5 trans-national access calls where applicants can submit proposals for testing in
the online portal. Details of and links to the call submission system are available on the project website
www.marinet2.eu
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1 Introduction & Background
1.1

The Device

The SEACATT is an attenuator type concept which operates on the surface of the sea, the design features a
construction of articulated multi hulls which can absorb the energy present in ocean waves by means of an
integrated prime mover and power-take-off system. When exposed to ocean wave activity the hull motions will
interactively absorb energy which can be mechanically converted into electrical power.

1.2

Background

The current concept is the result of a design process which began in 2009, and has seen the concept stage-tested at
various facilities, i.e. Ireland, (HMRC in Cork), Scotland, (the University of Strathclyde KHL, Glasgow), and France (at
the Ifremer basin in Brest).
‘SEACATT’ is designed to operate several kilometres offshore to target the more energetic wave climates found in
depths greater than 60 metres of the West coasts of Ireland and Scotland. The ultimate aim of the project is to
develop a commercial device which is capable of surviving and reliably exploiting the greater energy density that is
present in these more extreme locations.

1.3

Development So Far

The schedule of completed testing at established facilities includes the following:
2012 Nov, SEACATT Project: MaRINET, 10 days test schedule carried out at the K H L Strathclyde between the 5th
and the 19th 2014 Aug and Sept.

October 2012 HMRC in Cork, Ireland- a 1:15th scale PTO was bench tested in preparation for a 1:15th scale tank test
project under Marinet.

Oct 2013 Ifremer, Brest, 10 days Testing at 1:15th scale, this 6 metre long model was fitted with a complex
representative PTO system.

August 2014, 10 days testing, at the UNI-STRATH Kelvin Hydrodynamics Laboratory using a 1:40 scale model with a
redesigned configuration which was damped using two, discrete, precision controlled hysteresis PTO systems, and
featured the optimised hull and mooring attachment.

Jan 2018, 10 days at the UNI-STRATH Kelvin Hydrodynamics Laboratory, testing device optimisations and power
production in a broad range of real sea states.
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No 1: Pre-test preparations (at the KHL facility)

No 2: Pre-test preparations (at the KHL facility)
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No 3: Pre-test preparations (at the KHL facility)

No 4: Pre-test preparations (at the KHL facility)
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No 4: Pre-test preparations (at the KHL facility)

No 5: Jan 2018 Uni Strathclyde KHL
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No 6: Jan 2018 Uni Strathclyde KHL

No 7: Initial CAD drawing
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1.3.1 Stage Gate Progress
Previously completed: 
Planned for this project:
STAGE GATE CRITERIA
Stage 1 – Concept Validation
Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100
waves)
Finite monochromatic waves to include higher order effects (25 –100 waves)
Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
Restricted degrees of freedom (DofF) if required by the early mathematical models
Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical
modelling tuning)
Investigate physical process governing device response. May not be well defined theoretically or
numerically solvable
Real seaway productivity (scaled duration at 20-30 minutes)
Initially 2-D (flume) test programme
Short crested seas need only be run at this early stage if the devices anticipated performance
would be significantly affected by them
Evidence of the device seaworthiness
Initial indication of the full system load regimes
Stage 2 – Design Validation
Accurately simulated PTO characteristics
Performance in real seaways (long and short crested)
Survival loading and extreme motion behaviour.
Active damping control (may be deferred to Stage 3)
Device design changes and modifications
Mooring arrangements and effects on motion
Data for proposed PTO design and bench testing (Stage 3)
Engineering Design (Prototype), feasibility and costing
Site Review for Stage 3 and Stage 4 deployments
Over topping rates
Stage 3 – Sub-Systems Validation
To investigate physical properties not well scaled & validate performance figures
To employ a realistic/actual PTO and generating system & develop control strategies
To qualify environmental factors (i.e. the device on the environment and vice versa) e.g. marine
growth, corrosion, windage and current drag
To validate electrical supply quality and power electronic requirements.
To quantify survival conditions, mooring behaviour and hull seaworthiness
Manufacturing, deployment, recovery and O&M (component reliability)
Project planning and management, including licensing, certification, insurance etc.
Stage 4 – Solo Device Validation
Hull seaworthiness and survival strategies
Mooring and cable connection issues, including failure modes
PTO performance and reliability
Component and assembly longevity
Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
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Application in local wave climate conditions
Project management, manufacturing, deployment, recovery, etc
Service, maintenance and operational experience [O&M]
Accepted EIA






