APPLICATION NOTE

The Si zing of Cables for Decoder
Syst ens.

This application note seeks to help define the required copper core
size of cables to be used with decoder systens.

There is a technical limtation on the nunber of sol enoids that can
be concurrently active on one control cable. This is analogous with
the sizing of a hydraulic pipe to carry a desired water flow to
renote sprinklers.

In electricity, voltage, volts is anal ogous with pressure, current
Anps (A) or (mA) with flow and resistance (Chns) with pipe friction

| osses. The relationship is V=I.R where Vis volts, | is anps and R
is Chms. This is called Ohns Law

Each solenoid, like a sprinkler, consunmes current (flow), usually
around 0.25 Anps, or in mllianps 250mA (1000nmA = 1 Anp) at 24V
applied. It is usual to provide a mnimmof 18V for successful

operation of a sol enoid.

For exanpl e, one sol enoid would drop a voltage through 10 Chns of
cabl e resistance given by V=I.R V =0.25 X 10 V = 2.5V.

If inthis exanple, if the controller produces 30V, then the voltage
at the solenoid will be 30 — 2.5 = 27.5V ignoring any | osses through
t he decoder.

In addition to sol enoids, each decoder takes a small but significant
current when it is powered up and listening for ‘On’ signals. This
is called a quiescent or standby current. Although small, a large

nunber of decoders will reduce the available currents for sol enoids.

The Metric cable standards are 2.5mf, 4mf and 6mmf cores of copper
cross sectional area. These have two-way (out + return) resistances
of approximately 16 Chns/1000m 10 Chms/ 1000m and 6.6 GChns/ 1000m

The nearest correspondi ng Anerican Wre Gauge (AWS is 14, 12 and 10
respectively. These have two-way (out + return) resistances of
approxi mately 5 Chns/ 1000ft, 3.3 GChns/ 1000 ft and 2 Chns/ 1000ft.

The prospective voltage drop cal cul ations, if done exactly, would
require a conpl ex spreadsheet and accurate nodels of sol enoid and
decoder current/voltage relationships and their positions on the
cabl e, which would be nobst onerous. Alternatively, the follow ng
approxi mate techni que can be used, then de-rated.

Page 2 has a USA units exanple, whilst page 3 a Metric units exanple.

Tonick Watering Ltd.  Application Note Cabling  Page 1



APPLICATION NOTE

USA Units Exanpl e:

Assunme the decoders are unifornmy distributed along the cable. The
average voltage drop due to their quiescent currents can be

approxi mated by placing the lunped total current half way al ong the
cabl e.

A typical cable would contain up to 60 stations.

If they were all single output decoders, the total quiescent current
woul d be 60 X 7mA" = 420mA, say 400mA

So, 400nmA total on, say, a 5000' cable of 14 AWG

Put 400mA | oad at Y of 5000 = 2500ft.
Cabl e resistance at 2500' is 2500/1000 X 5 Chns = 12.5 Chns.

Usi ng Ghns Law

V = 1.R so average drop is 400/1000 X 12.5 = 5V due to decoders
al one.
The Transl ator sources 30V approx at full load. The decoder/sol enoid

needs 19V nminimum Therefore, nax. voltage drop allowed is 30-19 =
11v.

In this exanple there is a drop of 5V through decoder quiescent
currents, this leaves 11-5 = 6V for drops due to sol enoi ds.

For decoders at the far end of the cable, the max. all owabl e current
draw can be cal cul at ed: -

At 5000ft, the cable resistance is 5000/1000 X 5 = 25 Ohns

Usi ng Chns Law
Imax = VIR Imax = 6/25 = 0.24A nmaxi mum

This illustrates that it is only possible to turn on one sol enoid
(0. 25A/ 250nA rating) at the end of 5000 ft using 14 AWG wire.

Wth 10 AW5, the results are nmuch better.
Aver age resistance = % X 5000 = 2500/1000 X 2 Chnms = 5 Chns at 2500

Decoder currents: 400/1000 X 5 = 2 volts average drop due to
decoders al one.

Max drop al lowed, 11V - 2V = 9V for sol enoi ds.

At 5000' with 10AW5 cable resistance = 5000/1000 X 2 = 10 Ohns
Using Chims Law, as before,

Imax = VVR Imax = 9V/ 10 Chrms = 900mA nmaxi mum current draw from
sol enoi ds when using 10AWG at 5000ft.

* (This 7mA applies to Tonick TWWM O her decoders take different

currents. Miltiple output decoders have the same qui escent current
as a single.)
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APPLICATION NOTE

Metric Units Exanple:

Assunme the decoders are unifornmy distributed along the cable. The
average voltage drop due to their quiescent currents can be

approxi mated by placing the lunped total current half way al ong the
cabl e.

