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1) ABSTRACT (new projects only)

The wireless power and data technology development effort was started in the FOCE project in 2010 driven by the need to easily swap pH sensors on deep water FOCE experimental chamber attached to MARS.    The technology was developed for a low power (<10W) wireless power and data connector but by the time the technology was ready for field trials in 2012, the decision was made to discontinue the deep water FOCE on MARS and focus on shallow water FOCE.   There were plans to build a medium power ‘easy swap’ connector to enable swapping higher power instrumentation, motor assemblies and electronics packages, however without the deep water FOCE, this effort was de-prioritized from FOCE.

The MARS cabled observatory maintenance team was briefed on the wireless power technology and saw how it could extend the life of the ODI connectors on the MARS cabled observatory, as several of the connectors have reached their limited mating cycle limit.   The idea of extended the life of the MARS node with wireless power connector technology also interested the NSF program manager for MARS.

This proposal is the result of the interest by the MARS project.   




2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

· Wet mate-able connectors are expensive, have limited mating cycles, and have reliability issues.
· Wireless power transfer, also known as inductive power transfer, allows for ‘contactless’ connection thru electrically insulated plastics that do not corrode in sea water and have nearly unlimited connection mating cycles.
· Cabled observatories have wet mate-able connectors and would benefit by having an ‘easier’ connection for maintenance and attach of undersea sensors and platforms by ROV manipulator.
· The MARS cabled observatory has connectors that are nearing their mating cycle limit and it would require a very high dollar recovery of the MARS node to replace the expensive connectors and return the MARS node – this cost could be prohibitive (est. over a $1M)

The ‘easy swap’ wireless power solution would provide a ‘power strip’ of 150W (can be doubled up for 300W) connections on MARS.   This would also lower the cost for developing projects for connecting to MARS as the easy swap connector would be substantially lower cost.



How does it relate/contribute to MBARI’s mission and strategic plan?

Wireless power and data transfer solves a problem for wet-mateable connectors in the ocean.   Wet mateable connections enable lower maintenance cost for science equipment.   The lower the maintenance cost the better the access is to the ocean which is implicit in the MBARI mission – engineering enabling science to do more with less.

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.)

This is a technology development project that would be enabling science equipment connections and maintenance commissioned thru the Ocean Visions Grantmaking policy.  It has indirect affect but could be game changing technology for instrumentation and experimental equipment in the ocean.

Approach to the problem

A low power (<10W) device went thru the stages of technology demo by passing wireless power thru seawater, then a functional prototype was designed, a patent filed, prototype constructed and tested.  The next step on the technology road map is for medium power (<200W).   A design was begun based on LLC resonant converter topology and at the same time the marketplace was being reviewed.  A company, PowerByProxi was advertising a wireless slip ring device for agriculture market in 3Q2012 and a meeting was arranged at the Consumer Electronics Show and their product was preliminarily tested.   It performed well enough to evaluate ‘make vs buy’ and the decision was made to buy and work with the company to harden their design for the deep ocean.   The technology of PowerbyProxi looks promising to be incorporated into the MBARI connector.   We would make the necessary electrical modifications for pressure tolerant component hardening and negotiate a deal to purchase from PowerbyProxi the modified technology at a discount.

Publications (from other projects over the last 5 years)

N/A

b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date

   [Click here to enter text]   

Significant changes from previous project proposal 

   [Click here to enter text]   

Publications based on the results of this project only

   [Click here to enter text]   

c) New and Continuing Projects: Plans for 2014

Research Activities

N/A

Engineering/technology development

The project was broken into two milestones.  Success on Milestone A gates the investment on Milestone B.   Milestone A has an emphasis on Electrical with minimal packaging (mechanical) engineering.


· Milestone A – Proof of Concept for 150W with serial CANbus data transfer.   
· Tech development.    
· PowerbyProxi electronics hardening for pressure tolerance
· Bench top testing
· Test jig setup for electrical load, efficiency and serial data error rate validation
· ‘Bag’ packaging
· test tank testing
· Tech demonstration.
· Mated connector electrical and data load testing in oil for pressure vessel up to fail or 10000psi
· Proof of concept by integrating the connector on an ROV and using the manipulator to cycle the connection under full electrical load while passing serial (CANbus) data at 900m depth.
· There is moderate risk since the proof of concept milestone has ‘shoe box’ potting rather than the  mechanical engineering investment.
· It was requested to minimize engineering resources for the ‘proof of concept’, hence the shoebox potting.


