2015 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – July 31st at 8:00 a.m., Phase II – September 9th

	Project Number:
	901405


	Project Start: Jan. 1,
	2014

	Project Duration (in years):
	3 1


Please indicate if proposal includes requests for any of the following (mark all that apply).

	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini-ROV


Please indicate what type of project is being proposed (mark only one).

	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	

	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education

	
	
	
	
	
	
	
	
	

	
	
	
	
	

	
	Time Series
	Institute Initiative
	
	

	
	
	
	
	


Project Manager
:

Andrew Hamilton
Principal Investigator:
Andrew Hamilton
Lead Engineer:

Francois Cazenave

Project Title:

PowerBuoy

1) ABSTRACT (new projects only)
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
How does it relate/contribute to MBARI’s mission and strategic plan? 
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.) 
Approach to the problem
Publications (from other projects over the last 5 years) 
b) Continuing Projects

Current status of project and results to date
At the time of this writing, four of the five planned milestones for 2014 have been completed:

Milestone 1:  2-month tether test.  This was complete in the fall of 2013 and reinforced our suspicion that some of our failures we have been seeing are related to the submerged plate behaving like a “maple leaf” as it falls in the water. This behavior allows the tether and bridle to go slack which leads subsequently to snap loading.  This is something the redesign of the submerged plate addresses.

Milestone 2: Power Take-Off (PTO) Improvements.   This is complete and included primarily material changes to a number of parts prone to corrosion.

Milestone 3:  Buoy Redesign.   We have hardened many items on the buoy that have led to small problems in previous deployments.  In particular the fiberglass enclosures have been replaced with stainless steel boxes, cabling and connector issues have been addressed, and the mechanical connection between the buoy and PTO has been improved. We have not undertaken redesigning this subsystem to create a submersible buoy with limited reserve buoyancy, which was one option considered for improving reliability.  The reasoning for this decision is described below.  

Milestone 4:  Plate Redesign.   This is nearly complete and constitutes the largest changes in the system design.  Details of this are described below.

Milestone 5:  6-Month Deployment.   Due to some challenges with the plate redesign, this deployment won’t start until August.  This will make a six month deployment impossible to complete before winter storms become an issue.   A decision on how long to leave the system deployed and risk being impacted by winter storms will be made late fall after we see how the deployment is progressing.

The main effort in 2014 has been the development of a submerged plate element that has some compliance, so that when faced with extreme conditions there is a limit to the peak force that it can exert on the rest of the system.  The original noncompliant design was a very simple rigid steel plate that had two undesirable behaviors. The first was its ability to exert enormous forces in big waves and the second was the tendency for it to swing around under the buoy, putting undue strain on the tether, PTO and buoy components of the system.

The force it takes to move any rigid element in the water is proportional to the square of the speed at which it is moving.  This means that as the waves get bigger, the forces in the system go up dramatically.  The approach undertaken to reduce this undesirable behavior is to design a structure with spring-loaded plates that rotate out of the way as the system is forced through the water at higher speeds.  A rendering of the design is shown in Figure 1.  This device has some compliance in that the large plates are hinged off-center, and spring-loaded.  In the figure they are shown in their resting position.  As the assembly is pulled upwards through the water they deflect down, becoming flat in modest seas, and deflecting down to vent water through the gaps in larger seas.  The cylindrical keel below the plates lowers the center of gravity to stabilize the system. 
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Figure 1:  Rendering of submerged plate assembly with compliant plates shown in their neutral position.  All components of this element have been fabricated and it is in the final stages of assembly before deployment.

Although challenging to make robust, this system exhibits two desirable behaviors.  One is that the force it exerts on the buoy is limited to a peak value, regardless of how fast it is moved through the water.  This provides the opportunity to design the system such that it appears to be a large plate in moderate wave conditions, but behaves as a smaller plate when faced with larger waves.  A second, equally important, characteristic of this design is that the dihedral shape of the plates in the falling position adds stability to the system and reduces the amount of swinging the plate experiences.  

A one-quarter sized model was tested in the MBARI test tank and these two key characteristics were demonstrated.  In this test the model was built and oscillated up and down through the water using hydraulics.  As expected, the force versus speed measurements showed a leveling off of the force required to move the plate at higher speeds.  The behavior of the structure was also observed and compared to a test in which the flaps were clamped in place.  With the flaps clamped the plate swung around considerably, similar to what we’ve witnessed at sea with the plain steel plate.  With the plates unclamped, the swinging was dramatically reduced and the plate simply moved up and down beneath the driving hydraulic ram.

