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1) ABSTRACT (new projects only)

This project is a feasibility study to explore the failure modes of the secondary lithium batteries that MBARI uses so that a set of safety guidelines can be established.  The project is motivated by the growing number of high energy density batteries in use at MBARI, and the prospect of a battery accident and possible harm to humans.  The battery safety committee has developed extensive contacts with the battery industry, and it is clear that work in the electric car industry has begun to address many of our concerns in that failure modes are better understood and battery testing methods are better defined.  Our intent is to extend this work to understand a) what safety measures ought to be taken when putting lithium ion batteries in a pressure vessel, and b) what design principles are involved in minimizing the chance of failure propagation from an individual cell to an entire pack.  This will result in a set of guidelines that can be used by MBARI engineers in various projects using these types of batteries.

2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

· Li-ion batteries are extensively used for untethered/uncabled ocean instruments and platforms
· These batteries pose a significant safety hazard if they fail
· Safe cells ≠ safe battery pack
· Little guidance exists for safe use of these batteries in large quantities, in a marine environment and/or inside pressure vessels.

· Safety information on batteries typically (almost always?) not provided by manufacturers
· Extensive testing on batteries done by (some) electric car industry players
· Academic focus on battery safety growing (including at NPS)
· We put batteries in pressure vessels & operate batteries under pressure, which is different from most other users
· Battery architectures used at MBARI are probably not the safest possible

How does it relate/contribute to MBARI’s mission and strategic plan?

This project focuses on a safety issue, and is therefore supportive of MBARI’s ongoing field activities.  Since other organizations also face this problem, our efforts may constitute a valuable contribution improving safety across the community.

How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)

This project does not directly impact Packard Foundation activities.  However, the activity is intended to improve the safety of MBARI activities undertaken in support of the Packard Foundation vision.

Approach to the problem
Our approach is predicated on two assumptions:  1) that it should be possible to implement undersea Li-ion battery systems that can survive an individual cell failure, and 2) that it should be possible to design battery packs in a way that prevents propagation of an individual cell failure to other cells in the pack.  These assumptions are prompted by a series of conversations with representatives of the electric car industry, who inform us that these principles underlie their designs.  The question is whether

Our goal:  Guidelines that can be used by MBARI engineers in designing and reviewing integrated Li Ion battery.

· Integrity of pressure vessel:
· How much gas is vented when a battery fails?
· How is the pressure vessel effected by a battery failure?
Failure propagation
· How much energy/heat is directed at adjacent batteries?
· What can cells sustain in the way of heat before they fail?
· Are there simple ways to minimize the probability of cell failure cascade?

Transition opportunities:
· Battery safety a major concern for the US Navy – funding possible from either ONR or NAVFAC if needed.
· NPS junior faculty could take ownership of battery safety guidelines
· Possible entrainment of other oceanographic institutions (we aren’t the only ones with this problem!)

Publications (from other projects over the last 5 years)

   [Click here to enter text]   

a) New and Continuing Projects: Plans for 2012

Engineering/technology development

Complete review of state-of-art, including:
Battery conference, summarize findings
Navy and industry standards, summarize findings
Industry experts, interview and summarize findings

Specific deliverables

   [Click here to enter text]   

Milestones (see last page for personnel classification list)

Draft statement of failure modes, design principles, and safety tests
Design and build test chamber/facility
Example battery system design
Test cells and cell groups in chamber
Draft report and presentation to MBARI community
Final recommendations
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Budget justification
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