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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 Introduction
NoviOcean is a fully patented floating non-resonant point absorber WEC, extracting energy from the vertical
motion (heave) of the waves. The WEC is comprised of a long floating structure, the PTO, mooring lines and
anchors.
The PTO utilizes a vertical axis Pelton turbine placed on top of the PTO and a vertical hydraulic cylinder
extending downwards. The assembly moves up and down due to heave. The piston inside the cylinder is
held stationary since the piston rod is fixed to the ocean floor. The unit will be latched in the wave trough by
a hydraulic locking valve. As the wave rises and the float is pressed down in water, high pressure is built.
High-pressure water jet will be hitting the Pelton turbine when the latch is released. The turbine shaft is
coupled to a generator. The cycle is repeated from the next wave trough.
Small lab physical tests have been successfully conducted at KTH Royal Institute of Technology, Stockholm,
validating the concept and working principles. A 1:5 scale device (4.50*0.55*0.37 m3 float, with reference to
the full-size 500 kW unit), has been assembled and was tested for function, performance, survival, and
control system capabilities in offshore conditions for six weeks in the Stockholm Archipelago in Nov/Dec.
2019.
The same prototype (called NO1) was later tested during the MaRINET2 4th access period in COAST
Laboratory Ocean Basin, Plymouth, UK (two weeks during February/March 2020). The purpose was to verify
performance and survivability in different wave conditions, validate simulation results, measure forces on
mooring lines and PTO, and validate the initial control system.
Lessons learned from the MaRINET2 4th access period tests on the NO1 unit were carefully analysed and
used for improving the unit for achieving better efficiency and performance for further, more comprehensive
tests (the improved prototype is called NO2).

Figure 1.1: NoviOcean NO2 prototype during testing
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Some of these key lessons learned and changes/improvements made accordingly are as following:
1. The initial flow sensor was found to be a culprit for not reaching optimal results, and therefore was
changed for the NO2 version.
2. A bug in the control system software was identified and henceforth a new, better system was
designed and implemented from scratch with the capability of recording the data at 20 Hz frequency.
3. Mooring loads and survivability of the device exceeded our expectations, meaning that the shape
and design of the floating structure is capable of handling very rough situations. However, based on
the results, a new design for the floating structure was introduced and implemented in the NO2 unit
to achieve a balanced load between the front and back mooring lines.
4. Large friction losses were identified in some sections of the penstock piping. Therefore, a larger pipe
was chosen and retrofitted into the improved NO2 prototype.
5. The data gathered during the access period led to an improved design with regards to the optimal
positioning of the check valves and their type.
The following figures illustrate some of the adjustments made for the NO2 unit.

Figure 1.2: Improved float design (5.2x1.0x0.8 m3) for better load distribution and improved lifting capacity
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Figure 1.3: Improving the piping design to reduce friction losses

Figure 1.4: Improvements made on the NO2 PTO

This document will be dedicated to report on the results of these tests performed on the NO2 device in ECNHOET (LHEEA), Nantes, France, under the MaRINET2 5th access period. The tests were performed during two
weeks of June 2021.
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1.2 Development So Far
1.2.1 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 (DoF) 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.

Status
✓
✓
✓
✓
✓
✓
✓

✓
✓


✓
✓



✓
✓




✓
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STAGE GATE CRITERIA
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)
• Application in local wave climate conditions
• Project management, manufacturing, deployment, recovery, etc
• Service, maintenance and operational experience [O&M]
• Accepted EIA

Status

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

1.2.2 Plan For This Access
Via tests within the MaRINET2 programme, 5th call, we aimed to achieve higher technology performance
level (TPL) while still working with scaled model at lower technology readiness level (TRL).
Aside from helping us challenge and validate our numerical and analytical studies, these tests were
planned to also show the potential in wave power, for this unusual rectangular-shaped light float, with
non-resonant behaviour, combined with this sort of new PTO set up.
The outcome of the project helps to validate numerical models used to predict power performance of the
WEC and therefore can be used in the future to attract capital which are both of critical importance to
Novige’s success.
Short-term objectives which motivated the testing are: (1) to validate our numerical models and CFD
analysis (partly achieved in 4th call and are planned to be improved/finalized if granted access in 5th call); (2)
to validate the control system; and (3) to verify the power output in different wave conditions (partly
achieved in 4th call).
In mid-term, the results of the testing program will help us reach objectives such as (1) improvements in
mechanical design for the full-scale device; (2) reduced uncertainty and optimization of preliminary LCOE
forecasts; and (3) attracting more funding and increasing chances for future successful grants to facilitate
further development.
Successful tests facilitate some of our long-term objectives as well, such as improvements in design prior
to pre-production of the 500-kW full-scale pilot unit.

