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Modifying the

Decibel Products

DB4042 Bandpass Cavity

for use in Six Meter Repeaters
This documentation was originally developed by Dan O’Connor N6BKL in July of 1992. Dan did most of the engineering on the original filter cavity and loop modifications, I have used his information to modify several of these devices and assemble sets into a bandpass / bandreject filter, commonly referred to as a “duplexer” or “Bp/Br filter”. My comments and observations are used in conjunction with Dan’s instructions in this document in order to help others perform these modifications as well. All drawings are rendered by me, and the photos are mine as well. 
Paul J. Lorona, July 2002

Version A.0.0, first distributed 10 July 2002.

Version B.00.00 first distributed in March 2015.

The Cavity

The DB4042 bandpass filter cavity is a ten inch diameter aluminum tube with cast end caps at both ends. The top casting has two rotating coupling loops in it, as well as a bracket which supports the tuning rod assembly. These cavities, or “cans”, as they are known, come in two sizes. The VHF low band spectrum is cut up into three general operating ranges or “cuts”. Low cut is 30-36 MHz, mid cut is 36-42 MHz, and high cut is 42-50MHz. These sub-bands may differ slightly from manufacturer to manufacturer of radio equipment, but all tend to be close to these numbers. The DB4042 comes in two vertical sizes: 72” for the low cut and mid cut versions, and 61” for the high cut versions. Note that these are approximate lengths of the casing (tube) sections, the overall height of the two units are 76” and 65”, respectively.


Our job, as far as modification of the can itself, is rather simple, at least in principle. To modify a can we simply remove and disassemble the plunger assembly, trim the casing length to 54 inches, trim the tuning rod length to 58 inches, cut some threads on the modified tuning rod, clean up the area where the cast top plate mounts to the cut casing, and reassemble everything. But before we do any of that, we need to test the original device to make sure the plunger assembly is capable of tuning up into the six meter band. Here’s the step-by-step:

Testing of the original cavity

Refer to drawing 1-1 on the following page for the discussion below.

1. Drill out the four pop rivets holding the bracket to the top casting.

2. Connect a test setup to observe the pass response of the can. This can be done with a signal generator and a radio receiver, or with a service monitor that has a tracking generator and spectrum analyzer.

3. Gently hand pull up on the bracket assembly while watching the pass response at 54 MHz. If the response peaks before rod travel ends, this can is good for modification. Pass response should probably be an insertion loss of less than 2dB, but anything less than about 5dB at this point is acceptable.

4. If the can is unusable, reassemble it with some new 3/16” x 1/4” grip pop rivets, and you’re done. If the can is acceptable, move on to the next section.

Alternately, if you can’t check the response of the filter, you can “guesstimate” the acceptability of it by measuring the shortest length you can adjust the plunger assembly to. If you can “squeeze” the plunger such that the distance between the bottom disk and the top casting is less than about 42 inches, then the modified filter will probably tune in the six meter band.
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Drawing 1-1, DB4042 Nomenclature

Note: Plunger Assembly shown with bracket disconnected.

Drawing not to scale.
Disassembly of the original cavity
1. Drill out the rivets holding the top casting to the casing.

2. Remove the tuning loops.

3. Tap the casting out of the casing using a rubber mallet. A metal hammer may damage the casting, be careful!

4. Pull out the plunger assembly (the top casting, the tuning rod, the loose bracket, the tuning knobs, and the variable length tuning section comprise the “plunger assembly”). There will be a disk at the bottom of the plunger assembly, be careful so as not to damage it, the plunger assembly, or the casing. See Drawing 1-1 above.

5. Remove the nut holding the disk to the tuning rod at the bottom of the plunger assembly. 

6. Holding the disk firmly, unscrew the tuning rod from the disk, turning the rod from the tuning knob end. If not possible by hand, pull the rod up through the top casting until an unthreaded section is visible, and then use vise grips to hold the tuning rod. Grip the tuning rod at an unthreaded section so as to not damage tuning threads. If the entire rod is threaded, grip the rod as close to the disk as possible.

7. Remove the rod and bracket assembly from the plunger assembly. 

8. Spin off the top knob from the bracket.

9. Remove the bracket from the rod.

10. Spin off the bottom knob from the rod.

You should now have the open casing of the cavity set aside, the plunger assembly minus the tuning rod and mounting bracket set aside, and you should have the tuning rod devoid of any other attachments. You are now ready to modify the casing.
Modifying the original cavity

The Cavity
1. Measure 54 inches up from the top of the bottom casting on the open casing. Mark this point and draw a line around the can at this elevation.

