                                  Lipo Balancing Circuit
The advantage of Lithium Polymer cells over our traditional Nickel based cells is their power/weight ratio, which, in conjunction with brushless motors has transformed electric flight in the last two years .  The disadvantages of high ESR and short life are being overcome with the advent of the latest 20C rated cells but their electrical fragility remains and it is up to the user to treat them carefully if he is to reap the potential benefits they offer.


We can no longer just throw our packs on any old charger with little thought or appreciation of what is happening.  It is just a lucky chance of physics and electro-chemistry which has allowed us to get away with it using Nicads and to a lesser extent Nimh packs. Lipoly packs cannot be treated in this way;  overcharge or overdischarge can both be fatal to a Lipoly pack, the former dramatically so with a fire and the latter quietly but equally effectively.   The fully charged voltage on a Lipoly cell is very critical;  4.20V is OK, 4.25V absolute max and 4.30V likely to cause damage.  Any pack of say, 3 cells, will have slightly differing capacities on each cell, so that if the pack is discharged almost certainly the highest capacity cell will have some charge left in it and if the pack is charged to 12.60V, this highest capacity cell will exceed 4.20V before the charger cuts off.


Repeated charging and discharging will cause a “staircasing” effect whereby the cells will become further and further out of balance until one is damaged. 
The need for balancing Lithium Polymer cells during charging is well known and multiple cell packs with balancing leads are becoming commonplace.  There is no doubt that using packs at our high rates of discharge exacerbates the problem and investigating my own packs showed that relatively new packs are showing significant out of balance voltages after only a dozen or so cycles.


I therefore decided to build a balancer based on the simplest possible circuitry to apply to my own Lipo batteries, most of which are 3 cell packs; the most popular setup for sports flyers. I investigated several possible circuits, including a modular circuit with independent control of each cell.  There is a potential problem with this approach in that each module must be very accurately set up to ensure that the total series voltage is less than the charger target voltage, otherwise the charger will never shut off.  In looking for alternatives, I worked out a system which uses the charger voltage as the reference, so that there could not be any conflict. This has another advantage in that the balancer automatically sets itself to any type of Lithium cell, be it Lithium  Polymer, Lithium Ion (including the latest A123 cells) or Saphion types  as each cell is always charged to exactly one third of the charger terminating voltage. 


The basic problem of balancing is to ensure that each cell does not exceed 4.20V under any charge condition by steering charging current away from the cell before or when that voltage is reached.  In a three cell charger, for example, the fully charged voltage is 12.60V, with exactly 4.20V across each cell at the end of charge.  If the cells are out of balance then one cell could be, say 4.00V, one cell 4.20V and one 4.40V as the charger will  continue charging until it sees a total of 12.60V.   If an efficient balancer is connected, the cell which would normally be driven to 4.40V has it’s charging current by passed whilst the charger continues charging the 4.00V cell up to 4.20V.


The balancing circuit only needs to be a shunt regulator with a closely controlled “knee” voltage and a very low effective resistance, capable of diverting the excess current and dissipating the power involved.   The current rating is debateable, but I have worked on the basis that you would not need to divert more than 20% of the charge current and probably a lot less.  If the battery is so far out of balance that a cell reaches 4.20V during constant current phase of charging, then it may take two or more cycles to bring the pack back into proper balance


There is no problem in designing the unit to cope with large currents, apart from cost, but to minimise the component cost I decided to limit the current rating of the basic module to 400mA which means you can build a 3 Cell balancer for a component cost of only £5.  


CIRCUIT DESCRIPTION

The circuit for a three cell balancer is effectively two “Voltage followers” which are controlled by the two intermediate voltages derived from the incoming charger voltage by R1,R2 and R3. These resistors are 3Kohm 1% resistors.  Their exact value is unimportant, provided they are closely matched.  The 1% tolerance is usually pessimistic, so that the voltage matching is likely to be much better than 1%.   The two op. amps. compare these voltages with the individual cell voltages and correct any differences by driving the two NPN/PNP complementary transistor pairs. Each pair of transistors form a “totem-pole” capable of sinking or sourcing current at the inter-cell junctions as necessary.


An advantage this circuit has over separate shunt regulators is that the output voltage is always divided into exactly three, irrespective of the actual voltage. This means that if the charging voltage starts at 9.60V, for example, then each of the outputs is exactly 3.20V and the voltages will track all the way up to the fully charged voltage of 12.60V.
As the unit balances the voltage all through the charge, the current rating of 400mA will easily cope with a 2AH pack.  A test was carried out by deliberately 50% discharging one cell of a 740mAH 3 cell pack and then discharging the whole battery until the low cell fell to 2.80V. The pack was then recharged with the balancer and the final voltages were within 3mV of each other, and remained that close after disconnection and leaving the battery to settle.


A high current version has been built, but needs heat sinking to operate up to 1.5A.


ASSEMBLY 


The unit is very simple to build and set up, but it is assumed that the builder has a basic understanding of electronics, a 3½ digit DVM, is capable of soldering and realises that Lithium batteries can burn his house or workshop down.