· Milestone B – Functional Prototype:
· Perform the mechanical engineering design and fabrication to properly package the electrical technology for a usable prototype on MARS cabled observatory.
· ODI connector with Ethernet and 48v/375v power to 3 port serial wireless power plug strip (easy swap)
· Power conversion electronics
· Power instrumentation for diagnostic
· Annunciators for connection
· Packaging design, potting jigs and molds
· 240W peak, 150W sustained ‘contactless’ power and data transfer connector – ‘Easy Swap’ installed and tested on MARS cabled observatory


Field programs (detail ship requirements/deployments/diver requirements)

For Milestone ‘A’:  One ‘ride along’ day for testing the power and data transfer on the ROV at 900m, Rachel Carson and Ventana are likely candidate.

For Milestone ‘B’: One partial day on the Carson with use of the ROV for attaching the unit to MARS and plugging in a test cable.

Specific deliverables

Milestone A
· Proof of concept will be a device integrated for the purpose of demonstration on an ROV and show to pass 150W and 115k baud serial data.   This device is intended to be usable by an end customer device on the ROV or MARS.
Milestone B
Mechanical and Electrical design and implementation for a functional prototype on MARS capable of 150W and 115k baud serial data for the plugged in devices.   Three sockets on the ‘power strip’ available for use on MARS.
Milestone C
· Modifications to the functional prototype to demonstrate Ethernet for the plugged devices.   Not a deliverable to MARS for 2014.


Milestones (see personnel classification list)

   [Click here to enter text]   

	2014 Project Start Date: 
MM/DD/2014
	Milestone A
NSF funding
	Milestone B
	Milestone C
	
	
	Total Resources[footnoteRef:4] for each resource category for all milestones listed here [4:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	Apr 2014
	Aug 2014
	Nov 2014
	
	
	

	Milestone Description
	Electrical Proof of Concept 150W, serial
	Functional Prototype for MARS
150W, serial, 3 ports
	Electrical
Modified prototype adding 100Mbps ethernet
	
	
	

	EE
	
	80
	240
	
	
	320

	SE
	232*
	120
	40
	
	
	392

	ME
	16
	775
	16
	
	
	807

	EE Tech
	128
	80
	40
	
	
	248

	SE Tech
	
	
	
	
	
	

	ME Tech
	144
	80
	
	
	
	272

	Machine Shop
	
	240
	
	
	
	240

	Divers
	
	
	
	
	
	


*SE is performing the electrical engineering tasks
Budget justification

· Milestone A:  $13,700
· $6500 for 2 powerbyproxi units, 
· $4500 for electronics and test jig construction
· $1500 for Serial/CANbus bit error rate test unit
· $1200 for connectors, cables, potting, shoebox, misc
· Milestone B:  $30,000
· $10,800 for 5 powerbyproxi pairs.
· $3000 for connectors and cables
· (Assume we can use a MARS compatible ODI connector from DMO)
· $7000 for mold, packaging and mechanical engineering materials
· $1400 for potting compound, etc.
· $3800 for electronics (Ethernet to 4 port serial)
· $4000 for power conversion electronics (375v to 24v or 48v to 24v converters, custom hardware)
· [bookmark: _GoBack]Milestone C: $9,250
· (assume we will use one of the powerbyproxi spares from Milestone B
· $1500 for connectors and cables
· $6750 for two PCB revision fabrication and assembly
· $1000 for misc hardware


Project team

Thom Maughan
Bill Kirkwood
Paul McGill

Project lab space

Require a 5 foot section of test bench for 4 months to setup tests, can be in the Building B electronics lab..  Also require several days of pressure vessel and a couple weeks a the bottom of the test tank with cables attached for 48v power and serial

Data availability outside project team, uniqueness

N/A

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

   [Click here to enter text]   

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 export planned in 2014.  We will begin the tech transfer process and there are cabled observatories in Canada that may be interested in the technology.

   [Click here to enter text]   

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. 

   [Click here to enter SESA number, if applicable, or enter "None"]   

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
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	Medium
	x
	x
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	Low
	
	
	
	