2. Saw cut along the line drawn in step one. When you are done the modified casing should stand approximately 55 inches tall.

3. Remove saw burrs from the cut on the casing, and grind down any weld bumps on the inside of the casing at the cut, so the casting will fit snugly and evenly.

4. Insert the plunger assembly into the can.

5. Place the top casting against, but not into, the casing. Lay the casing down on a flat surface (driveway, garage floor) and align the top casting so the four “feet” (two on the top casting, two on the bottom) lie squarely on the floor and the cavity shows no tendency to wobble.

6. Gently tap the top casting partially into place to maintain alignment, then stand the assembly up. 

7. Mark the position of each hole in the top casting on the outside of the casing.

8. Remove the top casting. For each hole on the casting, measure the depth of each hole from the bottom of the groove in the top casting that the can edge will slide into. Mark these depths at each corresponding mark on the casing.

9. Drill holes in the casing at the marked points. Use a 13/64” or 7/32” drill bit for a slightly oversize hole compared to the 3/16” pop rivets.

10. Remove burrs from the drilling operation, and remove any debris from within the can.

The Tuning Rod

The tuning rod should be partially threaded. It will have about a foot or more of threads at one end (the end that went through the top casting and mounting bracket), and perhaps an inch or two of threads at the other end (where the disk at the bottom of the plunger assembly was). The end with the most threads is referred to as the “top” end. Some rods may be completely threaded. If this is the case, either end can be “top”.

1. Measure 54 inches from the top end of the rod and make a mark.

2. Cut the rod at this mark, discard the bottom end.

3. Using a 3/8” x 24NF die, cut about an inch of new threads on the new bottom end of the tuning rod. A minimum of 5/8” of thread is required.

Assembling the modified cavity
1. Pass the bottom end of the tuning rod through the top casting and plunger assembly to the disk at the bottom of the plunger assembly and thread it into the disk.

2. Place the nut on the exposed end of the bottom of the tuning rod and tighten everything up.

3. Place the bottom tuning knob on the top end of the tuning rod and spin it down a couple inches or so.

4. Slide the bracket over the top end of the tuning rod and position to mount to the top casting.

5. Using four 3/16” x 1/4” grip pop rivets, mount the bracket to the top casting of the plunger assembly as per original condition.

6. Place the top tuning knob on the tuning rod. The plunger assembly is now reassembled.

7. Find some anti-oxidant made for aluminum. I used Alcoa #2 EJC, Electrical Joint Compound for Flat to Flat Surfaces, it’s good for aluminum – aluminum and aluminum – copper joints. You can also use something called “NoAlOx”. Smear some of this anti-oxidant compound on the inside of the casing where it will accept the top casting, and also on the part of the top casting that the casing will slide over.

8. Slide the plunger assembly into the casing, ensure proper alignment / positioning of the top casting with respect to the bottom casting, and tap the top casting into place on the top of the casing. Your drilled holes should line up with the existing holes in the top casting.

9. Using 3/16” x ¼” grip pop rivets, reassemble the top casting to the casing.

10. Restore the tuning loops.

The can should now easily tune into the six meter band without having a huge amount of tuning rod exposed. In the cans I modified the disk at the bottom of the plunger assembly was about 12 inches off the floor of the can to resonate at 52.700 MHz. Congratulations! You are now ready to modify the tuning loops.

The Tuning Loops

There are actually two methods of building bandpass / bandreject tuning loops in this section. The first is a method using all new parts and materials which I have developed, the second is a modification of the existing loop developed by Dan O’Connor N6BKL. 
Build A New Loop
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Loops made by me for the N6FFI repeater in southern California

If you know somebody who is a machinist or handy with metal work this is probably the way to go. The material list is minimal, most of the money you’ll spend is on the variable capacitor used. I happened to find a good deal on some glass piston-type trimmer capacitors, a product of Voltronics. They’re expensive when purchased new, but almost impervious to drift associated with temperature and humidity changes due to the way they are built. The loops using these would be good loops to use in a vault that is not climate controlled. I have built other loops (see the picture in the Modifying the Old DB4042 Coupling Loop section below) using some much less expensive air-variable capacitors (“egg-cutters”). This process is also described in this section. 
Glass Piston Trimmer Capacitor Type

Here’s the parts list:
· The manufactured two inch disk used as the loop mounting plate (see drawing 2-1). Use 1/8” aluminum stock.

· An additional blank two inch disk (plug for the vacant hole where the other coupling loop used to be located). Use the same aluminum stock.

