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AUV Power Study

Editor: Mark Sibenac

Motivation

The Dorado class vehicles are meant to be easily transformed and reconfigured to meet the needs of scientists for real science missions and engineers for developing innovative features. These missions all have different energy requirements as some would run for 8 hours at a time, whereas others would run for 240 hours on one charge. As docking efforts come on-line, the AUV’s energy source needs to be recharged in-situ, under water. This study points out the various power requirements of the upcoming payloads and explores different battery technologies and configurations. Finally a section on power distribution and bus voltage is included.

Energy Requirements of Dorado

ALTEX –

50.4 KWhr
(240 hours)

CTD –


7.9 KWhr
(36 hours for M2)

Biolume/Particle –
2.6 KWhr
(12 hours)

Multibeam Sonar –
8.3 KWhr
(24 hours)

Docking – 

1.8 KWhr
(8 hours)

Battery Technologies

We are looking at six different batteries available on the market: Saft Lithium Ion, Valence Lithium Polymer, Eagle-Picher Lithium Ion, Yardney Silver Zinc, Lithion Lithium Ion, Electrochem Lithium Primaries, and Moltech Lithium Sulfur. Today the Dorado AUVs use Yardney Silver Zinc batteries which are located in an accessable 1 atm sphere. Since each cell voltage needs to be monitored while charging the silver zincs, we need to pull the batteries out of the vehicle and charge on a bench with much baby-sitting. The goal is to find a battery that can be charged in-situ, in a closed housing or a pressure tolerant container, for at least 100 cycles. Other goals include neutral buoyancy, or basically packaging enough foam to make the batteries float. The worst-case missions for these batteries are the ALTEX expedition (50 KWhr, one charge) and a MOOS docking AUV which would be underwater for 1 year at a time between maintenance, charging at least 52 times per year.

Energy Density

The Electrochem Lithium primaries are the densest at 1427 Whr/L and 23049 Whr for a neutrally buoyant sphere with foam. The Moltech Litium Sulfur batteries come in second with a density of 400 Whr/L and 13022 Whr for a neutrally buoyant sphere with foam. Look at the spreadsheet in \\Tornado\dorado\ConOps2001\battery_worksheet.xls for more data.

Risk

Al Bradley and many others have successfully been charging the Eagle-Picher Lithium Ion batteries in sealed 1 atm housings for over a year. Bluefin has a lot of experience with the Lithium Polymer batteries from Valence. The Moltech Lithium Sulfur batteries carry the most risk since they are a new product on the market.

Voltage and Current Requirements

Today the vehicle is designed to run off of batteries between 19 and 35 volts. Typical current draw with a 20 volt bus while all systems are up and the prop is spinning is 16 Amps. A lower bus voltage is not possible since some sensors and the prop require at least 18.5V to run. A higher bus voltage is not possible since most of the DC(DC converters are only rated for 36V. The optimal voltage for the bus is at 24V.

Wiring for Dorado

It would be ideal to have one wire bundle which runs along the backbone of the vehicle to deliver communications and power to each device. For this to be possible with a small enough connector that would be applicable to the Dorado AUVs, the number of conductors for the power wires needs to be minimized.

SeaCon makes a perfect connector with 4 14awg power pins and 8 20awg signal pins. That allows us to run 2 pairs of 14awg wire for the power bus for 24Amps of current handling.

Trade Worksheet
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Bottom Line for Dorado

A lot of factors need to be taken into consideration when choosing which battery to spend hundreds of thousands of dollars on. This study assumed pressure tolerance and charging many cycles in-situ were the biggest goals. Bluefin already had a problem testing Valence Lithium Ion batteries in oil and molded in Scotchcast. Are we willing to take that kind of risk if MTBFs are already that high? To date the most reliable and risk free solution is Lithium Ions in a 1 atm. housing. Since the safety factor is a big problem with this solution, we need to find a work-around.
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		Battery		Cost		Risk		Turn-Around		Experience		Cycles		Press.Tol.		Energy Dens.		Safety		Total		Rank

		Saft		1		2		1		3		1		3		3		2		16		4

		Valence		1		3		1		2		1		1		3		1		13		2

		Val.Potted		1		3		1		2		1		1		3		1		13		2

		Val.Oil		1		3.5		1		2		1		1		2		1		12.5		1

		Eagle-Picher		1		1		1		2		1		3		4		2		15		3

		Yardney		3		1		4		1		3		1		3		4		20		6

		Lithion		1		3		1		3		2		4		3		2		19		5

		Moltech		2		4		1		3		1		2		1.5		1.5		16		4

		Electrochem		4		1		4		4		4		4		1		1		23		7
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				ALTEX		CTD		BioLum		MultiBeam		Docking		Total		Rank

		Depth		1		1		1		1		1		5		1

		Attitude		1		1		1		1		1		5		1

		Altitude		1		1		1		1		1		5		1

		Surf Pos		2		1		1		1		4		9		3

		Velocity (DVL)		1		2		2		1		2		8		2

		Subsurf Pos		4		3		3		1		3		14		4

		CTD		1		1		1		3		2		8		2

		Fwd Obs Avoid		1		4		4		3		2		14		4

								1-Critical, 4-Not Needed

				ALTEX		CTD		BioLum		MultiBeam		Docking		Total		Rank

		Li Ion (1atm)		3		2		2		2		2		11		3

		Li Polymer (1atm)		3		2		2		2		2		11		3

		Li Polymer (oil,cast)		2		1		1		1		1		6		1

		Li Sulfur (1atm)		3		1		1		1		1		7		2

		Silve Zinc (1atm)		3		3		3		2		4		15		4

		Li Primary (1atm)		1		4		4		4		4		17		5

								1-Best, 4-Worst
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