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Definition:  An EXPENSIVE PART is one that will blow first to protect the fifty cent fuse.  And, as we all know, the gum wrapper used as a temporary "fix" for a blown fuse will be discovered by the FAA on your first ramp check.

Fuses.  Circuit Breakers.  Necessary evils in any electronic circuit.  All my freshman engineering students know full well that there will be one question on the final asking "what part did I forget to put in the circuit in Figure X" and that the forgotten part will be a very necessary circuit protection device.

Fuses are nothing more than short lengths of wire that are calibrated to melt with a particular current flowing through them.  The problem, of course, is that a fuse is a one-shot protection device, and FAR 91.205.c.6 tells us that the Feds expect the fuses to blow in flight.  Circuit breakers are nothing more than miniature heaters that cause a bimetallic switch to snap open when too much current causes the heater to get warm.  In either case, something gets hot and opens the circuit, breaking the excess current flow.

The problem with fuses, as we stated before, is that they are pretty much useless after they've done their job.  The problem with circuit breakers, although reusable, is that the catalogs show these breakers at $10-20 a pop.  That's pretty pricey for a 10-circuit airplane, not to mention the fact that they are a bit moosey in size.

About five years ago, a company called Raychem (www.raychem.com) came up with what is called a "polyswitch" fuse, or "polyfuse".  The basic concept is that of a plastic (polymer) that contains a great deal of conductive carbon in the plastic.  At a particular temperature (somewhere around 125ºC or 250ºF) the plastic suddenly melts and the carbon particles are no longer in touch with one another, breaking the circuit.  As the polyfuse cools, the plastic goes back to its crystalline shape, the carbon particles once again touch, and the fuse has been reset.  Of course, if the circuit fault still exists, there is a built-in leakage current through the polyfuse that keeps the circuit open until the fault has been cleared.

However, these polyfuses are more reliable than wire fuses, and at least 3 to 4 times as reliable as circuit breakers.  The reliability curves published from Raychem shows the polyfuse to have a failure rate somewhere around 10 failures per BILLION hours of operation.  You could expect, flying a thousand hours a year, to get a single failure somewhere around the year 100,002,001 or so.  If you used ten of them in your airplane, reduce this expectation to somewhere around the year 10,002,001.  

Of course, I haven't ever led you down the expensive aisle at the airplane parts store yet, have I?  Both Mouser (www.mouser.com) and Digikey (www.digikey.com) carry them in their catalogs.  They cost between 65 cents and a buck and a quarter each, depending on what current you need.  You can get them all the way from 0.9 amps to 11 amps and in both 14 volt ratings (RGE series) and 28 volt ratings (RUE series).

Now some of the REALLY good stuff I've dug out of the design manual for you:

You can parallel them to get higher current ratings.  Suppose, for example, you wanted to protect that whizbang 250 watt landing light in your 12 volt airplane.  A little Ohm tells us that the current draw for that sucker is going to be about 21 amps, and if we do the old "add 25% to the requirement for safety" number, we find that we have to have a 26 amp fuse.  You've really got a few choices now.  One is to put two 14 amp Polyfuses in parallel for 28 amps.  One is to put a 14 amp in parallel with an 11 amp to give you 25 amps.  One is to put three 9 amps in parallel for 27 amps.  And so on.  With 6 values intended to work in 14 volt systems and 13 values for 28 volt systems, there is almost an infinity of combinations that you can choose.

While they don't yet have any true FAA approvals, they are certainly rated by UL as fuses in category XGPU2, CSA in category 9073-32, and TÜV (German) as "PTC Resistors".  As to the fact that they can't be set and reset in flight, for years Cessna has used a hidden self-reset circuit breaker on the stall warning horn and thus the concept of hidden self-reset circuit breakers has an ancient and honorable tradition in aviation.

Since the polyfuse depends on temperature to go to the melted state, you might expect a little variation in the "trip" current over ambient temperature.  It isn't bad.  From 0ºC to 40ºC you get less than a 10% variation in trip current.  Actually, this thermal performance is a bit better than either a fuse or a circuit breaker.

And now for some ways to get yourself into trouble using polyfuses:

If you thermally connect two of the polyfuses (i.e. put them into very close contact with one another) then the heating effect of one of them will affect the trip current of the other.  Keep the polyfuses separated by a reasonable (5mm or quarter-inch) air gap and you shouldn't have any trouble.

If you thermally connect one of the polyfuse leads to a large heat sink, the current heating in the polyfuse will be transferred to the heat sink and it will take more current to trip the polyfuse than the rating says it should take.

If you mount the polyfuse in an area that gets hot (say, on top of the radio stack) then it won't take as much current to pop the polyfuse as if it were kept in the ambient temperature of the airplane.

A dead short circuit with very heavy wire that causes more than 100 amps to flow will permanently damage the 12 volt device, and more than 40 amps will kill the 28 volt units.  I'd probably protect the whole electrical system with a slow-blow fuse or breaker and let the polyfuses do the work on the individual electrical circuits.

Some pretty neat tricks to play with polyfuses (see schematic and photo for clarification):

With some brands of  circuit breaker, you can pull the little knob out to break the circuit manually.  This isn't a recommended procedure because breakers have a mechanical life and pulling the breaker manually shortens this life dramatically.  If you want to have a "manual break" circuit, simply put a switch (rated for the current, of course) in series with the polyfuse (S1 & F4 on the schematic).

If you want a "popped fuse" indicator, a simple resistor-LED combination across the polyfuse will give an indication of the polyfuse condition.  When the LED is lit, the polyfuse is in the blown state (D1 & R1 on the schematic).

You might consider using one of the "Shack" project boxes that comes with a little pre-etched PC board to mount your polyfuses.  There is enough room in one box to mount at least ten polyfuses.  Drill a few small vent holes to keep the polyfuses at ambient temperature.

That's pretty much the polyfuse story.  Next month I'll go back to the Palm Pilot that we used for GPS earlier this year and review a lot of the software that is available for stuff other than GPS.  By that time, Flight Buddy ought to be out with the moving map version of their software, and then I'll do a column on some other PC based flight software that looks pretty good from the outside.  Then it's back to completing the lamp dimmers we started a couple of months ago.   'til then, keep current on yer current and I'll see you at Ohm sweet Ohm.

Author's Note:  Jim Weir is the chief avioniker at RST Engineering.  He will be glad to answer avionics questions for this article or on any avionics subject in the Internet newsgroup rec.aviation.homebuilt.  If you are having trouble with newsgroups, go to www.rst-engr.com and click on the "How To Use The Net" link.

