Energy/Cost Tradeoffs

Triple/Quad Thruster

Concept is to replace single gimbaled thruster with 3 or 4 thrusters mounted at the ends of 3 to 4 fixed fins 

Cost analysis:

Baseline cost: $45K

Estimated triple thruster cost: $24K

Estimated quad thruster cost: $32K

Estimated reduction in efficiency due to thruster placement: 10%

Estimated triple thruster increase in frontal area (3 x 5" diameter) 17%

Estimated quad thruster increase in frontal area (4 x 5" diameter) 23%

Overall increase in energy requirements: 29% (triple), 34% (quad)

Increased power requirements (4 kWh baseline): 1.15 kWh (triple), 1.40 kWh (quad) 

Increased battery cost: $14K (triple), 16K (quad)

Net cost savings: $7K (triple), $3K loss (quad)

Other Considerations:

Analysis ignores low speed operation efficiencies

Analysis ignores triple/quad body options

Increased snag risk

Question to be resolved by Rob McEwen: 

At what speeds do control surfaces become less important than thrust?

Increased Propulsion Efficiency

Current propulsion efficiency is 75%, at 3 knots.

Can we achieve higher propulsion efficiency at higher or lower speeds with other designs?

Cost Analysis:

Unknown at this time

Decreased Drag - Neutrally buoyant vehicle

Neutrally buoyant vehicle would pass straight through the water, with less drag.  However, closely trimmed vehicles (5 N buoyant) only use 1.5% more energy than neutrally buoyant ones.

Cost Analysis:

Negligible Benefit seen

Decreased Drag - Smoother vehicle

Current vehicle energy baselines are based on current MBARI vehicles, which are not optimally smooth.  Opportunities for improvement include:


Optimizing instrument intakes


Smoothing over fairing screw holes

Cost Analysis:

Additional study needed

Smaller (12") Diameter ceramic spheres & pressure housings

(This analysis ignores the tail-cone)

Design summary: Replace 17" glass spheres with buoyant ceramic-Ti housings and ceramic seamless spheres (pressure vessel busters).  Increased cost of housings may be offset by decreased foam and battery requirements.

Cost Analysis:

Awaiting info from Don Peters at WHOI

Path Optimization Using Currents

This could allow us to run the vehicle at low speeds while making long distance measurements, by having the vehicle adaptively select its depth/altitude for favorable currents, using information gained from its ADCP.

Cost Analysis:

Would require an additional ADCP: $30K

Energy savings would result from 0.07 m/s median (M1) current advantage = ~ 0.070 kWh per mission, or negligible cost savings.

Other Considerations:

Would have to over-ride desired depth of profiles to be effective.

Hybrid Glider

Use variable buoyancy to control depth, low speed to eliminate tendency of vehicle to act as wing.

Cost Analysis:

Eliminates 1/2 of gimbaled joint in tail-cone: est. $15K

Power usage: 0.5W to control a 50kg glider ( 10W to control a 1000kg AUV?

Appears to be appropriate in low-speed operation, with very low hotel loads (~20W)

Other Considerations:

Question to be resolved: at what speed does "wing" effect go away?

Alternate Control Surfaces - Quad Fin

Would an off-the-shelf quad-fin system offer comparable performance at lower cost than Bluefin's gimbaled tailcone?

Cost Analysis:

Awaiting quotes from North Shore Propulsion for tail-cone modules

Other Considerations:

Increased tendency to see experience, potentially lower engine efficiency & torque problems if no duct.

Buoyancy-Based Pitch

Maintain constant neutral buoyancy, but shift the center of weight forward or backwards to achieve desired pitch, and drive the vehicle up or down with the thruster.

Assume heading controlled by 1-axis tail cone, dual fins, or buoyancy-based roll.

Cost Analysis:

Complicated

Other Considerations:

May be speed limitations.

Buoyancy-Based Roll

Assume pitch controlled by buoyancy also -- bank vehicle to make turns.  Requires a non-circular cross section or wings, so the vehicle does not simply roll.

Cost Analysis:

TBD

Other Considerations: flywheel energy storage

May be speed limitations.

Mechanical Energy Storage-Based Heading, Pitch, Roll

Assumes mechanical (flywheel) energy storage, aligned in up to three axes.  

Off-axis rotation of the flywheel in the vehicle would cause the vehicle to bank accordingly.

Glass spheres are ideal vacuum vessels for containing flywheels, and designs by N. Gulia (Moscow State Industrial University) fail non-violently, such that the glass is an adequate containment vessel.

Cost Analysis:

Unknown

Other Considerations:

Feasability

