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1) ABSTRACT (new and continuing projects)

This proposal is a continuation of Project 900427, “Scoping a Tiburon Refit”.   The Tiburon Refit project has successfully completed the scoping phase and a 3-year design/build and integrate project is proposed here. 

Year 1’s objectives are a complete systems engineering design effort and detailed system specifications. This will be followed by a RFQ (Request for Quote). Tests to verify system software adaptability and sensor/data integration will complete the year. In year 1 there will be flexibility in the final choice outside vendors. MBARI will have the option to have a custom “to order” ROV built externally or in kit form as we choose.  

In year 2 our goal will be to either have a completed custom ROV delivered (est. <= 2 million) or a kit form that we will complete in house (est. 1.5 million). This choice will be based on management’s assessment of detailed vendor quotes, engineering availability, and the cost of these options. Integration of Tiburon’s cameras, sensors etc. and integration into the ship will probably extend into the 3rd year. We believe we can complete the switch to Tiburon-2 in 2 to 3 winter months thereby minimizing ROV down time for the Institute.
In 2004 requirements for the upgrade were developed and prioritized by Science, Engineering and DMO staff.  Those top-level recommendations are as follows:

Increased Payload

Increased Power

Improved Imaging (HDTV) – Separate proposal

Improved Navigation – In progress

Addition of Advance control systems

Improve maintainability and decrease internal engineering support requirements 

Three options were reviewed to meet the above requirements.  Vendor qualification and selection were performed and basic trade studies were done to help select the correct approach for upgrade.  The three options that were looked at are:


1:  Internal refit of Tiburon

2:  Internal / External design and replacement of Tiburon 


3:  Major purchase of a complete “to order” ROV. 

The basic trade studies included capital costs, internal resource and support requirements, and risk analysis.  A CDR was held in June to provide the Management team, Engineering and Science an opportunity to review the results of the trade studies and get feedback on the approach.  

In 2005 we plan on completing systems engineering concept design, umbilical selection, crane base modifications, Navigation Processor (Nav Proc) upgrade or replacement and purchase of key ROV system components for option 2 based on the above trade studies and comments received during the CDR.   In 2006-7 we plan on completing system integration of the ROV with MBARI systems and the Western Flyer.

2) PROPOSAL

a) The problem addressed (new projects only)

b) Approach to the problem (new and continuing projects)
(Status of project)

Develop Tiburon upgrade team

In an effort to try and get a balanced input from Science, Engineering and DMO, a team was developed with members from each of these groups.  The group helped define the requirements of the upgrade, decide on options for upgrades, generate a specification to work from, and estimate internal resource requirements.   The team members were:

Doug Au – Support Engineering

Craig Okuda – Support Engineering

Mark Brown – Mech. Engineering

Jim Barry – Science (ROVUC chairman)

Steve Etchemendy – DMO

Chris Grech – DMO

Dale Graves – DMO

Define requirements

In 2004 we went through a process to define Science priorities for the upgrade of Tiburon.  A report from the MBARI ROV Users Committee (ROUVC) was issued in December 2003 summarizing the recommendations for upgrade or replacement of MBARI’s ROV Tiburon.  These recommendations were developed through a series of discussions and workshops involving input from MBARI science, engineering, and operational personnel.  The focus of these activities was to set priorities for an upgrade or replacement of the Tiburon that would support the scope of activities anticipated during the next five to ten years.

The consensus from the discussions and workshop was that the upgraded Tiburon should not be refit solely to support the heavy payload and operational demands of ocean observatories, but should transition from an ROV that served largely as the sensing and observing tool, to that of an ROV platform that can fulfill its former role, but also house and deliver a variety of instruments, sensors, and gear to the seafloor, in support of a broader spectrum of expeditionary and observatory science.  In this sense, Tiburon should continue to lead the ocean science community in technologically advance submersible systems.  The upgraded ROV must be a highly capable and configurable vehicle, adaptable to various operational requirements.  It should maintain its maneuverability & ability to support midwater science priorities, but should also be capable of large payload deployments, heavy sample recovery, complex manipulative operations (i.e. 2 manipulators including heavy gear, high dexterity), cable laying, etc., in support of benthic observatory and expeditionary science requirements.   

The primary issues of concern for an upgrade to Tiburon’s capabilities center on payload, power, imaging, reliability, support and navigation.  Secondary, but important, issues include control system, depth rating, samplers & sensors, manipulators, noise, data management / processing, instrument / sensor connectivity, telepresence, GUI, control room issues, elevators, and sea state limitations.  

