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MOTHER OF ALL NECESSITIES

As with a lot of my articles, necessity is that mother that giddy-ups invention.  In this case, my old friend (and beyond a doubt the pickiest IA I've ever known) is coming up from San Diego to jab and probe at the old 182 for the annual inspection extravaganza tomorrow.  Not that I mind Bob's eagle eye, mind you.  When my fanny is strapped to a piece of ironmongery a mile in the sky, I'd just as soon know that it was a particularly choosy inspector that said my flying machine was likely to remain so.

At any rate, last year Bob (Bob Kreutzer, IA, CFI, and retired airline pilot trainer) said that it was time to pull the mags down for their AD inspection this year.  Sigh.  I've been thinking for some years now that it was time to stop borrowing that old clunky mag timer that eats D-cells for lunch and make a new improved version.  Since the annual is tomorrow, I guess it is time to stop thinking and start building.

THE PROBLEM

Briefly, a magneto is a whirring magnet surrounded by a coil of wire.  The engine-driven whirring magnet induces a voltage in the coil, and that voltage is stepped up to a voltage that will jump the gap in a spark plug by a second coil and timed to spark by a set of contact points that open and close with a small cam inside the mag.  Open, close, open, close, and each time they open, that squirt of fire jumps the plug gap and the engine fuel is ignited in the cylinder.  The trick is to get the fire to spark at exactly the right instant to produce maximum downward thrust on the piston, and thus maximum power.  How we determine that instant in time isn't the matter.  What is the matter is how to determine when the points are open and when they are closed.

Seems simple enough.  A good ohmmeter ought to be able to tell when those contact points are open and when they are closed, no?  No.  Remember I said that the points were associated with a coil?  Well, that coil is directly across the points, and has a VERY low resistance.  Maybe an ohm or so at the most?  It is going to be impossible to distinguish between the ohmmeter's lead resistance, the small amount of contact resistance on the points, and the coil resistance without a LOT of ohmmeter trickery.  

THE SOLUTION

It may be difficult for the DC battery in the ohmmeter to detect the difference between a coil and a set of points, but it is pretty simple for an AC waveform to detect that difference.  While the coil has low <I>resistance<i> it has a fair amount of <I>inductance<i> .  To AC, this inductance is a piece of cake to tell from a resistance.

What we need to do, then, is simply make a little oscillator at a high enough frequency, put that AC across the points, and then detect when there is AC at the points (open) or no AC at the points (closed).  And, since there are two mags on most engines, we need to be able to do this simultaneously on both mags.  (Some engines, notably the Continental O-300 series fire one mag at one point on the crankshaft rotation and the other mag a couple of degrees later.)

As most of you know, I never rely on just one sense to tell me when something is happening when for a few pennies more, I can make human redundancy.   I want both a light and a sound to happen when the mags open and close.  And, I want different sounds with two mags open, one mag open and one closed, and both closed.  Shucks, with op amps two for a buck, that is not rocket science design.

DESIGN GOALS

1.  The unit should not require ship's power.  In the first place, having the master switch on all the time during engine timing is not good for the battery, relay, or the rest of the electrical system.  In the second place, there ARE still aircraft flying that don't have electrical systems.  Battery operation is desirable.

2.  The batteries should last for at least ten hours and should be easy to change.

3.  The visual display should be visible at least in subdued or shaded sunlight.  Some of this work is going to have to be done outside on the ramp.

4.  The aural display should be heard at least inside the cabin with the test box outside on the engine.  

5.  There should be a visual and aural warning when the test box is left on and not connected to prevent the inadvertent "end of the day, let's go home" leaving the box on accidentally.

FINAL DESIGN

1.  Rechargeable AA cells (Kitplanes, Jan '96) mounted in a Rat Shack clip on the top of the case will work just fine.  Four of them gives me 6 volts, which suits my design just fine.

2.  My calculations show that for the average use, these batteries ought to last twenty hours between chargings.

3.  Using high-efficiency LEDs for the lamps and fresnel lenses lets this little rascal work in direct sunlight and still be quite visible.

4.  A Rat Shack piezo buzzer is quite audible at the tailfeathers from the engine.  Running the 12 volt buzzer on the 6 volt batteries cuts power consumption way down.

5.  When the unit is on and not connected, both lights light and the buzzer pips once a second.

SOME COMMENTS

Note the unique method of connecting the test box to the mags.  Instead of permanent leads, I just used 4-40 screws as tie points and then (Shack) alligator clip leads to connect the tie points to the mags.  Cheap and effective.

I tried my level best to protect the innards from inadvertent impulse coupling damage by means of 5 volt zener diodes at critical spots.  I've tried it a few times and the unit survived without any damage, but I'm sure that someone, somewhere will come up with a mag that puts out enough to zap the insides of the box.  Now we all know that mechanics never make mistrakes, and nobody fires the impulse couplings on purpose, but it's gonna happen.  I don't think anything more than the protection zeners are going to be hurt, so you might buy a couple of extras while you are at the store.

(A note for the fledgling mechanic...the impulse coupling is a set of springs inside the magneto that spins the magnet around very fast during starting.  The mag really isn't spinning fast enough during engine crank to put out enough juice to spark the plugs, so the spring sort of helps things along.  Unfortunately, when it does what it was designed to do, it puts out a hellacious pulse on the mag leads that generally french fries the mag tester if it is connected.)

The only strange part I used that wasn't on the "Jim's General Parts List" in the June '99 issue of Kitplanes is the 273-065 buzzer from The Shack.  Other than that, we just have "parts is parts" common stuff in this little box.

Hey, good luck.  Next month we do our landing light flasher and after that, whatever the gang in the forum tent at Oshkosh this year comes up with.  See you next millenium...

Author's Note:  Jim Weir is the chief avioniker at RST Engineering.  He can be reached by email at jim@rst-engr.com  but prefers to answer questions in the newsgroup rec.aviation.homebuilt.

