BUILDING SINGLE WIRE TELEPHONES
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Cave Handset


Base Station Handset
The cave handset is always powered by 3 internal AA cells which range from 4.8 volts new down to 3.0 volts or a little less when exhausted.  The circuit works over this entire range.  This photo shows a prototype circuit board and the 4T capsule is fixed with glue rather than silicone sealant as recommended later.
The Base Station handset takes its power from 3 C or D size alkaline batteries inside its loudspeaker box, or from a 12 volt lead acid battery external to its loudspeaker box or a 12 volt car cigarette lighter output:  either way, there are never any AA cells in this handset.  The Base Station PCB can be built in two versions depending on whether the battery will be nominal 4.5 volt or 12.0 volt.  The photo shows the 12 volt version.
The photo below shows the cave handset box.  This is a Hammond box (see the Bill of Materials – PhoneBOM.XLS) with a neoprene gasket between the lid and the box base.  The lid needs machining with a 40mm diameter hole for the 4T earpiece and a window (arrowed in red) for the LED to shine through.  The box base is machined with a 14mm hole for the PTT button on the long side, and a 7mm hole for the red binding post on the short side, and a 3mm hole on the short side near the thumb in the photo for an M3 solder lug internally and an M3 bolt and nut to earth the PCB to the metal case on the opposite short side.
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The 40mm hole centre is 50mm from the binding post on cave handsets (or cable gland end on Base Stations).  This is not dead centre longways on the lid and is done this way so that the underneath side of the 4T capsule helps to hold the AA batteries in place.  It is dead centre shortways on, with 31.5mm of lid either side of its drilling centre.  You also need a 5mm diameter hole (window) for the red LED to shine through – the photo above left does not show it.








40mm diameter hole for 4T, offset 50x31.5mm



5mm diameter hole for LED, offset 16x31mm

The red binding post bolt has been shortened a few mm so it does not bump into the AA batteries container which will be fitted later next to the post.  Drill a 7mm hole dead centre in the short end face of the box base, then file it out with a triangular cut (small needle file needed) to fix the binding post parts.  For Base Station boxes, drill an 11mm hole tapped to PG7 in place of this 7mm hole as you will be fitting a PG7 cable gland instead of the red binding post.  Short face of the box base viewed when from the outside, open end uppermost:




7mm or 11mm hole dead centre                     3mm hole, offset at 7x22mm
The short face opposite the one for the binding post needs a 3mm hole drilling for an M3 lug internally to earth the circuit to the metal box.  The drilling centre is 7mm down from the upper edge of the box base and 22mm in from the side.

The hole for the PTT switch is 14mm diameter and the drilling centre is 12mm down from the upper edge of the box base and 38mm from the short face opposite the short face of the binding post.   Open edge of box base uppermost:






      14mm hole, offset at 12x38mm

The translucent window for the LED to shine through is created by heating the lid with a blow torch for a few seconds so it is 50-60 degrees C hot at the 5mm hole, then sticking a piece of insulation tape over this 5mm hole on the outside of the lid, then forcing “hot glue” into the cavity, and leaving it to go fully cold before trying to remove the tape:
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The capsule is fitted to the lid by first applying a thin ring of neutral silicone sealant from a syringe on to the capsule ridge, as shown below.  Then push the capsule on to the lid; apply more silicone to the underside of the lid to glue it into place in a fully waterproof fashion.  With a rag, remove the excess silicone which by this time will be squeezing out of the upper side of the lid.
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Rest the metal lids (with their capsules fixed in place) as shown in the last photo above until the silicone sets.  Otherwise the capsules will come off their lids.
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Fit the self-adhesive neoprene gaskets to the lids.  Cut some PVC blocks to the same depth as the capsule protrudes on the under side of the lid, about 8mm thick.  These, together with the capsules, when covered with a loose rectangle of 3mm neoprene sheet will, later on, hold all three AA batteries securely in their container.  Fix the PVC blocks to the lids with a smear of silicone sealant.
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Insulation is required between the solder side of the PCB, likewise the underneath of the battery container, and the metal case.  Cut rectangles of 1mm thick grey PVC sheet to cover these areas in the base of the box where the AA battery container and the phone PCB will ultimately sit.  The PCB will be pushed fully up against the short end of the box, with notches around the screw holes of the box base.  Stick these rectangles into place with double sided sticky tape.

ACCESSORY LEADS
Base stations can be powered from an external 12V battery or a vehicle cigarette lighter socket (with an appropriate cable).  The base station power socket is the same as used on the Heyphones, and having 3 pins its plug cannot cannot be rammed in the wrong way around and make a reverse polarity connection.  Pin 1 is positive, pin 2 is not connected, and pin 3 is negative or ground.

[image: image14.jpg]


  [image: image15.jpg]



A Cliff Electronics (CE) chassis plug (photo above left) is hard to solder to.  It helps to ream off the plating, whatever that is (photo right) before soldering the wires using flux.  CE’s cable sockets by contrast solder very easily, and insulated spade terminals go at the other end to mate with a 12 volt lead acid battery.  A long curly cable can also be used to make a 12 volt vehicle power lead.
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The cave handsets can be used with a 1m long croc clip accessory cable which makes it easier to connect a cave phone to any cave telephone cable that is running at ground level.  This lead is just thick hookup wire with a 4mm banana plug at one end and a croc clip at the other.  The binding post is the type that accepts a push-in 4mm banana plug as well as a screwed-down cable end.

