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Summary

This report outlines work done under the license agreement between Northrop-Grumman and MBARI (Northrop Grumman Document Ref # 2018-11PW1N04C). A summary of required reporting elements is presented in this section, followed by more detail in the subsequent sections.
At this time, all instances of the Licensed Subject Matter continue to reside at MBARI and have not been communicated or transferred to any non-MBARI personnel. 
At this time, Licensed Products designed and developed under the terms of this agreement include:

· Three prototype instances of the autonomous underwater vehicle (AUV) mounted component of the planned power transfer device.  The first version has been superseded and is no longer in use, the second developed is currently mounted to an MBARI LRAUV and is in use at sea.  A third is under construction at the time of this report and represents a refinement of the design. See Activities and Technical Results below for details.
· Four prototype instances of the “dock” component of the connection have been constructed. The first two were proof of concept and manufacturing prototypes, and the second two vary in length and are being used for test-tank and at-sea testing. See Activities and Technical Results below for details.

Foreground Intellectual Property for consideration under the License and Joint IP agreement centers around the connector concept being developed in this effort, the utilization of Niobicon in that design. A non-provisional patent was filed in conjunction with Northrop Grumman on May 11, 2023. See Foreground Intellectual Property Reporting below for more details.  
Activities and Technical Results
In this reporting period MBARI has fielded a refined version of the docking buoy and dock, and is routinely docking the vehicle to this system and charging the vehicles batteries. This upgraded mooring system and dock is designed to be a year-round mooring and so the current deployment will continue during the winter of 2023-2024. Figure 1 and Figure 2 illustrate this mooring and the connection to the docking system as is currently deployed in Monterey Bay.  
Throughout 2023 docking has been exercised with this system, including power transfer of about 240W (10A at 24 Volts nominally) and data communications over the power-transfer link. This testing has brought to light areas for improvement related to the homing performance of the system, and a requirement that the vehicle needs to be docked near one end of the rod for successful data transfer.  Performance improvements for both of these issues are being actively pursued.  At this time successful docking is occurring about 20% of the time, with no penalty for misses, the vehicle simply drives a loop and tries again.  We do not believe we are yet up against physical limits of the system and sensors, and that further improvement is possible with refined algorithms and tuning.  Similarly, the power transfer rates are being limited by two factors that are currently being addressed. The first is that the on-vehicle charging circuitry is limited to 24V on the input side, a 48V solutions is being integrated now and that should immediately double the charging power. Second, we are charging at 10A and we haven’t explored the upper limits of this. We do know that arcing and pitting occurs at some point as the current level is increased, the most recent device iteration uses multiple brushes to mitigate this, and this could also increase the total electrical current being transferred. 
In addition to perfecting the docking performance, the next two projects for this system involve supporting science applications that require transect to be repeated regularly (daily or several times per week) in Monterey Bay. The first of these projects will use the solar powered buoy in 2024 and developments are also planned to replicate this capability at the 900m deep “MARS” cable-to-shore site in Monterey Bay in 2025. 
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Figure 1:  Docking system surface expression as currently deployed in Monterey Bay. 
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Figure 2: Arrangement of solar buoy, AUV dock, and AUV on dock. Drawing is not to scale.
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Figure 3: Vehicle latched to rod on October 17, 2023. Image taken from camera located on the anchor looking up at the system.
Foreground Intellectual Property Reporting

The foreground intellectual property developed to date in this effort is contained in the use of the Niobicon material in a connector that allows latching and unlatching from a sub-sea mooring for the purposes of power transfer. This device allows a non-rigid connection of the AUV to the mooring which precludes the need for close alignment to transfer power, reduces the impact energies involved at the time of AUV docking, and potentially could allow an AUV to be directly connected to a surface buoy without the need for a sub-surface installation. Secondary technical know-how that has been developed includes some design specifics regarding the wear properties of the Niobicon material in this application, and specifics about how to make electrical connections to the material that are suitable for this purpose.
In May 2022, in collaboration with Northrop-Grumman, a non-provisional patent was submitted that covers developments involving the licensed material, and we look forward to continuing the patent process for these developments in 2023. For reference the filing receipt for USPTO patent application #: 18.315,919
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