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Abstract-The Monterey Bay Aquarium Research Institute (MBARI) has committed to the novel and technically ambitious Canyon Dynamics Project. Canyon Dynamics represents a dual effort by science and engineering. Science, to understand the physical processes of submarine canyons as conduits for transporting materials from continents to the deep sea. Engineering, to develop the tools necessary to accomplish this goal. The key elements are instrumented platforms deployed in the axis of the Monterey Bay Canyon at depths of 250 and 500 meters, located 10 kilometers apart. These RINs (remote instrument nodes) and BINs (benthic inter connect nodes) will be connected with a fiber optic/power cable and establish a network that can measure the currents, suspended sediments concentrations, salinity, and temperature at these sites. This technology will act as building blocks for MOOS (MBARI Ocean Observatory System, MARS (Monterey Accessible Research System, and NEPTUNE projects.

This presentation will deal specifically with the design, building, testing, and deployment of a ROV based tool sled constructed for the placement of this cable on the seabed and interconnections with the RIN/BIN platforms. The design includes; integration with the ROV Ventana, meet operational weight constraints, the ability to (pick up, drop, and reacquire the cable spool), support the vehicle’s Schilling Titan III manipulator, monitor cable payout speed and distance and a variable ballast system controlled by the amount of cable deployed.

Currently the core sled is complete and the peripherals are under construction. Testing has begun with the ROV Ventana and the cable laying tool sled, in the MBARI test tank, performing interconnects with an instrumented RIN platform. Further testing will continue through summer with RIN/BIN deployment taking place in June and cable laying scheduled for this fall.

I. INTRODUCTION

The Canyon Dynamics experiment represents a massive effort that will span several years and involve several systems. These systems include telemetry, power management, instrument suite, data storage, RIN/BIN platforms, fiber optic cable placement, interconnects, mechanical components and the ROV based cable laying tool sled (Fig.1). 

This paper will deal specifically with the challenges faced deploying this tool sled and the components developed to accomplish this. Issues covered will include the specific fiber optic/power cable, cable route, core sled, peripherals, and testing procedures.
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Fig. 1 Solid Works Model of Canyon Dynamics Cable Laying Tool Sled

II. FIBER OPTIC/POWER CABLE

A. Construction.

South Bay Cable (SBC) manufactured the custom fiber optic/power cable. The construction is a polyurethane outer jacket of high visibility orange, a kevlar braid strength member, five copper single conductors insulated in polypropylene, and four single mode (SMF-28) fiber optics in a gel filled stainless steel tube. Interstices will be water blocked. The maximum tensile working load is 500 pounds. The outside diameter is .300” (7.6 mm) with a minimum bend radius of 12” (305 mm). The weight in air is 53 pounds per thousand feet (24kg/305m). The weight in water is 22 pounds per thousand feet (10kg/305m). The first 100 meters to be laid within the axis of the canyon will be armored with two layers of hardened GIPS steel resulting in a diameter of .450” (11.5mm).

B. Interconnects

Ocean Design Incorporated’s (ODI) Mark II ROV wet-mate hybrid connector was chosen because of the extreme nature of this application and ODI’s experience with optical interconnects. The MKII’s titanium body assures corrosion resistance for the 5-year life of the experiment. Care was given to isolate the titanium body from less noble materials, thus minimizing electrolysis. Connector details include a 10,000-psi pressure rating, 5 amps/circuit, 1000 vdc working voltage, 125-micron single mode fibers, and a working temperature range of  -10 to +50 degrees Celsius. 

III. CABLE LAYING/NAVIGATION

The RIN sites lay in the axis of the Monterey Bay Canyon at 36 47.293 121 52.361, 289 meters deep and, 36 47.407 121 54.179, 523 meters deep. The BIN site is at 36 47.293 12152.361, 259 meters deep, on the slope of the canyon (Fig. 2). The cable laying procedure will be to launch the vehicle at a RIN platform site with 4 km of cable on the spool. The vehicle will dive to the RIN, perform the interconnect, and establish a Doppler Velocity Log (DVL) bottom lock and enter WinFrog coordinates of the location. Using a custom navigational spread sheet, consisting of northings and eastings from a known point, the vehicle will proceed along premapped way points. The vehicle will follow the contours a few meters off the bottom maintaining visually both the bottom and the cable as it is deployed. The maximum deploy speed will be 1 knot (1.85 km) per hour. Deploying approximately 10% more cable length versus distance traveled will avoid tensioning the cable and forming spans. This will be accomplished using a spreadsheet that displays the amount of cable deployed versus the actual distance traveled across the bottom. Pay out speeds will be adjusted manually to match the speed of the vehicle. Upon reaching the BIN, the cable spool will be dropped, as an anchor, holding the excess cable. Using the manipulator, the connector will be removed from a dock within the cable spool body. A 15 meter service loop of cable on the exterior of the cable spool will allow the vehicle to maneuver to the BIN and perform the interconnect. 
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Fig. 2.  RIN/BIN Locations and Cable Routes within the Monterey Bay Canyon.