Stage 5 – Multi-Device Demonstration
Economic Feasibility/Profitability
Multiple units performance
Device array interactions
Power supply interaction & quality
Environmental impact issues
Full technical and economic due diligence
Compliance of all operations with existing legal requirements









1.3.2 Plan For This Access
The main objective of this test series is to investigate the device with regard to real seaway productivity by:
Performing motion response and power capture tests (RAOs) in long crested seas with single frequency waves.
Around 10-15 frequencies as required to define responses. Measurement of undisturbed waves, waves near
device, angular velocity and torque in hinge system, as well as 6-DOF motions of each segment of model. A
video camera will constantly monitor the device.
Further testing in regular waves and optimum model frequency to characterise the optimum damping control
settings
Performing sea state tests to determine realistic mean power capture based on the above characterisations,
Peirson Moskovitch spectra, full scale duration of 30 minutes.
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2 Outline of Work Carried Out
2.1

Setup

The SEACATT Model: was designed, built, and delivered to the facility by Ocean Renewables Ltd (ORL), the
model was complete at the time of delivery but partly disassembled for transportation purposes.

Preparing the model for testing at the facility involved some re-assembly of the hull structure and final testing
of the on-board torque cell and Hysteresis components. All of the on-board equipment had been calibrated by
the relevant manufacturers pre-arrival, calibration certificates were supplied to the facility for inspection and to
enable the specific data acquisition set up.

The Wave Tank was calibrated for all of the sea-state tests proposed, this required one full 24hr period.
Likewise the Qualysis motion capture cameras were calibrated prior to placing the model within the tank.

Day 2: Upon completion of the tank calibrations the model was placed in the tank and final ballast trimming was
carried out. The model was then positioned for testing using a four point soft mooring, ref the photographs
included with this report.

Data Acquisition: Qualisys motion capture and two channels of analogue to digital data were transferred from
loads cells via “Spike” software and directly to excel.

Frictionless Damping Control was provided via the installation of two discrete pto systems, each fitted with a
Magtrol HB-750-2 Hysteresis brake and individually controlled using two Magtrol 5210-2A units mounted
remotely at the tank operators station. This system could therefore, very precisely, adjust the damping
remotely from the tank operators control position at any stage of the test sequence.
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2.2

TESTS

The sea states involved in the testing were set out using the above scatter diagram information from the West
Coast of Ireland.
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REGULAR WAVE Testing Carried Out (71 waves)
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IRREGULAR WAVE Testing Carried Out (51 sea states)
Height (full scale, m)

1.0

1.0

1.9

1.9

1.0

1.0

1.4

2.4

1.0

Period (full scale, s)

5.0

7.5

7.5

6.0

6.0

7.0

8.0

8.5

9.0

Height (full scale, m)

1.9

1.4

1.0

1.9

2.9

1.0

1.9

2.9

1.4

Period (full scale, s)

8.5

8.5

9.0

9.0

9.0

10.0

10.0

10.0

11.0

Height (full scale, m)

1.9

2.4

2.9

4.3

1.9

2.9

3.8

4.8

1.4

Period (full scale, s)

11.0

11.0

11.0

11.0

12.0

12.0

12.0

12.0

13.0

Height (full scale, m)

3.8

4.8

1.4

1.4

1.4

1.4

1.4

1.9

1.9

Period (full scale, s)

13.0

13.0

8.0

8.0

8.0

8.0

8.0

7.0

7.5

Height (full scale, m)

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

Period (full scale, s)

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

Height (full scale, m)

1.9

1.9

1.9

1.9

1.9

1.9

Period (full scale, s)

7.0

7.0

7.0

7.0

7.0
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2.2.1 Test Plan

2.2.1.1 Regular Waves:
Prepare the model and tank as outlined at 2.1 Setup, ( Note: damping control/adjustment levels are
achieved via the remote Magtrol 5210-2A units which use are designed to output control current to
the Hysteresis brakes in precise 1 milliamp steps).
Begin testing according to Regular Schedule 1 as set out above. Primarily this test will use a constant
wave height over a varied schedule of wave periods with fixed damping.
Continue with regular waves around defined ROA’s, continue a fixed schedule of wave and period but
with varied damping.