The design challenge for this system is to make the springs that actuate the plates robust when faced with millions of oscillation cycles.  Springs tend to have high stresses in the metal and suffer from fatigue issues.  To mitigate risk of failure at sea, the torsion bar design adopted has been tested in the lab and unfortunately failed prematurely.  The engineering indicated this system should last for millions of cycles but in fact the test piece failed after just 50,000 cycles that were equivalent to those expected in storm conditions.  It is believed that this dramatic difference was caused by the omission of a straightening step in the heat treating of the assembly that is required to achieve the required metal characteristics. The process has since been improved by working with the heat-treating vendor and the project is currently in the process of performing a second test.  These issues have necessarily delayed the test deployment until August.  

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
This project is addressing the “Advancing a persistent presence” activity identified in the technical roadmap as an Engineering Challenge and Opportunity.  
Significant changes from previous project proposal 

The previous proposal outlined two approaches for increasing the longevity of the system; one which involved making the buoy “submersible” such that it would be pulled beneath the water’s surface when faced with large waves, and the other that introduced some compliance to the submerged plate element to limit the peak loads in the system.  In 2014 it was decided to concentrate on the latter approach and to continue to use the relatively high-buoyancy surface expression that we have used to date.  It would still be possible to explore the submersible buoy concept but if the approach taken proves to be effective. This would be done more for reasons of limiting buoy drift due to wind in certain applications instead of survivability, but would still help with survivability.

Publications based on the results of this project only
Hamilton, J.A., Henriques, J.C.C. et al.  Results from numerical simulation and field tests of an oceanographic buoy powered by sea waves. Proceedings of the 33rd International Conference on Ocean, Offshore, and Arctic Engineering.  San Francisco, June 8-13, 2014.
c) New and Continuing Projects: Plans for 2015
As described above, the results of our 2014 deployment are not yet available for informing the 2015 plans.  This proposal presents work to be done presuming that the upcoming test deployment convinces us this system can be made reliable enough to operate for six months or longer at sea.  If reliability is not demonstrated, it will be appropriate to have a review of this project to evaluate the likelihood of success with the wave-energy conversion concept being pursued.  Development activities in 2015 would then depend on the outcome of the review.

In the case of a successful 2014 deployment however, the activities proposed for 2015 follow the plan outlined in the original project proposal:

Year 1 (2014) 

System hardening and longevity demonstration.

Year 2 (2015)  

a) Power system re-design to convert all of the captured power to useful voltages and deliver this power to the submerged element of the system.

b)  Pursue options for station-keeping capabilities that would allow un-moored deployments.

Year 3 (2016) 

Engineering developments to support science applications in remote areas.  In particular, AUV docking.

The original proposal also stated:

The proposed project is intended to be a three year effort that ideally results in a PowerBuoy that can operate for up to six months, generates, converts and stores sufficient energy to provide 200 Watts average power at battery bus voltages, has the capability to support an AUV dock, and is suitable to be integrated into the Liquid Robotics flapping foil concept for station keeping.   
Engineering/technology development

Power System Developments

The 2015 work proposed for the power conversion and distribution system consists of two goals. The first is to increase the capacity of the system so that all of the energy captured by the system is converted to voltages suitable for use by oceanographic instrumentation.  Currently the electronics being used lack the capacity to convert more than about 25% of the electrical energy captured, discarding the rest as heat.  As described below, the approach to be pursued has an added benefit in that it results in a bi-directional solution in which energy from the batteries can also drive the Power Take-Off device in reverse, allowing the sub-surface plate to be stabilized for AUV docking if needed.  The second goal is to complete a power and communication link between the surface buoy and submerged plate component.   This will allow power to be delivered to an AUV dock and interactions with a docked vehicle to be performed through buoy based radio communications
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Figure 2:  Illustration of EM cable concept.   This design retains the desirable properties of the 3x19 construction. 

The development work to achieve the power conversion goals are fairly straightforward engineering tasks.  We have been working on concepts for the required components and are in a good position to proceed.  The solution we have been using at-sea to date  is based on a permanent magnet generator which generates voltages across a wide range (0-600V) as each wave passes.  This requires power converters to convert that rapidly varying voltage to a useful voltage for charging batteries (48V).   This is a difficult task for such converters to do efficiently due to the wide range of voltage and power levels involved.  

To address this we have been exploring a solution that employs an alternator, which generates electrical power at a fixed voltage (48V in this case) regardless of the speed the system is operating at.  We have tested a prototype of this concept in the lab and demonstrated acceptable efficiency and controllability of the system.  The work remaining to field it at sea is the coupling of an appropriate alternator to the existing Power Take-Off (PTO) device, refinement of the control algorithms, packaging the system components for at-sea use (controller, sensors, batteries, load dump), and interface the new system to the data logging and control computer presently on the buoy.  Although there is significant work to do, these activities are relatively low risk since we’re fairly far along in the proof-of-concept stage of this effort.

