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Trip Report for ALTEX Meeting at FAU

Dates: August 12-14

Attendees: 


From FAU: 

Dr. Sam Smith – Group leader

Richard Dunn – ME

Dave -  ME

From MIT:

Brad Moran – Software

Joe Curcio – ME

Knute Streitlien

From MBARI:

Andy Pearce – Software

Mark Greise - ME

Topics / General Overview

1) The first morning was spent addressing the mission and the resulting baseline design requirements/ assumptions. A sketch with rough dimensions was drawn with the major systems shown to derive an approximate overall size and layout.

2) During the remaining discussions that afternoon and the following morning, the group was broken into two groups consisting of the software group and the mechanical group. The mechanical group spent this time addressing specific design tasks, initial approaches, and task breakdown including personnel involved. A resulting list of design assumptions, approaches, and resulting tasks was compiled and distributed to the attendees.

3) On the third day, I was able to observe a day of operations with the FAU vehicle, Ocean Explorer. The day was spent at sea testing the Peacock configuration, consisting of an air bladder ballast system and fore and aft skids enabling the vehicle to land on the bottom for acoustic measurements. The nose cone has transponder bars, which deploy outward from the body during measurements, then retract during transit. The intent of the operation was to test the ballast system and the mission was a success. Notes and pictures were taken during the mission to record operations procedures and mission accomplishments. During this mission, I was able to ask the personnel a lot of questions about typical AUV operations. Items of interest are listed in the mission notes below.

 Issues and Assumptions from meeting:

1) There was some apparent confusion with regards to the proposed mission duration. The initial assumption based upon discussions at the first meeting in Canada was that the mission duration would be for 15 days. The resulting power requirement would far exceed the proposed capability of the fuel cell (40 KW-Hrs). A review of the mission requirements indicated that a dimensional error must have been made (probably between nautical miles and kilometers) that resulted in twice the length of time required to cover 1000 km than is actually required.  The current assumption is that the trip duration will be approximately 200 hrs (8.3 days) @ 1.5 m/sec (2.92 kts) including CTD dives and buoy deployments.

2) Vehicle max operating depth to be 3000 m with a 1.5 factor of safety.

3) Suggestion was made to follow some published certification guidelines for submersible systems such as ABS or NAVSEA for safety and consistency. MG will collect and distribute applicable sections to other ME’s

4) Vehicle to be neutrally buoyant at 1.5 m/sec (3 kts).

5) Current assumption is to use FAU Podule design with 24 VDC motor substituted, stainless, titanium, or ULTEM motor enclosure (pressure compensated or w/ magnetic coupling) with highest efficiency corresponding to nominal speed (approx. 200 Watts).

6) Fin design to be very robust w/ spring loaded breakaway feature.

7) AUV to be made up of three separate modules including tail cone, Fuel cell section, and nose cone.

8) Hull to be from FAU’s manufacturer and be laid up with strong, resilient material (Kevlar or carbon fiber) with nosecone section extended back to encompass buoy release system.

9) Blanket assumption to use materials other than aluminum for all structural parts wherever possible due to corrosion concerns and high potential for galvanic effects due to fuel cell.

10) Launch and recovery system to maintain recovery angles less than 30 degrees due to fuel cells.

11) Pressure vessels to be spheres. Material options/tradeoffs to be examined.

12) Fuel cell section will include mating rings and have specified rigidity and strength for worse case launch/recovery loads.

13) Buoy arrangement will be three across and five lengthwise.

14) Current overall vehicle length is 141 inches.

15) Baseline for fin design is FAU Ocean Explorer fins.

Mechanical Design and Analysis Tasks for MBARI

1) Investigate pressure vessel design and material tradeoffs using glass, acrylic, ceramics, titanium, etc, to possibly replace 17” Benthos spheres used on Odyssey.

2) Check motor controllers and actuator for fin angle control to see if the brake function draws full current in order to minimize power required during long turns and ascents/descents.

3) Determine maximum launch and recovery loads in order to design strong enough frame and adequate launch and recovery system.

4) Provide design and test specs for submersibles as well as handling systems from ABS and NAVSEA for safety and consistency in the design.

5) Provide a contact for a materials expert to review design and make recommendations regarding possible corrosion problems and prevention.

Observations/Notes from Deployment of FAU Ocean Explorer Peacock Configuration

There is a detailed trip report as well as pictures (including in water shots during deployment) available for anyone interested.

Purpose: To test a ballast system for use with an acoustic nosecone module. The complete system will allow the AUV to travel to a programmed location, ballast and settle to the bottom, deploy acoustic module arms, monitor and record acoustic information for a given time period, and deballast and either relocate or return to a docking/recovery location.

Personnel: The operations crew included three ops personnel, one navigator, one software engineer, the mechanical designer, and the two scientists involved in the acoustic study.

 The missions were as follows:

1) Deploy the vehicle and manually test ballast and trim with ballast bladder fully inflated. The goal is to have the AUV remain neutrally buoyant and remain trimmed when pushed down beneath the surface by divers.

2) From the surface at a standstill, expel air and settle to bottom, then reinflate and surface.

3) Deploy the vehicle and have it follow a given transect at depth of about 10 feet, then glide to a stop, expel air and settle to the bottom, the reinflate bladder after a given time period and continue on a horizontal.

Results:

After a little trimming using foam and weights, the AUV successfully executed each of the missions. The final mission was repeated three times successfully. The next step is to deploy the acoustic arms when on the bottom, then retract them before transit.

General Observations:

1) FAU currently has 12-15 full time employees working on the AUV program including:

 3-4 software specialists, at least one of who is on each deployment

 2 ME’s in the lab for design, assembly and test

 2 mechanical technicians responsible for assembly, maintenance and some fabrication

 4-5 marine operations personnel made up of logistics and navigation expert, deployment     specialists, and two divers.

In addition, 4-6 graduate and undergraduate students are employed on a part time basis in the AUV lab. 

2) FAU does 2-3 missions per week, mostly funded by ONR.

3) The smallest AUV payload makes the overall length about 10 feet, allowing a 35-foot vessel to deploy it from davits. Most of the time a full size support vessel is used (50 + feet) with crane.

4) The minimum number of personnel  for a mission is 5-6 including two topside, two divers, and a software specialist.

5) Operations are normally in 20-30 feet of water in calm conditions and require two divers for launch and recovery as well as mission observation.

6) Manual in-water recoveries of the AUV are conducted fairly often (25 % or more ?) due to various system malfunctions.

7) According to FAU personnel, the normal operating speed for the vehicle is 2-3 knots. Speeds of 4 knots or greater are difficult to sustain due to a huge increase in power consumed.

