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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:

· One prototype instance of the autonomous underwater vehicle (AUV) mounted component of the planned power transfer device, 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 the first year of this project, progress has been made towards demonstrating re-charging of underwater vehicles in a novel way that takes advantage of (and requires) the unique characteristics of the Niobicon material. In particular, the concept of a Niobicon-based connector using radial brushes around a vertical rod with Niobicon electrodes has been prototyped, tested, and is in the process of being deployed on an AUV for at-sea testing. Figure 1 - Figure 3 illustrates this basic concept and shows some of the mechanism details.    
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Figure 1: Basic electrical concept of AUV docking connector.
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Figure 2: Illustration of the Niobicon brush arrangement allowing contact while the connector rotates and translates up and down. Cut-away view on right shows spring-loaded brush detail.
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Figure 3: Illustration of the prototype mechanism to allow latching/unlatching of the AUV from the vertical rod.
Through this project period MBARI has done preliminary prototyping of this concept in the form of a connector suitable for lab electrical and mechanical testing but this item is not an AUV-deployable device (Figure 2). This prototyping allowed us to perform testing to investigate the wear characteristics of the device in applications where there would be a lot of motion, do some preliminary testing on brush design and current flow capabilities, and perform some very preliminary testing in which data was transferred over this connector simultaneously with power. The results of these testing did demonstrate the concept as viable as conceived, but also led to the need for more research to optimize the brush design to avoid excessive wear, and illustrated that any communications protocol will need to tolerate an electrically noisy connection.
In addition to a lab prototype, an AUV deployable prototype has been developed based on the lessons from the lab prototype. Based on experience so far, this prototype will be functional in cases where there is limited AUV motion after docking (i.e. when docking to a sea-floor mounted dock without motions induced from surface waves), and no facilities are included for communications alongside power transfer. The intent is to demonstrate at-sea use of this concept immediately, with an expectation that improvements in the ability to withstand wear, transfer power, and include communications in a static and/or moving environment will follow. At this time, a prototype device (Figure 3) has been developed and integrated with MBARI’s LRAUV platform. On-shore tank testing has demonstrated the functionality of the latching mechanism and power transfer has been demonstrated. A mooring system suitable for ocean testing is nearing completion and will be demonstrated at sea in coming months. This testing will be performed within 10 meters of the seafloor on a mooring dock (vertical rod) supported by sub-sea flotation, and fed power from a nearby surface buoy via a seafloor cable.
As the initial testing described above is completed, MBARI is planning to work in two directions simultaneously. First, MBARI will work to integrate this connector into a more permanent ocean buoy system and/or the sub-sea cable-to-shore MBARI maintains (MARS) for repetitive use. And second, research into design refinements will occur with an aim to make the device more wear-tolerant, transfer higher power, and integrate communications.

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.
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