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The basic functions of LV (low voltage) switchgear
Courtesy of Schnider Electric

National and international standards define the manner in which electric circuits of LV
installations must be realized, and the capabilities and limitations of the various switching
devices which are collectively referred to as switchgear.

The main functions of switchgear are:

— electrical protection;

— electrical isolation of sections of an installation;

— local or remote switching;

— over-voltage protection;

— under-voltage protections are provided by specific devices (lightning and various other
types of voltage-surge arrester; relays associated with: contactors, remotely-controlled
circuit breakers, and with combined circuit breaker/isolators...and so on).

1.1 Electrical Protection

Electrical protection assures:

— protection of circuit elements against the thermal and mechanical stresses of short-circuit
currents;

— protection of persons in the event of insulation failure;

— protection of appliances and apparatus being supplied (e.g motors, etc.).

1.2 Isolation

The aim of isolation is to separate a circuit or apparatus, or an item of plant (such as a motor,

etc.) from the remainder of a system which is energized, in order that personnel may carry

out work on the isolated part in perfect safety.

In principle, all circuits of an LV installation shall have means to be isolated. In practice,

in order to maintain an optimum continuity of service, it is preferred to provide a means of

isolation at the origin of each circuit.

An isolating device must fulfil the following requirements:

— all poles of a circuit, including the neutral (except where the neutral is a PEN conductor)
must be open;

— it must be provided with a means of locking open with a key (e.g. by means of a padlock)
in order to avoid an unauthorized reclosure by inadvertence;

— it must conform to a recognized national or international standard concerning clearance
between contacts, overvoltage withstand capability, etc. and also:
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Verification that the contacts of the isolating device are, in fact, open. The verification may be:
— either visual, where the device is suitably designed to allow the contacts to be seen
— or mechanical, by means of an indicator solidly welded to the operating shaft of the
device. In this case the construction of the device must be such that, in the eventuality
that the contacts become welded together in the closed position, the indicator cannot
possibly indicate that it is in the open position.
Leakage currents. With the isolating device open, leakage currents between the open
contacts of each phase must not exceed:
* 0.5 mA for a new device
e 6.0 mA at the end of its useful life.
Voltage-surge withstand capability, across open contacts. The isolating device, when open
must withstand a 1.2/50 us impulse, having a peak value of 5, 8 or 10 kV .
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AC motors starting and protection systems
Courtesy of Schnider Electric

In any event, motors always require two protections:
— protection against short circuits,

— protection against overload (overheating).

Protection against short circuits

Overview

A short circuit is a direct contact between two points of different electric potential:

— alternating current: phase-to-phase contact, phase-to-neutral contact, phase-to-ground
contact or contact between windings in a phase,

— direct current: contact between two poles or between the ground and the pole insulated
from it.

This can have a number of causes: damage to the varnish insulating the conductors, loose,

broken or stripped wires or cables, metal foreign bodies, conducting deposits (dust, moisture,

etc.), seepage of water or other conducting fluids, wrong wiring in assembly or maintenance.

A short circuit results in a sudden surge of current which can reach several hundred times the

working current within milliseconds. A short circuit can have devastating effects and severely

damage equipment. It is typified by two phenomena.

A thermal phenomenon

A thermal phenomenon corresponding to the energy released into the electrical circuit
crossed by the short circuit current I for at time t. This thermal effect can cause:

— melting of the conductor contacts,

— destruction of the thermal elements in a bimetal relay,

— generation of electrical arcs,

— fire in the equipment.

An electrodynamic phenomenon

An electrodynamic phenomenon between conductors producing intensive mechanical stress
as the current crosses and causing:

— distortion of conductors forming the motor windings,

— breakage of the conductors' insulating supports,

— repulsion of the contacts (inside the contactors) likely to melt and weld them.

1 79y2 qunn
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These results are dangerous to property and people. It is therefore imperative to guard against
short circuits with protection devices that can detect faults and interrupt the short circuit

rapidly, before the current reaches its maximum value.

Definitions and characteristics

The main characteristics of short-circuit protection devices are:

— breaking capacity: the highest value in the estimated short-circuit current that a protection
device can break at a given voltage,

— closing capacity: the highest value a protection device can reach at its rated voltage in

specified conditions. The closing value is k times the break capacity.

Magnetic circuit breakers

These circuit breakers protect plant from short circuits within the limits of their breaking
capacity and by means of magnetic triggers (one per phase).

Magnetic circuit breaking is all-pole from the outset: one magnetic trigger will
simultaneously open all the poles.

For low short-circuit currents, circuit breakers work faster than fuses.

This protection complies with the IEC 60947-2 standard.

To break a short-circuit current properly, there are three imperatives:

— early detection of the faulty current,

— rapid separation of the contacts,

— breakage of the short-circuit current.

Protection against overload

Overview

Overload is the commonest fault in motors. It is revealed by an increase in the current
absorbed by the motor and by thermal effects. The insulation category sets normal motor
heating at an ambient temperature of 40°C . Any overshoot of this operatig limit leads to a
reduction in lifetime by premature ageing of the insulating material.

It should however be noted that overloads leading to overheating will not have any
immediately detrimental effects if they are short and infrequent. They do not necessarily
involve stopping the motor but it is important to restore normal conditions very quickly.
The importance of proper protection against overload is easy to understand:

— it preserves the lifetime of motors by preventing them from working in overheating

conditions.
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— it ensures operating continuity by:
e preventing motors from stopping abruptly

e after tripping, enabling restart in the best conditions of safety for people and equipment.

Depending on the level of protection required, overload protection can be provided by relays:
— overload, thermal (bimetal) or electronic relays, which provide minimum protection
against;
* overload, by controlling the current absorbed on each phase,
e unbalanced or missing phase, by a differential device,
— positive temperature coefficient (PTC) thermistor probe relays,
— overtorque relays,

— multifunction relays.
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