IV. CORE SLED

A.
Design.

The design of the core sled required the integration of the ROV Ventana with a large diameter cable spool capable of holding 5 kilometers of cable (Fig’s 3&4). The top frame of the sled duplicates Ventana’s footprint. Beyond that, this sled bears little resemblance to any of Ventana’s existing tool sleds. Standing 42” (1.06m) tall, an open sleigh like configuration was chosen which allows the sled to straddle the cable spool and cable as it is deployed. The 6” (152mm) width of the ski like feet permits the vehicle to sit down on the bottom as required to perform interconnects. The sled is designed to allow for maximum freedom and versatility as peripheral mechanisms are developed. The only weld-on peripheral is an outboard manipulator mount. Its location relative to the bottom of the sled and to starboard is the same as all other Ventana sleds. The sled and all peripheral devices were fully designed in the parametric modeling program SolidWorks.
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Fig. 3.  Front View Core Sled
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Fig. 4.  Side View Core Sled

B. Materials

The sled is constructed entirely from aluminum 6061 T-6. Gas Tungsten Arc Welding was employed to deliver the highest quality welds. All joints were fully gusseted with special attention given to the high stresses associated with the outboard manipulator mount. The entire sled was solution heat treated and returned to the T-6 condition to assure both long service life and maximum levels of safety supporting Ventana’s core vehicle weight of 6,000 pounds (2,722 kg).  From this point no further welding will take place on the sled as all peripheral devices will be mechanically fastened.

V. PERIPHERALS

A. Payout Mechanism

This mechanism consists of the cable spool, the main drive motor, the overboarding sheave (cable tensioner), pinch wheels, and tension motor (Fig. 5). A White RS Geroroller, low speed high torque hydraulic motor, powers the cable spool. Power is transmitted from the motor to the cable spool via 12 tooth, 5 DP spur gear. The overboarding sheave is a conventional 16” (40.6 cm) Sherman and Reilly 73 series block which is directly coupled to an identical White Geroroller motor. The pinch wheels mate against the over boarding sheave applying pressure to the cable.  Through the use of a hydraulic proportioning/relieving valve a constant pull of 20 pounds (9 kg) is applied to the cable regardless of deploy speed. Any disparity in speed between the cable spool and tensioner is made up for in slip, on the overboarding sheave. Payout speed is controlled manually.
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Fig. 5. Cable Laying Tool Sled, Cable Payout Mechanism

B.  Drop/Reacquire Mechanism

As mentioned earlier the cable spool will be dropped at the completion of the cable run. A further design requirement is the ability to reacquire the cable spool. Should a problem develop with the vehicle, the support vessel, or if weather deteriorates during the cable lay, the cable spool can be dropped at any point. When the problem is corrected or when weather improves the cable spool can be reacquired and the cable run completed.

The mechanism consists of the cable spool, grab sub frame, grab yokes, grab bushings, stabs, and stab cylinders. The sub frame bolts to the core frame in four places. The grab yokes are Y shaped structures designed to mate with the grab bushings (Fig. 6). The grab bushings are located on the out board ends of the cable spool shaft. The stabs are moved linearly by the stab cylinders under the grab bushings capturing the cable spool in the yokes. Retracting the stabs allows the cable spool to fall away from the sled, maneuvering the yokes onto the grab bushings and advancing the stabs reacquires the cable spool.
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Fig. 6.  Drop/Reacquire Mechanism

C.
Cable Spool

The cable spool requires it be manufactured economically enough that it can be left on the bottom for several years, yet at the same time be robust enough to carry and deploy 5 km of .300” (7.6 cm) cable. The components of the cable spool are the aluminum body weldement, delrin bushings, drive gear, and stainless steel shaft. The drum diameter is 20” (50.8 cm) with a width of 30” (76.2 cm), the flanges are 38” (96.5 cm).  The drum and flanges are ¼” (6mm) aluminum 6061 T-6. The weight of the entire cable spool assembly is 60 pounds (27.2 kg). The spool turns about the shaft on the bushings that are pressed into the center tube of the cable spool weldement. The 96 tooth, DP 5 spur gear is bolted directly to the port face of the cable spool and mates with the spur gear on the main drive motor.

