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2 Introduction

This application guidance is intended to provide readers with information regarding the design, selection and
installation of LV switchgear and protective devices and to offer practical guidance to all, though due to the
nature of the subject must make reference to other guidance documents and standards.

It is not intended to inform readers about the application and protection afforded by protective devices.
Furthermore it is not intended to override manufacturer’s data, but is intended to support it when selecting and
installing equipment and to offer sound advice and guidance when selecting low-voltage switchgear.
For the purpose of this application guide, low-voltage switchgear can be defined as:
A collection of components including but not limited to circuit breakers, switches, off load isolators, on
load isolators, disconnectors, fuses, enclosures etc. i.e. all the accessories required to protect the LV
system.

The main functions of switchgear are:

. Electrical protection
. Electrical isolation of sections of an installation
. Local or remote switching

This guide will aim to cover the most important aspects to be considered when selecting and specifying low-
voltage switchgear, a typical example of such is as shown on the cover page.

3 Standards

There are numerous British and European standards that are relevant when it comes to selecting and specifying
low-voltage switchgear and protection systems.

BS EN 61439 series of standards specify the requirements for low-voltage switchgear and assemblies. The
relevant parts of which are:

PD IEC/TR 61439-0:2013 Low voltage switchgear and controlgear assemblies. Guidance to
specifying assemblies

BS EN 61439-1: 2011 Low-voltage switchgear and controlgear assemblies. General rules

Low-voltage switchgear and controlgear assemblies. Power switchgear

BS EN 61439-2: 2011 .
and controlgear assemblies

Low-voltage switchgear and controlgear assemblies. Distribution
boards intended to be operated by ordinary persons (DBO)
(incorporating corrigenda September 2013 and December 2015)

BS EN 61439-3:2012

BS EN 61439-4:2013 Low-voltage switchgear and controlgear assemblies. Particular
requirements for assemblies for construction sites (ACS)

BS EN 61439-5:2015 Low-voltage switchgear and controlgear assemblies. Assemblies for
power distribution in public networks

BS EN 61439-6:2012 Low-voltage switchgear and controlgear assemblies. Busbar trunking
systems (busways)

These documents have replaced the previous BS EN 60439 series.
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The BS EN 60947 series of standards specify the functional units within the assemblies, these are:

BS EN 60947-1:2007 Low-voltage switchgear and controlgear. General rules (+A2:2014)
(incorporating corrigendum January 2014)

BS EN 60947-2:2006 Low-voltage switchgear and controlgear. Circuit-breakers (+A2:2013)
(incorporating corrigendum November 2013)

Low-voltage switchgear and controlgear. Switches, disconnectors,
switch-disconnectors and fuse-combination units (+A2:2015)
(incorporating +A2 2015)

BS EN 60947-3:2009

BS EN 60947-4-1:2010 Low-voltage switchgear and controlgear. Contactors and motor-starters
- Electromechanical contactors and motor-starters (+A1:2012)

Low-voltage switchgear and controlgear. Control circuit devices and
switching elements. Electromechanical control circuit devices
(+A1:2009) (incorporating corrigendum November 2004)

BS EN 60947-5-1:2004

BS EN 60947-6-1:2005 Low-voltage switchgear and controlgear. Multiple function equipment.
Transfer switching equipment (+A1:2014)

4 Definitions, Acronyms and Symbols

The following definitions are useful to appreciate when specifying low-voltage switchgear and protective
devices.

4.1 Voltage

BS 7671 defines voltage ranges in Part 2, Definitions as:

Voltage, nominal - Voltage by which an installation (or part of an installation) is designated. The following
ranges of nominal voltages (rms value for a.c.) are defined:

Extra-low - Not exceeding 50 V a.c. or 120 V ripple-free d.c. whether between conductors or to Earth.

Low- Exceeding extra-low voltage but not exceeding 1000 V a.c. or 1500 V d.c. between conductors, or 600 V
a.c. or 900 V d.c. between conductors and Earth.

High - Normally exceeding low voltage.

4.2 Switch

Load switches, or switches, are mechanical switching devices capable of making, carrying and breaking
currents under normal circuit conditions which may include specified operating overload conditions and also
carrying for a specified time currents under specified abnormal circuit conditions such as those of short-circuit.
Short-circuit currents can be conducted (high short-circuit withstand capacity), but not be switched-off.

For load switches the range of designs is similarly wide as for isolator switches, for example “normal” (load)
switches, fuse-switches, circuit breakers.

