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INTRODUCTION

Tiburon

Vehicle General Description

The ROV Tiburon, designed and developed by MBARI, is an outstanding science and engineering platform that has completed over 1100 dives since 1997, supporting a wide variety of science and engineering activities.  Tiburon is now poised for replacement to update obsolete systems, improve reliability, reduce maintenance requirements, and upgrade science capabilities. 
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During the past 10 to 20 years, the technical and operational requirement to support deep-submergence science activities at MBARI and in the broader sense the ocean science community have become increasingly more complex as new sensors, instruments, and ocean observing systems are developed.  Tiburon was originally designed to serve primarily as a highly technical ocean observing and exploration tool, with high-quality imaging capabilities in a maneuverable vehicle, incorporating a broad suite of sensors and samplers that could be configured quickly for various science and engineering missions.  Since Tiburon’s development, the priorities for ROV capabilities have evolved from that of a sophisticated exploratory tool well equipped with sensors, to highly capable submersible platform that is easily configurable to support a broad spectrum of activities.  Priorities for future MBARI ROV operations include Ocean Exploration (Gulf of California, Juan de Fuca Ridge, Hawaii, and eastern Pacific sites), Ocean Observatory Support (benthic node connection, subsea fiber-optic cable installation, instrument & sensor installation & recovery, ROV support for AUV docking stations), Ocean Experimentation & Sampling (instrument deployment, sample collection in midwater and benthic habitats), and Ocean Education & Outreach (high quality imagery for collaboration with MBA, BBC, NOVA, etc.).  The need for sophisticated imaging & sensing remains, but new requirements for heavy payload capabilities, seamless sensor & instrument integration and data management, and complex manipulations, sample collection, instrument servicing, and seafloor cable-laying have become high priorities for ROV operations, and will likely dominate MBARI’s future ROV requirements.  The obsolescence of some of Tiburon’s systems, coupled with the growing technical demands of MBARI’s expeditionary ROV science and the forthcoming requirements to support MOOS and MARS ocean observing systems, has created a juncture for review of Tiburon’s operational capabilities.  

Purpose of Proposal

MBARI is in the process of identifying a vendor for the design and development of a replacement, work-class vehicle for Tiburon that will meet the current and future needs of the Institute.  The purpose of this document is to provide a basic specification for the proposed new vehicle to prospective vendors.  From this document, vendors can develop a preliminary design and rough “order-of-magnitude” quotation so that MBARI can submit a proposal in September 2006 for consideration by MBARI’s board for funding in 2007.  Once funding is approved and a vendor is chosen, MBARI and the vendor of choice will develop a detailed specification for the design of the vehicle and a final budget and contract.
It is MBARI’s intent to purchase a complete, working, tested ROV system based on an existing, proven design from a qualified ROV vendor.  We understand that our requirements will differ significantly from the usual ROV purchaser.  MBARI is not asking for a new ROV design effort and will work with each bidder to modify our requirements to ensure that each bidder can propose a system with acceptable risk and at an acceptable cost.
	Section
	

	2
	


REQUIREMENTS

High Level Requirements

1. The RV Western Flyer will be the mother ship for the foreseeable future for Tiburon II.  Therefore Tiburon II must be functionally adaptable to the RV Western Flyer.

2. Science Payload should be 600lbs. (in addition to toolsled and core instrument payloads as listed in Section 3)

3. Maintain the current depth capability of 4000 meters.

4. Increase capacity of hydraulic system to accommodate new science tools (current hydraulic system is 2.75 gpm).  6(?) GPM is a reasonable goal (6 gpm at 3000 psi is about 10 hp)
5. Exceed current thrust capability of 220 lbf per thruster  XXX lbf per thruster is a reasonable goal
6. Increase available power at the vehicle (present limitation is 15kW) 50 kW is a reasonable goal.
7. To minimize costs, Tiburon II should utilize existing equipment to the extent possible, such as the umbilical handling system, cameras, navigation and sampling gear.