Page 10 of 24

2 Outline of Work Carried Out
2.1 Setup
The NO2 float was first lifted and lowered to the middle of the wave maker (as shown in Figure 2.1).
Afterwards, the entire PTO subsystem was lowered and fastened to the float (Figure 2.2) and then, with the
help of divers, the bottom part of the PTO was connected to the tank floor (Figure 2.3). Finally, the mooring
lines were set. Before the tests could begin, we noticed some leakage in the bottom part of the cylinder
which was quickly identified and fixed, and the system was ready for the tests to initiate.

Figure 2.1: Installation of the NO2 float
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Figure 2.2: Marriage of the float and the PTO subsystems

Figure 2.3: Divers connecting the piston rod to the bottom weight
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Figure 2.4 below shows the performance curves for the HOET wave maker. According to these graphs,
various wave shape configurations of up to 0.6 meters in height and 4 seconds period were generated
during the tests. This approximately corresponds to realistic ocean waves of about 4 meters in height and
9 seconds period for the full-scale NoviOcean unit.

Figure 2.4: Performance curves for ECN’s HOET wave maker (courtesy of ECN)
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2.2 Tests
2.2.1 Test Plan
The initial test plan included:
(1) runs in different wave conditions: 16-20 runs with different peak periods T from 2 to 4 seconds and H of
more than 0.6 m for regular waves, more than 0.4 m Hs for irregular waves, to validate the simulation
model and PTO characteristics. Parameters to record are the structure motion, PTO force and mechanical
and electrical outputs. The mooring and anchoring loads are planned to be recorded as well (4 days).
(2) runs for operation in short-crested waves (10-16 runs for Tp from 1.5-3 s and Hs of 0.3-0.5 m)
resembling more realistic conditions to validate the output reductions vs long-crested waves matrix and to
identify potential issues regarding future offshore testing (2 days).
(3) performing a selection of cases from the previous runs (items 1 to 2) both without and with latching, but
with priority towards the latter. Simulating failures, so as for instance trigger pressure dumping by PTO
overpressure valves (1 day).
Expected outcomes of the tests are recorded in reliable datasets regarding different forces in PTO and
mooring lines and anchor, WEC displacement in 6 DoF and absorbed/produced power in different wave
conditions, losses, etc.
Timeline for using the facility is in total 10 working days, including:
•
•
•
•

preparation of test hardware (1 day)
installation of attachments & equipment, preparation & calibration of sensors and data acquisition
equipment (1 day),
test runs & data acquisition according to agreed procedures with the facility (7 days)
removal of attachments & the equipment (1 day).

The key justification for access is to test the improved PTO and control system (and its accuracy) as well as
collect relevant data for PTO model validation and hydrodynamic wave-to-wire model validation to justify
the power performance of the device in both regular & irregular waves.

2.3 Results
2.3.1 Pressure and Flow
When in a cycle, if was found that the flow starts at a high rate before the pressure builds up. The cause of
this problem is identified and reported in the section “Analysis and Conclusions” under number 1 (nozzle).
When a pressure of ten bars is reached, the compression is at a sufficient level to resist the upwards
movement, hence the float is held down in water as the wave continues to rise. Looking at the power
performance, there is a sufficient power delivered during the same period as the float rises with the wave
in a latter half towards the wave crest.
Without the nozzle problem (number 1 in “Analysis and Conclusions”), the pressure would have been built
first, with the horizontal motion first, then a following rise with high pressure and flow during the whole
rising phase of the wave, and naturally a higher power output.
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The maximum latching pressure of 25 bars could not have been exceeded since the dead weight installed
in the tank floor could only handle a lifting force of about 1.2 tons and more than that would have
damaged the tank floor, even though the system was able to exceed 16 bars for this run.

2.3.2 Flywheel and Speed Factor
During the tests, it was identified that the flywheel’s inertia was too high, which caused delay in the
acceleration of the turbine. This problem is explained in more detail in section “Analysis and Conclusions”
under number 2 (flywheel).
This issue causes the turbine to operate at a sub-optimal condition as the speed ratio between the turbine
peripheral speed versus the water jet speed could not be maintained at 0.5 which is its optimal value.
Consequently, as the water speed increased, the generator speed was still too low, and the ideal speed
ratio of 0.5 could not be achieved.

