The following is the Eagle Picher Technologies (EPT) technical response to the Monterey Bay Aquarium Research Institute (MBARI) RFQ for a lithium ion battery for use in the AUV program.  This response will follow the general outline of the Applications Specification supplied by MBARI.

Paragraph 1.1:  Electrical Requirements

Specification requirements:


Nominal Voltage:  24V  
Range:  19V to 36V


Max. Power Discharge:  300 Watts for 1 sec.   Ave. Load 250 Watts


Energy Minimum:  3KWH

Amount of Working Time:  12 hours/day, 2 complete discharges/week, 52 complete discharges per year.

Charge rate:  C/2 to C/4, but flexible.

EPT Proposed Solution:

Although EPT manufactures a large number of cells utilizing a wide range of chemistry systems, we believe the best available cell for this application is the commercially available “D” size cell produced by AGM Batteries (ICR34600).  AGM makes this cell available to authorized value added battery assemblers that have signed formal agreements with them.  Eagle Picher is a member of this team and has fabricated a wide range of batteries incorporating the proposed cell.  The cell has an OCV of 4.2 volts and a nominal working voltage of 3.6 volts.  The rated capacity is 5.2 Amp hours and the cell is capable of sustaining 10 amps continuously.  It has a diameter of 33.9mm (1.33 inches), a height of 60.3mm (2.37 inches), and a nominal weight of 125 grams.  (Data sheets are available on request.)  A configuration of these cells in an 8 series, 27 parallel (8S27P) arrangement would produce a battery with an OCV of 33.6 volts and a nominal working voltage of 28.8 volts.  At the projected peak load of 300 watts, assuming the nominal working voltage of 28.8 volts, the battery would be subjected to 10.42 amps.  When shared equally by the 27 cells in parallel, this reduces the load on each cell to approximately 0.39 amps, which is well under the maximum capability.  The parallel strings allow the battery to yield 104.4 amp hours at 28.8 volts or just over 3KWH, the requirement minimum.  Margins are expected as although the cells are rated at 5.2 amp hours, the manufacturer reports that actual lot sample testing averages between 5.6 and 5.7 amp hours (which would yield closer to 4.3KWH).  The proposed cells will provide  approximately 100% capacity for approximately 200 cycles (100% DOD) and will still deliver up to 80% capacity after 1000 cycles (100% DOD).  Each cell will be monitored by a commercially available lithium ion protection circuit board.  This board protects the cells from being over charged or over discharged and also provides short circuit and over temperature protection.  Board protection limits are 4.325 +/- 0.025 volts during charge, 2.50 +/- 0.08 volts on discharge, approximately 2.6 amps maximum current, and approximately 70 C maximum temperature (board temperature).  Any out of tolerance conditions cause the circuit to open, preventing charge or discharge (depending upon cause of condition).  The board automatically resets when the out of tolerance conditions are relieved.  While a single board per cell would be adequate to monitor the cell, two boards in parallel would provide a redundancy that would allow the battery to function perfectly should one board fail to reset after any condition.  This redundancy has been included in the cost of this proposal.  Eagle Picher has not been requested to supply a charger for this battery, but will work with MBARI under the scope of this program to provide any assistance necessary to aid in their development of the charger system.

Paragraph 1.2:  Physical Requirements

Specification Requirements:

The battery and all associated electronics must fit within a 400mm diameter sphere.

Battery Weight:  35KG, maximum.

EPT Proposed Solution:

Eagle Picher proposes dividing the required 216 cells into 4 groups of 54 cells each.  Each of these groups would be mounted on a circular plate 12.085 inches in diameter.  This plate would be made of a structural material (such as Lexan) that would provide support for the cells during manufacture of the battery and during incorporation of the battery into the sphere.  Each plate would contain two (2) parallel groups of 27 cells each in series.  The four plates would then be assembled in a series arrangement (either by permanent wiring or through connector attachment) to complete the battery.  Cells on the plate would be permanently affixed into recessed areas on the plate in a roughly dense-pack arrangement with a minimum of 0.110 inches between cells and between the cells and the outer edge of the plate (reference supplied drawing).  As can be seen on the drawing, there are seven areas where support structures to hold the cell plates in position may be located.  These areas may also be used as possible locations for means of securing the battery to the sphere.  Each plate should add approximately 0.125 inches to the height of the cell stack.  When placed in the final battery configuration, this should yield a battery with a roughly right cylinder shape 12.085 inches in diameter and approximately 10.03 inches tall capable of being fixed into the sphere.  Any additional space remaining inside the sphere may be used for additional requirements, providing arrangements are made to prevent short circuiting or other damage to the battery.  While this design yields an easy to build, symmetrical battery, the design may be altered to accommodate any as yet undetermined fit or functional concerns that may arise.  Thermocouples, thermal fuses, or any other type of monitoring devices can be readily incorporated into the battery design.  The total cell weight of the battery is projected to be 27Kg (216 cells X 125 grams/cell).  Additional battery materials (such as charge control boards, inter-celling materials, support structure, connectors, etc.) are expected to be no more than 5Kg.  The total battery unit projected weight is expected to be approximately 32Kg (less than the maximum requirement of 35Kg).  Spheres for any batteries ordered are expected to be supplied by MBARI to Eagle Picher and have not been taken into account when calculating battery weight.

Paragraph 1.3: Environmental Concerns

Specification Requirements:


Non-Operating Temperature Range:  -20 to 25C


Operating Temperature Range:  0 to 23C


Mechanical Shock:  Benign


Vibration:  Benign

EPT Proposed Solution:

These requirements should not be a problem to the proposed cell selection or to the proposed battery design.  The cell has a discharge temperature range of –40 to 70C and a charging temperature range of 0 to 50C.  Cell discharge data supplied by AGM indicates cell discharge performance at the discharge rate of C/2.5 (which is more severe than the proposed usage) at both 0C and 23C is almost identical, with an average discharge voltage of 3.6 volts and a capacity in excess of 5.0 amp hours. All battery designs proposed by Eagle Picher are robust enough to withstand normal transportation environments, which are more severe than the usage requirements.

Schedule

Eagle Picher proposes a program schedule of 6 to 7 months, ARO.  If the total number of batteries ordered is three (3) units, the estimated contract duration time would be six  months.  If the number of batteries ordered is five (5) units, then seven months may be required.  Long lead items include cells (which have a delivery time range of from 3 to 5 weeks and cell manifolds (which may have a five week delivery time).  All other battery components, including control circuit boards, typically have a lead time of two weeks or less.  This schedule assumes a close partnership with MBARI in the areas of providing spheres for battery fabrication, direction in attachment of the battery unit to the sphere, placement of any non-battery equipment or material either in the sphere or on the interior surface of the sphere (that might prevent battery fit or function and cause battery redesign) and battery to equipment interfacing (if required).  Visits by any representative of the MBARI technical staff are welcome during any stage of battery manufacture or electrical evaluation.

Cost

Eagle Picher is pleased to submit a quote for $37,773.88 per battery (for a quantity of 3 to 5) for the battery design and manufacture described above.  In addition there would be non-recurring costs of $17,643.86.  These non-recurring costs would include a complete drawing package composed of manufacturing flow sheets, critical process definition, quality inspection parameters, and program drawings.  This package should allow for a complete understanding of how the units were constructed and allow for the fabrication of identical units in the future (or allow for easier modification of future units).            