Power

Umbilical

Because the umbilical handling system for Tiburon is integrated into the Western Flyer moon pool area, replacement or major modifications to this system should not be considered.  Therefore, the new vehicle should utilize an umbilical design equal or close to the 0.68 inch diameter of the existing umbilical.  Specifications concerning the UHS and torque balance requirements are as follows:

	Umbilical Specification

	Diameter
	Range  0.68” - 0.70”

	Service Life
	Minimum 5 years

	Weight in water
	Approximately 598  lbs/kft

	Weight in air
	Approximately  778  lbs/kft

	Breaking strength
	Not less then 340000 lbs should be 4-5X the working load

	Working Load
	Not less then 8000 lbs needs to be 1.75x the weight of the wet, loaded vehicle to meet ABS req’ts

	Minimum bend radius
	To be used on 36 ” diameter sheaves

	Uncommitted Additional fibers
	No less then 2 single mode (Corning SMF28 or equivalent) terminated top and bottom with SC(?) connectors


Source Power

The Western Flyer is a Diesel Electric propelled vessel with SCR controllers and therefore ships power is considered noisy.  Currently Tiburon utilizes a power converter, which provides clean power and frequency conversion.  The converter is available if desired.  Specifications are as follows:

· Power = 62.5 kVA or 50 kW 175 amps per phase at 120/208 VAC (3 phase Y or Delta (probably Delta))
· Frequency = 47 kHz to 500 KHz

· Explosion-proof PDU not required

Ship’s power specifications are as follows:

· 480 3 phase – 60 Hz / 400 amps (Y or Delta (probably Delta))
Auxiliary Instrument Power

In addition to the power requirements for the operation of the core vehicle, MBARI will require unregulated and regulated power buses for the operation of science equipment on the ROV.  The proposed specifications for the power buses are as follows:

· Unregulated or regulated 240 vdc @ 25 amps

· Unregulated or regulated 48 vdc @ 15 amps

· Regulated 110 vac @ 60 hz/10 amps

· Regulated 24 vdc @ 10 amps (what uses 24VDC?)
· Regulated 12 vdc @ 10 amps

We will require the capability to switch power on & off through the GUI, with multiple switches per bus.  Buses should be capable of ground-fault monitoring to determine if a bus is shorted to seawater.  Proposed specifications for switching capabilities are as follows:

· 12 & 24 vdc bus – 12 switches @ 4 amps max each

· 110 vac bus – 2 switches @ 10 amps max each

· 48 vdc bus – 5 switches @ 10 amps max each

· 240 vdc bus – 5 switches @ 25 amps max each

An Oil filled j-box is required for access to the switched power along with data and video channels.  

Ground Fault Interruption 

System high voltage power should have ground fault interruption protection.

Payload Issues

Limitations on vehicle payload have been a frequent concern for science users, and increased science payload is a high priority for Tiburon II.  Future dive operations will benefit greatly from a large increase in payload, especially dynamic payload – the amount of weight that can be deployed or collected during a dive without compromising ROV operation.  

In-water payload capacity should be enhanced considerably.  A payload goal should be at least 600 lbs in excess of the tool sled and core instrumentation, including 150 pounds of variable buoyancy.  

Syntactic Foam

The syntactic foam pack is to be rated for 4000-meter operation with less than 3% water absorption over 20 years.  Design of the buoyancy module should allow the placement of a Science payload of (200) pounds on the front of the ROV with less than 10 degrees induced pitch.  The foam pack should have a protective coating such as a sprayed polyurethane finish.  The CB of the foam pack should be located as close as is reasonable over the CG of the vehicle in air and as close as is reasonable over the CM in water.
Fixed Ballast

Provisions for lead ballast weights will be incorporated into the MBARI tool sleds and are not required on the main vehicle.

Variable Ballast

MBARI designed and developed a Variable Buoyancy (VB) control system for assisting in the operational control of Tiburon.  The VB system is used primarily to keep the vehicle neutrally buoyant with a secondary function of assisting in the dynamically changing payload to assist in the deployment and recovery of science equipment during a dive without compromising ROV operations.  The VB system uses seawater as the medium for adjusting buoyancy.  This is accomplished by opening a valve to flood the buoyancy spheres and lose buoyancy.  Gaining buoyancy is accomplished by pumping the entrained seawater out of the spheres.  General specifications are as follows:

· Weight in air/water (pump) = TBD

· Weight in air/water (spheres flooded) = TBD

· Weight in air/water (spheres dry) = TBD

· Dimensions (pump) = TBD

· Dimensions (spheres) = 362mm (Max. Dia.)

· Hydraulic requirements = 3000psi@10gpm
· Number of spheres = 4

MBARI will require that the Variable Ballast system as described above be incorporated in the design of the new vehicle.  

Vehicle Propulsion

Thrust Capabilities

Tiburon is an electric vehicle with 5hp DC brushless thrusters providing approximately 220 lbs of thrust from each of 6 thrusters.  In most circumstances, this has been adequate.  However, we would like to see an improvement in thrust capabilities to assist in high current environments and other extreme conditions.  Given the umbilical specifications above, we would like to see the maximum amount of power delivered to the vehicle as possible for thrust.  MBARI will accept electric or hydraulic thruster designs.

