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Dorado concept 

James G. Bellingham,  PI                      William Kirkwood,  Project Manager
Dorado is based on the work and technology development stemming from the ALTEX /NOPP teaming arrangement. The new vehicle will draw directly upon the elements that were proven and the lessons learned with the Altex Experiment Vehicle.

The Dorado vehicle will be modular and capable of carrying a variety of payloads custom made for science. The vehicle will also be capable of accommodating the other developments of Altex for long range application of an AUV. This includes the semi-fuel cell from Fuel Cell Technologies, navigation systems, science instruments, and other components. 

Draft Specification: 

Project Objectives

Objectives of the Dorado project are two fold:

· Develop two modular AUVs for general use by staff of MBARI R&D.

· Continue development of very long endurance AUVs

Work in 2001 will build on the accomplishments of 2000, that include:

· Demonstration of new software implementation architecture for AUV control code.

· Demonstration of prototype Dorado AUV

· Hopefully, demonstration of a fuel cell on a modular Dorado.

MBARI General Use AUV

The primary goal for 2000 will be to develop two AUVs that will become institutional operational assets in 2001.   The development of these vehicles will entail: review of the operational experience of 2000, redesign of selected portion of the existing vehicle, fabrication of new vehicles, and a transition period for passing the vehicles to operations.    

The MBARI general use AUV is expected to support a number of proposed science activities including:

· Multibeam mapping platform (Abstract:  )

· CTD Time-series section (Abstract:  )

· Video transect sections (Abstract:  )

· Docking development (MOOS activity….)

· MOOS AUV operations (MOOS)

Support of such a broad range of missions is possible because Dorado is a modular AUV design. Most of the core AUV systems are contained in the tail, while payload and batteries are contained in one or more forward sections.   The Dorado program is primarily concerned with developing a robust, versatile AUV tail section along with the fundamental building blocks for battery and payload sections.  Development of specific payloads for the AUV will be the subject of R&D proposals rather than the province of the Dorado program.

The tentative model of AUV operations is that DMO will maintain and operate AUV tail sections.  The forward, payload portions of the AUV, may be operated by specialists from engineering or science.  Integration of 

Very Long Endurance AUV (ALTEX)

Extended operations are enabled by the development of a semi-fuel cell.  Initial motivation is the need for extended operations in the Arctic basin.  This program was first funded through a NOPP grant to MIT that started in 1998, to which MBARI became a party in 1999.  Starting in summer 2000, funding for the very long endurance AUV will come primarily through NSF.

Objectives of 2001 for this portion of the activity include:

· Accomplish long endurance runs for the AUV with a semi-fuel cell section in Monterey Bay

· Integrate communications section on AUV and demonstrate locally.

· Engage in trial runs of AUV from USCG vessel Healey in Arctic, tentatively scheduled for October 2001.

The objective of the NSF funded effort is to greatly increase access to the Arctic Ocean by creating and demonstrating a safe and economical platform capable of basin-scale surveys.  Specifically, we are developing an Autonomous Underwater Vehicle (AUV) for Arctic research with unprecedented endurance, and the capability to relay data through the ice to satellites.  We call the vehicle the ALTEX AUV, for the Atlantic Layer Tracking Experiment that motivates its development.

Of these three new vehicles, two will be paid for from MBARI funds obtained through the Dorado 

Dorado Overview  (based on early Altex)

The basic design consists of components that are currently in use for Altex, and additional elements that are currently under development at Fuel Cell Technologies and elsewhere. As a baseline design, we have coined the term "reference design" and our philosophy has been to try to keep it as simple and reliable as possible. This preliminary design is intended to open the forum for discussion, criticism and feedback. It is the first pass in the design spiral, and we hope that the vehicle can evolve from this point. 

We have broken the design down into major functional elements. As such each element is described individually, and where there is some crossover, the major heading has been used. 

General Notes

· Vehicle speed : 3 knots (1.5 m/sec) 

· Depth rating : 3000 meters with safety factor of 1.5 (4500 m - 6600 psi) 

· Size: Approximately 21 " dia. and ~12' long (141") 

· Fuel Cell: Baseline 40 Kwh capacity 

The forward 17" sphere will house Silver-Zinc batteries with adequate capacity to power the vehicle for approximately 10 hours. This battery will be used during preliminary debug and testing and will reside in vehicle as the battery for when the fuel cell is not in use. 

