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To activate a valve, the controller turns on the terminal with typically 24VAC-
28VAC.  The current flows “down” the wire to the valve, pulling in the solenoid pin
and allowing the valve to pass water.  The current flows “back” to the controller
through the common wire. (actually, the voltage polarity reverses 50 or 60 [in
USA] times a second, hence “AC”, alternating current, but the solenoid doesn’t
mind this!)
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The main advantage of faultfinding a multi-wire system is the fault is normally
confined to one, or a couple of valves.  Other valves are not affected.

The only exception is, if the common is cut, all valves past the cut will not
operate.

Faultfinding equipment needed is minimal, a $20 digital multimeter is usually
adequate.

A direct path from the controller to the solenoid allows cable tracing techniques to
locate lost valves (grassed over)
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Installation Labour:
The USA commonly uses a PVC sheathed group of 18AWG wire, one conductor for each valve
plus a common wire that goes from valve to valve.
To install, the outer sheath is carefully slit at each valve position, the common wire and the
correctly coloured wire for that valve teased out.  After cutting and stripping, the solenoid wires are
carefully joined to the common and valve wire, taking care not to damage the other copper wires
exposed in the multi-core cable.  The outer sheath should then be repaired by a conscientious
installer, using waterproof tape, to ensure water does not get into the cable.
It should be noted that the valve wire, once used, is no longer needed further along in the cable,
but still exists and has been paid for in the cable cost per foot.
An alternative method used is individual direct burial 18AWG conductors; often with different
colours for identification.  Normally white is chosen for the valve common. However, after about
two years underground in some soils, those coloured wires can become the same colour, a dirty
black!

Damage to Cables:
Another problem becomes painfully apparent when there is an accident with the wire.
Say, for instance, that one installs an irrigation system and has a whole network – a spider web –
of wire, buried in the ground. Finally, the time comes to plant the first of a group of trees. A
contractor comes in with a back-hoe and the equipment makes a nice big hole, perfect for the tree.
However, when the shovel rises from the hole, looking a lot like a dirty pasta fork, there hanging
from it is a large clump of wires and it's obvious that half of them are broken, usually with
stretching of the copper conductors!
This is one of the worst nightmares for a contractor. Before any other planting is done, someone
must repair each wire. That requires figuring out which wire goes with which and
reconnecting them. On bigger installations, the wires are coded with many colour combinations.
However, after two years underground in some soils, those coloured wires can become the same
colour, a dirty black! The nightmare grows even bigger when one realises each one must then be
tested after re-joining to make sure the correct valve comes on.
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This scheme saves copper cables and with the right equipment is easy to repair,
being only 2 wires rather than a huge bundle.
Installation is much quicker too.  About 10 minutes per valve for 2 wire, versus 
20-30minutes per valve with multi-wire sheathed cable.
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Comparative project costs are covered later in the course.
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On the other hand, Pure AC decoders usually pass cable tracing signals through
the decoder allowing lost valves to be located like multi-wire.
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Leakage clamp meters are available from several manufacturers, but beware of
ordinary clamp meters, which are not sensitive enough.

The transformer system can be home-made.  24VAC- 30VAC output, 150VA or
more, with the ability to connect either the red or black to ground (earth) when
finding 2wire cable leakage.  Make sure it is safe to use!

Detailed instructions on how to use these pieces of equipment are covered later
in the course.
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The problem with any shared path is that a fault somewhere along the cable can
sometimes affect the whole system.  However, with some low- cost measuring
equipment and the following simple techniques, the fault can be more quickly
located than even multi-wire.
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This depends on the type of controller used.  Some will detect a faulty solenoid
before operating it and signal a fault.  Others will use an emergency off command
which gets through anyway.