Although Tiburon continues to be one of the most advanced ROVs supporting science in the world, several features limit its capabilities or reliability for both operations and science, and several systems require replacement owing to obsolescence.  This is due both to advances in submergence technology as well as a shift in the principal emphasis of MBARI’s ROVs from that of imaging and sensor platforms providing strong support for subsea exploration and limited sampling, to powerful, yet highly capable vehicles with broad suite of capabilities spanning from high resolution imagery to the technically complex deployment, servicing and recovery of instruments and samples, often with heavy payloads.  


Summary of High-level requirements

Science payload >600 pounds

VB payload >=300 pounds

Increase capacity of Hydraulic system

Increase current thrust capacity

Increase available power at the vehicle

Improve imaging (HDTV)

Improve navigation

Add advanced control systems

Improve science instrument integration

Upgraded Tiburon should be as easily maintainable and supportable as possible (technician level)

Develop approach to meet requirements

Several options were considered for the upgrade of Tiburon.  Three options were chosen for consideration for the upgrade/replacement.  Option 1 was to upgrade the existing Tiburon using outside services, or MBARI engineering, or a combination of the two.  Option 2 was to replace Tiburon using a combination of existing off the self-components, outside services and MBARI engineering.  Option 3 was to purchase a complete off the shelf ROV from an outside vendor.

Define Design constraints 

Several design constraints had to be considered to minimize cost, labor and vehicle down time.  The most confining constraint was that any upgrade or replacement vehicle must be compatible with the existing Dynacon Launch and Recovery System (LRS) with the exception of the LRS crane capacity.  This meant that the umbilical’s diameter had to remain the same as the current Rochester .68 cable; therefore the umbilical would be the driving force on how much power the vehicle could have.  Weight is another area that has constantly been an issue and has restricted the amount of science or sampling gear that the vehicle can carry.  With the current vehicle and LRS crane, the maximum in air weight cannot exceed 7500 pounds.  A modest modification to the existing LRS crane base will allow us to increase the total weight to 14000 pounds.  Since payload was at the top of the priority list, we believe that this modification to the ship must be performed. The upgrade would also require that as much as possible, subsystems of the current Tiburon would be implemented into the new system such as, sonar, navigation gear, cameras, manipulators, valve packs etc. to help reduce the risks of integrating new subsystems and in addition, keep the upgrade as cost effective as possible. 

Develop specification for upgrade or replacement of vehicle

Based on Science, DMO and Engineering input, a specification was developed for upgrade/replacement of the current Tiburon.  This specification included high level requirements, payload & power, propulsion, software, control, video, data, hydraulics and physical requirements that had to be met.   In addition, detailed information regarding the vehicles core instrumentation that would be required to interface with the upgrade was included.  The intent of this document was to create a specification in order to estimate a rough order of magnitude cost, time and labor for upgrade of Tiburon.  The specification was to be applied to all three options.  Out side vendors were to provide bids for option 1, 2 or both if they chose. 

Search and qualify vendors 

We looked at current ROV manufactures to develop a list for invitation to bid on the above specification document.  Requirements were that they have previously built and have working in the field, ROV’s of similar size and capabilities of Tiburon and had acquired a reputation for reliable ROV systems and a good support structure.  Vendors that were considered are as follows:

· Perry/Slingsby

· Oceaneering

· SonSub

· ISE

· SMD/Hydrovision

· Schilling

After further review, ISE was eliminated due to poor performance of an earlier contract with MBARI.  Oceaneering, although currently one of the larger ROV builders, was eliminated since they are structured to build and support ROV system for their own internal use, but not for outside customers such as MBARI.  SonSub, Perry/Slingsby, SMD/Hydrovision and Schilling were invited to provide ROM proposals for a replacement of Tiburon based on the MBARI specification document.

(Results to date)

Responses

After review of the MBARI specification document, two vendors declined to submit a proposal.  Perry/Slingsby declined for the reason that the specification did not fit with in their product line of Work Class ROV’s due to the constraint of umbilical size and they did not feel they could be cost competitive with the required NRE.  SonSub, who had expressed interest in submitting a proposal, declined after further consideration.

Proposals were received from Schilling and SMD/Hydrovison. SMD Hydrovision provided a proposal for option 2 claiming that developing a non standard ROV configuration (MBARI thruster placement and frame design requirements) and integration of MBARI existing equipment would require a disproportionate amount of engineering where they could not offer a cost competitive solution.  Schilling proposed the second option, which was a fully integrated ROV system.