D.
Variable Ballast System

Twin floodable composite tubes will be mounted on the core vehicle. These tubes are manufactured by Amalga Composites and are rated to a depth of 2,000 meters. The diameter is 10” (254 mm) with an overall length of 62” (1,575 mm). The displacement is 3,120 cubic inches (51.15 liters) and will produce 250 pounds (113 kg) of flotation. Cylinder control will be independent, allowing the vehicle to be trimmed. These cylinders will be flooded/vented as cable is deployed, keeping the vehicle’s ballast relatively neutral. 

E. Hydraulics

Early in the design process the goal was to work with the four 800-psi vale pack functions, D1 through D4 and one 3,000-psi servo function on the core vehicle. This saved the weight and expense of incorporating a separate valve pack into the sled. The functions include the main payout drive on the 3,000-psi servo, cable tensioning motor on D1, port and starboard stab cylinders on D2 & D3, and main servo lock on D4 (Fig. 7). All other positioning functions 

will be accomplished mechanically. 

[image: image7.png]TOOL SLED HYDRAULIC SCHEMATIC

IX

—1

D3

—1

D3

—1

PAYOUT MOTOR

TENSION MOTOR

PORT STAB

STARBOARD STAB

SERVO-LOCK




Fig. 7.  Cable Laying Tool Sled Hydraulics Diagram

VI. TESTING

A.
Laboratory

Initial cable testing began with a pull test of the cable from a centerless cable pack. Problems with this method of cable storage arose when a large helix, was imparted on to the cable by the pulling action. The helix measured, 8” (20.3 cm) in diameter with a pitch of 12” (30.5 cm). This was unacceptable for our purposes and the cable spool approach was adopted. Subsequent lab testing involving hydraulics and peripheral devices proved successful.

B.
Test Tank.

The 388,000 gallon MBARI, test tank proved invaluable for testing the ability to perform interconnects and instrument swaps on the RIN platforms. Several test tank dives, with the ROV Ventana, resulted in the redesign of many components to ease or simplify change out and interconnect procedures.

C.
 Sea Trials

Tests were conducted at sea July 1st and 2nd in the Monterey Bay. Days 1 and 2 were used exclusively to test the mechanical functions of the sled. Using a 400 meter piece of cable, the following tests were performed; paying out cable, monitoring the amount of cable deployed, dropping and reacquiring the cable spool. The procedure was to perform a mock interconnect at the BIN, deploy the cable away from the BIN, drop the cable spool, survey the cable lay, reacquire the cable spool, maneuver the vehicle into the water column and rewind the cable back on the spool. The BIN site was chosen for these tests due to its relative shallow depth of 280 meters, good visibility and gentle bottom contours.

Results of these tests revealed the need for a more sophisticated cable monitoring device beyond the simple mechanical counter employed in this test. Although not a problem in these tests, the need for a cable tensioning device was realized as loops developed on the cable spool. The need to lower the grab sub frame became apparent as the cable spool settled further into the sediment than expected when released.

Camera placement was critical. Initially we thought that a view from the aft of the vehicle would be the prime site to visually monitor the cable as it was deployed. Tests proved this camera to be of little use, a camera on the front strut looking back provided a much better view.

Day 3, July 8th was used to test the vehicle’s ability to lay cable from the RIN # 2 site in the axis of the canyon, up the canyon wall. A mock interconnect was made at the RIN and a cable lay was performed up the canyon wall. These tests went much better than expected and navigation test were begun. Day 4, August 5th, is scheduled to test the tensioning device. Days 5 and 6, August 6th and 7th are scheduled for navigation testing. The actual cable deploy is scheduled for September 3rd, 4th, and 5th. 

VII. CONCLUSIONS

The ability to establish a deep sea local area instrument network through the ROV placement of a small diameter fiber optic cable seems not only possible, but probable. Cable runs of 5 kilometers are within the capability of moderate size vehicles. Although the problems encountered are numerous they are not insurmountable. The technologies needed to accomplish this goal exist. This effort has applied these technologies and is close to accomplishing its goal
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