All types will indicate a fault on that station.
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Controller will indicate a fault on that station.
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More on this subject is covered later.
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A measuring meter that reads AC volts and resistance is a valuable tool in
diagnosing faults. If a sensitive current measuring capability without breaking the
wire is available too, the Leakage Clamp Meter becomes almost indispensable.
The meter’s AC volts (V~) and a spare solenoid is used to detect the location of
high resistance joints and open circuits.
Its Resistance ( Ω) allows testing of solenoid coils. It can also be used for the
measurement of end-to-end resistance of the cable.
Its Clamp Current Measuring (Ã) is used with great effect to detect the point of
short circuits, abnormal currents in decoders and the whereabouts of earth
leakage from the cable.
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Principle of Operation.
When a current flows, it produces a magnetic field. This is how the solenoid can
lift its plunger. If a ring of magnetic material is placed around a wire carrying a
current, it can be used to detect and measure that current. If the ring can open
like the jaws of a crab's claw, be placed around the wire, then closed, there is no
need to break the wire to measure the current. Such a device is called a Current
Clamp Meter. However, most clamp meters have been designed to measure
hundreds of amps and are not sensitive enough to measure the current taken by
an individual decoder. However, a  Leakage Clamp Meter can easily measure to
less than zero point one of a milliamp (0.1mA) and can be used to check a
decoder's standby current, which is often a reliable indication of its goodness.
Also knowing the standby currents of decoders allows an estimate of the number
on a branch of the cable!  Most modern decoders take between 0.5mA to 5mA
when not operating a solenoid.

Make sure the jaws shut fully. Keep the open ends of the jaws clean and free
from grit and water. A build up of rust or deposits will cause false readings.
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When the test equipment system is set up for testing earth leakage, the flow and
return will have different currents in them as some is leaking back through the
ground, therefore the meter will read the difference in the two conductors =
leakage through the earth.
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Examples of this are the Hunter Industries ICD-HP field programmer/tester and
the 2Wire Innovations decoder, TW/NG-1 with NFC interface, so an ordinary
cellphone with a free app and do the same thing. (tamper protection built-in)
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The transformer can be home-made.  24VAC- 30VAC output, 150VA or more,
with the ability to connect either the red or black to ground (earth) when finding
2wire cable leakage.  Make sure it is safe to use!

The illustration shows a 3rd yellow terminal.  This is only useful with 3 wire
decoder systems, uncommon in the USA.
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Detailed use of the clamp meter, transformer and spare solenoid are covered
later in the faultfinding section of this course.
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DC on an AC solenoid?
Yes, all AC solenoids work well with DC.  Less current is needed than with AC
because its attractive force varies during the cycle and falls to zero twice each
cycle as the AC volts go through zero on their way to the opposite polarity.

HANDY TIP.  Finding which valve is operated with which solenoid.
Take the battery out of your electric drill.  Touch the solenoid leads (disconnected
from the decoder!) to the battery terminals.  This will operate the solenoid and
you can see where the water is coming out.
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Note the significantly better distance with the ESP-LXD compared with the
Sapien.

Both examples here have performance that are typical of their type.
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If you are looking at a project that with multi-wire, would require satellites, then a
DC on solenoid system will be best.

If you are looking to retrofit a satellite system to 2 wire and want to use the old
wiring and satellite positions, a Pure AC system will give less trouble.
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When used with a pure AC decoder system, instead of a normal AC solenoid,
boosts performance to that of the aforementioned DC systems.
Pure AC on all exposed wire joints, so less worry on earth leakage.
A ‘3 way’ version, with a back water port is available for the bigger AG valves.
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The wires on some decoders do not come out of the other end, but this
diagrammatic representation helps understand the principles better.

‘Main cable’ is the common 2Wire path around the site to all the decoders

The black dots represent waterproof connectors, such as 3M DBY or Connector
King equivalents.

When solenoids and decoders coexist in the same valve box, just one set of
solenoid joints is needed.
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Where lightning strikes, the ground  goes up to about 2 million volts with currents
in the region of 25,000A-100,000A.  Although the eye only sees one flash, there
are typically 5-10 such strikes in quick succession.  No affordable lightning
protection scheme will withstand such a direct hit.

