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From: 
Hans Thomas

           
AUV Group Supervisor, Division of Marine Operations

To:
Robert Grieve


Chief Operating Officer,  Bluefin Robotics

Re: Initiation of Warranty Action for Batteries #0179, #0180, #0182

Bob , 

We wish to formally initiate warranty repair/replacement of MBARI 2kwhr batteries S/N #0179, #0180, and #0182, based on “12 Months Limited Battery Warranty” under which the batteries were delivered. This letter summarizes the history of these units and the problems we are now observing.

MBARI took delivery of these batteries from Bluefin in June of 2005. These units have been used in both the MBARI CTD vehicle and mapping vehicle over the last year. The first runs with these batteries occurred on August 18th of 2005. To date, they have seen 16 discharge cycles to ~85% depth of discharge, and ~20 discharge cycles to <50% depth of discharge. The batteries have seen >2000 pressure cycles to depths of >100m, as well as two pressure cycles to a depth of 500m. The typical configuration of the MBARI vehicles contains three batteries.

Early in the use of #0182 (8/2006), after approximately 5 discharge cycles and 1100 pressure cycles to >100m, one of the temperature sensors began exhibiting intermittent full scale readings. Further analysis of the data showed these readings to be cyclic with depth, As the vehicle descended, the temperature sensors would read properly, and as the vehicle ascended shallower than ~10m, it would read full scale. Further in-lab checking showed the sensor leads to be open circuit in the lab, indicating that the internal connections had broken. The most likely cause of this, based on past experience, was fatigue stress on the lead caused by the battery compressing and expanding with pressure.

A second anomaly occurred during the fall of 2005, when it was noticed that cell 5 of battery #0179 was 30mV lower than the other cells in the battery after being fully charged and stored for 5 days. Although this imbalance can be removed by balancing the battery, the balance history of the battery up to that point had been excellent. The ongoing concern is that a one of the cells of the quanta has become internally detached, again due to fatigue stress building up when the battery is pressure cycled. A similar problem has been noted in one of the Scripps Institute of Oceanography batteries (#0162, again on cell 5).

Beginning in 2006, MBARI began operating its CTD AUV without ship escort. The nominal flight profile is a 19 to 20 hour survey, during which the vehicle undulates between 2m and 100m to 250m, depending on the survey. After 7 of these surveys, a noticeable loss in capacity occurred between these three batteries.

To quantify this, we performed constant current discharge tests on the batteries between 5/26/2006 and 5/29/2006. The results are summarized in the table below. Cells with noticeably low capacity are highlighted. Its worth noting that cells 5 and 8 in all cases exhibit significant capacity loss, although other cells are obviously affected. A more complete write-up as well as battery log files is available for your review.

	Battery S/N
	As-Delivered Capacity 
	Measured Capacity 
	Cell Voltage @ End of Discharge

	
	Ah
	Wh
	Ah
	Wh
	Cell 1
	Cell 2
	Cell 3
	Cell 4
	Cell 5
	Cell 6
	Cell 7
	Cell 8

	#0179
	80.71
	2434.1
	60.01
	1834.8
	3.42
	3.65
	3.62
	3.43
	3.15
	3.64
	3.64
	3.28

	#0180
	77.21
	2345.4
	64.63
	1977.7
	3.64
	3.64
	3.64
	3.48
	3.14
	3.56
	3.63
	3.33

	#0182
	76.80
	2332.4
	62.02
	1907.3
	3.61
	3.66
	3.65
	3.62
	3.16
	3.65
	3.66
	3.50


This sort of capacity loss is completely inconsistent with the short discharge history of these batteries. We can only conclude that either the cell stack has suffered some type of internal damage due to pressure cycling, or the electronics have fallen grossly out of calibration.

Please don’t hesitate to contact me to determine the best course of action to pursue to correct this situation. We look forward to working with Bluefin on correcting these problems and delivering robust, high performance energy system for underwater vehicles.

Regards

Hans Thomas
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