Acceptance Report for MBARI One Atmosphere Li-Ion Battery (MOAB) #1

Summary

The first unit of a one atmosphere Li-Ion AUV battery, developed by Eagle Picher Technologies, was delivered on June 10, 2005. During the following week, Quentin Vasseur of Eagle Picher and Hans Thomas performed initial commissioning and acceptance testing of the battery. Visual inspection and final assembly were performed, followed by several cycle tests to verify capacity. Several firmware issues were identified and resolved. This report summarizes the testing to dates, and identifies issues which should be corrected with this battery and future units based on this design.

Packaging, Shipping, and Handling

Summary

Shipping an “unapproved” battery (one which has not gone through the UN/CFR shipping approval process) presents some unique challenges. In the future, does MBARI need to work with EPI to obtain the necessary certifications to ground ship this design of battery more freely?

The battery was packaged for ground shipping from EPI to MBARI  in an approved UN3090 steel drum. The battery was mounted to a shipping plate via hold down rods which pass through the entire cell stack; the outer diameter of the shipping plate matched the drum diameter, securely centering the battery in the can. Foam platters, cut to surround the cell stack, then provided a secure cushion for the battery. The battery itself was contained inside an anti-static bag to protect the cell stack and electronics. The cell stack was electrically disconnected from the control electronics, minimizing the hazard of any short circuits.

Overall, the packaging design was excellent. There was no damage to the battery, and the packaging appeared robust enough for rough shipping.

Issues

1. Dummy off or wrap main cell stack and cell voltage sense connectors to further eliminate short circuit potential.

2. Foam blocks are difficult to remove from container because of small clearances. It might work better to glue several of the blocks together to allow them to be removed as a unit, or provide some other means of removing the foam without damaging it.

3. The container had a slight vacuum when it arrived at MBARI, probably owing to temperature difference when it was sealed. This required using a mallet to break the seal.

Final Assembly & Power up

Summary

Final integration of the battery consisted of integration of an MBARI developed daughter card stack onto the EPI controller board, and mating of the cell stack connections to the controller board. The daughter card stack provides Ethernet switching, serial I/O, and digital I/O. It interfaces to the controller board via a 10 pin header and 4x4-40 screws.

Issues

1. Increase MBARI boarstack standoff height by .125’’ to allow for stack-thru connector height and component clearance

2. The MBARI boardstack requires enough inrush to trip the battery at enable, preventing the battery from turning on. External power must therefore be applied via the charging connector to start the battery. Move the MBARI board to PWR_ISO+ net, rather than PWR+ net, to allow it to be powered from either the discharge port or charge port.

3. The nominal external power applied to operate the AUV is 36.0V DC. When the battery is at a low state of charge, the charge pump cannot drive the gate above this voltage, preventing the discharge and charge FETs from turning the stack off.  Consider replacing these FETS with Infineon BTS440 series high side switches, or a higher voltage gate driver. We can work around this problem procedurally, but it would be nice to know that in the worst case the controller board can terminate charge if the power supply malfunctions.

4. MPS430’s cannot detect state of enable line. Therefore, they don’t reset the battery when the enable is toggled.

5. Modify firmware so discharge and charge FET’s are off when the enable is toggled on (battery must be explicitly enabled via external software)

6. Change high power cabling architecture between cell stack and controller board. The termination to the cell stack tabbing has no strain relief, and the routing of the bundle to clear the inside of the sphere is problematic. Maybe terminate to edge of controller board?

7. Increase balancing current. Right now, because of the duty cycle change implemented to fix inter-processor communications problems, the balance current is pretty low (how low is it?). This makes balancing take a long time.

8. Switch from radial lead can crystals to surface mount crystals(Y1,Y2,Y3,Y4). I worry about the crystals getting knocked around by cabling.

9. Mounting of balance resistors appears mechanically weak. A heatsink or frame might be implemented to provide better mechanical support? Or maybe surface mount resistors

10. Add fan to circulate air over the MOSFET heatsink

11. Change status string to include field indicating state of MOSFETs (on, off).

12/ Increase discharge current to 25A alert/30A cutoff.