There is no need for step-by-step instructions - the following notes should allow you to assemble the printed circuit in conjunction with the component identification printed on the PCB.

First identify all the components and remember that capacitors and LEDs are polarity conscious.  

(a) Resistors

 There are only two values of 0.25 watt,(small) 1% resistors; 3Kohm (coded orange,black,black,brown,brown) and 100ohm (coded brown, black,black,black,brown) 

The four 10ohm 3watt,(large) resistors are coded brown,black,black,silver

(b) Capacitors

The three 22mfd capacitors are radial leaded – you must respect the polarity. Looking on top of the PCB, C1 has the –ve white band on the RHS and C2 and C3 have the –ve white band on the LHS.

(c) Transistors

Two of these are BC337 (NPN types) and two are BC327 (PNP types) be very careful to fit these in the correct positions and in the correct orientation, ie with the flat side coinciding with the component ident on the PCB.

(d) Integrated Cct.

This is an LM358 which is an 8 pin device. When fitting it ensure that the indentation on the LHS coincides with the component ident. on the PCB.

(e) LEDs

These are polarity conscious  and must be fitted with the cathode (the shorter of the two leads) connected to their series resistors (R12 & R14)

TESTING

When testing the unit, it should first be connected to a DC protected source, which could be a stabilised power supply with a fairly low current protection setting (<1A) or a 12V battery with 100 ohms in series. (A 100 ohm resistor is upplied in the kit.) Assuming you have wired it up correctly, the voltage across the outer connections (marked  ‘+VE’ and ‘-VE’ on the PCB component ident)  should be nearly the same as the battery voltage, within about 0.25V, and the individual cell connections should read exactly one third of that voltage.  If this is so then you can remove the 100 ohm resistor from the circuit and replace it with a link.    If there is a large difference between the supply voltage and the voltage between ‘+VE’ and ‘-VE’ on the PCB, then the PCB has a fault which must be corrected. 

 Similarly, if the three cell balance voltages between “-VE” and “CELL 1”,  “CELL 1” and “CELL2” , “CELL 2” and “+VE”  are not identical to within 20mV of each other, then again there is a fault on the board. 

Under no circumstances should you attempt to use the balancer if either of these criteria are not met.  An incorrectly assembled unit might effectively put a short circuit across one or all of the Lithium cells with dire results.

Assuming all is well you should now connect the 100ohm resistor across the no.1 cell connections ie between “-VE” and “CELL 1”. If all is OK then the LED 1 should illuminate. Connecting the resistor across the no.2 cell connections ie between”CELL 1” and “CELL2” should cause both LEDs to illuminate and across No.3 cell, ie between “CELL 2” and “+VE” should cause LED 3 to illuminate. Note that the “CELL” idents refer to the +ve connection to that cell No. – thus “CELL 2” is the +ve side of CELL 2 and the –VE side of CELL 3.

Try measuring the individual cell voltages with the 100 ohm resistor connected across any of the three options above.

 The voltages should match each other within a few tens of millivolts, although their actual value may fall a little due to battery and wire voltage drops. One or both of the LEDs should also light indicating that the circuit is diverting current to maintain equal ouput voltages. If Cell 1 is low, LED 1 will be on, if Cell 3 is low, LED 3 will be on and if Cell 2 is low both LEDs will be illuminated.

Once you have successfully carried out the above tests it is safe to use the balancer.  You must obtain a mating half to the plug on the pack you are trying to balance; these are usually available fom the battery supplier. Alternatively if the battery pack does not have a balancing connector, you can choose your own, but make sure it is polarised and preferably of the same type that is used by your favourite pack supplier.

When making up the leads you must take great care to ensure you connect “-VE” on the board to the pack –ve lead, “CELL 1” to the +ve side of the first cell in the pack ie the first junction up from the –ve lead, “CELL 2” to the +ve of the second cell in the pack and “+VE” to the pack +ve lead.  I CANNOT OVER-EMPHASIZE THE IMPORTANCE OF ENSURING THESE CONNECTIONS ARE CORRECT.  DOUBLE CHECK THEM ALL  -  IF YOU ARE OVER 6O, TRIPLE CHECK THEM!!

I would recommend that you charge your packs via the balancer connector to avoid forgetting to disconnect the balancer at the end of a charge.  You can do this simply by connecting the charging lead to the “+VE” and “-VE” on the balancer board and just plugging the balancer into the pack balancing connector to charge the pack.

You can now use the unit to balance your batteries.  A large pack which is well out of balance may take a couple of cycles to balance but should finish up within 20mV at the end of charge. Alternatively you can leave the pack connected to the charger with the balancer for a few hours after the charging is complete and the pack will finish up perfectly balanced.  Do NOT leave the balancer connected to the battery without the charger switched on over a long period, as it takes a standing current of about 2.5mA, which may be small, but will eventually flatten a 1AH pack in about a fortnight