The more common event is a surge caused by a nearby strike.  In this instance
the GROUND goes up to a potential of between 6KV-10KV.  Flashover from the
ground onto the wiring usually occurs at a wiring joint where the insulation is at its
weakest.  If this is a solenoid joint, the currents, typically 10,000A-30,000A flow
through the decoder, destroying it, and travel around the main cables seeking
another path to go back to ground.

Damage may also occur when lightning discharges between two oppositely
charged storm clouds that are further apart than they are above the ground.
(Sheet Lightning).  In this case, the cables pick up the surge indirectly through 
electromagnetic induction.

34



Many manufacturers of decoders successfully use the bypass principle, using
earth stakes to shunt destructive currents around their decoders.  In some form,
they use Gas Discharge Tubes (GDT) which conduct at around 90V – 120V.
These tubes may be incorporated inside the decoder or be external.  In all cases
to be effective, an earth stake must be used.

Note that the solenoid must be physically near the decoder with this method.
Most manufacturers quote a few 10’s of feet.

This technique makes high currents more likely in the main cable, thus putting it
and its cable joints at greater risk.
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The alternative  ‘floating’ technique, relies on the construction of a voltage barrier
within the decoder that can withstand 10KV and limit currents through the
decoder to an amount that can be withstood by the PCB tracks without damage.

No earth stakes are needed along the cable path or next to each decoder.
However, it is important  to put just one earth grid/stake next to the controller.
This must be electrically separate from the building earth system.

With this technique, it is not necessary to limit the distance between decoder and
solenoid.  In many installations this can be 1000ft with no diminution of lightning
protection to either decoder or solenoid.

Peak currents in the main cable are usually smaller than with the earth stakes
method, thus less likely to be damaged.

This method is harder to implement successfully in decoders that apply DC to the
solenoid because they are more complicated.  Method #1 is usually used instead
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When an earth stake needs to be connected to the decoder for lightning
protection, it is important to keep the solenoid physically near the decoder.  The
chart above gives figures for what happens when the solenoid is remote from the
earth-staked decoder.

On the above main table, the notes explain the various entries and should be
read first.

It is important to note that the above figures are simplified to assume a constant
earth resistivity with depth.  If the upper layer of soil is of a fairly low resistivity
(topsoil) and the underlying is high (e.g., bedrock) the voltage stresses are much
higher as the lightning currents are concentrated into the upper layer, producing
much higher voltage gradients.

The important conclusion is that with all decoder systems that use earth stakes,
the solenoid MUST remain within a few feet of the decoder for protection to be
effective.  Where a decoder has an earth wire, it is mandatory to earth stake it.

With the alternative floating lightning protection system (Method #2), this
limitation does not apply, so the solenoid can be a great distance from the
decoder with no loss of lightning protection.
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All new decoder and controller products should be tested using equipment like
this.

Several iterations of new controller and decoder design are usually necessary
before the product can be released for sale with a known lightning immunity.

For this reason, many manufacturers warrant their 2Wire products against
lightning damage.
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A common requirement is the extension of a multi-wire system, where no spare
valves wires are available and trenching back to the controller is difficult.

There are several multi-wire systems on the market that combine some multi-wire
with 2 wire.
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Three modules fitted; all 24 zones used.  More zones needed; no more wires
free.
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If the existing valve wiring has leakage to earth, a pure AC hybrid decoder
controller is safer to use.
Use the faultfinding transformer and the leakage clamp meter to pre-qualify the
wiring.
See faultfindingsection of this course to find out how.