Option 1 (Upgrade Tiburon)

A list was developed for the systems on the current Tiburon that required to be upgraded to meet the developed requirements or that were in need of repair or replacement due to other issues.

Increase thrust (identify and replace with different thruster)

Increase total power available at vehicle (would require new PDU and power can)

Upgrade power manager software

Increase payload (new foam pack and redesign of VB system)

Replace frame

Replace umbilical

Improve configurability of hardware & software

Increase # of data links and I/O for science instruments

Identify and replace aging or obsolete components

Replace or improve TMACS GUI

Increase hydraulic power (identify electric motor and pump & redesign system)

Upgrade or replace Datamanger 

In summary, option 1 requires the replacement of the majority of main system of the ROV to meet the demands of the new requirements.  The team felt that this option is viable, but would require a large portion of the MBARI engineering resources available and would create the largest impact of Flyer/Tiburon days at sea due to the fact that as new systems are implemented on the vehicle, days would have to be allocated for installation and testing.  

SMD Hydrovision

Overview of proposal

This is a proposal for a hydraulic vehicle system similar to Ventana, but with a shaft horsepower rating (SHP) of 54. (Ventana has 40 SHP) Their proposal is for a ROV control, propulsion and power systems designed to be integrated into a MBARI designed frame & payload system.  SMD would be responsible for providing the specified interfaces for integration into MBARI subsystems and umbilical.

Company strength

SMD Hydrovision is a privately owned engineering company based in the North East of England specializing in the design and manufacture of complex underwater engineering systems.  With a combined experience of nearly 50 years, SMD Hydrovison provides subsea vehicles to the energy (oil & gas and renewable), cabling, mining and military industries.  The combination of Hydrovisions work class vehicles and the Curvetech modular components with SMD’s cable ploughs, tractors and high power ROV’s now makes SMD Hydrovison the world’s largest underwater vehicle manufacture.

Support structure

Core vehicle support such as surface & subsea control systems, software and power & hydraulic systems will be supported through Hydrovision.  We will still require MBARI support engineering for add on’s such as IVIEW.  Several ROV operators in the US, such as SonSub, Oceaneering and SubSea utilize SMD components in there vehicle designs, so a support structure has been established in the US. 

Power / propulsion / hydraulics

The Hydrovision option is a hydraulic vehicle with hydraulic thrusters providing 600 lbs of thrust per thruster.  This provides the highest thrust of the three options.  The hydraulic system has the advantage to direct the power to where it is needed at the moment, propulsion, tooling or some combination of the two.

Noise

Although MBARI went to extremes to keep the noise signature of Tiburon to a minimum, a quite vehicle does not seem to be a high priority to science at this time.  Dr. Robison is currently the only scientist with concerns about acoustic noise and he has agreed to the higher noise levels of a hydraulic vehicle if it fits the needs of the Institute as a whole.  Dr. Brewer has seen a problem with the electrical noise levels of Tiburon on a past experiment, but this should not be a problem with the hydraulic system.  Noise levels will be similar to that of Ventana

Internal resources required

Although the core ROV system will be provided by SMD Hydrovision, MBARI resources will be required for system integration and frame & foam pack design in addition to the Option independent tasks (see Option independent task listed below).  

Technical risks

We believe the technical risk of the Hydrovision system is low due the large number of systems in the field (>80).  If Hydrovision is chosen we will require that a factory acceptance test be performed with their system running at full load through the 5000 meter umbilical.  The highest risk is meeting the payload, vehicle weight and VB requirements which will be determined in the beginning part of the year during the systems engineering phase before any hardware is purchased.

Maintenance costs

Maintenance costs should be similar to that of Ventana since the systems are similar in design.

Schilling

Overview of proposal

Quest has proposed a complete ROV system (Quest ROV) with the exception of the VB system.  MBARI would be required to design an upgraded version of the current Tiburon design and then implement it in to the Schilling vehicle.  The Quest vehicle is an electric vehicle similar in concept to that of Tiburon, but with the capability of providing up to 4 times the total power of Tiburon.  

Company strength

Schilling Robotics, founded in 1985, designs and manufactures remotely operated equipment for underwater environments.  The company produces the QUEST ROV and is also the world’s leading supplier of telerobotic manipulator systems for ROVs.  However, we do have concerns about the strength of their vehicle manufacturing section of the company since they have only sold 5 vehicle systems since they started the division.