· The manufactured copper stock loop (see drawing 2-2)

· A bulkhead mount SO-239 female UHF connector. I used a product purchased from Talley Communications, their part number R/FRFU523. This is the style that does not feed the threaded RF connector through the mounting plate, but rather has a smaller threaded mount below the bottom of the actual connector with a bottom center pin which can be soldered to. The connector I used had a 5/16” bottom piece, threaded, with hardware which allowed the connector to be top-fed through the mounting plate to rest on a shoulder around the bottom of the actual RF connection, and then be held fast from below with a nut and lock washer. 

· A piston trimmer capacitor, similar to the Voltronics TM180 or TM180C: 2.0-180.0pf glass embedded band panel mount trimmer capacitor. See www.voltronicscorp.com/multi_guide.html
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Drawing 2-1, the Glass Cap Loop Mounting Disk
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Drawing 2-2, the Glass Cap Loop

The trimmer capacitor mounts in the center of the mounting disk, the bulkhead connector mounts towards the outer edge of the mounting disk.


Adjust mounting hardware on the RF connector for maximum clearance between the hardware and the outer edge of the mounting disk. 

N connectors can be used, but you may need to modify the size and / or location of the mounting hole in the disk to accommodate the N connector. You may also need to modify the dimensions of the loop to accommodate the different connector. This modification of the size and location of the mounting hole may also be the case if you use a different type of SO-239 female UHF connector (say one with a flange with mounting holes in it). Pay careful attention to the type of connector you use before drilling holes in your mounting plate.


After the SO-239 connector and the trimmer capacitor are mounted, solder the loop carefully to both. Pre tin the soldering surfaces at both ends of the loop before assembly, and use as cold an iron as possible on the trimmer capacitor, as heat can cause them to deconstruct and fail.


Move on to the Tuning the Loop and Filter section!

Air Variable Capacitor Type


Here’s the parts list:
· The manufactured two inch disk used as the loop mounting plate (see drawing 2-3). Use 1/8” aluminum stock.

· An additional blank two inch disk (plug for the vacant hole where the other coupling loop used to be located) made from the same aluminum stock.

· The manufactured copper loop (see drawing 2-4).

· A bulkhead mount SO-239 female UHF connector. This will be the much more typical type that feeds through the mounting surface and is held fast by a nut wand lock washer applied from the same side as the mating connector.  

· An air variable capacitor similar to the Cardwell APC-50, which is in fact an old Hammarlund design. I had some of the Hammarlund types in an old junk box with a Navy spec number on them of CHC 48629. See the Cardwell specifications at: http://www.cardwellcondenser.com/PAGES/hcAPCseries.html
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Drawing 2-3, the Air Cap Loop Mounting Disk
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Drawing 2-4, the Air Cap Loop
 
This loop may require some customization of the SO-239 female UHF connector in order for clearances to work. You may need to file that part of the shoulder down that faces the outside edge of the disk so the disk can rest flat in hole in the top casting of the filter cavity.


Mount the hardware and solder the loop in place. The air capacitors are pretty sturdy, so soldering to them shouldn’t be too dangerous to the component. Padding capacitors will need to be added for proper notch tuning, the value will depend on whether the notch is tuned above or below the pass frequency. I’ve found 60pf a good value to start experimenting with. 


The threaded hole in the mounting disk is there in case your trimmer capacitors do not use grounded rotors. You can attach a piece of braid or wire to this point and solder the other end to the rotor tap on the capacitor.

Modifying the Old DB4042 Coupling Loop
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Loops made using air-variable “egg cutter” capacitors.

The pair on the left were made using new mounting disks and SO-239 female UHF connectors as described in the previous section.

The pair on the right were made using the original mounting disks and SO-239 female UHF connectors from the DB4042 filter cavity as described below.

Modify the old loops


This modification is very similar to the one described above using the air variable capacitor, except that it retains for use the stock SO-239 female UHF connector and the original mounting disk from the pass loop. The old loop and connector are removed, and the hole in the center of the mounting disk is filled with some metallic material. Do this for each mounting disk on the can. Save one filled disk as a blank.

Measure the opening that the original SO-239 connector was mounted in. Using the drawings and information described in the section “Air Variable Capacitor Type”, drill and tap the filled mounting disk as described and make a new loop, drilling the same size hole in the filled disk as was present in the original. Use the offset dimensions shown. 

Tuning the Loop and Filter


Once the loop is assembled and it has cooled, place it in the filter. In order to do this you will need to fully mesh the air variable tuning capacitor (if that’s the type you used). The loop itself should point towards the plunger assembly. Place a “tee” connector (UHF female – UHF male – UHF female) on the SO-239 connector on the loop. Do not use any other adapters or extensions. Finally, place a blank disk in the unoccupied hole in the top filter casting.

