History of Tiburon

The ROV Tiburon, designed and developed by MBARI, was an outstanding science and engineering platform that  completed over 1100 dives and approximately 9000 hours of dive time since 1997, supporting a wide variety of science and engineering activities.  Tiburon was designed to serve primarily as a highly technical ocean observing and exploration tool.  However, during the past 12 years, the technical and operational requirements to support deep sea science activities at MBARI and in the broader ocean science community have become increasingly more complex as new sensors, instruments and ocean observing systems are developed.  The need for sophisticated imaging & sensing remains, but new requirements for heavy payload capabilities, seamless sensor & instrument integration and complex manipulations, sample collection, instrument servicing, and seafloor cable-laying have become high priorities for ROV operations.  The growing technical demands coupled with the obsolescence of some of Tiburon’s systems led to the replacement of Tiburon.  A specification was developed for a ROV system based on the new performance requirements and those expected to arise during the next 5 to 10 years.  In addition, we searched for a vendor with a proven track record that was also willing to work with MBARI to provide a tailor-made system to meet our requirements.

Working With SMD to Replace Tiburon
The contract for the design and fabrication of the ROV Doc Ricketts was awarded to Soil Machine Dynamics (SMD) based in Newcastle England.  The Doc Ricketts is a custom version of their very successful Quantum workclass ROV system. From the initial design phase through the acceptance testing, MBARI and SMD engineers and technicians worked together in the development of the vehicle.  This included activities such as, mechanical layout of components, electrical designs for power systems and ground fault monitoring, software modifications to allow integration of specific core instruments and assistance from Professor Steve Rock in the development of the station keeping and custom thrust control algorithms.  As a consequence of this teamwork, we were able to acquire an “off the shelf” base vehicle with a proven record of reliability as well as the specialized features that meet MBARI’s new specifications for performance.  The SMD vehicle and its components are very well-suited for MBARI’s application and their flexibility will allow the ROV to be reconfigured easily to meet the changing requirements of MBARI ROV operations for many years to come

Doc Ricketts in Comparison with Tiburon
Many of the features that were developed for Tiburon over a decade ago have now become standard on modern science class ROVs such as Doc Ricketts.  This illustrated the foresight of the MBARI engineers that designed Tiburon over a decade ago, anticipating the needs of the oceanographic community.
One of Tiburon's most innovative features was the development of a distributed control system to gather sensor data and control
 the vehicle.  Doc Ricketts makes use of a similar architecture by distributing the tasks of vehicle control and user interface functions over multiple computer nodes.  This architecture not only allows the control and monitoring of the ROV from different user stations simultaneously, but also makes expanding and modifying the ROV quite simple.

Though the use of touch screens at user stations may be the standard on current ROVs including Doc Ricketts, this was not always the case.  The work of MBARI engineers in this area during the 1990s was pioneering.  Many ROVs of this early era used push buttons for control which reduced flexibility and made them more difficult to control.
To gather sensor data and to control the vehicle most modern ROVs make use of standard electronics interfaces.  The result is a vehicle that is field-maintanable with fewer parts, it also allows for the vehicle to be modified easily.  With its data concentrators Tiburon was one of the first ROVs to use such an architecture.

Tiburon also employed some of the first interchangeable science tool sleds used on a ROV.  Doc Ricketts, as with most modern workclass ROVs, share this feature.  The tool sleds increase the flexibility of the ROV by allowing it to be quickly changed to meet the demands of the next science mission
.

Tiburon not only help define what modern science ROVs such as Doc Ricketts are, some of Tiburon’s technology has found its way onto Doc Ricketts
. (The strength of Tiburon’s design is illustrated by the amount of technology which has been transferred onto Doc Ricketts.)

Doc Ricketts makes use of Tiburon's integrated viewing system which gives the pilot and scientist access to multiple cameras as well as lighting control.  This feature was quite unique to Tiburon and has proven invaluable to MBARI scientists over the years.
Doc Ricketts also makes use of Tiburon’s variable buoyancy.  This not only gives Doc Ricketts increased payload capacity, but also better maneuverability from the midwater to the ocean floor.  The Tiburon replacement team was able to work with the SMD engineers to integrate Tiburon's variable buoyancy system into Doc Ricketts. Other key features of the system are listed below in table 1.

	General Specifications

	
	Doc Ricketts
	Tiburon

	Depth Rating
	4000 meters
	4000 meters

	Vehicle Type
	Electro/Hydraulic
	Electrical

	Vehicle Power
	56 kW
	15 kW

	Vehicle Weight
	4,650 kg
	3,400 kg

	Bollard Pulls
	Horizontal = 650 kg

Vertical = 550 kg

Lateral = 650 kg
	Horizontal = ~181 kg

Vertical = ~181 kg

Lateral = ~181 kg

	Auxiliary Video & data ports
	100Base-T Ethernet

10Base-T Ethernet

14 x spare video channel

10 x spare RS-232

4 x spare RS-485

1 x spare single mode fiber
	100Base-T Ethernet

10Base-T Ethernet

5 x spare video channel

4 x spare RS-232 

	Variable Buoyancy 
	136 kg
	136 kg

	Science Payload
	272 kg
	68 kg

	Video systems
	Science HDTV camera

Pilot HDTV camera

IVIEW

6 x 400 watt HMI light

4 x 250 watt incandescent lights (dimmable) 
	Science HDTV

Pilot RGB component cam

IVIEW

6 x 400 watt HMI light

2 x 250 watt incandescent lights

	Sub-sea processors
	none
	4

	Manipulators
	Kraft 7 function SC w/ force feedback

Schilling 7 function SC.
	Kraft 7 function SC w/ force feedback

	Auxiliary Instrument Power
	10.5 kW
	~ 2 kW

	Hydraulic Systems
	Total = 175 liters/min @ 210 bar

12 fnc bidirectional proportional valve pack

7 fnc bi-directional solenoid valve pack

2 fnc bi-directional solenoid valve pack

Spare high pressure, 30 liters/min servo tooling valve
	Total = 9.5 liters/min @ 206 bar

(2) 7 fnc bidirectional solenoid valve packs

	ROV Auto Functions
	Auto Depth

Auto Altitude

Auto Heading

Auto Hold (Dynamic Station Keep)

Auto Step (X, Y and Z)

Auto Home

Auto Track (Cable & pipe tracking)

Auto Route (Follows a pre-programmed route of waypoints)

Auto Lost Thruster Compensation

Auto Pitch & Roll trim
	Auto Depth

Auto Altitude

Auto Heading


Summary

The new Doc Ricketts ROV system will operate down to a depth of 4000m.  When compared to the outgoing ROV Tiburon, the new ROV will provide significantly more thrust, power, payload and better data interface capabilities for scientific equipment and will include advanced automatic control features for the ROV.  In addition to the standard automated control features (auto depth, altitude and heading), several new automatic routines will be added (auto hold, step, home, track and route).  Each of these will aid ROV pilots during dive operations and will provide dynamic positioning of the ROV similar to that used for the ship.

The addition of the ROV Doc Ricketts will increase the capabilities of MBARI’s ocean observing and technology systems and provide the next generation of underwater platforms for scientific study of the ocean.
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