The standard mode of operation is with the main umbilical directly connected to the vehicle and no TMS.  This requires the use of vertical thrusters for ascent and descent of the ROV through the water column.  Specifications for thrust and speed are as follows:

· Forward speed – Minimum speed = 1.5 knots (no tether drag)

· Lateral speed – Minimum speed = 1.0 knots (no tether drag)

· Vertical speed – Minimum ascent/descent speed = 40  meters/min

Thruster Placement

Placement of thrusters on the vehicle must minimize turbulence in the primary viewing area in front of vehicle where most science observations occur.  Much of our work involves close up observation of animals in the midwater column and on canyons walls.  These animals are very susceptible to thruster wash; therefore, thruster placement is critical so as not to affect the viewing area of the vehicle.

Software, Control, Telemetry & Video

General

· Configurable outputs of system data for the purpose of logging

· Configurable inputs for display of MBARI specific data onto the GUI

· The system shall be capable of modification and extension by MBARI pilots.  Properly documented source code listings and development tools shall be provided.

Pilot’s Graphical User Interface

GUI Field-reconfigurable without recompilation

Provide display for 

· Vehicle heading 

· Vehicle depth (as calculated by MBARI-provided algorithm)

· DVL data including altitude

· Pan and tilt positions 

· Joystick & thruster vectors

· Power switch states

· I/O bit states

· A/D values

· Attitude

· Pitch

· Roll

· Hydraulic pressure

· Ground faults

· Compensation levels

· Cable turns counter

· Auto modes

· Depth delta

· Power system states

· Subsystem status

Control System

· Auto-Depth

· Auto-Altitude

· Auto-Heading

· Thruster trim (any axis)

· Station-keeping (May be MBARI-provided)

· Provide access to control system software for advanced work

Video Overlay (MBARI may provide if needed)
· Field-configurable

· Any data item in the system can be displayed on Video Overlay

· RGB inputs and outputs.

Video Requirements

The new vehicle will have two main cameras, an HDTV camera and a 3-chip color camera.  The HDTV camera will be the main view for science.  It will be mounted on a pan & tilt in the front of the vehicle and requires a dedicated single mode fiber for its operation.  In addition to the HDTV camera, a 3-chip color camera mounted on a pan & tilt in the front of the vehicle is used by the pilots for flying the ROV.   Additional video requirements are as follows:

· Format – NTSC and RGB 

· No. Channels – 8-12

· Digitization – 10 bit

· SNR – >60 db

· Bandwidth – 6MHz

Auxiliary Data Requirements

In addition to the I/O requirements for the operation of the vehicle, vehicle subsystems and the core instrumentation, auxiliary data channels must be provided for future expansion and temporary placement of instruments on the ROV.  The requirements for auxiliary data channels are as follows:

· Serial Data – 8 bidirectional RS-232 / 4 bidirectional RS-485 channels

· Ethernet - 2 ports, 100 base –T (100Mbps)

· Spare Fibers – 2 additional single mode fibers for data or video

Auxiliary Hydraulic Valves

In addition to core hydraulic functions of the vehicle, MBARI requires an auxiliary 8-function, bidirectional (4 way?) valve pack for operation of temporary science gear.  Requirements are as follows:

· Adjustable pressure reducing valve (3000 – 600 psi)

· Flow-metering valves at each hydraulic cylinder port how do they know which are cylinder ports?
· Option for dual pilot-operated check valves

· Flow & pressure drop spec – 4 gpm @ 400 psid max

· Closed center position?

In addition, 1 proportional valve (3000 psi @ 10 gpm) is required for variable hydraulic flow for tooling.

Dimensions, Weights and Frame

Vehicle Dimensions

Due to the size limitations of the moon pool area on the Western Flyer where the ROV resides, vehicle dimensions must not exceed greatly the current size of Tiburon (without tool sled).  Tiburon’s dimensions are as follows:

· 3.5 m Long x 2 m Wide x 2 m high

Weights

Vehicle weight, including MBARI core instrumentation (see section 3) is not to exceed 10,000 pounds

Frame

The design of the vehicle frame must have a work-envelope in the bow that allows the operation of dual science cameras (see specifications below) mounted on pan & tilts, and the operation of dual manipulators with minimal interference of the cameras.  An interface must be provided for the attachment of MBARI-provided tool sleds and a light/instrument bar.  A through-frame lift capacity of 2000 lbs is required.
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CORE INSTRUMENTATION

Description

Vehicle subsystems and instrumentation currently installed on Tiburon (see below) will be required on the new ROV.  These subsystems will be transferred from the existing vehicle to Tiburon II, with revised design for data, power and payload
Seems like we should provide a cartoon showing approximately where this stuff goes.
Manipulators

There should be a minimum of one manipulator available for any dive, and two manipulators should be available, as required.  MBARI currently operates two 7-function manipulator arms on Tiburon (Kraft force-feedback RAPTOR, and a Schilling T2).  

