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Towns and cities usually have commercial enterprises – characterised by high power demand – in the centre, and, away from this, the power density falls as residential areas replace shops and offices. In turn, semi-rural properties replace houses with an even lower power density. Industry is situated in estates or surrounded by houses and generally has a fairly high power density. Industrial and commercial consumers demand a more secure power supply than residential customers and these needs are reflected in the distribution network and its associated protection.

Figure 1 shows a typical urban network designed to give a high level of supply continuity even under fault conditions. Any cable fault will be detected by the associated Solkor feeder protection which will trip the faulty feeder whilst the remaining network will continue to supply power. The installed cables must have sufficient capacity to carry the additional load of a tripped parallel feeder. 

The Solkor protection compares the currents entering and leaving the feeder and thus its zone of protection is between the current transformers from the one end to the other. The circuit breakers, associated connections and busbars are not protected by the Solkor and, because any electrical apparatus can fault, provision must be made to detect these possible faults and trip the feeding plant. If Solkor R/Rf  or similar protection is used, then Back-up inverse time overcurrent protection such as Argus must be installed at a small number of strategic points in the network as shown in figure1. The time settings of the Argus relays must be considered for faults at different parts of the network and graded accordingly. It is accepted that, for certain fault positions, unnecessary plant is tripped. Because these faults are very rare, the risk is minimal. The latest cable feeder protection, Solkor-N, incorporates the features of Argus 1 relays so that for new installations, Busbar blocking protection can be used at no additional cost. In addition to providing protection for the parts of the network not covered by the Solkor protection, the Argus and Solkor-N relays provide back-up protection for situations such as pilot wire or teleprotection channel failure.

The protections illustrated in this figure are typical for supplies to major industrial complexes as well as city-centre commercial properties. It would not be economic to have the same networks distributing electricity to residential areas and for these lower-density situations an “open-ring” reticulation technique is used.

Figure 2 shows a typical open-ring system. The primary substation is fed via step-down transformers to a voltage of typically 11 kV. The 11 kV. Busbar is usually sectioned via a circuit breaker and an outgoing circuit breaker on each section feeds a ring circuit that connects a number of tee-off distribution transformers which step down to a 400/230 volt level for consumer supplies. These transformers connect to the network using ring-main units. These units typically comprise two load-breaking / fault-making isolators and a tee-off fuse switch or circuit breaker all housed in a common enclosure. The ring is open at a single point – thus the system is run as two radial feeders. In the event of a cable fault, the isolators at each end of the faulted feeder are opened and the normally open isolator closed. This restores supplies to all the ring main units and thus to all consumers and the faulty cable can be repaired with no further customer outages.

Distribution transformer faults will be cleared by the relevant operation of the tee-off fuse or circuit breaker. These breakers have simple integral protection, usually inverse overcurrent type. Cable faults and any other equipment faults are detected by the Argus or similar relays at the intake substation, which, in turn, trip their associated circuit breakers.

Faulty cables can be located by testing each leg of the ring between the substation breaker and the normally open point, but this is a laborious process which gives extended outages. One inexpensive solution is to equip one of the ring cable boxes on each ring main unit with a Find or similar Fault Passage Indicator. For example, in figure 2, a fault at point “F” will be pinpointed by reference to operation of indicators “a” and “b” and non-operation of indicator “c”. Contacts are available on Find indicators to remotely indicate operation and obviate the need to visit each unit to check operation. On restoration of supply, Find indicators automatically reset.

Earth fault indicators comprise a core balance C.T. which energises a current detector, which, in turn, operates a visual indicator such as a bright L.E.D. The sensitivity is of the order of 45 primary amps, and indication is only given for earth faults. As virtually every cable fault involves earth, this is not a disadvantage. The sensitivity is chosen to ensure that indicators do not give spurious operations for current surges such as magnetising inrush currents.
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