The distribution of power and communications to the sub-surface plate for use by an AUV docking component is higher risk due to the need to connect these wires from the surface buoy to the submerged plate.  For this the wires need to pass from the buoy to the power take-off device, pass through the hydraulic rods that make up the core of this system (and which are moving relative to the part that is rigidly connected to the buoy), exit the hydraulic rods and pass through the tether that connects the PTO to the submerged plate, see Figure 3.   We have kept this requirement in mind during the design of the system, so we have a plan for each of the required elements, but these have not been built or tested.  The hydraulic rods were originally designed to have a passage drilled through them to accommodate such wires, but for cost reasons these passageways were not included so that will need to be done.  
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With the wiring to the bottom of the PTO in place, the next step is to include the wires in the tether that connects the PTO to the submerged plate.  We have re-engineered this tether in 2014 for increased reliability, and have aimed that redesign to accept the conductors if needed.  In particular we’ve retained the 3x19 wire-rope construction that works well in this environment of oscillating tensions, but have increased both the wire-rope size, and the thickness of the jacket to provide a location for the conductors.  This is a bit of an unusual electro-mechanical cable construction so there is some risk that will need to be mitigated by lab-based longevity testing.  We’ve been working with Tension Member Technologies and South Bay Cable in developing this concept.

Figure 3:  Passing power and communications from the buoy to the submerged plate involves routing the conductors through the power take-off device.  This is challenging because the pistons inside are moving up and down, and carry considerable load.  The piston rods themselves were designed to be drilled out to create a small passageway for wiring between the tether attachment at the bottom and the top of the red piston in the cut-away view to the left.   From there, a slip-ring and coil cord arrangement (like a phone cord) makes the transition from the moving piston rods to the stationary housing.  We designed and built this coil cord system earlier in the project for another purpose, but it was never deployed.  Below the power take-off device shown, the power and communications conductors would transfer to the electro-mechanical tether described in the text and in Figure 2.

Station Keeping Feasibility
The utility of this system is greatly enhanced by a station keeping capability that would allow the system to be deployed without the complexity of a mooring system, and be repositioned during extended deployments.  The most suitable technology to achieve this remains the Liquid Robotics flapping foil system.  The compliant-plate technique we have pursued for the submerged plate is compatible with this approach.  In fact, to some extent it is a matter of reversing the orientation of one or more of the plates and our design would be converted to a system that provides propulsion.

After or during a successful 2014 longevity proving deployment would be an appropriate time to re-approach Liquid Robotics about collaboration possibilities.  We did not succeed at this a number of years ago due to complications arising from our DARPA sponsorship, which is no longer an issue.  Additionally, the top management of Liquid Robotics has recently changed and in a meeting at MBARI the new CEO of Liquid Robotics expressed interest in this collaboration.  Ideally, we would enter these discussions having proven sufficient longevity of the system, so 2015 could be the best time to pursue this in detail and time is allocated in our schedule for these discussions and any modelling or other analysis needed to advance this cause.  

Year Three Activities

The activities outlined above are those necessary to support the AUV docking and station keeping goals of the project.  The submerged plate built in 2014 has been designed with these in mind, it is adaptable to a flapping foil propulsion technique and conceptually able to support the AUV dock we had previously designed and built (but did not test) for the DARPA project.  The 2015 activities are centered on tackling the technical challenges associated with enabling those capabilities, preparing the system for the possible demonstration of novel capabilities in 2016.
Field programs (detail ship requirements/deployments/diver requirements)
As in 2014, a test deployment would be performed in the second half of 2015 in order to test and demonstrate the capabilities described above.  This deployment could be extended into the winter to test the systems capabilities in extreme conditions.  

Traditionally this system has been deployed and recovered by the Shana Rae.  This has proven very cost effective due to the fact that the system was designed for that ship from the beginning.  The ship costs outlined in the budget reflect the continual use of this boat.  Deployments can be done from the Rachel Carson if it is available but some effort will be required to re-engineer our systems.  

During deployments we typically dive on the system once every 2-3 weeks to inspect various aspects of the underwater components.  For the 2014 deployment we have added equipment to monitor some aspects of the hydraulic system that previously required underwater inspection.  For this reason we will plan on only monthly dive inspections in 2015.  This and other inspection trips have been effectively performed with the Paragon.  Typically these are three to four hour trips.  In the budget and ship request it is assumed that each service trip requires ½ of a Paragon day. 

Specific deliverables
1) Power system capable of converting all of the captured electrical power to useful battery voltages.
2) Power distribution system to deliver power and communications to the subsurface component.

3) System suitable for at-sea testing and results from subsequent test.