You are now ready to tune the loop. This will require a spectrum analyzer with a tracking generator. Observe the response of the filter on the spectrum analyzer. Tune the filter for best response at the pass frequency, then rotate the loop slightly in the filter for minimum insertion loss. After you have optimized the pass response, adjust the variable capacitor for proper notch or reject frequency. In southern California this is going to be 500 kHz away from the pass frequency, either above or below the pass frequency depending on whether the filter is in the TX or RX leg of the system. If you are unable to tune for best notch response, pad the trimmer capacitor with a disk capacitor. Values for this capacitor may be as little as 10pf to as much as 150pf, depending on the tuning range involved and the transmit / receive frequency separation. Note: once you have tuned the loop for either notch-above or notch-below the pass frequency, mark the loop itself as “notch high” or “notch low”. 

The passband tuning will affect the notch tuning. If you readjust the passband tuning, you must readjust the notch tuning. Notch tuning should not adversely affect the passband tuning, if at all.

Build a Duplexer

Once you have mastered the art of building a bandpass / bandreject (Bp/Br) cavity, you’re ready to build a duplexer. It’s fairly easy, as long as you remember to make pairs of “notch high” and “notch low” loops. Most duplexers are built using four Bp/Br cans – two pass high and notch low, the other two pass low and notch high. Some folks experiment with six Bp/Br cans, three of each, but insertion loss becomes and issue with more and more cans. Others will build a set of four Bp/Br cans, and then put one bandpass can in each leg between the last Bp/Br can and the “tee” at the antenna feed (see Drawing 3-1 for identification and placement of parts). You may need to experiment at your particular site to decide which configuration is best for you.


The cans should be bolted together as an assembly, and also secured to the mounting surface in some way so as not to fall over if bumped by an errant site tech or earthquake. Unistrut is good for this purpose.
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Drawing 3-1, Typical 4 Unit Bandpass / Bandreject (Bp/Br) Duplexer

Cables between cans and between cans and the antenna “tee” should be as close to ¼ wavelength in length as possible. At 52MHz ¼ wavelength sections of RG-214 are 37” tip to tip. RG-214 is arguably the best cable to use for interconnections in a duplexer. Cables between the radio itself and the first can in the duplexer leg can be any length, but I try to keep mine to some multiple of a ¼ wavelength.

The low pass filter shown in the drawing can be fairly simple to quite elaborate, depending on the circumstances and financial considerations. At one end of the spectrum a harmonic filter from an old Motorola MICOR or General Electric MASTR Pro mobile unit will keep everything above 55 MHz from getting into (or out of) your system. Make sure you get the 42-50MHz cut radio for these filters. At the other end of the spectrum is a custom-made six-, eight-, or ten-pole helical resonator filter made by DCI (check out their offerings at www.dci.ca). These filters can handle 200 watts of power and will do an excellent job of controlling most types of intermod and noise problems at your site.
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Drawing 3-2, Alternate Filter Configurations

Tuning for each of these systems is similar, we will discuss the “standard” system shown in Drawing 3-1. Start at the Bp/Br can closest to the radio on a given leg, transmit or receive. Always tune the pass band first, then the notch band. Repeat this tuning on each cavity three times, always perform the notch tuning last. 

Adjust the notch tuning slowly and carefully, the notches are deep and sharp! There should be two “dips” or notch responses for tuning capacitors that rotate 360 degrees (like the air variable capacitors). Notch responses must not occur at the extreme ends of the tuning range of the capacitor. If the cap is fully meshed (tuned for maximum capacitance) and you haven’t been able to tune through the notch, add some shunt capacitance across the variable capacitor. If the variable capacitor is tuned for minimum capacitance, remove some shunt capacitance if any is present, or remove some plates from the variable capacitor (if using an air variable). 


Once all four cans are tuned properly, tighten up any lock nuts on the tuning capacitors and tighten the passband tuning knobs against each other so the pass tuning cannot change. Confirm that the tuning has not changed with this hardware manipulation, and you’re ready to go on the air! Typical notch depths of –90dBc are claimed by Dan at 500kHz separation. I’ve seen –87dBc on my set, but I was pushing the dynamic range of my spectrum analyzer to measure it, so there may have been significant error favoring the duplexer (my equipment made it look worse than it really was).

Questions? E-mail me at paul@kb6mip.org.
DB4042 Cavity Modifications, revision B.00.00, March 2015
 2015 Paul J. Lorona
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