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Abstract:

Service and maintenance of a multi-user cabled ocean observatory like the Monterey Accelerated Research System (MARS), will require interesting new capabilities and innovative solutions. This paper will describe some of the new equipment and techniques currently being developed at the Monterey Bay Aquarium Research Institute (MBARI).  The MARS facility will be supported by MBARI’s Marine Operations Division and Support Engineering Group. To maximize success, not only for the science user but also for the facility itself, MBARI will make considerable resources available to the user based on the experiment being conducted and the level of support requested. Local assets include three MBARI-owned vessels, each with different capacities, two ROV systems capable of working in and around the MARS Node, laboratory facilities for testing and assembly of user packages, ten meter deep sea water test tank facilities for testing interfaces with user equipment, and access to engineering and technical resources. In addition to the MBARI assets, UNOLS vessels can be used to provide support for deployment and recovery of science equipment.

MBARI has developed a number of tools and methods that work with 

existing assets, as well as with other public resources available to science users. Some of the initial MARS tasks required are: 1) Launch and recovery of the main electronics/electrical package for maintenance, upgrade, and repair. This is considered a heavy lift task by ROV standards. 2) Once a package is in place, test the science port(s) for conformance to contract obligations regarding power and communications. 3) Deploy and service many different types and styles of science user equipment with techniques based on size and weight of packages. 4) Interconnect science packages to the distribution node from remote locations using several cabling techniques based on power requirements and distance.

As MBARI embarks on the MARS facility project, these key tasks are fundamental to establishing operational support for the project. 

Introduction:

How to deploy, service and recover science packages are the challenges facing the operators of a cabled observatory, especially one designed to act as a testing facility. Testing implies a relatively quick turn around for experiments, making the need to have efficient processes and methods in place critical.

Node Deployment:

The first major task of the operator is to be able to service the primary electronics node. In the MARS case, this unit is over 2100 kgs in air and occupies a volume of approximately 4000 liters. To deploy or recover this node using standard ROV manipulator techniques would be impossible. 

To overcome the issues of deploying a package 60% of the size of the ROV, a scheme has been developed using a combination of a customized tool-sled, a two-part launch and recovery sequence, some enhanced vision capabilities and vision-controlled station keeping.

The customized tool-sled includes a free-wheeling winch that will hoist the MARS node up to the underside of the tool-sled frame and hold it securely during transit and alignment to the trawl resistant frame (TRF). Two boom mounted cameras, a Schilling T3 manipulator with integrated camera, some hydraulic controls for releasing the winch and four 250w incandescent lamps round out the tool-sled equipment configuration. 

A two part launch sequence has been selected due to load considerations on the available lifting equipment. A combination of the MARS node electronics package and the in air weight of the ROV Ventana exceed the dynamic working load of the crane on board the RV Point Lobos, the latch used to launch Ventana and the load path through Ventana to the MARS node package. The ROV is launched first, using the existing load stabilizer designed into the crane head. The node package, mated to the tool-sled winch line, is launched next using the load stabilizer. The stabilizer secures the load making the launch and recovery much safer and also increases the weather-operating window. Once in the water, the node package is released from the crane and sinks below the ROV. It is then winched up to the underside of the tool-sled frame and aligned. This sequence reduces surge loads created by the large footprint of the node.

The footprint of the node is larger than the ROV. To assist in placement and removal of this large package, four cameras are used to help visualize the environment. Two cameras are placed on the stern and mounted to outriggers, a third is mounted on a core vehicle swing-arm (port forward corner) and the fourth is integrated into the Schilling T3 manipulator (starboard forward). The outriggers and swing arm extend sufficiently to allow the cameras to observe the TRF and the bottom of the MARS node. The four cameras are used to coarsely position the ROV over the TRF. (fig 1).

An adapted version of Stanford University Aerospace Research Laboratory’s vision control system is used to station keep over the TRF. This system relies upon two cameras mounted in a fixture that creates a known geometry between the two images. The fixture is mounted into a feedback pan and tilt unit. The 
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Fig. 1

information from the pan and tilt along with data from other sensors on the ROV, heading, depth, altitude, pitch, roll and Doppler Velocity Log (DVL) are fed into the control system program. Thrust commands are generated to maintain a constant relationship between all the data and the images. A pilot operated interface allows the ROV position over the TRF opening to be “fine tuned”.  When alignment is complete, the node is lowered down into the TRF. The Pilot continues to pay out cable until the ROV is able to maneuver into position to release the latch.   

The latch consists of a titanium post mounted on the node package and a latch/stab combination connected to the winch on the tool-sled. The latch portion drops over the post and secures the node to the winch line. This latch cannot be released under load. After insertion of the node, the ROV maneuvers into position to release the latch using the T3 manipulator. The stab portion is identical to the lifting stab on the ROV.  

For the recovery process, the ROV stabs the latch into the post on the node. The latch is not connected to the ROV winch but instead has a bundled messenger line and float. The ROV then removes cast lead weights from the node package. The node is now positive and can be tended to the surface by the ROV or allowed to surface as an elevator. Upon surfacing, the ships crew can grapple for the messenger line and feed it through the recovery crane’s latch. By using the latch and crane to lift the node out of the water we take advantage of the load stabilizer built into the crane, making the pick safer and easier.