Support structure

Core vehicle support such as surface & subsea control systems, software, power & hydraulic systems will be supported through Schilling.  We will still require a minimal amount of MBARI support engineering for add on’s such as IVIEW, Nav Proc, etc.  Schilling is located in Davis, CA and therefore can provide technical support response very quickly if needed.

Power / propulsion / hydraulics

Electrical output at the vehicle is 600VDC @ 60KW.  The propulsion system is electric ring thrusters with 450 pounds of thrust per thruster.  Pressure & flow rates for the hydraulic system are 9gpm @ 3000 psi.

Noise

Although the vehicle is an electrical vehicle, Schilling did not take the steps that MBARI did to decouple the 400hz hum of the main transformer to seawater.  The system is quite loud, but we have no data to show how much louder it is than the current Tiburon.

Internal resources required

This proposal requires the least amount of MBARI resources to upgrade the vehicle.  (still working on this one….)  in addition to the Option independent tasks (see Option independent task listed below).  

Technical risks

DMO has had the opportunity to send an observer/pilot on two cruises using the QUEST ROV.  During both cruises, the electric-ring thrusters have been problematic and required replacement.  The standard QUEST system doesn’t provide the power and data requirements that are required for integration of the existing MBARI equipment.  Schilling has proposed to meet these requirements and included a large amount of NRE costs for solving these issues.  However, they have not provided a technical proposal to indicate how they would meet the requirements.  

Option independent tasks (required for all 3 options)

Certain tasks are required, independent of what option is chosen.  These tasks are highlighted to emphasize that some level of MBARI engineering is required for the upgrade.

· Crane Base modification for increase payload requirements

· Umbilical Selection

· Power system integration to the Western Flyer

· Control room integration

· VB system upgrade. (Vendors chose not bid on this item)

· Nav Proc upgrade or replacement (Obsolete/non-supported hardware)

· Slip ring upgrade to accommodate additional fibers

· System Testing 

· Documentation

Summary

SMD Hydrovision continues to be considered as the leading choice. A recent visit to the SMD Hydrovision facility was particularly impressive. A demonstration of their Qnix based control software and distributed IO system, flexible and easily configurable GUI was impressive. Additionally, the SMD Hydrovision’s data logging process has the potential to make a conversion to MBARI’s requirements very reasonable. Advanced and readily supportable hydraulic and power systems were confirmed. Initial indications are that MBARI’s custom requirements are relatively easy to implement using SMD Hydrovision’s distributed IO architecture.
It appears that SMD Hydrovision has a cost to benefit advantage over other potential vendors when it comes to custom requirements due to engineering charge out rates and again the flexible software architecture they have based their systems on.
Final determination of an external vendor, however, will be decided based upon the response from the detailed specification RFQ.
Documents

The following documents were developed during the scoping project in 2004 and are available for review:

Tiburon Upgrade Major Issues (Steve Etchemendy)

Requirements Documents (Steve Etchemendy)

ROV Tiburon Upgrade Recommendation Report (MBARI ROVUC – Jim Barry)

Request for Rom Document (Upgrade Team – Dale Graves)

Tiburon Upgrade Critical Design Review (Upgrade Team – Au/Barry/Etchemendy)

Plans for 2005

Engineering/technology development

Based on the trade studies performed in 2004 and feed back from the CDR, we believe the best approach for upgrading Tiburon is the replacement of Tiburon by purchasing the core system components off the self and using MBARI resources to perform the system integration. After the systems engineering process is complete (first half of year 1) this issue will be revisited in the PDR.  We believe that this is probably the most cost effective solution for MBARI, but MBARI management may choose to minimizes the impact on Engineering resources by outsourcing a greater percentage of Tiburon2’s development.  We are proposing an additional 2/3 years (2005 and 2006) to complete the design and installation of the new vehicle.  2005 would consist of system engineering, the purchase and testing of the core components and phase 1 of system integration.  2006 would be fabrication, integration, and installation on the Western Flyer, ready for operations early in 2007. Installation may go into winter 2007 to minimize the loss of good weather for operations.
Stage 1 –System Engineering 

Systems engineering (specifications review)

Detailed design specification

Power systems (top side)

Characterize existing Flyer power system

Block diagram of topside power system

Requirements Document

Power systems (subsea)

Subsea power requirements

Switching requirements

GFM requirements

Block diagram of subsea power system

Requirements Document

Umbilical & slip ring

Umbilical

Umbilical termination j-box

Power capacity review

Slip rings

Power & fiber upgrade requirements

Requirements Document

Hydraulics & propulsion

System requirements

Requirements Document

Video & imaging

Current camera and lap box micro upgrade

Pan & tilt requirements (review control and mech req.)

