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(Edited 11-03-07, corrected a mistake on the schematic)

Introduction and Overview

A typical AM directional array is a giant cluster of interactions. If the phase or ratio should change at any one tower, the others will be affected -- sometimes dramatically. If you have one or more towers that only want a small fraction of the total power, another problem arises: if one of the high-powered towers should stop admitting power for whatever reason, that excess power might head for one of those low-powered towers.

Our 50KW system at WXJC, AM 850, is a case in point and the solution is described herein. Tower #1 has a ratio of .155 in day mode and we discovered what I just described: if any other tower in that system has a fault, a bunch of excess power gets sent to #1, causing catastrophic damage at the ATU. What makes this really tricky is that even a complete failure at a low-ratio tower might not cause a significant change in common point impedance. Even if it does, most transmitters nowadays are designed to reduce power with a high VSWR, rather than to trip off. (In our case, tower #1 could melt and our Nautel XL60 would just lower the power to 30-35KW, still way too high!)

Monitoring the system with the remote control didn't protect it from these sudden faults. Even when programmed for "zero" delay on the limits/alarms, a typical remote control can take several seconds to react. Fuses in line to the low-powered towers helped, but then another problem came up: if, for example, the fuse on the feed line to tower #1 should blow, we still had excess power in the tower #1 circuit inside the phasor. All the fuses accomplished was to move the location of the damage from the ATU into the phasor.

This circuit was our answer. It takes advantage of that tower interaction and of the fact that any problem in the array will normally have the most effect on the lowest-powered tower. If it sees an out of bounds condition, this circuit will send a "lower power" command to your transmitter in less than 100 milliseconds. It is NOT intended to replace the usual limits/alarms function of your remote control, because you will adjust this circuit to only take action on major faults, not modest out-of-tolerance conditions.

Theory of Operation

Refer to the schematic on the last page for the following discussion.

This circuit was designed for use with the Potomac Instruments 1900 antenna monitor and a Nautel XL60 transmitter, but can easily be adapted to other equipment. It requires a +/-15 volt power supply, which I simply tapped from the 1900.  Any supply that provides at least 100mA will work (if you connect a relay to Q2, as discussed below, increase the supply current for the extra load).

You will need two POSITIVE input voltages: a ratio sample from the lowest-powered tower and a forward power sample from your transmitter. These are applied to "TWR IN" and "FWD IN," respectively. The ratio sample comes from the meter module card in the 1900 for the tower that will be monitored and provides a positive voltage that can be estimated with the formula

meter module output voltage = ratio x 1.35

In my case, then, the 1900 provided about 210 millivolts for tower 1 when its ratio was .155, or nominal. Note that both input voltages are applied to simple averaging filters consisting of two 10K resistors and a 10uF tantalum capacitor. The actual voltage applied to the opamp input will thus be half of that applied at "TWR IN" or "FWD IN."

You could use this circuit to watch a phase, rather than a ratio, but be careful with the polarity. On the 1900, negative phase values produce negative voltages. If you must, use the spare opamp section (pins 5, 6 and 7) in the LM837 as an inverter (contact me for more info on this, if needed).

Q2 is the switch output. Most modern transmitters can be remotely switched with a DC closure to ground, allowing you to connect Q2 directly to your transmitter's remote control interface.  Observe the polarity markings, and note that the "-" point (the emitter of Q2) should be connected to "remote ground" or "remote common" (or whatever your manufacturer calls it).

If this won't suit your equipment, use Q2 to switch a relay, and then let the relay's isolated contacts interface with the transmitter. The 2N2222A used here will reliably switch a 12V to 24V relay with up to 100mA of coil current. Replace the diode between the emitter and collector of Q2 with a 1N4002 for better reliability.

The first opamp section is a comparator that watches the forward power sample from the transmitter. Assuming the "FWD TSHLD" has been set properly (see below), as long as the power is high enough to cause damage, the comparator puts out a negative voltage on pin 1, turning off Q1 (and turning on the "ENABLED" LED). Once the power drops below the threshold value, a positive voltage appears on pin 1, turning on Q1 (and turning off the "ENABLED LED"), starving the base drive to Q2 and thus disabling the "lower power" function. This prevents repeated commands once the power has already been lowered.

Now for the tower sample, which is applied to a ladder comparator made up of two additional sections from the LM837 opamp (the "right side" of the opamp, pins 8-14). Assume that the circuit is ENABLED -- that the forward power from the transmitter is high enough to keep Q1 off.

There are two thresholds adjustments here, "HI LIMIT" and "LO LIMIT." The tower sample is applied to both opamps on pins 9 and 12. Assuming that the limits have been set properly, if the tower sample goes too high, the top opamp section will put a positive voltage on pin 14, turning on Q2 (and turning off the "HI OK" LED).  Likewise, if the sample goes too low, the bottom opamp section provides a positive voltage on pin 8 to turn on Q2 (and turn off the "LO OK" LED). If the sample is OK, neither too high nor too low, both opamps produce a negative voltage, turning on the  "HI OK" and "LO OK" LEDs. Q2 remains off.

