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WHERE WE ARE

So far, the June issue of Kitplanes laid out the manufacture of our capacitive fuel sensor plate and the very first part of the electronics of the fuel gauge.  This month, we'll take that first part of the electronics and turn it into something that will drive a standard "Westach" fuel gauge.  (Note -- I used the Westach gauge because it is widely available and relatively inexpensive.  You can use any 5-volt full scale gauge you wish.)

PLEASE NOTE WELL that a resistor (R123) has been added across the gasoline-sensing capacitor C101.  This has been done in response to a comment in the newsgroups that the odds of static charge building up across C101 is minimal, but theoretically possible.  The function of R123 is to discharge any static buildup that might even THINK about building up on C101.

PLODDING ONWARD

If you will recall last month, we had our two oscillators giving us about 4 kHz. square waves when the tanks were empty, but as we filled the tanks with fuel and the capacitance of our sensor increased, the variable oscillator would go from about 4 kHz. to about 2 kHz. as a function of how full the tanks were.  The task now resolves itself to take that frequency change and turn it into a DC voltage that will vary with the applied frequency.  This will cause the meter to deflect upwards with a change in frequency and thus indicate a full tank of gas when the capacitor sensor is "full" of gas.

INTEGRATE, INTEGRATE

If I take a single resistor and a single capacitor (R112 and C105 on the schematic), the peak output voltage across C105 will be higher for a low frequency than it will for a high frequency.  This is the electronic phenomenon known as "integration".  In elementary terms, R112 and C105 form a low-pass filter, with the "knee" of the filter set well below the lowest frequency of either the reference or variable oscillators.  As the frequency slides up and down the response curve of this filter, the peak output voltage varies as well.  All we've got to do now is get a peak detector (D102) and smooth out these peak pulses with another capacitor (C107) and behold:  a DC voltage that varies with the frequency of the oscillator.

We've got an identical chain (R113, C106, D103, and C108) making a DC voltage out of the reference oscillator's frequency.  If we now make a "difference amplifier" out of U102A, we get the arithmetic difference of these two voltages at the output of U102A.  This arithmetic difference of voltage is proportional to the oscillator frequency, which is in turn proportional to how much fuel is in the tanks.  Good heavens, we're almost there.

A BIT MORE OOMPH, IF YOU PLEASE

There are a couple of minor things to take care of, and this month's installment is done.  The output of U102A isn't quite enough to drive our meter just yet.  The DC change in voltage at the output of U102A from empty tanks to full tanks is a bit over one volt and we really need 5 volts to drive our meter.  We can take care of this rather easily with a times-5 amplifier ( U102B).  Were we to leave things like this, the circuit would work, but with just a little more fussing around, we can have a much better design.

THE TWEAKIES

What I'd really like is an adjustment for "empty" and an adjustment for "full".  Yes, I know that we can get within 5% of the empty and full lines with nothing but fixed resistors, but I really like a gauge that is EMPTY on "empty" and FULL on "full".  Otherwise, I'd have bought myself a Wichita Wonder instead of a handcrafted masterpiece.  We all know the reason Cesseachiper put fuel gauges in their airplanes, don't we?  They serve as an indicator that the master switch is on, and damned little else.  They CERTAINLY don't act as accurate fuel gauges.

The truth of the matter is that opamps like the LM324 don't do very well when they get very close to "the rails", or the (+) power supply and ground.  I'd really like that 5-volt range to be something other than 0-5 volts to get the opamp off the ground (0 volt) rail and into the linear range.  Something around, say, a volt or two on the bottom end and 6 or 7 volts on the top end.  We can get the bottom end at a fixed voltage by a simple resistive voltage divider (R124 & R118).  This divider sets the meter (-) end at about 1.6 volts.  This means that the output voltage of U102B needs to go from 1.6 volts (empty) to 6.6 volts (full).  If I go back into U102A and fiddle with the bias on the (+) input by means of R116, I can set the "zero", or equal frequency output of U102A to be anything I wish.  In particular, if I set it to about 0.32 volts, when this voltage is amplified by the x5 amplifier U102B, the output voltage is 1.6 volts, which is zero volts across the gauge since the resistive divider is also 1.6 volts.

If I now fill the tank with gasoline and adjust R117 for full scale on the meter, I'm done.  Almost.  There is a SLIGHT interaction between R116 and R117, so you may wind up going back and forth a time or two.

SLOSHY, SLOSHY

If we stop right now, the circuit will work just fine, but will be a little "twitchy".  Sloshing fuel will be quite evident on the gauge, and with a quarter's worth of parts, we can make it as unsloshy as we wish.  C110 across R120 takes out any remaining ripple from the two oscillators, and C109 across R121/117 really makes the slosh go away.  (If you want still MORE anti-slosh, you can run C109 up to any value you want.  Just remember that the time it takes to both come UP and DOWN is the product of C109 and R121/117.  I set it at 5 seconds, but please feel free to experiment.)

FINAL ADJUSTMENTS

Here's the drill I went through on the bench for adjustment.  It takes all of five minutes to get it so close that you shouldn't have to do but the barest minimum of in-aircraft adjustment.

1.  Get two extra capacitors, both of them with exactly the same value that you used for C103.  Put ONE of them out at the end of any cable you are going to use in going from the board in place of  C101 (the gasoline-variable in-tank capacitor).  Adjust R101 for the same exact frequency out of U101A and U101C.

2.  Temporarily disconnect one end of C109 from the circuit.  Adjust R117 for mid-scale and adjust R116 for zero volts difference across the meter (+) and meter (-) terminals, or "empty" on the gauge.

3.  Connect the SECOND extra capacitor across the end of the cable and adjust R117 for a reading of "full" on the gauge. 

4.  Repeat 2 and 3 until you can see no difference in the readings.

SO WHAT'S NEXT

Oh, um, I'll bet you saw the little red LED on the circuit board in the photo with this article, didn't you.  That sort of gave it away, didn't it.  Next month, we will design an alarm that will tell you when you are down to your emergency reserve on the tank in question.  Light?  Sure.  Horn?  If you wish.  All it means are a couple more opamps, and we know how cheap those are.  See you at Oshkosh...

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.

