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AUTORECLOSING

Introduction

The majority of faults on overhead lines are transient and are caused by lightning, or objects such as tree branches or birds producing an electric arc from phase to earth or, very occasionally, phase to phase.  The arc so produced is sustained by the power system.  If the fault is detected and cleared, and a short time allowed for the arc products to disperse, the faulted circuit can be successfully re-energised and normal supply restored.  This philosophy, termed auto-reclosing, can be applied to both transmission and rural distribution lines, but the actual implementation differs as will be explained later.

Since air is the main insulant on overhead lines, a significant majority of flashovers cause no permanent damage and statistics indicate that 88% of reclosures are successful.

Description of Autoreclosing Operation

Operation of the autoreclose sequence is initiated from the Main protection’s output, which not only initiates the circuit breaker trip, but also starts, a Dead time timer.  This timers output issues a reclose signal to close the circuit breaker.  This signal, in turn, initialises the Reclaim timer.  The Reclaim timer times out and if no trip occurs the reclose sequence has been successful and the line is back in service.

Deadtime

The time between the auto-reclose scheme being energised and the operation of the contacts which energise the circuit breaking closing circuit.

Reclaim Time

The time which elapses following a CB Reclosure, measured from the instant the auto-reclose relay closing contacts make, during which the auto-reclose relay will initiate a lock-out sequence in the event of a further fault.

Delayed Three Phase Auto-Reclosing

This process of re-energisation is known as “Delayed Automatic Reclosure” (DAR).  This system is used as standard on the UK National Grid, where all three phases are opened on the occurrence of a fault, and all three phases are automatically reclosed.  Synchronism may be lost using D.A.R. therefore the reclose relay must be fitted with synchronising features.  Following a fault, and coincident with the tripping of the circuit, the operated trip relays prepare the D.A.R.  After a delay of about 15 seconds, when system power swinging may be assumed to have settled down, auto-reclosure is initiated and the D.A.R. equipment either recloses its breaker a) to “dead line charge” the circuit, or b) check for synchronism across the breaker and close if the voltages either side of it are within prescribed limits.

On a plain feeder, the D.A.R. will dead line charge from one end followed by a check-synchronise close from the other end.  Dead line charging is usually employed at the end with the lowest fault level so as to minimise further disturbance to the system the fault condition have persisted.  On attempting a reclosure onto a persistent fault, the protection at that end would operate for a second time, and because that happened within the reclaim time no further reclosures would be allowed.

If, at the check synchronising end of the line, re-energisation has not been detected within 25 secs of the trip, all further attempts at D.A.R. are inhibited.

For certain items of plant, faults are likely to be persistent and D.A.R. is not permitted.  These plant items are:-

· Transformers

· Wound-type voltage transformers

· Static compensation equipment

· Cables

· Generators and synchronous compensators

· Busbar and mesh corners

Where such plant items trip or fault and otherwise “healthy” plant and/or sections of the system are also tripped to clear that fault, the D.A.R. initiates appropriate automatic isolation of the faulted item before reclosing the remainder.

D.A.R. is “locked out” on receipt of a trip relay input that suggests that Main protection has failed eg:-

· Busbar backtripping

· Circuit breaker fail

· System backup

D.A.R. is inhibited for ferroresonance conditions and for a period of 2 seconds after manual closure of a circuit breaker.  Where ferroresonance has been detected.  It may be suppressed by either automatically opening and reclosing the transformer HV disconnector, or by applying an earth to the affected line using a motorised earth switch.

Reclosing of the system may then be allowed.

Synchronising

If the circuit breakers control a line that is the only interconnection between two otherwise separate parts of a power system, or if the system is prone to synchronous instability, it is possible that the generators either side of the circuit beakers may fall out of step during the circuit dead time. For example, when an interconnector carrying a large power-transformer between two stations is interrupted, there is a sudden redistribution of the loading of the two sources.  The generators of the two sources are acted on by accelerating or retarding torques,  and since there is no path for the flow of synchronising power between the two sources, the interconnector having been interrupted, they begin to fall out of step.

Allowable closing when synchronism within prescribed limits ie:-

· Typically 35(, but sometimes 20( close to major sources of generation

· Frequency

· Voltage amplitude 80-90%

High Speed Three Phase Autoreclosing

When a fault occurs on a circuit, the protection operates to open the circuit-breakers which may split the system at the point.  The voltage vectors of the separated systems may commence to move apart.  If the circuit breakers can be reclosed before the vectors have a chance to move too far apart, the systems again pull into synchronism.  This is the principle of High Speed Auto-reclosing.