4.3 Disconnector

The disconnector is a mechanical device that fulfils in the open position the requirements specified for the
isolation function (BS EN 60947-1).

The key factor here is the opening distance. Isolation must be guaranteed from pole to pole and from input to
output, whether this is by means of a visible isolation gap or by suitable design features within the device
(mechanical interlocking mechanism).
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It must also be equipped with an indicator device in relation to the position of the movable contacts. This
position indicator must be linked in a secure, reliable way to the actuator, whereby the position indicator can
also serve as actuator, provided that it can only display the position “Open” in the “OFF” position, when all
moving contacts are in the “Open” position. This is to be verified by testing.

According to BS EN 60947-3, an isolator must only be able to make and break a circuit, if either a current of
negligible size is switched on or off, or if during switching no noticeable voltage difference between the terminals
of each pole occurs. The isolator function can be realized with a variety of devices such as for example in
disconnectors, fuse-disconnectors, switch-disconnectors, fuse-switch disconnectors and circuit breakers with
isolating function.

4.4 Switch-disconnector

Switch disconnectors combine the properties of (load) switches and disconnectors. In this case, too, there are a
variety of designs such as “normal” switch disconnectors, fuse- switch-disconnectors and circuit breakers.

45 Circuit breaker

Circuit breakers are mechanical switching devices, capable of making, carrying and breaking currents under
normal circuit conditions and also making, carrying for a specified time and breaking currents under specified
abnormal circuit conditions such as those of short-circuit (BS EN 60947-2).

They thus also fulfil the requirements of (load) switches. Circuit breakers are often designed so that they can
fulfil the requirements for disconnectors.

4.6 An Assembly

A combination of one or more low-voltage switching devices together with associated control, measuring,
signalling, protective, regulating equipment, with all the internal electrical and mechanical interconnections and
structural parts

4.7 Functional unit

Part of an assembly comprising all the electrical and mechanical elements including switching devices that
contribute to the fulfilment of the same function Section

4.8 Busbar

Low-impedance conductor to which several electric circuits can be separately connected

4.9 Section

Constructional unit of an assembly between two successive vertical delineations

4.10 Sub-section

Constructional unit of an assembly between two successive horizontal or vertical delineations within a section

4.11 Compartment

Section or sub-section enclosed except for openings necessary for interconnection, control or ventilation

4.12 Enclosure

Housing affording the type and degree of protection suitable for the intended application

4.13 Partition

Part of the enclosure of a compartment separating it from other compartments

4.14 Barrier

Part providing protection against direct contact from any usual direction of access

4.15 Duty holder

A term referred to in the Electricity at Work Regulations to describe the person appointed to be responsible for
the safety of the electrical installation, equipment and any work activities that are to be carried out
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4.16 Impulse withstand voltage

Highest peak value of impulse voltage of prescribed form and polarity which does not cause breakdown of
insulation under specified conditions

4.17 1%

A measure of the thermal energy, a current, in a period of time, seconds that is usually displayed as a curve and
made up of current in amperes squared times time in seconds.

4.18 Ug

Nominal a.c. rms line voltage measure Line to Earth.

4.19 Graphical symbols

The symbols used on switches, disconnections and the like are often overlooked, though are vital when
selecting and graphically illustrating the appropriate device needed. The International Electrotechnical
Commission (IEC) aims to standardise the symbols used for electrical designs. At the time of writing IEC 60617-
7:1996, ‘Graphical symbols for diagrams. Switchgear, control gear and protective devices’, has been withdrawn
and not replaced with anything definitive.

Figure 1 below illustrates some potential symbols that can be used, though others may be acceptable:

Description and image

Disconnector Disconnector-fuse Fuse-disconnector
| — l % !
— }
Fuse Isolator Circuit breaker 1
pole

S E—— | %

Switch Switch-fuse Fused switch

Switch- Switch- Fuse-wwitch-

disconnector disconnector-fuse disconnector
4 = 4 Z 4

Figure 1 — Typical Graphical Symbols Used for Switchgear, controlgear and protective devices

4.20 Skilled, Instructed and Ordinary Persons

BS EN 61439-3, part 1 — Scope, restricts the rated current of the protective devices in distribution boards under
the control of ordinary persons. These are limited to 250 A for incoming feeders and 125 A for outgoing
feeders.

These restrictions do not apply where the equipment is accessed only by skilled or instructed persons, such as
would be the norm in main LV switchrooms.

