Coupling of disturbances and how to avoid it.
In electromagnetic coupling the question is of radiating radio-frequency disturbances. Wires can work as antennas for higher frequencies, especially if the length of the wire is half of the wavelength of the interfering signal or it's multifold. This kinds of disturbances will decay in proportion to square of the distance. Therefore, electromagnetic coupling usually is not a problem (unless someone is using his/her cellular phone nearby wires/devices).

Capacitive coupling should be worried if the cable goes nearby lines carrying AC voltages or currents, which is naturally is a very common case in a substation. The reason for disturbances is the capacitance between the disturbing source (line) and relay circuit. The capacitance is proportional to the common length of the adjacent lines/cables (l) and inversely proportional to the distance (d ) of the lines/cables.


Capacitive coupling can be avoided by making the signaling wires symmetrical and as close together as possible, i.e. by using twisted-pair cable. Then, the capacitance from the source of disturbance to the both signal wires will become equal. Further, using shielded cable and increasing the distance (d) will improve the situation by lowering the capacitances.

In case of earth-fault, a fault current will flow through the line capacitance (red arrow) and the relay. This can cause problems. The best way to deal the problem is again using shielded cable and to increase the distance to the disturbing line. The other way to overcome this problem would be filtering the signal (delay in the relay).
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Inductive coupling is related to loops of signal wires. The source of the disturbance can be, for example, the magnetic field of AC current line. The field penetrates the signal loop creating voltage. This voltage is proportional to the area of the loop (A) and inverse proportional the distance (d ) of the disturbing source.
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Reducing the loop area (A), i.e. using twisted-pair wires, the problem can be eliminated. Increasing the distance (d) and using shielded cable will further improve the situation.

Connection along the wires/shielding happens typically when the shielding is earthed from more than one point. This created an earth-loop allowing disturbance voltages to be induced. The problem can be easily eliminated by earthing the shielding at one point only. (In some very rare cases, when the shielding must be earthed in the both end of the cable, the other end is earthed directly and the other end through a small capacitance).
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How to avoid making disturbances?
Even better than eliminating/limiting the effects of the disturbances are to eliminate/limit the disturbance itself. Here are some ideas.

When the current through a coil of a contactor or aux. relay is cut, the magnetic energy of the coil tries to keep the current flowing by creating a big reverse voltage (spike typically 5..10 times the nominal voltage). Typically the wires to the coil will become a sending antennas for the disturbance.
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The problem can easily eliminated either by connecting a diode in parallel of the coil (note the polarity). The voltage rating of the diode should be at least twice the nominal voltage and the current capacity higher than the nominal current of the coil. Another way would be to connect a small capacitance in parallel of the switch/contact which cuts the coil current.
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Routing cables/lines in such way that they does not go in parallel will eliminate capacitive coupling. If the sensitive cable is only crossing the disturbing line/cable the line capacitance remains very low. Only when the sensitive cable is in parallel with the disturbing line/cable the capacitance gets too high.

Avoiding of making wire loops will help in case of inductive coupling. Loops works like powerful antennas both in sending and receiving disturbances. For example, in one case an about 10A generator magnetizing current were routed from the power source (mounted in the cubicle, chopper type, current had about 1 kHz frequency) in such way that the outgoing wire followed the right side of the cubicle, but the returning wire the left side. This created a large loop and especially all devices inside the loop were disturbed. The solution was simple: the loop area was reduced almost to zero by moving the wires to go side by side (latter the wires were twisted).

The digital input of the relay is designed to have low burden, like 2 mA (i.e. high impedance). The drawback of this is that also the disturbance needs to have relative low energy in order to create problems.

Just by connecting a resistance in parallel of the digital input the situation can usually be helped. The resistance increases the burden and thus the disturbance needs higher energy before it can become a problem.
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For increasing the input threshold a series resistance must be used. The best solution typically needs both series and parallel resistance.
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For calculation, the attached excel file can be used.

Note! The type of the series/parallel resistance much be such that the resistance will withstand voltage peaks, which may occur. We recommend to use wire-wound type resistor (filament rheostat) having voltage withstand at least 500 Volts. 