Typical deadline
0.5 secs

Reclaim time

2 secs

Sequence time
not required

Due to the high speed of reclosing, the circuit breakers would be reclosed before the system settles down after the fault.  If reclosing the circuit breakers re-applies the fault, the resulting shock to the still swinging system may cause widespread instability.

The circuit breaker deadtime should not be too short, since otherwise the arc-path has not enough time to de-ionise completely, and the arc restrikes on reclosure of the circuit breaker.

The application of high speed reclosing has mostly been successful although the inability to restore transformer and cable circuits after faults, has proved high speed reclosing ineffective where such circuits are directly tied to a feeder circuit.

High speed reclosing returns an effectiveness rate of approximately 70% against D.A.R. effectiveness rate of 80%.

Single Phase Auto-reclosing

Because most faults are single phase to earth faults and since synchronous stability can be maintained if two phases of a three phase system remain connected.  Single phase autoreclosing is widely used in most countries except the UK for transmission lines operating at voltages above 132kV.

The three phases of the circuit breaker are arranged to operate independently, and only the faulty phase or phases are tripped and reclosed, if on reclosure it is found that the fault persists, the second trip opens all three phases, and isolates the line completely.

If only one phase of a transmission line is interrupted, synchronising power can flow along the sound phases, and stability is maintained.  Thus, with single phase autoreclosing, there is less tendency for the two parts of the system to fall out of step, and so either a longer total time of disturbance can be tolerated, or, allowing the same total time of disturbance, more load can be transmitted without endangering the stability of the system.  It may be advantageous, to have a single phase auto-reclosing of tie lines transmitting large amounts of power or operating at very high voltages, for which fault arc path deionising times are longer.

The possibility of using single phase auto-reclosing may be limited due to the capacitance current that flows from the sound phases to the faulty phases and then to earth through the fault arc; this helps to maintain the arc and hence to increase the deionising time.  Not only does single phase auto-reclosing allow a longer deadtime, but it also requires it.  When it is used for very long lines (300km at 132kV) it may be found that the necessary increase in deionising time is greater than the increase in maximum allowable total time of disturbance for the stability.  In the limit, if the line is very long the arc may be maintained indefinitely by capacitance current, unless special provision is made to extinguish it (normally neutral reactors are fitted to problem lines).

Typical dead time
1.0 secs

Reclaim time

3 secs

Sequence time
250 secs

Multi Shot Autoreclosing

Medium voltage rural feeders, in the range 11 to 33kV, are the most likely to have flashovers due to lightning or solid matter temporarily shorting out the phase to earth insulation.  To make rural electrification economically viable the line construction and insulation cannot be made to the standards used on transmission networks, and hence the fault incidence on these lines is much higher.  In a typical rural network, spur lines are teed off from the main line and these spurs are often protected with slow burning fuses.  The supply circuit breaker or recloser is provided with instantaneous and inverse time lagged protection devices.  The usual sequence of multi-shot reclosing is two instantaneous trips followed by two time lagged trips.  If a transient fault occurs beyond a fuse, the feeding breaker trips instantaneously before the fuse can blow and clears the fault.  This is followed by a dead time to allow arc products to disperse and then the breaker recloses.  If the fault is still detected, another instantaneous trip signal is given, followed by another dead time.

If the fault is still detected, it is unlikely to be transient but may be beyond a fuse point, so the next reclose initiates an inverse time trip to give the fuse time to clear.  Again, if the fault is sustained, the sequence is repeated and, if on the fourth reclosure a fault is still detected and the breaker trips after its time lag, the circuit breaker locks out.  After the last close operation, a reclaim timer is actuated and, during this reclaim time, any fault detected will trip the breaker and lock out.  All the end of the reclaim time the relaying equipment is automatically reset ready for another full sequence.

Multi shot reclosing has been proved to improve the quality of supply and over 80% of line faults are cleared with minimal interruptions.

The sequence and number of operations can be easily varied using modern relays and reclosers connected in series can be successfully co-ordinated with grading of the number of operations.  The reclosers most remote from the source of supply are set to have a lower number of operations than the feeding circuit breaker.  Thus is the current to a fault beyond the furthest recloser causes simultaneous operation of all the reclosers on the line, the most remote recloser will lock open to isolate the fault, whilst supply to the rest of the network is restored.

Automatic Isolation and System Reconfiguration

In some power systems, two (or more) electrical circuits are connected via isolators to a common point. A typical example is the corner of a mesh substation where a feeder and a transformer are connected together.  Modern autoreclosing relays have the capability of being programmed to detect a fault trip, open the isolator controlling the faulty apparatus and subsequently reclose the circuit breaker or breakers to reconfigure the system. Reyrolle Tau relays have been designed to have the necessary inputs/outputs and logic circuits to perform these functions.
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