Identify two zone wires that go to valves close to each other and near the region
to be expanded.
In this example, valves 19 (green) and 21 (orange).
Fit a decoder adaptor module into a free slot and move the green and orange
wires onto it.
For the best lightning immunity do not use the white 'common' wire as one of the
two.
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Re-wire valves 19 & 21 with two decoders as shown.
Program addresses into the decoders before installation. In this example 25 & 26.
Splice a 2wire extension cable into the adapted green/orange 2-wire path as
shown
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You can now expand the ICC up to 48 zones by adding decoders on the new 2-
wire path.
In this example, zones 27- 48 are available, using decoders numbered 27...48.
Zones 19 and 21 can no longer be used, instead replaced by 25 and 26.  Alter the 
controller's programs to suit.
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This list is not exhaustive
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One example using the Underhill NOVO
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In this example, the NOVO’s built-in 32 station zone terminal sensing has be
extended to 63 stations by adding another 4 (red labelled) 8 way “Senders”.
There cannot be more uniquely numbered decoders than there are valve
terminals on any make of adaptor.  In this example, the host controller has 63
valve terminals.
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The top picture is from TUCOR’s Hybrid-3D, with built-in decoder programmer.
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Almost all modern irrigation systems rely on many pre-numbered decoders
connected along a common 2 wire  path, each connected to a solenoid valve.
The controller feeds typically 24V to 32V AC down the path, together with a digital
signal commanding a decoder to turn on or off.  The decoder, whose number
matches the signal, obeys the command, all the others ignore it.

This scheme saves copper cables and with the right equipment is easy to repair,
being only 2 wires rather than a huge bundle.  Expansion of the network is easy,
with further decoders and cable being spliced anywhere along the existing path.

The problem with any shared path is that a fault somewhere along the cable can
sometimes affect the whole system.  However, with some low-cost measuring
equipment and the following simple techniques, the fault can be quickly located.
This technique can be used with almost anyone's 2 wire controller system.

The final section of this presentation is how to do a Basic Wiring Checkout.
Taking just ½ hour, this type of test equipment can tell if the wiring is in good
condition or has faults.
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Almost all modern irrigation systems rely on many pre-numbered decoders
connected along a common 2 wire  path, each connected to a solenoid valve.
The controller feeds typically 24V to 32V AC down the path, together with a digital
signal commanding a decoder to turn on or off.  The decoder, whose number
matches the signal, obeys the command, all the others ignore it.

This scheme saves copper cables and with the right equipment is easy to repair,
being only 2 wires rather than a huge bundle.

53



54



The problem with any shared path is that a fault somewhere along the cable can
sometimes affect the whole system.  However, with some low-cost measuring
equipment and the following simple techniques, the fault can be more quickly
located than even multi-wire.
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This depends on the type of controller used.  Some will detect a faulty solenoid
before operating it and signal a fault.  Others will use an emergency off command
which gets through anyway.

All types will indicate a fault on that station.
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Controller will indicate a fault on that station.
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Tests must be done with loops temporarily broken as the ‘halving procedure’
doesn't work on loops

60



A sensitive current measuring capability without breaking the wire, called a
Leakage Clamp Meter absolutely indispensable when servicing and faultfinding
2 wire systems.

The meter’s AC volts (V~) are used to detect the location of high resistance joints
and open circuits.

Its Resistance ( Ω) allows testing of solenoid coils. It can also be used for the
measurement of end-to-end resistance of the cable.

Its Clamp Current Measuring (Ã) is used with great effect to detect the point of
short circuits, abnormal currents in decoders and the whereabouts of earth
leakage from the cable.

When measuring currents, keep the jaws at least 1 foot away from any solenoid
that is on and the faultfinding transformer, or it will read incorrectly by picking up
the stray magnetic fields.
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Principle of Operation.
When a current flows, it produces a magnetic field. This is how the solenoid can
lift its plunger. If a ring of magnetic material is placed around a wire carrying a
current, it can be used to detect and measure that current. If the ring can open
like the jaws of a crab's claw, be placed around the wire, then closed, there is no
need to break the wire to measure the current. Such a device is called a Current
Clamp Meter. However, most clamp meters have been designed to measure
hundreds of amps and are not sensitive enough to measure the current taken by
an individual decoder. However, a  Leakage Clamp Meter can easily measure to
less than zero point one of a milliamp (0.1mA) and can be used to check a
decoder's standby current, which is often a reliable indication of its goodness.
Also knowing the standby currents of decoders allows an estimate of the number
on a branch of the cable!  Most modern decoders take between 0.5mA to 5mA
when not operating a solenoid.