Port Testing:

The MARS node has eight ports. Each port can deliver 400 vdc, 48 vdc, a 1pps precision timing signal and a 100baseT Ethernet communications path. Each port is also capable of being power and bandwidth limited via the control system software. (MBARI 2005) After installation of an instrument, it is critical that the observatory operators be able to test the port in situ for the appropriate timing, communications signals and power levels as described by the user’s contract. To achieve this, MBARI has developed a ROV deployable tool that plugs into the science port on the node. The tool consists of an Ethernet card, a two port hub, an embedded controller, a four channel analog to digital converter, a precision frequency counter, and two power loads. 

Communication with the tool is achieved through ROV Ventana’s Ethernet communication path. A dedicated device with a known IP address is configured in the control room, allowing the observatory operator to test the complete communications path. The controller reads the values across the loads (configurable based on use contract) presented at the A/D board and the frequency counter, then passes those values to a simple user interface running in the ROV control room. The information can then be read and used to determine the port health. If the values are within acceptable ranges the port meets contract requirements. If the user is connected to the node with a standard interface cable, it would also be possible to verfy the health of the extension cable. This service would need to be contracted between the user and either MBARI or another ROV service provider. This tool is portable and capable of being operated by any ROV that has sufficient power and a 100baseT Ethernet link to the surface from the ROV. 

Instrument Deployments:

MBARI’s ROV Ventana will conduct most service and installation for user instruments.  To be as efficient as possible, most science packages are deployed with the ROV rather than by use of an elevator. This method alleviates the time required to launch the package, find it on the bottom and move it to the desired location. Time is also saved by avoiding the need to recover a device that has been sent to the surface by an elevator. 

To carry packages to the seafloor with the ROV, several options are available. Stabs patterned after a Harbor Branch Oceanographic Institute design have been installed on a swing arm. The in air load of this package can be up to 100kgs with a maximum in water weight of 45 kgs.  The stabs allow for large packages such as Dr. Edith Widder’s Eye in the Sea camera to be 
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Fig. 2 (3m between camera and bait)

deployed while swung clear of the forward area of the ROV. (Fig. 2) This allows for a clear view and work zone prior to the instrument ‘s deployment. This technique is the preferred method of large instrument deployment. The package is very secure and out of the operator’s workspace until needed. Other mounts have been designed for use on the swing arms where the stabs are not a practical fit for the instrument design such as those used for the Monterey Ocean Observing System (MOOS) instrument cluster and the Canyon Dynamics instrument package. 

In the event a package is too heavy for the swing arm stabs or the package’s dimensions do not permit their use, it is possible to use front porches for deployment.  (Fig 3)
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Fig 3

This method relies upon the package being secured by one or both of the ROV manipulators, often times not the most secure method. It also blocks the operators field of view until the package is released. The maximum in water weight using a porch deployment is still 45 kgs. The third method used to deploy instruments is with a standard elevator. MBARI has used elevators to deploy and recover a wide variety of instruments and science experiments. (Conway 2005) The major issue with using an elevator is time. Ventana is operated off a day boat, the RV Point Lobos, which leaves port for each mission at 0700 and returns at 1630 with very few exceptions. This means that the amount of time spent deploying, retrieving and recovering equipment using elevators is subtracted from the time Ventana can spend working at the dive site. In the case of MARS where multiple experiments will be located, the task list could be quite long. The need to be as efficient as possible is critical.

Instrument Interconnection:

The science interface to the MARS node is well defined: a 12 pin underwater mate-able connector with power, Ethernet and timing signals. The maximum distance from the MARS node a user can place an instrument is not yet defined. To address this problem several methods and tools are available. The simplest case being, that the scientist’s experiment can be placed right near the TRF. Some distance is needed to move the instrument far enough away so it is not an obstacle when working at or near the TRF. Twenty meters of cabling can be easily managed using a loop and tie method. Several loops of the cable are “bow” tied to the side of the instrument. As the ROV moves away from the TRF the bows are released allowing continued movement. 

As the distance away from the TRF increases other methods such as packing the cabling in a figure eight inside the ROV’s drawer space and allowing it to pay out have been tested. Good results are possible up to 100m but very dependent on cable construction.

Distances beyond 100m are not practical for simple forms of cable management. Two methods have been tested at MBARI. The first method tested was preloaded cable packs deployed from the ROV, which are available commercially. Their use has not produced the best results for long-term deployment but may be acceptable for short-term use. The second and preferred method is the use of the MBARI cable laying tool-sled (Fig. 4). 

The MBARI cable laying tool-sled consists of a frame-work, pinch wheel drive mechanism, cameras, lights and a deployable cable spool. The spool is capable of holding up to five kilometers of 7.6mm cable. (Bird 2002)[image: image4.jpg]


 Starting at the TRF, cable laying proceeds by controlling the pay-out speed with feed back from a DVL. The DVL shows distance moved across the seafloor and is used in combination with the ROV’s tracking system to lay the cable to the final destination. During the cable deployment two methods are used to compensate for the pay-load loss as cable is deployed. First, the tool-sled has releasable floatation built into it and second, Ventana has a variable buoyancy system that will allow up to 160 kg change in ballast. On completion of the cable run, the entire spool is released from the tool-sled frame. A mating connector and service loop of cable are removed from the core of the spool and mated to the instrument or science experiment. 

Conclusion:

Enabling science and engineering is the primary goal of Marine Operations. The design and testing of tools and methods to achieve the primary goal helps to ensure the successful outcome of a deployment.
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