BATTERY CONSIDERATIONS FOR THE LEGO® MINDSTORMS RCX COMPUTER


Batteries, Power, What's it all about?

Many people ask about batteries for the RCX and there is a lot to think about, so here are some of the considerations.

The RCX is designed to run on 6 AA batteries, with each battery having a 1.5 volt charge, or a total charge of 9 volts (6 x 1.5). The RCX is also designed to shut itself off if the voltage level gets too low. Note: some RCX models allow for an external 9V power supply to be connected to the unit, and I've heard of others who have jury-rigged a power supply.

Battery Choices:

1. Alkaline Battery
The non-rechargeable alkaline battery is the least expensive battery you can get and can be found in any variety of flavors (economy, long-lasting, super long-lasting, etc) and is a true 1.5 volt battery. Put six of these in an RCX and you will get good performance until the voltage starts to fade as they run out of power. Once done, they are done and you will need new ones.

2. Alkaline Rechargeables
The alkaline rechargeable battery is good for about 10 charges and has much of the same good characteristics of the non-rechargeable alkaline battery. It is a 1.5 volt battery and doesn't have a memory problem associated with recharging. More expensive than the non-rechargeables and about the same cost as the NiMH rechargeables, can still be good investment if you want the full power of the alkaline.
3. Nickel Cadmium (NiCad) Rechargeable Battery
The NiCad batteries tend to have a memory charge problem and can prove to be unreliable (you thought you had them fully charged, but they cut out on you shortly after charging). They are more expensive than the alkaline rechargeables, and they contain the heavy metal cadmium which is both an environmental and health hazard. These batteries are also harder to find on the market as they have been largely replaced by the NiMH Batteries.  There is virtually no reason to use these batteries at the current time.
4. Lithium Batteries

The lithium batteries come in both 3.6 volt and 1.5 volt capacities so make sure you get the correct battery.  The RCX won’t run on 21 volts but it will probably smoke quite nicely.  These are also more expensive batteries but are noted for being able to hold a charge for years rather than months.  They also tend to have a high capacity (more work available).

5. Nickel Metal Hydride (NiMH) Rechargeable Battery
The NiMH rechargeable batteries are listed as being rechargeable for up to 1000 times, although we've never made it that far. But you can probably count on at least 100 charges without a problem. We have had to toss some that finally ran out after a year or two of heavy use. The NiMH Batteries also have a good voltage plateau, this means that you have very close to full voltage right up until the time the battery gives out and needs charging. The good news on this is that you get good level performance for longer, the bad news is that you get little warning when it is about to stop working for you. The NiMH is also only a 1.25 volt battery. While this may not seem like much, it means that the RCX with its six batteries will never have more than 7.5 volts (instead of the designed 9.0 volts) available to run the RCX and attached motors. While this has not been a major problem, we have found one or two RCXs that did not accept the lower voltage at all, but we have a lot of RCXs and it might have been a fluke, the batteries, the RCX, or all of the above. It also means that the voltage doesn't have to fall very far before the RCX shuts itself down. Put the flat voltage plateau and the lower voltage together and you likely have a situation that works for you. The batteries are more expensive than alkaline, but they have the lowest cost/charge of any of the batteries.

6.  Another note about rechargeables

Okay so you are using rechargeable batteries.  Did you get twice as many as you need for the RCXs?  Remember that when you remove batteries from the RCX for more than a short period of time (okay no scientific study, but in the 20-30 second range) the RCX will lose its volatile memory and will need to have the operating system (firmware) and any programs reloaded to the RCX.  This isn’t a killer for a program, but it can be very annoying if you have a 50 minute class you are working through and you spend the first 5 minutes loading batteries and then downloading the firmware.  And depending on your users add more time for loading the program you were using from the last session.
The alternative is to have two sets of batteries.  One charged and ready to swap out for the old ones.

7.  Changing batteries in an RCX

As long as we are on the subject of changing batteries here are a few hints on how to do it and not lose your memory (and sometimes your sanity).

