Homepage of the DrainBrain, worlds first ebike specific battery meter. 

End of Life Announcement, March 2007:   The DrainBrain V1 series both with and without speedometers is now a fully discontinued product. Many thanks go out to the loyal customers who have given excellent feedback and enabled this experiment in cottage manufacturing to be the success that it was. 

Is that the end? What next? 

It’s been no secret that I’ve been working on a Version2 unit <link to V2 image> that plugs directly into the special 6-pin connector that’s we’ve had added to the modified Crystalyte controllers sold at ebikes.ca for the past 9 months.  This V2 DrainBrain has the ability to read the speed from hall effect signals rather than a spoke magnet, it implements programmable maximum speed control, offers user customization of the screen displays, and has the added capability of taking upgrade modules for such things as data logging and battery charge control. The V2 will have a beta release in early April 2007, and more information will be put up at that time. 

Clearance Sale:

I’ve finally had a chance to clear out and sort through the original DrainBrain inventory and put together quite a few units for discounted sale. So if you’ve been eyeing a Brain for your latest project but have been a bit tight no cash here is a chance. 

These are original non-speedometer DrainBrains available for just $65 each. Most of these have some minor cosmetic defects, from scratches on the box to slightly misaligned display windows, but are otherwise fully functional. All have the 30A inline wire shunts, a few have shorter than usual leads between the shunt and the display (approx 36”).  The LCD screen is grey rather than STN, so slightly lower contrast but still quite visible. Total of 8 units available at the time of this writing. 

Non Backlit speedometer DrainBrains for $95. These are speedometer DrainBrains V1.0.4, or backlit versions 1.0.5 in which the backlighting LED was damaged and then bypassed. All are new or good-as-new and in pristine condition. 

Backlit DrainBrain V1.0.6 with minor cosmetic damage. There is one new DrainBrain with the backlit LCD screen that unfortunately had some solvent glue spill on the casing. It wiped off, nothing got on the display window, though some smudge mark is visible on the side edge of the enclosure. $115

Backlit DrainBrain V1.0.6 in special clear casing. I have exactly ONE of these units made up in a high quality transparent polycarbonate enclosure. If you’ve got a sweet project that would be complemented by a snazzy display, here’s your chance.  $145

Introduction:

The DrainBrain is the first dashboard and battery monitor designed around the particular requirements of personal electric vehicles. It consolidates into a single display all the information you would want to collect regarding the state of charge in your battery pack, the energy and power used while riding, and the travel distance and speed statistics for each trip. And for people who aren't tech geeks, it serves that one crucial function of telling you exactly how much of the battery charge has been used, so you'll never again be caught surprised at the bottom of a hill with a flat battery pack.

Unlike battery meters designed for R/C applications, the DrainBrain uses a remote shunt so that battery power does not need to be routed to and from the handlebars. It comes with a clamping bracket for convenient mounting to a bicycle and is designed with a sealed window and wire grommets to handle rain and wet conditions. The LCD screen is backlit so you can read the information while night riding. It saves the data whenever the power is shut off. The DrainBrain also accumulates information on the life of the battery pack, such as total cycles and total amp-hours that were used. The unit can handle batteries up to 100V, current peaks of +- 60 amps, and it keeps track of forwards and negative amp-hours separately so you can quantify any regenerative braking performance. Finally, the integrated speedometer shows your actual energy use in watt-hours / km and can be customized to display in either kilometers of miles.

Specifications and Users Manual:
The basic specs are summarized as follows:

· 14.0 to 99.9V with 0.1V resolution

· -60 to +60 amps peak with 0.1A resolution (continuous current of 30A max) for model with inline wire shunt

· -4000 to +4000 watts, with 1 watt resolution

· 0 to 200 trip km or trip mi, with up to 0.001 km resolution

· 0 to 99.9 km/hr or mi/hr

· -199.9 to 199.9 amp-hours, with 0.01 Ahr resolution

· 0 to +2000 watt-hours, with 0.1 Whr resolution

· 0 to 99999 total battery amp-hours, with 0.1 Ahr resolution

· 0 to 65000 battery cycles

For more information and specifications on the DrainBrain, please read the online version of the Users Manual here. 

History:
Early Days:
The precursor to the DrainBrain is a hand soldered circuitboard and LCD display that was squeezed into a busy schedule during feb-march of 2005. It was a project I’d had wanted to do since first getting into ebikes and PEVs in late 2003. At the time I was too cheap to purchase one of the R/C watt-meters, and I thought it would be better to make my own that would have features like remote shunt and data saving on powerdown to be more ebike friendly. 

<photos of early units>

This was a fairly straightforward electronics project, and if anyone wants to try and make their own ebike battery meter I have made available the schematic and source code for this unit.  