Adjustments:

Note: in the following, we're setting thresholds for comparators. If I say to adjust until an LED "just stays on," you'll know you're getting close when a small turn on the pot in either direction causes the LED to toggle between light and dark. That's the "sweet spot" and that's what we're looking for. When you're ready, do these steps, in this order:

1. Determine the desired low power level (the "cutback" level) that you will switch to if a fault occurs. I want WXJC's transmitter to drop from 50KW to 10KW; I'll use that as my example here.

2. Adjust the transmitter for 50% more than that "cutback" level -- in my case, 15KW. Adjust "FWD TSHLD" until the "ENABLED" indicator just stays on.

3. Leave the power lowered for a minute to be safe. Go to your phasor and adjust the chosen tower for a ratio that's 25%-30% less than nominal.  Adjust "LO LIMIT" until the "LO OK" LED just stays on. 

4. Now adjust that tower for a ratio that's 25%-30% higher than nominal. Adjust "HI LIMIT" until the "HI OK" just stays on.

5. Readjust the phasor and transmitter for normal operation and you're done.

The 25%-30% setpoint is another reason why this circuit can't be used as a compliance monitor. In order to make it react as quickly as possible, I don't filter out all modulation effects. If we have a tower that's arcing, for example, that will first reveal itself at the antenna monitor as brief but sharp changes in ratio or phase. With the simple (read: inexpensive and easy to build on a project board!) filter used here, there would be no way to eliminate modulation effects without causing the comparators to miss brief, sharp events.

Finally, these settings aren't etched in stone. If you're getting false triggers, increase the percentages a bit. If you go for some time without a trigger and want to improve detection, decrease them a little.

Construction Notes/Troubleshooting:

The LM837 has four opamp sections; I'm using three of them. National Semiconductor actually developed this for high-end audio applications, but its high-current output and low noise make it ideal for this circuit as a comparator. You can obtain this IC from Digikey or Mouser. The more common TL074 or TL084 have the same pinout and would work in a punch, though not as well, and they'll run hot unless you increase the LED series resistors from 1.5K to 2.7K (and then the LEDs obviously won't be as bright).

I assume that you're familiar with opamps used as comparators. Briefly, as long as the "+" input is slightly more positive than the "-" input, the output will swing fully positive (or vice versa). With each of the comparators in this circuit, we use a pot to set a fixed threshold voltage on one input, and then put the forward power or tower sample on the other input. Thus, the opamp's output will swing fully positive or negative depending on whether the sample input is higher or lower than the threshold/reference. The LM837 is able to swing to within 1-2 volts of the supply rails with the load resistors shown; other opamps will produce different results.

With a "perfect" opamp, if the two inputs are exactly equal, the output is zero volts. That never happens in real life, of course; if you have an input voltage that's right at the threshold, the comparator may even "toggle" -- simply put, it will oscillate between fully positive and negative outputs. To help prevent this, you can either design things so that the limits are widely spaced and well-defined (that's what I'm depending on here), or you can add positive feedback to provide some hysteresis (which I have NOT done here) or add additional filtering, etc., etc.

WXJC is in a Cris Alexander Designed(tm) building with well-grounded copper screen in the walls and ceiling. Plus, my closest tower is a couple of hundred feet away. If your building isn't as well-shielded and there's a tower right outside the back door, you're going to have problems. Mount this circuit in a grounded metal box and add some .01/100V ceramic capacitors to all inputs (pins 2, 3, 5, 6, 9, 10, 12 and 13), tied from the input pin to ground as close to the chip as possible.

The resistors are not critical; just buy one of those 1/4 watt assortments from Radio Shack and you'll have all the values you need (and more). The entire circuit can be built on a Project Board(tm) in an evening.

The resistors that are in series with the pots set the mid-point reference values. Change them as needed if your input voltages are greatly different from mine. The basic idea is to make it so that, when the pot is roughly in the center of its range, the voltage on the two inputs to the opamp/comparator are about the same. Since the tower sample is much lower than the buffered forward power from the XL-60, I ended up with 22K series resistors on the "HI LIMIT" and "LO LIMIT" pots, but on 1K on "FWD TSHLD."

That's the idea: keeping all of this in mind, you should be able to adapt this circuit to your situation. I designed it to monitor a directional array, but it could easily be applied to any situation in which you need a fast "closure" to ground if a particular voltage goes beyond preset limits. Contact me if you have questions or suggestions!

-- Stephen M. Poole ("spoole" at crawford broadcasting dot com)
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