Material Summary 

Because the vehicle will operate in the vicinity of the chemicals used in the fuel cell, (KOH and H2O2) we will eliminate aluminum as a material for any structural element. Where aluminum is unavoidable, as with the CTD components, we will prescribe a procedure for hard coating and sealing all exposed surfaces. In addition, where screws would otherwise scratch the hard coating, delrin washers will be used.

As mentioned in the hull section below, fiberglass will be used as the baseline material for external skins, and only where it is determined that additional strength or decreased weight is required, will an alternative material be considered. 

Structure and Hull 

The hull is a 1/4" thick fiberglass skin that is attached to internal structural members and linked together using bayonet style joining rings at body segment boundaries. The current joining rings are comprised of aluminum and delrin sandwiches. Structurally, it has been agreed that the vehicle hull will have to be designed and built so as to be able to withstand the extreme loading seen during launch, recovery and transport. Early indications are approximately a maximum of 2g acceleration between ship and sea surface. Besides having to withstand this extreme momentary loading condition, the whole vehicle hull will have to provide structural rigidity along axis, in torsion and in bending. It is intended that although the vehicle will not be lifted vertically by the bow, it must be structured so as to be pulled up an inclined ramp by the bow lift point alone. 

Individual segments of the vehicle will have to be designed and fabricated so as to be structurally consistent with the remaining vehicle elements. The fuel cell segment for instance will need to be built so that it provides adequate stiffness longitudinally and torsionaly. In addition, the fuel cell segment will need to provide cable feed through, and allow access as required by adjacent segments. The details of the structure, the wiring and other structural and geometrical details will be provided as soon as they are determined. 

It is intended that the vehicle will be designed so that lifting points will be strong enough to lift the maximum vehicle weight as described above, although the prescribed recovery technique is to recover the vehicle using either a ramp or a cradle. In general, the lower skin of the vehicle is not intended to allow for full body point loading as might be seen if the vehicle were miss-placed on a two point cradle. Relative to the total body weight, the skin itself is not intended to support such extreme loads. 

Within the bow segment will be the forward 17" sphere, the CTD (Paroscientific depth transducer remains aft) payload and the dropweight. (NOTE: Drop weight may be eliminated - added buoyancy may eliminate the need for the drop weight) 

Propulsion 

The basic propulsion unit will be the MBARI Tailcone. Most substantially, the motor will be re-specified so that it is designed to operate at 24 volts dc, at approximately 150 watts. Although the theoretical design specification indicates approximately 100 watts of propulsive power required.  The reference design speed is 1.5 m/sec (approx. 3 knots) and we will hold to this speed for this vehicle design effort. It is intended that the motor selected allow for easy upgrade to higher power ranges so that future vehicle uses might be possible operating at higher speeds. A maxiumu speed of 4 knots is also required for shorter durations. 

The propulsion system operates at 300 rpm at the output shaft with a gearbox, and uses a urethane propeller designed to operate at maximum efficiency at this speed. There is a protective shroud (duct) around the perimeter of the propeller to protect against collision and miss-handling damage. This is intended to be a ducted thruster and to provide lift. It is intended that the drag produced by this protective ring be minimized and that the ring have a very high strength to weight ratio. Intention is to have the vehicle be neutrally stable at 1.5 m/sec and vehicle must have closed loop position control. It is desired to have feedback indicating the amount of thruster power draw. The actuator mechanism will be self zeroing (even after power cycling) and will not allow back driving of fins. 

duct mounting points will be designed so that they can withstand accidental collision (ship side, etc.). 

Pressure Vessels 

The various PV materials considered include; glass, titanium, stainless steel, acrylic, ceramic and ULTEM. Glass is well understood, and is very efficient in terms of weight to displacement ratio. The baseline for now is to use the same 17" Benthos glass spheres used in Odyssey. We will continue to look into alternatives that can offer greater ease of use, high reliability and perhaps greater design efficiency. 