Requirements Document

Topside control systems

"Pilot console (joy stick, etc.  integration)"

GUI display

Science interface

Requirements Document

Nav Proc upgrade/replacement

Data systems (data logging)

Requirements Document

Overlay & switching 

Block diagram of pilot console and control room 

Subsea control systems

Subsea control system requirements

Block diagram of subsea control system

Sensors & core equipment requirements

Subsea Requirements Document

Tool sled controller requirements

"Video, data and I/O"

Hydraulics

Power, switching and GFM

Block diagram of tool sled controller

Requirements Document


 Electro/hydraulic systems specification PDR

 Frame, buoyancy & payload requirements review"

Frame requirements

Equipment mounts, brackets, etc."

Latch requirements

Requirements document

VB requirements

Pump review

Sphere review

Block diagram

Payload requirements

Weights (in air/water)

Spreadsheet for weights (in air/water

Foam pack

"Frame, buoyancy & payload PDR"

Crane base modifications

Requirements Document

Detailed specifications document

System engineering complete

Request for RFQ

Review RFQ
Stage 2 - Design

Surface control system

Nav Proc upgrade

Data systems (logging)

CTD Display

Advanced control systems

"Pilot console (joy sticks, etc.)"

CDR

Tool sled controller

"Mux, power, I/O systems"

Housing & packaging

Electrical design

CDR

Camera & viewing systems

"Camera, pan & tilt systems"

Lap boxes 

Iview control

CDR

Frame, buoyancy & payload

Frame design

Core frame design

Vehicle latch design

Umbilical termination j-box

"Brackets, mounts and hardware"

3D Model subsystems

VB system design

System design

Level feedback 

Foam pack 

Foam pack design

Crane base modifications

Outside services

CDR

 

RFQ for foam pack

System Design complete
Stage 3 – 1st year development
Surface control system

Purchase Surface control system

Belly pack controls (purchase)

Interface & test data systems

Advanced control systems

Toolsled controller

Purchase tool sled controller

Integrate tool sled controller

Camera & viewing

Purchase hardware

Lap box interface

Modified IVIEW control system

Integration & test

"Frame, buoyancy & payload"

Final frame & foam pack design

Purchase VB spheres

Fabricate & test VB system

Purchase foam

Crane base modifications

Purchase materials for mods

Purchase CT winch

Purchase lift lines

Perform modifications

1st year development complete
c) Specific deliverables (new and continuing projects) Year 1

· A complete systems engineered requirements document

· A detailed quote for ROV components or a custom ROV

· Designs for: 

Surface control system
Tool sled controller

Camera & viewing systems

Frame, buoyancy & payload

Foam pack

VB system

· Modified crane base & crane winch on the Western Flyer to handle 14,500 lb ROV.

· Nav. Proc. upgrade.

· VB system 

d) Project team (new and continuing projects)

Doug Au – Co Lead Engineer

Paul McGill – Co Lead Engineer

Rich Schramm – Data systems

TBD – Mechanical Engineering

Ed Mellinger – Electrical Engineering

e) Project lab space (new and continuing projects)

Building D lab area for testing of subsystems

3) BUDGET JUSTIFICATION (new and continuing projects)
Capital equipment items:

The following Capital equipment items will be purchased during 2005

1) Surface Control System (Software)

2) Subsea Control System


4) Mux upgrades

Computers (hardware & software):

Replacement computer hardware for Nav. Proc.

Outside Services:


1) Naval Architect for crane base modifications

Travel:

Travel to the selected umbilical manufacturer for factory acceptance tests

Travel to ROV vendor 

4) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	
	
	
	
	
	

	Milestone Description
	Preliminary design review
	Critical design review
	Purchase critical components
	Factory acceptance test
	Phase 1-system integration
	

	EE
	
	
	
	
	
	

	SE
	
	
	
	
	
	

	ME
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	


Appendix 1

See Tiburon MS Project File for detailed work breakdown.

Engineer – Electrical

735.72h 
 
92 man-days

Engineer - Mechanical
898h


112 man-days

Engineer - Software

505.37h

63 man-days

Engineer - Support

96h


12 man-days

DMO - Tiburon Support
394.7h  

50 man-days

Engineer - Machinist

200h


25 man-days

DMO CTD tech

27.2h


 4 man-days

Engineer - Associate

163.43h

20 man-days

Total engineer man-days in yr 1 -- 279

� This number should be the same number you entered on the resource requests for this particular resource.