BASE STATIONS
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Base Station with internal battery


Base Station handset

The photo above shows the original 4.5 volt base station prototype, using internal D size batteries, the audio amplifier board sat next to them, and the loud speaker fixed in the lid.  There is a volume-on-off knob on one side, and banana sockets for the phone line and the earthing rod line are on the right-hand side.

The photo below shows the final CRO version of the base station.  This has a power socket on the right for the external 12 volt power source, otherwise the features are the same although the box is a smaller size without batteries in it.
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CRO Base Station with external 12V battery and earthing lead/rod
PIC SOFTWARE
Stuart France will supply PICs with the phone firmware already loaded for cave handsets, or internal or external battery base stations, as requested.  Otherwise, download Phone07.asm and compile it using Microchip’s MP-ASM assembler, a free download from their website, and load your hex file into the chip with a PIC programmer.  This one assembler file compiles into all three firmware versions via options selected in the top few lines of the source code file.
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Photo above:  cave handset board, also used for “internal battery base station”.  The blue wire going to the 4T capsule has an inline solder lug which is fixed to the short side of the metal case with an M3 nut and bolt.
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Photo above:  a hacked version of the handset board to suit 
the “external 12 volt battery base station”
The PIC (IC3) can go in an IC socket on base station PCBs as these are never going to get wet, so these boards will not be varnished later on.  The top end of the zero ohm link shown above goes through a new hole drilled by hand in the PCB, then it is soldered on to the right-hand (OUT) pin of IC5 directly.
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This artwork is in the files Phone4.pcb and BaseStn2.pcb which were created with the EasyPC application:  this is not freeware.  Stuart France has a small stock of unpopulated milled out PCBs (gold-plated FR4) available free to good causes and can also lend an acetate mask to anyone wishing to make a few prototype boards by hand with a UV box and chemicals.
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The LED is left with long legs so it can be bent slightly to be positioned exactly under the 5mm window cut in the box lid.  Do not forget to create the wire link between points X-X.  Solder on all the other hookup wires.  Solder in the programmed PIC (IC3) last of all, directly to the PCB without an IC socket as these boards will be sprayed with several coats of acrylic varnish when fully built.  Before final assembly into the diecast box the circuit looks like this:
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When fixing the membrane switch, poke the yellow wires out through the 14mm hole in the box, trim off to size, and then solder these to the switch itself.  Apply plenty of neutral-curing silicone sealant to the underside of the switch and push it home into the box base side.  Wipe excess silicone off the outside of the box with a rag.  You will then need a jig or vice-like arrangement to keep the switch under tension against the side of the box for some hours until the silicone cures.
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The photo above is the jig used for fixing the switches on the CRO sets where tension is created with an oblong piece of 6mm neoprene jammed between the switch and the wooden sides of the U-shape jig, then left overnight to cure.

BASE STATION PCB ASSEMBLY

In 4.5 volt internal battery base stations, i.e. the original concept, the 4.5 volt supply is sent up the handset umbilical cable to the handset where it is converted to 12 volts by the MAX761 and returned down the same cable into the base station box and used by the LM386 loud speaker amplifier.  In 12 volt external battery base stations, i.e. the later CRO version, the LM386 takes its power supply straight off the battery switch on RV1, and 12 volts is sent up the umbilical cable to the handset where it is regulated down to 5 volts for the PIC.  The loud speaker amplifier boards and associated components mounted on the base station box are therefore wired slightly differently, as is shown below.
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OBSOLESCENCE ISSUES

The MAX761EPA or CPA version is out of production.  I have about 20 stashed and know where I can get more from, for a while at least.  The 78L05 regulator on the 12 volt versions is so common it will “never” go out of production.  And there are alternatives to both, though not necessarily with the same pinouts.
The PIC12F629-I/P is unlikely to go out of production for many years as it is popular and cheap.  Note that Microchip is selling 2013-manufactured PICs which are devices it first sold in the late 1990s and they claim never to obsolete any part that people still buy.  You have to buy on Microchip Direct and search on the part number as they do not promote using vintage parts for the obvious reasons, and sometimes the old devices from a decade ago goes out of stock a while, but then they re-manufacture and stock them.

The LM258 audio amp has been around for decades and is cheap and still very popular, so unlikely to disappear any time soon.

Transistors, especially mosfets, have a nasty habit of being dropped suddenly from catalogues, but suitable replacement ones are usually easy to discover.

The 4T capsule is a speciality part but unlikely to disappear while the military like it.  The main problem is the minimum order quantity from Hosiden Besson Ltd.  I have a handful of spares of which I might sell on few at cost.
Diecast boxes go out of production eventually, but given the high investment in moulds, and complicated cutouts for the neoprene gasket, this is not likely to be any time soon.  There are similar alternative boxes but sometimes these have unwanted slots for vertical PCBs that waste space and might lead to a PCB redesign as the present PCB is a snug fit into the selected Hammond box.

The Shurter membrane switch, the PTT button, has been around for over a decade and seems to be popular, with all the major UK distributors selling it.

3xAA or 3xC or 3xD cell holders are not always easy to find.  Digikey seems to stock a very wide range, and failing that Ebay will probably have them.

Relays seem to have standard pinouts and footprints.  I noticed that Ebay was selling (in 2013) the very same relay used here, though mine came from CPC.

As the years go by there will be fewer and fewer through-hole components and more surface mount ones replacing them, and smaller and smaller pin spacing.  This is a considerable threat to hobby electronics projects and to low volume manufacturing in general in the medium term.
CONTACT DETAILS
Stuart France, The Smithy, Tretower, Crickhowell, NP8 1RD – UK

Tel +44 1874 730527

Or try css at linetop dotcom.
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