	Kraft Raptor Manipulator Specification

	Degrees Freedom
	6 plus gripper

	Maximum reach
	64.5 inches

	Lift Capacity
	200 lbs.

	Weight in air
	160 lbs.

	Weight in water
	98 lbs.

	Operating pressure
	2000-3000 psi

	Flow requirements
	19 liters/min (5 gpm)

	Communications
	RS-422 @ 125K baud

	Power
	24 VDC @ 2amps max


	Schilling Titan II Manipulator Specification

	Degrees Freedom
	6 plus gripper

	Maximum reach
	81.33 inches

	Lift Capacity
	240 lbs.

	Weight in air
	200 lbs.

	Weight in water
	TBD

	Operating pressure
	3000 psi

	Flow requirements
	19 liters/min (5 gpm)

	Communications
	RS-232 @ 19.2K baud

	Power
	48 VDC @ 1.5amps


What about swing arms or at least provisions for swing arms?

Navigation

USBL 

The primary ROV tracking tool is a Sonardyne Fusion mid-frequency USBL system that is installed on the Western Flyer.  A Sonardyne 7970 Super-Sub Mini-beacon, set to responder mode is the default beacon on the ROV.  Specifications for the 7970 are as follows:

· Frequency range = 19-36 kHz

· Weight in air/water = 4.5kg/2.5kg

· Power = 24 vdc 

· Data = TTL level trigger for responder mode

Gyro

An Octans 6000 Fiber Optic Gyro (FOG) is the default heading reference for the ROV.  A back up heading reference (such as a Flux gate compass) is required. Specifications for the 6000 FOG are as follows:

· Weight in air/water = 18kg/9kg

· Dimensions = Dia. 179mm x 318mm long

· Data = RS-232 

· Power = 24 vdc / 12 watts

Sonar

The sonar system is the Simrad MS1000.  We currently operate either a 200 kHz or 675 kHz head depending on the dive requirements.  Specifications are as follows:

· Weight in air/water = TBD

· Dimensions = TBD

· Data = RS-485

· Power = 24 vdc / TBD

ROV Homer

ROV-Homer is a miniature range and detection guidance system used for marking and relocating instruments on the sea floor.

· DC input = 12 to 24 vdc

· Data = RS-232

· Weight in air = 2.1 kg

· Weight in water = 1.3 kg

· Operating freq. = 33-35 kHz

DVL

A Doppler Velocity Log (DVL) manufactured by RD Instruments (Workhorse Navigator 1200) is presently used on the vehicle to aid in navigation and collection of data for science missions.  Specifications are as follows:

· DC input = 20-60 vdc (48 vdc typical) 

· Average power = 3 watts

· Peak power = 8 watts

· Weight in water = 12.1 kg

· Weight in air = 18 kg

· Data = RS-232 

Depth Sensor

Paroscientific 8CB4000-1 depth sensor

· Input voltage = 6 to 25 vdc @ 1.3mA

· Data = RS-232 or RS-485

· Weight in air = 1.33 kg

Altimeter

Konsberg Simrad 1007

· Input voltage = 22 to 26vdc @ 1.8 amp startup, 250 mA continuous

· Data = RS-232 or RS-485

· Weight in air/water = 5.0 kg/2.7 kg

· Dimensions = 216mm (L) x 114mm (Dia.)

· Operating Frequency = 200 kHz.

The acoustic signature of the core vehicle should not interfere with the acoustic navigation systems. 

Viewing

Cameras

The following are the current selection of cameras with their data and power requirements. 

