
E+C  SPOT ON

For electrical safety it is required to have earth wires connected 
to the transformer star point in any low voltage (eg 400 V/ 525 V) 
reticulation system. Earth leakage or protection relays rely on 

a healthy earth connection because they operate on the current in 
the earth wire. With a broken earth connection they are worthless.

The earth connection can fail due to various causes, including 
cable theft. When it fails it is tantamount to an electrocution waiting 
to happen. Cable theft is often aimed at earth wires because it is safer 
to cut them; in these cases there is also the high cost of replacing the 
earth wires which, in some installations, are 70 mm2.

If a failure of the earth connection could be detected and com-
municated as it happens, pro-active measures would be taken to 
prevent further damage and ensure safety.

Earth and cable monitor

A recently developed earth and cable monitor (ECM) could be the 
answer to earth connection failure. It uses an easy-to-install small 
clamp-on toroid around the cable to be monitored. It measures the 
wire resistance, relying on a return path. In most cases the other end of 
the earth wire or cable has another earth connection which leads back 
to the distribution point where the ECM is located. This can be another 
earth wire or cable armouring or even a specially installed pilot wire. 
The toroid works partly in a current transformer mode whereby the 
secondary winding and its ‘burden’ resistor or load resistance is the 
earth wire running through the toroid, having a connection back to 
the distribution point. In the case of an open-ended earthing cable a 
small pilot wire can be run to the end point in order to close the loop.

The primary or excitation winding on the toroid is subjected to 
a near-constant current of a frequency well above 50 Hz. The wire to 
be monitored and running through the toroid forms the secondary 
winding with a load resistance. The toroid also has a signal winding 
in which a voltage is induced proportional to the voltage on the load 
resistance which is the resistance of the earth wire. The primary 
winding is energised by short current bursts (of a little longer than 

one 50 Hz cycle) during which time the voltage of the signal winding 
is measured, after going through a band-pass filter.

With the operating frequency being well above 50 Hz the clamp-on 
toroid can be kept small but the measurement will also depend to a 
small degree on the inductance of the earth wire circuit. This could be 
a good thing because the alarm signal is triggered by a change in the 
measurement and therefore also by a change in the circuit inductance.

For example, should an intelligent thief loop an additional wire 
through the toroid before cutting the earth wire, in an attempt to 
mask the effect of the open circuit, the ECM would in most cases still 
detect a large enough change to raise an alarm and display an earth 
resistance indication.

ECM properties

For the standard clamp-on toroid the change in resistance can be set 
between 0,1 - 5 Ohms. The ECM can be set to send an SMS to several 
telephone numbers in the case of an alarm. While having the toroid 
around an earth wire, the signal voltage is also filtered to see a 50 Hz 
earth fault current. The ECM can be set to raise an alarm and/or send 
SMS’s and display an earth fault indication when the earth fault cur-
rent exceeds a preconfigured level. For the standard clamp-on toroid 
the earth fault alarm can be set in the range 1 – 20 A.
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The ECM has an RS485 port with an extensive native protocol but can 
be set to communicate in Modbus. In the SMS and the Modbus mes-
sage each of the 8 inputs is identifiable. For best performance each 
clamp-on toroid is connected to one input but two clamp-on toroids 
can be connected to an input with a reduced measurement resolution. 
The ECM is housed in a DIN-rail mountable enclosure. While it will 
normally run on a 110 – 220 V supply (ac or dc) it can also run from 
a 12 Vdc battery to keep it running and raise alarms during a power 
failure. It has a built-in charger to charge a 12 V lead-acid battery and 
keep it at full charge.

Conclusion

Cable thieves often target earth continuity conductors because cutting 
and removing them is perceived to be safe. However, a compromised 
earth continuity conductor can lead to equipment damage, injury or 
even death. This article has described a proactive means of assisting 
you in minimising the risks in your plant.

Abbreviations

DIN – Deutches Institut fur Normung (German Institute for Standardisation)
ECM – Earth and Cable Monitor
SMS – Short Message Service
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