Keeping Hawkers Happy, Beyond Zeners

Hughes’ original charging arrangement with the Dolphin leaves something to be desired, resulting in pack lifetimes that are too short. After a few years batteries get out of balance. So the question arises, how can we keep those long series strings balanced and charged properly?

Looking at manufacturer’s requirements, I see a dilemma between  what Dolphin can provide and what the Enersys document says their batteries want  in cycling mode

 (http://www.enersysreservepower.com/documents/EN-GPL-AM-002_0705.pdf    page 7). Enersys wants high charging current. We can’t set the current high enough because Dolphin can only supply less the recommended levels, but at least we can do better with voltage settings.

End-of-charge voltage 

Enersys offers two equations as functions of temperature for recommended constant voltage charging voltages in their chart on page 7. One curve is for cycling and the other, lower, for float duty. At 20 degrees Celsius, these are 14.86 and 13.78 volts, translating to 371.5 and 344.5 for the 25 battery string. 

In the past, my Dolphin finished at 357 volts or14.28 volts on each battery,  high for float duty but too low for cycling duty. EVs are certainly cycling duty so according to Enersys I wasn’t fully charging my batteries at 357. Enersys is clear that undercharging is a bad idea, and we all suspected that anyway; Chris had a post on that not long ago.

However, overcharging isn’t good either; I cooked my first pack using a Rudman charger (without its pricey charge regulators, which were too big to fit in a Prizm pack anyway), in an attempt to avoid undercharging. Actually I cooked some batteries, but not all of them. Some came out of that experience just fine. They don’t all act the same.

The pack at 357 volts (14.28) is only charged fully for temperatures in excess of 40 degrees (all temperatures Celsius). Why didn’t Hughes pick a higher voltage, one correct for a lower temperature? Most likely because their compromise was to undercharge at low temperatures rather than overcharge at high temperatures, given that Dolphin has no mechanism to vary the end-of-charge voltage with temperature.  

I finally settled on 14.68 volts, or 367 volts on the Dolphin, a little short of Enersys’ 371,. 

Here’s a question for someone handy with Dolphins. Is it correct that there’s no way to adjust the end of charge voltage on a real time basis? Or is there a way to vary its final charge voltage as a function of battery temperature?  Perhaps we can reach in to the voltage sensing circuitry and feed it some modified voltage levels. 

The real challenge is how to keep batteries in long strings from getting out of balance. In my observation the imbalance gets worse as time goes on; I have found some batteries die next to neighbors that are still healthy. Even new batteries under charge show markedly different voltages, some differing by more than a volt. 

Keeping individual battery voltages from rising too high is where clampers come to the rescue.  Zeners are simple, but as used so far have the wrong (positive) temperature coefficient. (Lower voltage zeners exhibit a negative temperature coefficient, but we’d need more of them in series.) I set out to build a better clamper, with an appropriate negative temperature coefficient.

Clamper design

This circuit is not original; I’ve borrowed from Brian Blocher, Mike Phillips, Victor Tikonoff, and others. All I’ve added is temperature compensation, in a package that fits into the recesses in the Enersys batteries. I’ve also included an optoisolator to tell an external charger when the bypass current reaches 400 mA, at which level I want to reduce current to 100mA or so. (There is a way to do this with Rudman chargers.) The circuit is shown on separate pdf files, along with pictures, a diagram, and bill of materials. 

Here’s what it does:

· It holds the voltage under a level that’s adjustable (14.68, for example), by bypassing charge current through wire-wound resistors.

· It varies the clamping voltage as a function of temperature, lower voltage  at higher temperatures.

· It bypasses up to 600 mA without getting too hot, which I chose arbitrarily as 200 degrees F.

· It will notify an external circuit when any regulator’s bypass current exceeds 400 mA, so that a smarter charger than Dophin can reduce the charging current. This circuitry can be omitted if you’re not going to use an external charger.

Most parts, and particularly the electronic components, are pretty cheap. They’re listed in the Excel file called BMS BOM. Each battery’s clamper consists of two boards, one of which includes wire wound resistors with a heat sink.  The heat sink is simply a rectangular  aluminum plate with a hole in it, bolted to the resistor board. 

The potentiometer provides the ability to set the voltage limit wherever  one wants; for the next version I would adjust resistors values so that the voltage range is narrower but easier to set precisely.

The thermistor that provides the temperature compensation is a little lug, which is clipped to C-shape so that its fit inside the negative battery terminal (larger) lug. I’d prefer to have soldered them, but soldering ruins the thermistor, so it should be clamped.

I worried briefly about current during regen, but the circuit can’t damage itself as its max current is 600 mA, and the rest of the current will flow to the battery just as it does without the regulator.

If I had it to do over again, I would change the physical design using a single circuit board instead of two, most parts mounted on the bottom instead of on top, and copper cladding on the board serving as heat sinks. It would be cheaper and take less assembly time, which was longer than I thought it would be.

Testing

I’ve set the charger for 367 volts, and run my new pack up and down half a dozen times with the pack on the ground. The open circuit voltages after charging vary in a range of about 40 mV.

Even while the pack is charging, voltages now vary by less than 50 mV. 

I put this system in operation in October, 2011, so let’s see how it works. If this pack is still running well in four or five years we can consider it a success. 

Sharing

I’d be happy to help anyone who wants to build some more of these circuits. I’ll send the board design files (ExpressPCB) to anyone who wants them, and I can donate some of the parts I bought as extras. As I note above, it would be easier to build if the whole circuit were all on one board instead of two; that’ll require a new layout of course.

Other files:

BMS Assembly Instructions

Clamper Circuit pdf

BMS BOM as an Excel file
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