Should any low-voltage switchgear be designed for use by ordinary persons, then this aspect must be
considered.
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5 Forms of Separation

When specifying low-voltage switchgear, one of the most important elements to consider is the form of
separation that is to be selected. Making the incorrect decision at this stage can result in the assembly being
over specified or unsuitable for the purpose it is intended to fulfil.

5.1 What Are Forms of Separation?

In low-voltage switchgear, forms of separation refer to the separation of the bus bars, functional units and
terminals of protective devices.

The basics forms are as follows:

Form 1 — No internal separation provided

Form 2 — Internal separation is provided between busbars and functional units

Form 3 — Internal separation is provided between busbars and functional units and separation of all functional
units from each other

Form 4 - Internal separation is provided between busbars and functional units and separation of all functional
units from each other. Incoming and outgoing terminals are also separated from each other.

The standard offers a variety of each Form, with the exception on Form 1.
Engineers should consider what functions will be needed to be carried out without complete and full isolation of
the assembly. Table 1 below offers suggestions as to which Form is most suitable.

5.2 Why Are They Important?

To consider the appropriate form of separation is to consider the ability to undertake future work on the unit.
The different forms will allow different sections of the assembly to be accessed without isolating the entire
assembly in the future.

5.3 Electricity at Work Regulations 1989

One important element to consider when selecting and working on an assembly is regulation 14 of the Electricity
at Work Regulations which states:

No person shall be engaged in any work activity on or so near any live conductor (other than one
suitably covered with insulating material so as to prevent danger) that danger may arise unless —

(a) it is unreasonable in all the circumstances for it to be dead; and

(b) it is reasonable in all the circumstances for him to be at work on or near it while it is live; and

(c) suitable precautions (including where necessary the provision of suitable protective equipment) are
taken to prevent injury.

This regulation effectively prohibits live working. Therefore selecting certain low-voltage switchgear will either
help with this or hinder this.
5.4 Types of Separation — Detailed Information

Each of the aforementioned Forms offer different options in regard to separation and how the installation can be
suitably maintained going forward. A summary of the characteristics of the four Forms is as follows:

541 Form1

In a Form 1 system there is no separation provided. This should only be specified if the option to completely
isolate the assembly is freely available.

54.2 Form 2

A Form 2 has the bus bars separated from the functional units and depending on if 2a or 2b has been selected

the cable terminals may be separated from the bus bars but as the functional units are not separated from one

another there is limited practical advantage over a Form 1 as the entire assembly needs to be isolated to safely
work upon.

543 Form 3

With a Form 3 it may well permit some maintenance work to be carried out within the functional units. There is
no requirement for the one circuit to be separated from the terminals of another.
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544 Form 4

This Form provides many varieties and opportunities and is most likely the preferred choice of many specifiers.
As Form 4 is split into 4a (3 types) and 4b (4 types) it is useful to consider the need and purpose of the
installation in a logical manner.

The following table, taken from BS EN 61439-2, explains the Forms and differing types within them.

Table 1 - Table NA.1 taken from BS EN 61439-2 National Annex, regarding Forms of separation

Main criteria Sub-criteria Form Type of construction

No separation Form 1

Separation of busbars Terminals for external Form 2a

from the conductors not separated from

functional units busbars
Terminals for external Form 2b Type 1 Busbar separation is achieved by
conductors separated from insulated covering, e.g. sleeving,
busbars wrapping or coatings®)

Type 2 Busbar separation is by metallic or
non-metallic rigid barriers or
partitions

Separation of busbars Terminals for external Form 3a
from the functional units conductors not separated from
and separation of all busbars
functional units from one Terminals for external Form 3b Type 1 Busbar separation is achieved by
another Separation of the | conductors separated from insulated covering, e.g. sleeving,
terminals for external busbars wrapping or coatings®)
conductors from the Type 2 Busbar separation is by metallic or
functional units, non-metallic rigid barriers or
but not from each other partitions
Terminals for external Form 4a Type 1 Busbar separation is achieved by
conductors in the same insulated covering, e.g. sleeving,
compartment as the associated wrapping or coatings®)
functional unit Cables may be glanded elsewhere

Type 2 Busbar separation is by metallic or
non-metallic rigid barriers or
partitions
Cables may be glanded elsewhere

Type 3 Busbar separation is by metallic or

non-metallic rigid barriers or
partitions The termination for each
functional unit has its

own integral glanding facility

Terminals for external Form 4b Type 4 Busbar separation is achieved by
conductors not in the same insulated covering, e.g. sleeving,
compartment as the associated wrapping or coatings®)

functional unit, but in individual, Cables may be glanded elsewhere
separate, enclosed protected Type 5 Busbar separation is by metallic or
spaces or compartments non-metallic rigid barriers or

partitions Terminals may be
separated by insulated
coveringsl) and glanded in
common cabling

chamber(s)

Type 6 All separation requirements are by
metallic or non-metallic rigid
barriers or partitions

Cables are glanded in common
cabling

chamber(s)

Type 7 All separation requirements are by
metallic or non-metallic rigid
barriers or partitions

The termination for each functional
unit has its own integral glanding
facility

T) See Clause 8.4.2.2 of Part 1 in relation to protection against contact with live parts.

