Electronics Background

Lithion is currently developing a Battery Management System (BMS) that is being tested under stringent military aerospace requirements.  These requirements include –45 to +73 °C operation, radiation tolerance and very rigorous shock and vibration levels.   

The existing BMS monitors cell voltage, temperature and current and includes a resetable battery protection switch that supports a load current of 80 Amperes at 73°C.   The battery protection switch will disconnect the pack from the load in instances of short circuit, low cell voltage and cell high temperature.  A separate solid state charge switch can disconnect the battery from the charge source to protect the cells from overcharge or be used to pulse modulate current flow from charge source.  Individual cell equalization circuits controlled by the BMS maintain pack balance.  

The electronics package is modular in design and can be expanded to accommodate cell capacities from 5-100Ah and string sizes from 4 to 125 series cells. A block diagram of the existing system is shown below in Figure 3. A picture of the existing BMS electronics assembly is shown in Figure 4.
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Figure 3: Existing BMS Block Diagram
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Figure 4: BMS Electronics Assembly
Lithion has developed a proprietary charge control algorithm and hardware for optimally charging Li-ion battery cells using a conventional current limited power supply.  This approach significantly reduces the development effort and risk associated with designing and constructing the charger power electronics.  In an existing military avionics application, Lithion is employing the technique to utilize an existing charger designed for older Ni-Cd batteries as a power source to charge a 28VDC li-ion battery pack.  

Proposed Electronics Design

In the XXXXX design, the ?????? will be used as a current limited charge supply.  The charge energy from the ?????? will be controlled by modulating the turn-on time of the charger switch.  The protection switch will be removed from the design. The discharge protection functions previously maintained by the Protection Switch will be assumed by the customer.

The battery charger system will sense individual cell voltages and control the charge rate based on the highest cell voltage.  The charge algorithm consists of a temperature compensated, current limited charge up to a taper voltage of 4.15V/Cell.  The remaining charge is provided using current pulses from the solar array as controlled by a digital signal processor (DSP) resident on the Master Control Board. The current will be regulated by the DSP by modulating the turn-on time of the charger switch. The average cell voltage remains essentially at 4.15V during the pulse charge portion of the algorithm.  A block diagram of the charger control algorithm is shown below in Figure 5 below.
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Figure 5 - Charger Control Loop Diagram

Multiple levels of protection are provided in firmware and hardware to prevent overcharge or overheating of the cells during charging.

Synchronous Interface

The existing BMS is equipped with an RS-232 interface.  A separate synchronous interface will be implemented that is compatible with the customer equipment.  The interface will allow modification of cell end-of-charge voltage and equalization setpoints. Requested changes will be ignored and an error code will be returned if the requested change is outside of safe operating limits. Upon command, the interface will return information on cell voltage, current and temperature.  System status codes may also be requested.

Size and Weight of the Battery Management System

Table 3, below, lists the size and weights of the individual electronics cards.  

Table 3: Weight and Size of Electronic Components

	Elec. Card Description
	Qty.
	Size 

(Inches)
	Weight (Lbs)
	Total Weight

(Lbs)

	Monitor Equalizer Card
	2
	2.56” x 3.3” x 0.3”
	0.09
	0.180

	Master Control Board
	1
	4” x  6” x 0.3”
	0.187
	0.187

	Charger Switch
	1
	1.45” x 3.1” x  0.6”  
	0.150
	0.150

	Shunt (Lower Power)
	1
	1”x 1”x 0.2”
	0.05
	0.05

	Wiring
	1
	
	0.250
	0.250

	
	
	
	
	

	TOTAL (Pounds)
	
	
	
	0.817

	TOTAL (Kilograms)
	
	
	
	0.371