A typical cable would contain up to 60 decoders. |If they were all
single output, the total quiescent current would be 60 X 7° = 420mA,
say 400mA.

So, 400mA total on, say, a 1500m cabl e of 2.5mf.

Put 400mA | oad at 750m
Cabl e resistance at 750mis 750/1000 X 16 Chns = 12 Chns.

Usi ng Ghns Law

V = 1.R so average drop is 400/1000 X 12 = 4.8V due to decoders
al one.
The Transl ator sources 30V approx at full |load. The decoder/sol enoid

needs 19V nminimum Therefore, nax. voltage drop allowed is 30-19 =
11v.

In the exanple there is a drop of 5V through decoder quiescent
currents, this leaves 11-5 = 6V for drops due to sol enoi ds.

For decoders at the far end of the cable, the max. all owabl e current
draw can be cal cul at ed: -

At 1500m of 2.5mmf, the cable resistance is 1500/1000 X 16 = 24 Chns

Usi ng Ghns Law
Imax = VIR Imax = 6/24 = 0.25A nmaxi mum

This illustrates that it is only possible to turn on one sol enoid
(0. 25A/ 250mA rating) at the end of 1500m using 2.5mf wire.

Wth 6nmm? wire, the results are nuch better.

Aver age resistance = % X 1500/1000 X 6.6 Chns = 5 Chnms at 750m

Decoder currents: 400/1000 X 5 = 2 volts average drop due to
decoders al one.

Max drop allowed, 11V - 2V = 9V due to sol enoids.
At 1500m with 6mf, cable resistance = 1500/ 1000 X 6.6 = 10 Chns
Using Chis Law, as before,

Imax = VIR lmax = 9V/ 10 Chns = 900mMA maxi num current draw from
sol enoi ds

* (This 7mA applies to Tonick TWWM O her decoders take different
currents. Miltiple output decoders have the sane qui escent current
as a single.)
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APPLICATION NOTE

If voltage drop or cable resistance is predicted to be excessive,
there are some well-tried ways of circunventing the problem Al the
foll owi ng ways can be conbined if necessary.

1) Loop the field cable back to the Translator. This halves the
resi stance.

2) Position Translators like satellites around the course. Their
comuni cations can run several thousand feet if armoured cable is
used with the arnmouring earth-staked every 1500ft/750m or so. O
course, nmmins power is needed at each Translator, as is an

envi ronnent suitable for electronics.

3) Use nmore Translators on separate cables. Do not doubl e-
sol enoid a decoder, put one sol enoid each on a dual output decoder
Run the stations separately.

4) Use Translators with 40V output. However, this may not be
allowed in USA, as unlike nost of the world, 40V may be consi dered
hazardous there. Mst other countries allow up to 48V RVS before
requiring the field cable to be placed in a duct.

5) Anal ogous to pipes of reducing dianmeter, combine a 6mt (8 or
10AWG) 'main' or 'ring main' with 2.5mf (14AWG) 'spurs'. The
approximate rel ative cost of 4mf to 2.5mf is 1.44:1 and of 6mf to
2.5mf is 2:1

When insufficient volts are present under |oad, the follow ng
synptons may be apparent.

Wth no sol enoids on, a distant decoder could have enough voltage to
respond to an 'On' command. The electrical [oad then increases by
the solenoid current and the water turns on. The voltage then drops
bel ow t he threshol d where the decoder functions, so it turns off.
The water turns off as fast as the val ve can nechanically shut off.
The voltage then recovers to its forner val ue.

On some types of decoders, the line voltage may drop under |oad (or
beconme unbal anced with respect to the third signal wire), preventing
successful reception of an ‘O f’ command. The Translator, unlike
sonme ol der controllers, will then briefly renove power to the cable
re-apply it and turn back on any decoders still required. d der
controllers may just |eave the decoder running.

The Transl ator uses a change of neasured cable current to determ ne
whet her a sol enoid has been turned on or off. |If the voltage is very
| ow, the change in current may be near or below the threshold set in
the Translator. (See ‘sensitivity' in the Translator nenu). The
Translator may well report ‘Fail to Turn On’ or ‘Fail to Turn Of’,
until the threshold has been reduced.

I f excessive cable resistance is present:

Wth the TWWW or Aquarius, Two Wre series, a second decoder may not
respond to an ‘On’ command, which it would do if it were on al one.
This is due to disturbances on the signalling waveformfromthe

i nductive load of the first solenoid. This is not a problemwth
Tonick three wire decoders, which use a separate signal wre.
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