NOTE Conductors which are connected to a functional unit but where they are external to its compartment or enclosed
protected space (e.g. control cables connected to a common marshalling compartment) are not considered to form part of the
functional unit.
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5.5 Other Considerations

When specifying low-voltage switchgear, in particularly the forms of separation, then ultimately the greater the
degree of protection, the greater the cost. This can initially be seen as a barrier to selecting the more expensive
options, however this should not be the case, as an appropriate selection can ensure that not only the does the
installation provide safe working situations for those working on/near it, but it can also reduce down-time when
inevitable maintenance is required.

Within an assembly it is permissible to have multiple Forms of separation between different functional units.
This option could be available where a Form 4 assembly has a functional unit with a MCB distribution system in
it.

As a rule of thumb, the higher the Form of separation, the larger and more costly the assembly will be. This will
impact on the selection should space and budget be limited, but should never override safety.

5.6 Note on Forms of Separation

With regard to Form 4 switchboard assembilies it is often assumed that; the higher the type designation, the
safer it is. Specifications often specify Form 4 Type 5 construction for switchboards. In a Type 5 construction,
the terminations of the outgoing ways are ‘coppered out’ into the adjacent cable way, with rubberised shrouds
placed over the cable terminations. In the author’s opinion, this is inherently dangerous as it exposes personnel
required to work in the cable way to potentially bare terminals.

For this reason Form 4 Type 5 should be avoided and a combination assembly is preferred, being Form 4 Type
6 for larger outgoing ways (typically 630 A and above) and Form 4 Type 2 for smaller outgoing ways in the
range 100 to 400 A.

Selection of LV Switchgear and Protective Devices AG08/2016/0




& ECA

6 Device selection

As outlined in Section 7 the various devices that can interrupt power, from a source to a load, have different
functions and characteristics, therefore selecting the correct device for the right application is vital, in order to
ensure that the circuit has appropriate protective device characteristics and suitable isolation, switching or
protection.
Ignoring circuit breakers for now, as these will be covered later, it can be seen that there are 3 main terms to
consider:

e Switch

e Disconnector

e Fuse
The characteristics of each of these are summarised in table 2 below:

Term Features provided Features not provided
Switch Current rating Isolation

Operational and insulation Protection

voltage

Making and breaking of load
and overload currents

Disconnector Current rating Protection
Isolation Making and breaking capability
Operation and insulation
voltage

Fuse Overload protection Switching

Short circuit protection

Table 2 — Characteristics of Switches, Disconnectors and Fuses

6.1 Isolation and Switching

BS 7671 recognises four types of isolation and switching:
1 Isolation
2 Switching off for mechanical maintenance
3 Emergency switching
4 Functional switching

Each has specific requirements suitable selection of the devices is imperative.

6.1.1 Isolation
Isolation is defined in BS 7671 Part 2 as:

A function intended to cut off for reasons of safety the supply from all, or a discrete section, of the
installation by separating the installation or section from every source of electrical energy.

6.1.2 Switching Off for Mechanical Maintenance

Switching off for mechanical maintenance is defined in BS 7671 Part 2 as:

The replacement, refurbishment or cleaning, of lamps and non-electrical parts of equipment, plant and
machinery.

6.1.3 Emergency Switching

Emergency Switching is defined in BS 7671 Part 2 as:
An operation intended to remove, as quickly as possible, danger, which may have occurred
unexpectedly.

BS 7671 regulation 537.4.1 makes reference to BS EN 60204-1:2006+A1:2009 (Safety of machinery. electrical
equipment of machines. General requirements). This standard gives guidelines on ‘Measures to minimise risk
in the event of failure’ and ‘Recommendation for the use of switches having direct opening action’. This
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suggests it is good practice to have a device with a direct mechanical link, from the toggle to the contacts i.e.
not a spring. When specifying equipment for this purpose, this specific element is worth considering.

