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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:

· Two prototype instances of the autonomous underwater vehicle (AUV) mounted component of the planned power transfer device.  The second developed has superseded the original and is now the primary test unit.  See Activities and Technical Results below for details.
· Two prototype instances of the “dock” component of the connection, one shorter 0.3-meter item for test-tank use, and one 1.8-meter long item for at-sea deployment, 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. See Foreground Intellectual Property Reporting below for more details.

Activities and Technical Results
In this reporting period MBARI has fielded the prototype developed in year one, and successfully tested homing, docking, and power transfer through the device. Figure 1 shows the completed Niobicon-based latch device mounted on the vehicle and prepared for at-sea deployment. Figure 2 illustrates the separately developed solar-powered mooring that delivered power and communications to the seafloor mounted dock. Figure 3 shows that vehicle successfully docked in about 75 meters of water.  
While latched, power was transferred from the mooring into the vehicle at about 240W (10A at 24 Volts nominally). This dock was deployed at-sea for about 7 months in 2022, and many docking episodes were demonstrated while testing the homing and latching behaviors of the vehicle, and subsequent power transfer. While the docking rod stayed at sea throughout this period, the AUV itself returned to shore many times in the course of operations, allowing opportunities to inspect the docking device, and make changes. Through this process the basic concept of this docking approach was demonstrated, and a number of area of improvements were identified for the Niobicon-based latch design.  In particular arcing degraded the surface of the Niobicon dock and brushes, and in later tests a dual-brush arrangement was tested to evaluate ways to improve the performance. Notably, electrical limitations in the buoy and AUV limited this testing to 24V, the next iteration of this installation will operate at 48V and it is expected this will double the energy transfer rate possible without increasing the electrical currents. Techniques for also passing data along with power through the same conductors have been investigated in the lab for this device, but not yet tested at sea.

With this initial at-sea proof-of-concept demonstration complete, MBARI is now working towards implementing a more permanent AUV dock station that will be supported by a solar-power and communication buoy that will have year-round capability. With this deployed in Monterey Bay, MBARI will continue to refine this docking concept in the coming year, while using the vehicles for scientific studies as well. Ideally the utility of the extended presence AUV will be demonstrated in this way. Beyond the coming year, MBARI aims to also deploy this system at the 900m MARS site in Monterey Bay. This cabled-to-shore instrumentation node provides continuous power and data connectivity.
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Figure 1: Photograph of the Niobicon brush docking latch mounted on the starboard side of the MBARI LRAUV.  The latch is shown in the closed position.
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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 1: Photograph of the LRAUV latched to the dock at sea after successful homing and latching. Camera is looking up from the seafloor.
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 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 the provisional patent is attached.
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