Buoyancy 

Generally, the assumption is that each section of the vehicle will achieve neutral buoyancy, including the wet weight of the cables that pass through. We realize this may have to change once the weight and balance is known in more detail. The 17" sphere in the bow may provide surplus buoyancy forward. The tailcone has been calculated to provide excess buoyancy as well. The buoy section appears to be a location for adding additional buoyancy. All of this may be necessary in order to assure that the fuel cell remains neutral. It has been generally agreed that we will continue to use 36 lb./cu.ft. syntactic flotation material. Where appropriate, we will design custom blocks and have them fabricated by one of the syntactic foam vendors. 

Another concern is the loss of mass that the fuel cell will experience as it discharges, perhaps as much as 3kg. The current assumption is that the vehicle will compensate for the positive buoyancy through hydrodynamic lift, avoiding the added complication of a variable ballast system.

Payload 

(TBD, except for Fuel Cell when used) 

Operations 

As the launch and recovery affects vehicle design, it is intended that they evolve simultaneously. The intention is that the vehicle structure will be capable of withstanding forces generated during a launch and recovery via sling or lifting hardware. The intention is that the bow of the vehicle will be suitable for towing the vehicle up an inclined ramp. 

Using the fuel cell prevents the vehicle from being safely lifted by the bow alone, but as long as the maximum 30 degree pitch angle is not exceeded, the fuel cell will not suffer. 

The maximum cable load has been estimated as follows: Three cases;

1. vehicle partially submerged at surface, cable is lifting dry weight of vehicle plus entrained water weight. 

2. vehicle deeply submerged, cable is lifting wet weight of vehicle plus the added mass of water directly above vehicle (approximately equal to wet weight of vehicle). 

3. vehicle just under the surface, cable is lifting approximately the sum of case #1 and #2 above. In our case, the estimated dry weight is 800 lb. and wet weight about 2000 lb. 

Much more work needs to be done with regards to launch and recovery techniques, and as they have an impact on vehicle design, this information must be fed back to the vehicle design team. 

Fuel Cell 

Mechanical / Environment



Requirements     

· Weight





224 kg (not including hull or buoyancy foam) 

· Volume





21” O.D. X 66” long

· Depth Capability




4500 m 

· Temperature




Arctic operation 



-2°C to 5°C



Shipboard  




-20°C to 10°C



Shipping




-40°C to 30°C



Exercise operation



-2°C to 25°C

· Vehicle Orientation



Pitch

Roll





Launch




+/- 60°
          +/- 90°




Operation




+/- 30°
          +/- 18°


Power / Energy




     Requirements
· Net Power





250 W

· Gross Power





290 W

· Nominal Voltage





24 V DC 

· Endurance





260 Hours
Battery Monitoring/Charging System Specifications

Physical Characteristics:

1. Entire system must be able to fit into a 17" sphere with the battery cells being monitored.

2. This system must be physically integrated into the battery pack and contain all functions described below.

3. COTS parts should be utilized if available.

Charging:

1. System must be able to monitor individual cells during charge.

2. Must be able to automatically stop charge on each cell when cutoff voltage is reached.

3. There must be a method to identify each pack and log cycle history. This function must be integral to the battery pack.

4. Must be able to download data from pack to a PC.

5. System must be able to operate independent of main vehicle systems, i.e. if vehicle is powered down charging operations can still be performed.

Operations:

1. Must be able to monitor individual cells during vehicle operations.

2. Must be able to remove problem cells or cells that have reached low cutoff voltage from circuit during missions without interruption of power.

3. There must be a method to measure overall pack voltage.

4. System must report problems to MVC.

5. There should be a method of monitoring and logging temperature and pressure of the battery sphere and retrieve that data from the system when the vehicle is powered down.