Figure 2.5: Efficiency of a Pelton turbine versus the speed factor

2.3.3 Survivability and Mooring Forces
The previous float iteration had a symmetrical and boxy design with relatively flat front and rear sides.
Previous tests on the float (MaRINET2 call 4) indicated that the forces were only 31 kg from the front
mooring lines and 18 kg from the rear, while at the same time lifting 600 kg. This shows a ratio of 1-20,
which is unheard of in the wave power industry. Nevertheless, we wanted to lower the front load even
more by constructing a boat-like asymmetrical shape. Figure 2.6 below shows the test results for the new
design in HOET, and indicates that the new design succeeded quite well:

Figure 2.6: Mooring forces versus time
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In the above figure, M1 and M2 correspond to the front lines, while M3 and M4 to the rear (number four
showed consistently too low values, even in still water, so should be disregarded). The numbers show a
peak of about 500 N/50 kg, both front and rear, this time showing an equal force due to the assymetrical
shape of the float. This shape lowers the frontal loads during and slightly after the wave crest, when the
load is at its highest, and at the same time creates some lift by hydrodynamic forces.
In the current case, the relation of lifting load vs mooring loads is 1:16, mostly due to a higher inertia with a
heavier float. For 1200 kg of lift, the mooring loads would have increased slightly, but most likely we would
as earlier have shown a 1-20 ratio which is considered to be exceptioanally good.

2.3.4 Generator Selection
Figure 2.7 below shows the efficiency of a generator similar to the one in use, although our chosen model
had a lower RPM range. The choice of the generator was made two years ago, but unfortunately it has
been found out to have high losses at the operated speed and torque. As the generator was operated from
500-2500 rpm during these tests, as seen from the black line, that the efficiency is well below 50%. The red
line should have been more than twice as high, if a suitable generator optimized for our running conditions
has been used with >90% efficiency. This issue will be accounted for, and a new generator will be installed
for the next iteration.

Figure 2.7: Generator parameters versus torque: efficiency (black), speed (magenta) and current (red)

2.4 Analysis & Conclusions
During the tests, two main issues were identified:
1) Nozzle: Due to a fixed nozzle size, the upwards movement of the float was about 0.2 m before
adequate resistance can be reached and henceforth increased compression to the desired value.
The issue will be fixed by using an actively adjustable nozzle to correctly simulate the latching
process. This solution will be tested, verified, and corrected in Novige’s dry test rig at KTH Royal
Institute of Technology.
2) Flywheel: It was identified that the flywheel, which has been previously installed in the system for
the previous NO1 iteration was in fact unnecessary. For the optimal generator RPM control the
flywheel is now removed, proving in the test rig to achieve a higher hydraulic efficiency for the
Pelton turbine.
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Otherwise, the following conclusions in terms of upscaling to the full-scale 500 kW unit and comparing the
results with numerical simulations have been made:
For the 1:5 scale we saw 5200 N vs 8000 N as maximum lifting force. In other words, the mean lifting force
was 65% of the maximum theoretical. With the nozzle adjustments (issue number 1) corrected for, we can
expect an average of 25% higher mean lifting force, meaning 6500 N. Consequently, the mean lifting force
can be expected to be 81% of the maximum lifting force.
The latching and restricted upwards movement has been shown to be optimum with about 65% of the
wave height as the initial forced draft, then increasing to 75% under the wave crest. This is in accordance
with our previously made 3rd party W2W model.
It is concluded that in a four-meter wave with 8 s period and 65% forced draft (equalling 2.6 meters
movement), the system will lift a maximum of 250 sqm x 2.6 = 650 tonnes. 81% of this gives 526 tonnes as
the average lift force over 2 meters of movement, giving an average hydraulic output of 1290 kW.
According to the previous numerical calculations made by WavEC, we should expect about 60% output in
irregular waves vs regular waves, meaning about 774 kW.
Losses due to friction in the cylinder and turbulence in the penstock should account to less than 5%. The
turbine losses range from 10-15%, the generator and converter losses to less than 10%, which in total will
be about 25%. This gives 580 kW output in a four-meter wave. In higher waves, the draft will be limited to
three meters, but as also the vertical speed is higher, we should be able to extract about 800 kW in a fivemeter wave and 1 MW in a six-meter wave. It should be mentioned that the cost/benefit of mounting a
larger generator and converter to reach this higher output, will be justified only in areas with higher wave
flux on a more frequent basis. This means that for most locations we will limit the output to 500-600 kW, as
the higher waves are quite rare.
To conclude, the Capture Width Ratio (CWR) has been calculated for the prototype tested during this access
period to illustrate the status of the technology and its hydrodynamic efficiency. The purpose is to evaluate
how the prototype compares to the intended full-scale performance and to other WEC technologies.
Figure 2.8 shows the CWR value of the NO2 unit tested in the ECN HOET facility (with semi-latching or
partial latching achieved), in comparison to the CWR of the full-scale NoviOcean unit (both with latching
and without latching operation). Other WEC technologies are also included in the figure. The values
regarding the full scale NoviOcean NO500 unit has been calculated previously by ECN during a TPL
assessment and development strategy planning service offered within the Marine Energy Alliance (MEA)
project.
Despite an acceptable performance with regards to expectations, the Novige team will continue its focus
on improving the system until a similar (or better) performance compared to the forecasted values for the
full-scale unit (with latching) can be achieved.
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Figure 2.8: CWR as a function of the WEC characteristic dimension and the WEC category, based on the information provided
by the developers. From (1) Babarit, A. (2015). A database of capture width ratio of wave energy converters. Renewable
Energy, 80, 610-628. (2) Benreguig, P. & Soulard, T. (2021). TPL assessment and development strategy planning for NoviOcean
Wave Energy Converter.
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3 Main Learning Outcomes
3.1 Progress Made
3.1.1 Progress Made: For This User-Group or Technology
During this access period, the following progress has been made by the user-group/technology:
1- Various wave conditions were tested and the device’s anticipated performance was monitored.
Despite certain observed electrical losses, the hydraulic performance was in an acceptable range
compared to the theoretical calculations.
2- The PTO characteristics were accurately simuilated, especially compared to the results from
MaRINET2 4th call access period.
3- Active damping control was investigated and the improvement point was identified.
4- Important device design modifications have been pointed out.
5- Mooring arrangements and effects on motion was carefully analysed. The results were satisfactory
and the new floating structure design was approved.
6- The physical properties otherwise not well scaled were monitored and the performance figures
were validated with improved accuracy.
7- The PTO and generating system was tested and improvement points for a more optimal
performance were identified. Moreover, the newly developed control system/strategy was tested
successfully which was a significant improvement over the results of the 4th call access period.

