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WHERE WE'VE BEEN

Hopefully by now you have your fuel gauges perking along and at least capable of driving a standard 0-5 volt fuel gauge from full to empty.  As a test of the whole system designed thus far, I flew the sensor plates and circuit board pictured in the last 2 issues (June & July '00 Kitplanes) over to EAA chapter 124's meeting in Santa Rosa CA last week for a tryout.  We put it up on the front counter in the meeting room, hooked it up to an airplane battery source, and poured fuel into a bucket holding the plates.  It worked just like the article said and exactly the way it was designed (lucky old me again).  And my thanks to Chapter 124's Allan Anderson for the loan of his car to get me home that night – fog, night, mountains (pick any two and I'm fine).  A foggy night in unfamiliar mountains isn't my idea of fun in a single engine airplane, so we danced the Cessna-Volvo two-step for a couple of days.

THE FINAL TOUCHES

As I said in the first part of this series, we are going to put some bells and whistles onto this project so that you will have some kind of alarm when the fuel gets down too low.  Not only that, but we want the bells and whistles to flash and beep when this happens.  Of course, we're going to do this for peanuts in parts costs, especially when you consider that this same design direct from the Wizards of Wichita will set you back about $500 a copy for your Cesbeepipmoo factory airplane.  I figure $5, tops, for these optional lights and tone.

SOME DESIGN THOUGHTS

There are a couple of design thoughts I'd like to share with you about this alarm function of the project.  When I first thought about how I'd do it, I envisioned a whole PC board full of digital logic and analog amplifiers that would provide alarms that could be preset from the instrument panel, alarms that would sound off for a couple of seconds and then reset for a couple of minutes before sounding off again, alarms that would "sound off" in your voice (or to REALLY get your attention, your mother-in-law's voice), and alarms that would drive the cone of your cabin speaker inside-out.

After a long contemplation of the project (and after consumption of a full bottle of tasty Sonoma Valley grape juice courtesy of Chapter 124), I came to the conclusion that the design of this sort of thing would be quite easy, but the construction would be complex enough that practically nobody would want to build it.  This led us quite naturally back to the Kiss and Burp design philosophy – Keep It Simple, Silly, and Build Under the Required Price.

What came out of all this is an alarm that gives you a flashing light and a beeping  tone when the fuel in the tank gets below a level that you preset during construction.  Not the most sophisticated warning system in the world, but cheap and easy to build.

THE DESIGN

U102B is our friend from last month, the amplifier that drives the meter from about 1.8 volts (empty) to 6.8 volts (full).  What we'd like is a circuit that sets a trigger level somewhere between empty and quarter-tank full.  The combination of R131 and R125 allows us to set that trigger somewhere between zero and 2.3 volts, which is well below empty to about quarter-tank full.  (If you want to set the trigger point higher than quarter-tank, simply reduce the value of R131.  Reducing it to 100K, for example, will let you set the trigger point to nearly three-quarters of a full tank.)  

To set R125, put small capacitors in the place of C101 (see the calibration procedures from last month) until the gauge reads the level at which you want your light and tone to come on.  Measure the U102B output voltage.  Set the voltage at the wiper of R125 to exactly this voltage by first adjusting this voltage to zero volts and then SLOWLY coming up to this voltage.  Note that at just ever so slightly above this voltage, the measured voltage will suddenly snap up about 5%.  We'll talk about this later.  Adjust it just barely below the point at which this snap takes place.    

The full-tank output voltage of U102B keeps the output voltage of U102C below the level set by R125 until the tank drops below your trigger point.  At that time, the output of U102C will rise to very nearly the supply rail (10 volts) and stay there.  R132 is an anti-tease feedback resistor that detects when the output of U102C goes to the rail and raises the input trigger voltage about 5% over the trigger point.  This forces the fuel quantity to be raised 5% above the point at which you set the trigger and thus prevents the alarm from sitting there and chattering when the fuel is at exactly the trigger point.  To the best of my knowledge, there is no civilian airplane manufactured today that allows you to add fuel in the air, so once the alarm triggers, it will stay triggered.  

Once the output of U102C goes "high" (to the +10 supply rail), it turns on oscillator U102D.  U102D circuit values make the output of U102D alternate (oscillate) between ground and the rail once a second.  Taking this once-a-second (1 Hz.) pulse at the output of U102D to the base of transistor Q102 turns the transistor on and off at a 1 Hz. rate and pulses light-emitting diode (LED) D104 on and off once a second.  This red LED is the "low fuel" light for your instrument panel.

A second output from 1 Hz. oscillator U102D turns oscillator U103A on and off.  This opamp is designed to oscillate at 400 Hz, on and off at a 1 Hz. rate.  This pulsed audio tone is buffered by Q103 and run to "audio alarm out".  While this output CAN drive a set of headphones directly, it is really intended to drive the alarm input on an audio panel or other 'phones level amplifier.

WRAP IT UP AND TAKE IT HOME

Wow, only three months and we've got our fuel tanks instrumented up like a Baby Boeing.  Just for giggles, I did a price check on the total cost of the system (less the gauge and the metal for the sensor).  If you buy all the parts in onesie-twosies from The Shack, Mouser, or Digi-Key, you've got just a shade under $10 in electronic parts for the whole thing.  That's not too shabby.

WHERE FROM HERE

I thought we might spend a couple of easy months with some really basic concepts – how to use cheap LEDs for your panel indicators, how to assemble coaxial connectors, and a couple of other back-to-the-basics subjects.  Then perhaps we can get started on a few goodies I've had perking along in the back of my mind for a while – like a simple and cheap voice annunciator, the aforementioned digital alarm minder, and a couple of others that are still sort of hazy.  See you at Oshkosh.

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