Maintenance:

1. Must be able to monitor individual cells during discharge for maintenance.

2. System must accommodate easy replacement of electronics in the event of a component failure.

3. System must allow easy access to cells for servicing or replacement.

4. Diagnostics required for troubleshooting and repair.

Dorado weight summary (kg) [based on Altex predictions]


                                                                                Added            Total

                                  Dry weight    Wet weight    foam/weight    dry weight

Tail section:                 82.57             8.99               11.96              94.53

Fuel Cell section        256.07           33.32               44.31            300.38 

Fore section                 52.29           -7.29                 7.295           59.59

Total vehicle maximum dry weight:  454.5kg


TAIL SECTION Specification


The Tailcone section contains the following list of equipment 

Propeller - MIT designed urethane 

Propeller Duct - MIT designed urethane

Thruster - Aveox motor 

Controllers - Pontech controller

Thruster housing - Delrin with an Aluminum 


Pressure sensor Paroscientific Digiquartz 8B7000

Aft Fairing - Per Altex Hull design / mat'l ABS

Connector ring 1/8" stainless plate welded into a 1" x 3/2" box cross


section 


Aft sphere mounting deck - Delrin plate, custom machined, assume 3/4" plate glued to half the sphere.

Fairing attachment rails - 7.6x2.5x150 cm Extren "C" profile 

Thruster Mount - aluminum frame 

Strobe light w. cable - Novatech

Strobe light power- Novatech

RDF antenna w. cable - Novatech

RDF power - Novatech

ORE Multibeacon - Model 3226A


ORE acoustic projector - Model 3225A

Control sphere - 17" Glass Benthos sphere w. valve

Control sphere internals - MVC, INS, GPS, LBL, RF, UAM, CT

LBL transducers - 2 Edgetech, cylindrical style transducers, attached to control sphere

POWER SECTION


Fuel cell - semi fuel cell pressure tolerant - Peroxide, KOH, cell stack, flex tanks, pumps, pipes, valves, misc.

Controller - 10" glass Benthos sphere with PC104 stack

Buffer battery - 200 Wh Lead-Acid

Fairing - ABS, cylindrical, 1/4" thick

Connector rings - 1/8" stainless plate welded into a 1" x 3/2" box cross section, foam filled. 

Fairing attachment rails - 7.6x2.5x274 cm Extren "C" profile 

FORESECTION


Fairing - ABS per the Altex hull design 


Connector ring - 1/8" stainless plate welded into a 1" x 3/2" box cross

section, foam filled


Instrument mounting deck - Delrin plate, assume 3/4" plate 


Fairing attachment rails - 7.6x2.5x147 cm Extren "C" profile 


Instrument sphere - 17" Glass Benthos sphere w. valve


Instrument sphere internals - science payloads (TBD)

Forward looking sonar - Datasonics PSA-916

Acoustic modem transponder - Equivalent to ORE projector Model 3225A 

Drop weight(s) - (TBD)

CT sensor - Sea Bird SBE 3, 4, 5

Faring Specifications (based on Altex specification)

The following list represents the fundamental specifications associated with the faring components to be used on the Dorado AUV.  These are intended to be supplemental to sound engineering practices associated with manufacturing plastic parts.  These Faring parts are to be used on an Autonomous Underwater Vehicle to be deployed for extended duration in the ocean environment.  This implies the use of materials that are not detrimentally affected by cold sea water, can withstand collisions with ship hulls (and floating ice packs) at low temperatures, and do not absorb moisture or experience significant mechanical property breakdown in the presence of high pressure (up to approximately 10,000 psi. hydrostatic ) and low temperatures. 

All Hull sections to be fabricated using material Acrylonitrile-Butadiene-Styrene (ABS) to satisfy the desired performance specifications outlined within this document.  Surface finish, Impact resistance, Low moisture absorption, Low hydrostatic compressibility, and Very Low Cold flow characteristics are all of utmost importance for proper performance of these faring parts. The material may not be adversely affected by certain chemicals including but not limited to oils, diesel fuel, hydrogen peroxide, hydrochloric acid, potassium hydroxide, mineral oil and alcohol.  

Parts to be fabricated so that finished components maintain a geometric tolerance of ( .010” in specified lengths and radius ( ( .020” in diameter).  

Colors should be in the range of red, orange or yellow so as to provide substantial visibility in the marine operating environment.

Surface finish has not been specified at this time.  It is the intention that the highest reasonable surface finish (especially in the bow segment) be maintained. Estimated surface finish of approximately 30 micro-inches.  

Surface Waviness must also be minimized, but the effect on hydrodynamic performance is not as profound as surface smoothness. 


