Battery System Options

Main breakpoint is building a system based on 14.4V  (4S) (Ocean Server/Inspired Energy) off-the-shelf packs, and using step-up converters (96% max efficiency), or developing customized 29.6V (8S) packs (Bluefin, Eagle Picher, Inspired Energy). The advantages of the first option are:

1. lower recurring costs (by about an order of magnitude, ~$1200/kwhr versus ~$15,000/kwhr)

2. lower non-recurring costs (~$18,000 to develop a custom pack with Inspired Energy)

3. COTS hardware for system integration (from Ocean Server)

The disadvantages of the first approach are:

1. lower system efficiency in discharge because of step up converters (14.4V to 28V) needed to power tailcone and other loads requiring higher DC bus voltages

2. high current discharging would require redesign, since C/5 charging a multi-kWhr system at 14.4V exceeds existing cable capacities. Step-down converters could be used to overcome this, but these would have to be located inside the battery pressure housing and would require sufficient cooling (waste heat dissipation would be ~63W at during the high current portion of the charge)

The second option is similar to our current battery configuration, with some number of 29.6V/8S packs discharging in parallel. Eagle Picher is quoting us for a pack based on both 6Ah and 7.2Ah 36550 cells, and Inspired Energy is quoting us based on 7S and 8S packs based on 2.9Ah 18650 cells. The advantages of this option are:

1. commonality with existing power system on vehicle (less redesign of peripheral power converters)

2. accommodates high current (C/5) charging more readily, due to lower charging currents

3. lower discharge currents

The disadvantages of this approach are:

1. higher recurring costs (Eagle Picher, Bluefin price out at ~$15K/kwhr)

2. non-recurring costs with Inspired Energy to develop new pack

3. lack of off-the-shelf high performance gas gauge chips in the 7S and 8S configuration

4. No COTS charge/discharge management boards

Inspired Energy Option 1

Based on 14.4V/5.8Ah pack (NH2054)

50 cycles life

lithium metal anode

I/O Requirements for Inspired Energy

47 cell module

organized into 8 six-cell banks (one bank only has 5 cells)

One MSP430 micro-controller acts as pack master

Pack Master responsible for monitoring pack voltage/current, temp, humidity

Each bank features one 1:8 I2C multiplexer

6 mux channels used for batteries

1 mux channel used for 16 bit I2C I/O expander (to control charge and discharge OR’ing FET controllers)

1 mux channel used for 8 channel/8bit I2C A/D

Based on an eight channel I2C multiplexer

3 digital for bank select

3 digital for cell select

2 for I2C

2 for serial

1 for module on/off