· Main HDTV camera = Dedicated single mode fiber and 24 vdc @ 2.2 amps

· 660mm long x 127mm diameter

· Weight in air/water = 36.7 kg / 16.8 kg

· Optical budget = TBD

· Pilot’s camera = RS-485 serial link and 12 vdc @ 500mA

· 250mm long x 140mm diameter

· Weight in air/water = 5.67 kg / 2.95 kg

· Digital Still Camera = RS-485 link and 12 vdc @ 500mA

· 250mm long x 140mm diameter

· Weight in air/water = 5.67 kg / 2.95 kg

· Digital Still Camera Strobe = 5 vdc @ 20 amps

· 250mm x 140mm diameter

· Weight in air/water = 5.67 kg / 2.95 kg

· Internal Pan & Tilt camera = RS-485 link and 12 vdc @ 500mA

· 171mm long x 260mm diameter

· Weight in air/water = 11.8 kg / 6.4 kg

· (4) Auxiliary cameras = 24 or 12 vdc @ 200mA

Pan & Tilts

The current Tiburon pan & tilts are Remote Ocean Systems (ROS) PT-10 and PT-25 models.  They are variable speed electric drives with a RS-485 serial link for control and feedback.  

A minimum of 4 pan & tilts are required for operation on the front of the vehicle; two (PT-10’s) for control of 2 HMI lights and two (PT-25’s) for control of the science and pilots cameras.  MBARI will provide the required software and hardware for the control of these units.  The pan & tilts have position feedback which we would like to displayed on the GUI.  The specifications are as follows:

· Weight in air/water = TBD

· Dimensions = TBD

· Data = RS-485

· Power = TBD 

Lighting

Tiburon currently utilizes (6) 400-watt SeaArc 2(HMI/MSR) lamps manufactured by DeepSea Power & Light.  The capability to operate these lamps is a requirement for the new vehicle.  In addition to the HMI lights, power should be provided to operate an additional (4) 250w incandescent lights.  The specifications are as follows:

· Weight in air/water = 3.67kg/1.8kg

· Dimensions = 275mm(L) x 135mm (Dia)

· Power = 100 – 300V (AC or DC) @ 400 watts

Science Tools

CTD 

A replacement CTD instrument has not be identified as of yet.  However, typical requirements are as follows:

· Power = 6 to 14 vdc @ 120ma (770 ma max)

· Data = RS-232 or RS-485

Transmissometer

Oxygen sensor (optode?)

Fluorometer

Pump for oxygen 

Depth sensor

These may all be connectable to the CTD

Tool Sleds

In addition to the core vehicle, MBARI has individual tool sled packages (see figure) designed for specific science missions that are always coupled to the vehicle.  MBARI will design and build the tool sleds to bolt on to the bottom of the core vehicle.  The weight of each Tool sleds should not exceed 1100 lbs. in air and 450 lbs. in water.  The 600 lbs payload requirement is in addition to the weight of the tool sled.  Interconnect requirements are as follows:

· Power = 48vdc @ 15amps and 240vdc @ 25amps

· Data = (1) RS-485 and (1) Single mode fiber

· Hydraulics = 3000psi @ 8gpm

Existing Equipment

· Existing umbilical winch, Launch & Recovery System (LARS) and slip ring will be utilized.

· Existing Control room layout and surface auxiliary equipment will be utilized.

· Existing Fiber optic multiplexer can be utilized if desired.

· (32) ports – RS-232

· (5) ports – RS-485

· (1) port – 100 base -T(100mbps) Ethernet

· (8) ch – 10 bit video

· Optical budget = TBD

· Existing umbilical fiber optic termination j-box, cables, connectors and penetrators can be utilized if desired.

Existing vehicle release latch can be utilized if desired.
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Launch & Recovery and Umbilical Handling System

Handling System

The umbilical handling system is designed to deploy, tend, recover and store 5000 meters of 0.68 inch diameter armored umbilical.  The ROV & umbilical handling system consists of a traction winch, storage drum, motion-compensated crane and ROV launch & recovery crane.
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Launch & Recovery Operation

The Western Flyer is a SWATH vessel with a dedicated moon pool for launch & recovery of the ROV.  The launch process starts with the ROV picked up using an articulated crane outfitted with a motion-damped docking head.  The vehicle is attached to the crane through a spectra braid lift line. The vehicle is outfitted with a motorized latch for release of the spectra braid line once the ROV is in the water.  The umbilical is then deployed through the Dynacon motion-compensated crane.  Floats and a second spectra lift line are attached to the first 30 meters of umbilical from the ROV.    

The recovery process starts by deploying a clump weight / guide wire in the moon pool area to a depth of approximately 50 meters.  The vehicle is equipped with a guide wire latch on the bow that allows it to couple on to the wire.  The vehicle locates the guide wire on sonar at a depth of about 40 meters, flies in on the wire and attaches to it.  The ROV then ascends to a depth of 25 meters where the second spectra line is attached to the recovery crane.  The vehicle continues its ascent up the guide wire until it reaches the surface and is then winched in to the docking head of the crane, lifted through the moon pool, and placed on deck.
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