2.2.1.2 Irregular Waves:
As in schedule 2; damping will be varied to explore optimisation of power production scenarios.

2.3

Results

2.3.1 Regular wave test
H=2 (m), damping 180 (mA)
Full scale RMS power (Kw)

1200
1000
800
600

H=2 (m),
damping 180
(mA)

400
200
0
4

6

8

10

12

Full scale period (s)
Figure 1 Full scale RMS power under 2 m wave height against different wave period.
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Full scale RMS power (Kw)

Full scale RMS power against damping level
1000
900
800
700
600
500
400
300
200
100
0

H=2 (m), T=7 (s)

0

50

100

150

200

250

Set damping level (mA)
Figure 2 Full scale RMS power against different damping level under 2 m wave height and 7 seconds wave
period

Results of regular wave testing at fFigure 2 show an optimum damping level at which the device
captured the most power. This optimum damping is frequency dependent as shown by Figure 3, where
a control setting of 180 mA captured the most power at wave periods of 7 s, while 120 ma provided
better performance at a period of 8.5 s.

Full scale RMS power
Full scale RMS power (kw)

1200
1000
800

120 mA

600

180 mA

400

195 mA
210 mA

200

240 mA
0
0

2

4

6

8

10

12

Full scale period (s)
Figure 3 Full scale RMS power captured with different damping control levels. Wave height was set to 2m.
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2.3.2 Irregular wave test

Full scale RMS power against different damping levels
Full scale RMS power (kw)

350
300
250
200
150

Hs=1.9 (m), Tp=7 (s)

100
50
0
100

120

140

160

180

200

220

240

Set damping level (mA)
Figure 4 Full scale RMS power captured under varied damping control levels.

As with the results seen during regular wave test schedules, irregular wave schedules also demonstrate
an optimum damping level relating to power capture, in this case however, the device demonstrated a
reduced sensitivity to varied damping.

Analysis & Conclusions
Tp (s)
6

6.5

7

7.5

8

32

43

41

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

0.5
1

30

1.5

Hm0 (m)

2.4

2
2.5
3

80
265

265

31

27

193

150

558

488

93
212

53

515

121

33
90

235
376

307

3.5
4
4.5

588

470

902

744

895

5

Table 1 Full scale RMS power test results using various tested sea states.
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Tp (s)
6

6.5

7

7.5

8

8.5

9

9.5

10

10.5

11

11.5

12

12.5

13

30

31

32

43

41

36

31

29

27

26

24

23

21

19

18

1.5

53.3876

67

80

93

85

78

71

62

53

48

43

38

33

2

265

265

239

212

193

172

150

135

121

105

90

91

92

515

470

425

375

335

295

235

214

193

179

166

558

523

488

432

376

342

307

280

253

1012

880

747

521

483

440

397

354

966

697

641

588

529

470

1318

895

815

735

667

600

1119

1005

902

823

744

1211

1078

1011

902

1267

1211

1075

1429

1261

0.5
1

Hm0 (m)

2.5
3
3.5
4
4.5

1235

5
5.5
6
6.5
7

1462

Table 2 Interpolated and extrapolated ( using test results from Table 1 above)
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3 Main Learning Outcomes
3.1

Progress Made

The most progressive aspect of this latest test schedule for the SEACATT project, is that it completes an
important step in the Stage Gate Progress, that of “Real Seaway Productivity”.
Furthermore, the data acquired during this access facilitates the production of verifiable results that enable the
project to now move forward through further, more significant, developmental stages.
In broad terms, a more comprehensive understanding of the device has been established as a result of this
access, in particular with regard to the power-take-off and damping effects, and how these could relate to the
device at large/full scale.
One particular learning outcome of this access has led to a greater understanding of the simulated pto/damping
system used; the data acquired during the testing showed, a constant, component of negative power being
recorded during operations.

