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We've done some pretty cheap and dirty lamp dimmers over the last couple of months.  Now we are about to do the queen mother of all lamp dimmers, with more features than any lamp dimmer that you could ever buy or want to buy.  It may take us three months or so to put all the goodies on it that I want to have, but once you complete this project you will have the worlds…ultimate…lamp dimmer.

What sort of features?  Well, for one it won't matter whether you have your lamps connected to battery or ground – the class B output stage will be more than happy to drive or source current, your choice.   Switching mode so you don't burn up a lot of power with a linear regulator.  A second output that is "inverse" to the main output for lamps that want to be bright during the day and dim at night.  A third output for "panic" lights that just sits there and blinks once a second.  And, of course, with parts you don't have to take a hammer to the piggy bank to afford.

I'm also going to give you your choice of output devices.  Normally I'll specify a bipolar transistor or a FET as the power output device, but this time I'm going to give you two circuits that will function exactly the same way, one bipolar and one FET.  I'll then tell you the advantages and disadvantages of both and let you take your choice.

This project is going to be done a little differently than I normally do them. I will normally give you a complete circuit and then add goodies month by month until we have the completed unit.  Then I'll get a few phone calls and emails in a couple of weeks saying (essentially), "I put it all together and it doesn't work.  How do I fix it?"  Troubleshooting by remote control is about the most difficult thing I do, so instead, we are going to build this circuit by blocks, test the blocks, and then assemble the blocks into a project.

This month's block is the control circuitry.  What we want is a set of main outputs that go from full off to full on for the main cabin night lighting.  Then we want a set of auxiliary outputs that go from full on to half off for the "inverse" lamps.  We also want a completely separate circuit that just sits there and flashes the emergency annunciator lights when they come on.

THE DESIGN GOALS

What sorts of goals are we trying to achieve in this design?   My sense is that we don't need more than a couple of amps of direct lights.  I've never yet seen an airplane with more than an amp or so of night lights, so if we design for two amps we ought to be in pretty good shape.  Actually, if you pressed the issue, the FET output devices will take 5 amps easy and 10 amps if pressed.  If we are going to do two amps of main lights, then I think an amp of inverse lights ought to be enough.  The only thing that the inverse lights are going to run are the small panel indicators, and rarely have I seen an installation that uses half an amp of these.  One thing, though, that the inverse light circuit does need is a provision that they don't turn completely off at night, but are just dimmed down to a reasonable brightness (this "reasonable" level is purely subjective, and can be changed with a single resistor value).  The single line flasher for the emergency indicators can't run more than a hundred milliamperes or so, so if we design for maximum half an amp we ought to be into way-overkill.

One design goal that I always try to achieve is to protect the circuit from clumsy hands.  However, in this design that is all but impossible, as I have absolutely no control over where the lamps are connected on the other end from the dimmer.  In a design where I control whether it is sourcing or sinking current, I can sense the current and shut the circuit down on overload.  However, when I source and perhaps sink at the same time, that is well nigh impossible.  The best I can hope for is a fast fuse on the other end.  Be forewarned.  You can blow the output devices if you are hamhanded with your screwdriver.

THE DESIGN

If you will recall from another of our dimmer circuits, we chose the switching frequency of 120 Hz. because it was the least likely to interfere with our other avionics – notably the VOR at 30 Hz. and the localizer/glideslope at 90/150 Hz..  Everything else is so far removed from these audio frequencies that you shouldn't experience any interference with this design.  However, if you have ground loops in your audio switching panel, intercom, or headphone/microphone systems then you may experience a low-frequency hum when this unit is installed.  It isn't the fault of the unit, but a fault of the ground loop installation.  That is an entire subject for another column, so just be aware that it can exist.

So now we've got a design that needs an oscillator.  My favorite oscillator, of course, is the old standby LM324.  U1-A is the 120 Hz. oscillator, but instead of using the square wave given at the output, we are going to take the output off the (-) inverting input.  This signal, instead of being the square wave available at the output, is the charge-discharge triangle wave of the integrating oscillator capacitor C1.  This triangle wave is moderately linear and goes from 4 to 8 volts as the circuit oscillates.

