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CONTROLLED SWITCHING
PROBABILITY DISTRIBUTION EVALUATION

Ciprian NEMES"", *Florin MUNTEANU?", Dumitru IVAS®"

A general overview of controlled switching probability, depending the
disconnecting moment of the circuit breaker from electric power systems is
presented. The controlled switching benefits include enhancements of circuit
breaker performance, reduction and control of switching transients, improvement of
power quality, extension of equipment life and increase in time intervals between
interrupter maintenance, etc.
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1. Introduction

A transient occurs in the power system when the network changes from one
steady into another. Switching operations in power networks are a common cause
of transient disturbances. It is not necessary that after every changes of state, such
as after a switching action, transient oscillations occurs in a network, but, in the
practice, however, this rarely happens, and after switching actions, transient
oscillations appear in an electrical network. Depending on the network
configuration and the characteristics of the switching loads, these transients can
cause undesirable effects, not only on the switched loads, but also on the entire
network.

Controlled switching is applied to limit the consequences of a switching
event on the switched equipment, on the circuit breaker, and/or on the power
system. Controlled switching, especially the controlled opening, can also offer an
alternative in cases where the short-circuit fault requirements are increasing. The
short-circuit current is a wide-spread fault of an electrical system, when the
electrical current is drastically increased, as compared with the operation
conditions and dropped after a short time. This current induces significant stress
in circuit breaker [1], so it is recommended that disconnecting moment to be when
the current zero crossing. The ideal switching changes from close to open position
instantaneously, and the sinusoidal current is always interrupted at current zero.

In this paper a probabilistic approach is presented, based on the probability
distribution function of the disconnecting moment. The basic principle is the
calculation of the current expressions in parametric form, as functions of the
switching parameters and their probability distribution functions.
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2. Characteristic of the short-circuit current

The short-circuit current is one of the most important factors influencing the
design of the electrical equipments. In circuit analysis, the term short circuit is
used by analogy to designate a zero-impedance connection between two nodes. In
an ideal short circuit, this means there is no resistance and no voltage drop across
the short. In real circuits, the result is a connection of nearly zero impedance, and
almost no resistance. In such a case, the current drawn is limited by the rest of the
circuit.

When the time constant of the supply circuit L/T is rather high, which in the
case for short-circuit faults close to the generator terminals, the transient and
subtransient reactance of the synchronous generator cause an extra-high first peak
of the short-circuit current, see the figure 1a.
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Fig. 1. The evolution of short circuit current in time (a), the disconnecting interval (b).

The evolution in time of the short circuit current is described by the
following equation:

i =1y sin(@t + @ — @)+ 1, sin(@ — @) = 1, sin(@—g)le ™" Ta (1)

The controlled switching considers the effect of the interrupted current
frequency, 100 times zero crossing during a second. The objective is to estimate
the disconnecting intervals, which have as effect the reduced current magnitudes,
such is presented in figure 1b.

3. Probabilistic approach

The short circuit expression depends by the following variables (¢ - time, a —
initial phase of voltage, ¢ - difference phase current-voltage and I,- load current).
The last parameters (¢ and /,,) depend by the type of load, but the time ¢ and angle
«a can take any values in the disconnecting process.

In the paper it is analysed the manner in that the variable ¢, depending by
the disconnecting moment ¢, influence the probability that in the disconnecting
moment [2], the current pass to zero.



Probabilistic approach of controlled switching

Ideally is that the disconnecting interval of the circuit-breaker operations to
be tight, the moment of disconnecting is necessary being precisely know, nearly
by the current wave crossing zero. In practice, the moment of disconnect will be
placed into interval (t*—At, t*+At), the distance of interval At is affected by circuit-
breaker characteristics such as mechanical scatter, electrical scatter, speed and
energy of the contacts and deviations of timing due to interval between
subsequent operations. Two cases will be compared in the paper.

1. The first case of the random switching, the disconnecting moment being uniformly
distributed.
In case of the circuit breaker, without controlled switching, the disconnecting moment
to be approximately t=0.15s after fault moment. In that interval, the moment of
disconnect may be uniform distribute, in the 0-0.15 s interval, with the same
probability to disconnect. If the disconnecting moment is uniform distributed, the
current amplitude interrupted is distributed as in the figure 2. The extreme values of
the current amplitude interrupted will present the maximum probability to appearance
that is most great that the probability to disconnecting then the current pass to
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Fig. 2. Probability distribution for the random switching.

The second case of the controlled switching, the disconnecting moment having a
distribution of controlled operations around a target point on the current wave. All this
factors are most or less controllable, all this having a normal distribution. If the
disconnecting moment is normal distributed around of the current zero crossing, the
probability to disconnect to zero magnitudes current is described by the following
figure. So, the probabilities to disconnecting then the current pass to zero are greater
that in the previously case and the extreme values of the current interrupted has
a negligible probability.
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Fig. 3. Probability distribution for the controlled switching.
4. Conclusions

From the probability distribution function of the current disconnected results that
the probability to disconnect the zero crossing current is smaller that the probability to
disconnect the extreme values current. These involve the necessity of the controlled
switching, focus to the disconnecting moment, with the main benefits that result from
that: extension of circuit breaker life and increase in time intervals between interrupter
maintenance (scheduled maintenance is based on a simple relation between the
interrupted current and a maximum number of operations); added value associated with
circuit breaker performance enhancement during current interruption in the thermal or in
the dielectric region.
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