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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 instances of the autonomous underwater vehicle mounted component of the power transfer device have been created.  The first and second versions have been superseded and de-commissioned.  There are two third generation devices incorporated into LRAUV vehicles that are routinely deployed at sea, and on in the lab awaiting vehicle integration.
· 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 and awarded January 14th, 2025. See Foreground Intellectual Property Reporting below for more details.  The past years efforts have been focused on demonstration and use of the system, so no new IP has been generated.  The changes to the specifics of the design have led to performance improvements, but are within the scope of the work outlined in the patent.
Activities and Technical Results
In this reporting period MBARI has performed routine AUV docking operations with the Niobicon technology.  In 2025 the LRAUV docked to this system hundreds of times, with each dock requiring about two approaches on average.  Missed approaches automatically re-try, with an increased docking rate on the second approach due to information gained about the local currents on the first approach.  This success rate has proven to be perfectly adequate and the homing and docking algorithms have been refined to the point that no human involvement is needed beyond a command to initiate docking (which can also of course be commanded as part of a larger mission profile). While docked, the vehicle re-charges at about 240 W (10A at 24 Volts nominally) and is in communication with shore through a data pathway across the Niobicon connector, up to the surface buoy, and to shore over a cell-modem system.  An increase in power is underway as the system is converted to 48V.  Figure 1 and Figure 2 illustrate this mooring and the connection to the docking system as is deployed in Monterey Bay.  
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Figure 1:  Docking system surface expression 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.
Moving forward, efforts are underway to integrate this docking technology into the MBARI wave-energy converter in 2026 as shown in Figure 4.  This system provides an order of magnitude more energy than the solar powered buoy.  Although the connection details will change, the docking station will be the same aside from refinements in technique such as moving the location of the acoustic beacons to improve performance.
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Figure 4: AUV dock connected to MBARI wave-energy conversion buoy, planned for 2026.  Drawing to scale in 80m of water.
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, specifics about how to make electrical connections to the material that are suitable for this purpose, and details about how best to effectively perform data communications over the same conductors that are transferring power.
In January, 2025, the US Patent and Trademark Office issued patent number 12,195,153, assigned jointly to MBARI and Northrop Grumman.  This patent covers the specific implementation of Niobicon in the topology the MBARI design, which relaxes the capture and alignment requirements for power transfer to a docked autonomous underwater vehicle.  As described above, upgrades to the docking hardware continue with each deployment, but are refinements of the concepts outlined in the patent for improved performance.
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