3.1.2 Progress Made: For Marine Renewable Energy Industry
The progress made with regards to the marine renewable energy industry is related to the extremely low
horizontal mooring forces due to having a rectangular shape of the floating structure. Moreover, the
results from this access period pinpointed more clearly in which areas losses were identified and how
improvements can be made for reducing their effect.

3.2 Key Lessons Learned
Although minor issues were experienced during this round of testing, the overal outcome of the tests were
positive. The following key lessons learned can be therefore mentioned:
1- Given that the previously identified issues are addressed and necessary adjustments are
implemented accordingly, it is expected that the full-scale 500 kW model will reach its full capacity
in 3.5 to 4 meter wave heights, confirming the previously made numerical calculations.
2- According to the first lesson learned, a capacity factor of 50% in a location with wave energy flux of
20-30 kW/m can be expected.
3- Moderate to low surge forces relative to the output will be expected for the full-scale product.
Mooring loads and survivability of the device exceeded our expectations, meaning that the shape
and design of the floating structure is capable of handling very rough situations.
4- The possibility to scale up to 2 MW capacity per unit is identified and preliminarily evaluated.
5- Regarding to the improvements, our team has now identified that an adjustable nozzle will be
needed for the next design iteration, as well as identified that the system can be operated more
optimally with a new/more efficient generator and without a flywheel.
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4 Further Information
4.1 Scientific Publications
No scientific publications have been made so far from this work.

4.2 Website & Social Media
Website:

https://www.noviocean.energy/

YouTube Channel:

https://www.youtube.com/channel/UCXb5rpyQME8HOmGq6wJzXzg

LinkedIn:

https://www.linkedin.com/company/novige-ab/

MyNewsDesk:

https://www.mynewsdesk.com/se/novige-ab

Novige on offshore-energy.biz:

https://www.offshore-energy.biz/?s=novige
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5 Appendices
5.1 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.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

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
environment.

A low fidelity system/component
breadboard is built and operated to
demonstrate basic functionality and critical
test environments, and associated
performance predictions are defined relative
to the final operating environment.

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.
Relevant Environments defined and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented
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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