Make sure the jaws shut fully. Keep the open ends of the jaws clean and free
from grit and water. A build up of rust or deposits will cause false readings.

62



When the test equipment system is set up for testing earth leakage, the flow and
return will have different currents in them as some is leaking back through the
ground, therefore the meter will read the difference in the two conductors =
leakage through the earth.
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A big power transformer, such as the one illustrated plugs into the 115V or 230V
power and produces 30V AC at up to 6 Amps to power up the 2wire path.

The field wiring is removed from the controller and the transformer's output is
connected to it instead. Because of its size, the transformer can still produce a
powerful voltage in the presence of quite serious field wiring faults.

30VAC is not known to damage any 2Wire decoder type.

Because it lacks signaling circuitry, the transformer itself cannot turn decoders on
or off. However, this is not a disadvantage for the sort of faults that would shut
down or damage a controller.

When used with a current clamp meter, digital voltmeter and a spare solenoid, the 
transformer allows fault finding with the minimum of effort and confusion.
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If the joints are made so that the individual wires in the main cable are not
accessible individually, the main cable will have to be split open to reveal the
individual conductors. Remember it is the currents in the main 2 wire path cable
you are trying to measure, not those in the decoders attached.
Once the area of the short is found, the exact cause can be identified. Check for
warm decoders or joints, especially if the short is several amps. Place the current
clamp over individual wires to see which ones are carrying the current. Do not
forget that a current flowing 'out' from the transformer must 'return' down the
other conductor.
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High resistance joints can be identified by connecting the transformer then
measuring the voltage down the cable at each joint with the load probe or a spare
solenoid  and multimeter. If you do not have a load probe, get a helper to touch
the wires of a spare solenoid to the multimeter probes while measuring the volts.

Set the meter to Volts AC (V~). When the 'apply load' button is pressed on the
probe or the solenoid is attached, the voltage will drop. A voltage drop exceeding
about 3 or 4 volts indicates a high resistance in one of the joints. As you travel
back towards the transformer, you will eventually pass the bad joint and the
voltage drops under load will go back to normal.

In a 2wire system, just measure between the two joints in the box. An excessive
voltage drop will tell you that one or other side is high resistance, but not which
side.

As before, the ‘halving procedure’ search technique can be used to reduce the
number of measurements made.
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Place the clamp meter over whole main 2 wire cable. Connect the green earth
link to the terminal on the transformer that produces the greatest reading on AC
mA. Go out on the course placing the clamp meter round the whole main cable.
When the leakage reading drops significantly you are past the leakage fault, i.e. it
is between you and the controller.

Note:  When identifying which of the 2 conductors are leaking to earth. The side
giving the lowest leakage when plugged into the green, is the side that is leaking.

Most controllers will tolerate a few milliamperes leakage to earth, but the purse
AC ones usually considerably larger, hence preffered to be used into original field
wiring.
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Place the clamp meter over whole main 2 wire cable. Connect the green earth
link to the terminal on the transformer that produces the greatest reading on AC
mA. Go out on the course placing the clamp meter round the whole main 2 wire
path cable. When the leakage reading drops significantly you are past the
leakage fault, i.e. it is between you and the controller.
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Any other tests are best done with loops broken as the ‘halving procedure’
doesn't work on loops. When finally rejoining the loops, check the resistance and
loaded voltage with the load probe
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Make sure to handout the BasicWiringCheckout.pdf, student worksheet along
with the handouts for the slides.
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This is an example taken from a real golf course
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