Milestones (see personnel classification list)
	2015 Project Start Date: 

1/1/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	6/1/2015
	 6/1/2015
	8/1/2015
	12/31/2015
	

	Milestone Description
	Complete Power Conversion

System
	Complete Power Distribution System
	System Integration and Test
	Complete Test Deployment
	

	EE
	364
	88
	80
	36
	568

	SE
	340
	
	40
	36
	416

	ME
	540
	256
	276
	200
	1272

	EE Tech
	200
	86
	32
	16
	334

	SE Tech
	
	
	
	
	

	ME Tech
	136
	108
	96
	60
	400

	Machine Shop
	100
	140
	
	
	240

	Divers
	
	
	
	56
	56


Milestone 1:  Complete Power Conversion System

We have been working on a proof of concept for this system in the lab and have most of the hardware prototyped.  The work remaining is to complete the testing and performance optimizations for the system after the final alternator hardware is selected and obtained.  With that complete the bulk of these tasks are a matter of replacing some lab-based components such as power supplies and signal amplifiers with electronics that can be packaged for sea.  Scott Jensen is important for much of this work, but some of the board design aspects could be moved to another EE.  The packaging of these components for at-sea work involves relatively straightforward mechanical engineering tasks.

Milestone 2:  Complete Power Distribution System
Completion of this milestone will result in a power and communication connection between the surface buoy and the submerged plate.  The required tasks to meet this milestone are largely mechanical engineering oriented, with some input from the electrical engineer to specify wire size, insulation requirements, etc.

Milestone3:  System Integration and Test

Completion of this milestone will result in the power buoy system assembled, tested on the test machine, and ready to go to sea.  Note:  44 ME Hours are included here for any station-keeping feasibility study work needed.

Milestone 4: Complete Test Deployment 
The tasks and estimates outlined to complete this milestone are well established by previous deployments.  After recovery one or more post-deployment tests will be completed to assess the systems performance.  In particular the condition of the tether and submerged plate will be evaluated.
Budget justification
The table at the end of this proposal contains a work breakdown for all the tasks and sub-tasks that make up the total requested labor, ship-time, and expense.  The labor and ship-time estimates are based on our experience with the effort required to make engineering changes and field-test the results.  The expense budget is based upon component quotes where possible and estimates where the items are not well enough defined at this point for quotes.   In particular:

- Shana Rae time is estimated at $2000/day, this is consistent with recent trips with this boat.  

- Expenses for the power conversion system are primarily for electronic boards, materials for housings, and cables and connectors.  

- Expenses for the power distribution system are split between small items for cabling and connectors, the cost of drilling the hydraulic rods to accept the conductor pathway, and the cost of obtaining the EM cable.  The estimates for the latter two are based on rough quotes previously obtained for these items.

- The deployment costs are based on previous experience, a large expense has been include in case the torsion bar springs in the submerged plate need to be replaced, we won’t know if this is necessary for some time so the expense is included.

Project team
Unlike 2014, many of the tasks required to execute the proposed activities are electrical in nature.  Scott Jensen has been instrumental in the concept design and development of the electrical system we are pursuing.   For this reason Scott would need to be a key contributor to the power system development, while system-related tasks could be performed by another electrical engineer.  Paul McGill is well versed in a lot of these items.
Mechanical engineering tasks are also important to the power distribution aspects of the project, as well as to the refurbishment and incremental changes that invariably follow each deployment.  The core team of Francois Cazenave, Jon Erickson, Andy Hamilton, and John Ferreira are requested, but at lower levels than 2014 in which significant mechanical engineering was performed.  There is considerable overlap in skills between these individuals so the tasks and allocations can be split up in many cases.  Francois remains critical to deployments however.

The integration of the new power system into the existing data logging system would most efficiently be done by the original software engineer for the system, Wayne Radochonski. 
Project lab space
Project lab space is a significant issue for this project.  The test equipment needed is large, noisy, and difficult to store between uses.  DMO has graciously allowed us to use significant space in building D; we moved in there three years ago with the intention of staying for a single test and we’re still there.  Patience may be wearing thin, and if we are to stay in that location the space allocations should be made more official within MBARI.  Unfortunately there aren’t a lot of other on-site options, but we are willing to be creative as needed.  Aside from the noise we periodically make, we are in the way in building D with regards to the storage and retrieval of ROV tool sleds and associated equipment.  Moving this material to the new expedition staging building would free the space for our exclusive use, but of course this isn’t an immediate solution.  The other issue is the noise our test equipment makes. Although we run it infrequently, it effectively limits the ability for anyone else to work in building D. 

Data availability outside project team, uniqueness

We typically publish live performance data of the system on the web-site in the form of graphs.  Detailed numerical data is not available without us providing it.  
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

Not at this time.

Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No.

Monterey Bay National Marine Sanctuary SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 
None, deployments are typically in the Sanctuary (7 miles from MBARI) but are not in the SESAs.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	X
	
	X
	

	Medium
	
	
	
	X

	Low
	
	X
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2015 is not January 1, please indicate the start date in the first cell of the milestone chart.


� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.
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