Fig 1: Hysteresis unit fully assembled

Fig 2: Stator removed

This was isolated to a level of residual/permanent magnetism as, within the Hysteresis Brake, a section of the
stator remained in a permanently magnetised state and, on the day, it was not possible to eliminate this issue.
The other effect of this, although the values weren’t significant, meant it was not possible to achieve a
completely undamped scenario due to this residual magnetism. To quantify and isolate the effect of this
permanent magnetism a test was performed as follows; during a regular wave run of 2m 7s the Nm value was
0.05 (stator removed) and the control unit powered off, while under the same wave and power conditions, with
the stator installed, the Nm value recorded was 0.5.
The project power output data, which has been acquired and now analysed, was corrected in consideration of
this by means of discounting the power output using the associated negative power component in each case.
In addition, repeat test results achieved during this access phase have compatible values when compared with
the preceding access campaign at Strathclyde.
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3.1.1 Progress Made: For This User-Group or Technology
As a user group, this access represents an opportunity to gain further valuable experience at such a wellestablished facility. This builds on previous experience that the group has gained during the course of several
MaRINET campaigns, all of which adds to the overall standing of the project.

3.1.1.1 Next steps:
Currently, the project has applied for a further 10 day campaign of testing via the MaRINET2 access program, 2nd
call. The plan is that the next campaign, if successful, will be carried out at the Uni. Strathclyde KHL as before,
and will involve Mooring arrangements/loads, effects on motion and investigations into device seaworthiness, this
will represent a further progression within the Stage Gate Process for the project.

3.1.2 Progress Made: For Marine Renewable Energy Industry
The information gained here should have some value generally, and in particular with regard to developers of
Attenuators.
The test set up could potentially be replicated for other applications in terms of the pto and damping
arrangements that were used, which proved to be very effective regarding the level of damping control precision
that the system afforded. This was very evident during repeat test runs which tended to demonstrate a high
level of accuracy.
A downside to this system would be the weight of the Hysteresis Brake units, for applications where the mass
was particularly critical this would need to be taken into consideration. The ratio of the component mass to the
upper limits of torque specified is high as the brake units had a mass of 13.5Kg’s each.

3.2

Key Lessons Learned
1. The time that has been allocated to the project by the MaRINET programme is a very worthwhile
opportunity and needs to be taken seriously.
2. It’s not possible to be over-prepared for this type of testing.
3. The small details are the ones most likely to cause delays or potential forced abandonment of the
access period.
4. When properly prepared and set up within the facility a very significant amount of data and
knowledge will be gained.
5. Prior knowledge of the facility and the personnel are hugely advantageous, a pre-test visit to the
facility would be very useful if this is not the case.
6. Development of a wave energy device is a massive challenge, not to be underestimated.
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4 Further Information
Scientific Publications

4.1

List of any scientific publications made (already or planned) as a result of this work:


4.2

Website & Social Media

Website: www.ocean-renewables.com
YouTube Link(s): https://www.youtube.com/watch?v=dkHYT72pwKY
LinkedIn/Twitter/Facebook Links:
Online Photographs Link:

5 references
Infrastructure Access Report, Infrastructure: UNI-STRATH Kelvin Hydrodynamics Laboratory, User-Project:
SEACATT 40, Power Production and Hull Response Using Design Optimisations Based on Previous Marinet
Testing Analysis. Ocean Renewables Ltd

6 Appendices
6.1

Stage Development Summary Table

The table following offers an overview of the test programmes recommended by IEA-OES for each Technology
Readiness Level. This is only offered as a guide and is in no way extensive of the full test programme that
should be committed to at each TRL.
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NASA Technology Readiness Levels1
NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
1
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

1

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical function
and/or
characteristic
proof of concept.

Analytical studies place the technology in an
appropriate context and laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions
using non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory

A low fidelity system/component
breadboard is built and operated to
demonstrate basic functionality and critical
test environments, and associated

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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environment.

performance predictions are defined relative
to the final operating environment.

Relevant Environments defined and
performance in this environment predicted.

definition of relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented
and interfaced with existing
systems/simulations conforming to target
environment. End-to-end software system,
tested in relevant environment, meeting
predicted performance. Operational
environment performance predicted. Prototype
implementations developed.

Documented test
performance demonstrating
agreement with analytical
predictions. Documented
definition of scaling
requirements.

6

System/subsystem model or
prototype
demonstration in
an operational
environment.

A high fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially integrate with existing
hardware/software systems. Limited
documentation available. Engineering
feasibility fully demonstrated.

Documented test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged
and fully integrated with all operational
hardware and software
systems. All user documentation, training
documentation, and maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented test
performance verifying
analytical predictions.

9

Actual system
flight proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged
and fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated
in the operational environment.

Documented mission
operational results
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6.2

Any Other Appendices
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