The idea is to now take that 4 to 8 volt triangle wave and turn on and off another section of op-amp run as a comparator.  R8 couples this triangle wave into driver section U1-C.  For the time being, let's just leave this section alone.

The voltage at the junction of R7 and R6 is controlled by Brightness control R5.  The voltage at this point goes from 4 to 8 volts as you vary R5.  Hmmm…4 to 8 volts, I heard this number just a minute ago…

R9 couples this 4 to 8 volt DC control signal to the (-) inverting input of U1-C.  As the triangle wave on the (-) input of U1C exceeds this control signal, the output of U1-C goes high.  When the triangle wave goes below this control line, the output goes low.  By controlling the point at which the output goes from low to high, I can control the "duty cycle" of the output from zero to 100%.  This duty cycle will be used next month to drive the high-power output devices and thus control the power delivered to our lamp load.

In a similar manner, but in reverse, the same waveform is fed to U1-D and the same control signal is applied.  However, in this section of the amplifier I have limited the range of duty cycle from 0 to 50% and I have inverted the phase, or sense, of the control.  As we will see next month, this will make the inverting output of our lamp controller be bright during the day and dim at night.

U1-B is a simple once-a-second oscillator (1 Hz.) that I will use next month to drive the output devices for the warning lamps.  It is absolutely identical in operation to U1A with the exception of the larger integrating capacitor C2 and the timing resistor R15.  It simply sits there and square waves the output once a second. 

(*******Editor's note, modify this section as a function of which photographs you are including*********)  As I said above, we are going to build this device in blocks.  This is the control block.  I would suggest that you build this block and test it thoroughly before proceeding.  If something doesn't work now, anything we do next month isn't going to make it go a lot better.  Here is what I would test and in the order that I would test it.  (An oscilloscope is pretty much mandatory for these tests.)

A. The DC voltage at the junction of R6 and R7 should smoothly vary from 4 to 8 volts, plus or minus half a volt.

B. The output of U1-A should be a square wave with an 8 to 9 millisecond period.

C. The (-) input of U1-A should be a slightly distorted triangle wave going from 4 to 8 volts, plus/minus half a volt.

D. The output of U1-C should be a pulse from near ground to near supply (13.6) volts with a duty cycle controlled by R5 from zero (no pulse) to 100% (full on all the time).

E. The output of U1-D should be the same level as (D), but with the duty cycle going from 100% to 50%  at the same time (D) is going from 0 to 100% (one should be getting bigger while the other one is getting smaller).

F. The output of U1-B should be a square wave with a 50% duty cycle at a 1 Hz. rate.

With magazine space at a premium, we can't post pictures of all these waveforms, but they will be posted on the author's website in the www.rst-engr.com/kitplanes subdirectory.  Please, I urge you, don't wait for next month's issue so you can "build it all at the same time".  Build it and test it in stages so that you know for a fact that if there is a problem, that it is the LAST thing you did that was the problem.

Hey, see you next month with the power drivers, and then the month after that with the modified power drivers for those of you who want to use the FET devices in your dimmer.

Please note that the instant I get the updated GPS for Palm computer program that I will interrupt this dimmer sequence to give you the latest-greatest on that project.  As with all good designs, things take time.  Just like building an airplane…the first 90% of the airplane takes 90% of the estimated time.  The last 10% of the airplane takes the other 90% of the estimated time…

See you at Oshkosh…

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.  You can link to the Kitplanes home page on Jim's website at www.rst-engr.com/kitplanes
PHOTO CAPTIONS
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All electronic projects start off life in a "breadboard" of some sort.  You might think your Kinbendupsnark Loudenboomer IV never looked like this, but I assure you that on some design engineer's bench, it looked like this or worse.

0068
This is a dual-trace of the waveforms for U1-A.  The top trace is the square wave output and the bottom trace is the sawtooth waveform at the (-) input.

0069
The main driver output (top) and inverse driver (bottom) with the brightness control all the way to the "night" end.  Note that DOWN is "bright" and UP is "off".  (That's just the way the driver transistors are going to operate.

0070
The waveforms for twilight operation, with both sets of lamps at partial brightness.

0071
The waveforms for daylight operation, with the inverse lights full on (down) and the main lights just barely warm.