1. Have your 6 new or charged AA batteries on the table all lined up

2. Remove the back cover from the RCX and set aside

3. Align the RCX so it is in the same direction as the batteries (or align batteries to match direction of the RCX)

4. Pop out the end battery and put in a fresh battery.  Total time without power less than 3 seconds.

5. Repeat step 4 for the other 5 batteries, replacing them one at a time.

Battery Power

Batteries are rated for milli-amp-hours (mAh) and this gives a rating for how much power a battery can provide.  1000 mAhs would mean a battery was capable of providing 1000 milliamps (1 amp) for 1 hour.  Most AA alkaline batteries are now in the 2500-2800 mAh range, but beware, I’ve seen them as low as 700 mAhs.  This is a huge difference in terms of how much life you will get out of a battery, so do a little research, call the company, check the package at the store.
Battery Costs

Some costs I just pulled off the web (all from the same site, and I've thrown in some name brand and non-name brands for your information. – 12/30/2004 from www.123av.com)
· Duracell Alkaline professional non-rechargeable, 24 pack for $11.59 

· Maxell Alkaline non-rechargeable, 40 pack for $8.46 

· Universal Alkaline non-rechargeable, 50 pack for $7.83 

· Lenmar Rechargeable NiMH, 2000 mAh, 24 pack for $19.09 

· Ultralast Rechargeable NiMH, 2000 mAh, 4 pack for $5.21 

· Ultralast Rechargeable NiCad, 700 mAh, 4 pack for $4.46 

So the cheapest outright cost for a battery would be as low as $0.16 for a bulk alkaline battery.

And the cheapest cost per charge (assuming 1 for non-rechargeables, 10 for the alkaline rechargeables, and 100 for the NiMH) would be $0.12 per charge for the rechargeable alkaline and just under $0.01 per charge for the NiMH (also not counting the cost of the chargers).

A word (or a few) about chargers

If you don't have rechargeables, then hey, you won't need to have battery chargers. But once you've decided, if you do, to go with rechargeables, then you will need battery chargers. Assuming you have at least six batteries, keep this in mind when looking for a charger.

We have found chargers that can hold 2, 4, 8, and 12 AA batteries at a time. If you were running just a single RCX then a couple of 4's or a single 8 charger would be plenty. If you are running a school program with 5 RCXs then you need to charge 30 batteries at a time. If you only have 4 slot chargers, you would need to plug 8 chargers in to do the job. When we run workshops we sometimes have 10 RCXs going at once and need to charge 60 batteries at a time. If you don't think this is a problem, go count the number of outlets in your room that aren't being used by something else. Also the 2 and 4 slot chargers are all direct plug (meaning they do directly into the socket and usually means you can only plug one in to a duplex wall outlet, or maybe two on an entire power strip).

So if you are running any kind of a rechargeable program, really look around for two things. 1) as large a capacity as you can find (we found 12 slot chargers) and ones that have a regular power cord that will mean you can plug 5 or 6 into a single power strip.

We found the Rayovac PS3 to be a great 12 slot battery type sensing charger (4 bays, each that could hold 3 batteries. Each bay had to have the same type of batteries, but you could have alkaline in one bay, NiMH in the next, and NiCad in a third and they would all get what they need). Unfortunately Rayovac has changed the PS3 to an 8 slot charger. Take a look around and just make sure you get one that is compatible with the batteries you get, try doing a search for “8 bay charger”. 

Some chargers are only good for alkaline batteries, others only for NiMH or NiCad. Still others will work with any of the three major types of rechargeable batteries. However, none will allow you to mix and match the different types (except perhaps by section within the charger). Your best bet is to go with one type and stick to it. I've found that kids aren't always that careful about how they put batteries into the chargers (in terms of mixing alkalines with NiMH) and we've lost a couple of chargers over the years. 



I run summer camps using the RCXs and when you can buy 500 disposable alkaline batteries for under $80 (plus shipping) you are doing well, don’t have to worry about chargers catching fire, or charging 80 batteries every night.  We found a high capacity set of alkalines lasted a week in an RCX under most circumstances.

There is certainly more to say, but this is long enough to get you started. Before you go out and buy a hundred batteries, you might want to try some out with your RCX and see what you like. Power? Cost? Ease of use? It's as personal a choice as which software you want to use with your RCX. Good Luck.
The information contained here is IMHO (in my humble opinion) and shouldn't be construed as a definitive work on battery use in the RCX.
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