<links to schematic and source>

Summer Plans

Since there wasn’t anything quite like this on the market, I assumed that there were other ebike enthusiasts who would be interested to buy such a device and began musing about how to make these efficiently in some kind of volume. With a mild leap in faith, the parts for a total of 50 boards were ordered and a summer plan was hatched. 

My friend Matt Chudleigh became involved and we spent several months figuring out the tooling and equipment to manufacture the display boxes and remote current sensing shunts so that they looked professional. This involved lots of experimentation with vacuum casting techniques, thermally conductive potting compounds, and mold making. Around this time we also received advanced payment for a large number of units from both DLM Energy in Australia and JVBike in Vancouver, and with both of us being broke from 5 years of university life this is how the whole thing was funded. 

<picture of Matt working>

Naming Contest

Partly to elicit interest and partly because we couldn’t come up with a clever name, a call was made <hyerlink to http://tech.groups.yahoo.com/group/power-assist/message/35584 > on the Power Assist yahoo group to host a naming contest and give a free and unique meter to the winner. In no time the submissions and suggestions came flooding in, over 150 in all. 

<picture of blue DrainBrain>

The winner Mick had met me at the VEVA show and came up with the term DrainBrain, a cute play on words that is both descriptive and has a nice ring, and didn’t have ‘E-‘ something in it. 

No, not BrainDrain, but DrainBrain 

It seems over half the references to this unit get the name wrong, so lets just set that straight. The DrainBrain is a battery monitoring circuit designed by Justin Lemire-Elmore. It’s an intelligent device that measures the current drain of a battery pack. Some people shortened it to simply ‘Brain’, and I approve of that. A Brain Drain is the emigration of smart people from their homeland to another country in pursuit of higher pay or better living conditions, and is not something I necessarily condone.     

Shunt Styles

The goal was to make the DrainBrain as easy to use and install as possible. We had our shunts molded around the 2-prong trailer connectors used in both Crystalyte and Wilderness Energy conversion kits so that it would be plug-and-play with no additional wiring. This type used a 5mOhm sense resistor, and it wasn’t expected to see over 20 Amps since that’s all the controllers were rated for. However, some people were using these with different kits or for other applications, and so we modified the molds handle a higher current (3mOhm) shunt with straight wire leads as well. 

<pictures of shunts>

In the end, the trailer connectors themselves didn’t make a sound enough connection and in some cases began to melt apart, so these were more or less discontinued when we switched all our ebike components to Anderson Powerpoles. 

Speedometer Upgrade

By October 2005 the first versions with speedometer functionality were released in Beta, and then through various revisions to units 1.0 to 1.0.3.  Around this time Matt was lured away by the offer of a real programming job, and I started getting more involved with the business of importing and dealing hub motors and advanced battery packs. Still the interest in DrainBrain’s was pretty strong, and they continued to be made and sold in small batches throughout the winter 

Alas, Injury and a Bug
In late Feb 2006 I had the unfortunate circumstance of getting hit by a vehicle on my bike and fracturing my wrist. This was right around the time that a bug was found in the speedometer DrainBrains which could cause the eeprom data to get corrupted if the reset button was held while the bicycle was moving. The result is that you would see messages like “A-“ when the unit was powered up. 

The bug was an easy firmware fix, but it meant that a lot of customers had to send their units back to be reprogrammed. My good friend Alison was kind enough to help out with the DrainBrain manufacturing at this time because I couldn’t do much with the cast on, and the orders were pouring in faster than I could easily keep up. 

Speed Cutout

One feature that was clearly on the agenda was the ability to use the DrainBrain as a speed limiter in order to make conversion kit ebikes meet federal regulations in all the different countries. In late spring of 2006 some preliminary testing was done using the DrainBrain to engage the ebrake cutout of the Crystalyte controllers. It worked, but the simple ON/OFF control scheme with the ebrakes meant that the assist would abruptly stop, and then start again, and did not feel very elegant. At this point we started discussion with Crystalyte to see if it would be possible to have a special ‘drainbrain’ connector included with their controllers, which would allow access to the actual throttle signal on the controller circuit. 

Backlighting

Right from the start the plan was to use backlit LCD modules so that the display was suitable for night riding. But all the off-the-shelf displays required at least 20mA of current to be adequately bright, and this was considerably more current than was available. Luckily I found an LCD manufacturer who was willing to customize their module to use ultra-bright LEDs in the backlight so that it was even bright enough at 5mA, and do so in reasonably small quantities. 

By summer of 2006 the custom LCDs arrived and the DrainBrain circuit board was revised to included backlit LCD headers. V1.0.5 with backlight display was quietly released. Then some It was tested up to the rated 100V, but the testing was done with a lab power supply.  

Local Manufacturing

Version History

DrainBrain

1.0.5 first backlit module, had some issues with 72V setups, (for info click here)

1.0.6, has resistor upgrade for operation right to 100V

It’s called the DrainBrain. 
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