6.1.4 Functional Switching
Functional Switching is defined in BS 7671 Part 2 as:

An operation intended to switch ON or OFF or vary the supply of electrical energy to all or part of an
installation for normal operation purposes.

6.2 Table 53.4 of BS 7671

BS 7671, table 53.4 provides useful information related to what can or cannot be used as an isolator and states
the type of device and their operational use.

(Note — the BS EN numbers within this table are not listed in the appendices of this guidance as cross
references / source).

Table 53.4 of BS 7671 is reproduced in table 3 below:

Table 3 — (Table 53.4 of BS 7671 — Guidance on the selection of protective, isolation and switching
devices)

Emergency |Functional
Device Standard Isolation® erge (Z) 6
switching™” |switching
BS EN 50428 No No Yes
BS EN 60669-1 No Yes Yes
BS EN 60669-2-1 No No Yes
BS EN 60669-2-2 No Yes Yes
Switching device
BS EN 60669-2-3 No Yes Yes
BS EN 60669-2-4 ves® Yes Yes
BS EN 60947-3 ves®? Yes Yes
BS EN 60947-5-1 No Yes Yes
BS EN 60947-4-1 Yes®? Yes Yes
Contactor
BS EN 61095 No No Yes
BS EN 60898 Yes® Yes Yes
Circuit-breaker BS EN 60947-2 Yes®? Yes Yes
BS EN 61009-1 Yes® Yes Yes
BS EN 60947-2 Yes®? Yes Yes
RCD BS EN 61008-1 Yes® Yes Yes
BS EN 61009-1 Yes® Yes Yes
BS EN 60669-2-4 Yes® Yes Yes
Isolating switch
BS EN 60947-3 Yes®?d Yes Yes
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Emergency |Functional
Device Standard Isolation® , g. (Z) 5
switching™ |switching
Plug and socket-outlet (< 32 A) BS EN 60309 Yes® No Yes
Plug and socket-outlet (> 32 A) BS EN 60309 Yes® No No
Device for the connection of ®
o BS EN 61995-1 Yes No No
luminaire
(1,3)
Control and protective switching BS EN 60947-6-1 Yes Yes Yes
device for equipment (CPS) BS EN 60947-6-2 ves®d Yes Yes
Fuse BS 88 series Yes No No
BS EN 50428 No No Yes
Device with semiconductors
BS EN 60669-2-1 No No Yes
inai ting Coupler
Luminaire Supporting Coup BS 6972 Yes® NG No
BS 1363-1 Yes® No Yes
Plug and unswitched socket-outlet
BS 1363-2 ves® No Yes
BS 1363-1 Yes® No Yes
Plug and switched socket-outlet
BS 1363-2 ves® No Yes
-outlet
Plug and socket-outle BS 5733 Yes® NG Yes
Switched fused connection unit ®)
BS 1363-4 Yes Yes Yes
Unswitched fused connection unit Yes® (Removal of
BS 1363-4 ( . No No
fuse link)
Fuse BS 1362 Yes No No
Cooker Control Unit
! BS 4177 ves® Yes Yes

switch

Yes = Function provided, No = Function not provided

@ Function provided if the device is suitable and marked with the symbol for isolation (see BS EN 60617 identity

number S00288)

/)

@ See Regulation 537.4.2.5.

@ Device is suitable for on-load isolation, i.e. disconnection whilst carrying load current.
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Emergency |Functional

Device Standard Isolation® e L
SW|tch|ng(2) 5W|tch|ng(5)

“ n an installation forming part of a TT or IT system, isolation requires disconnection of all the live conductors.
See Regulation 537.2.2.1.

*Circuit-breakers and RCDs are primarily circuit protective devices and, as such, they are not intended for
frequent load switching. Infrequent switching of circuit-breakers on-load is admissible for the purposes of
isolation or emergency switching.

For a more frequent duty, the number of operations and load characteristics according to the manufacturer’s
instructions should be taken into account or an alternative device from those listed as suitable for functional
switching in Table 53.4 should be employed.

NOTE 1: An entry of (1,3) means that the device is suitable for on-load isolation only if it is marked with the
symbol for on-load isolation

NOTE 2: In the above table, the functions provided by the devices for isolation and switching are summarized,
together with an indication of the relevant product standards.
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7 Enclosures

Enclosures are a vital element of any switchgear and protection system. Often the switchgear will be combined
with an enclosure, though in many cases this will not be an option and a suitable separate enclosure should be
sought to house the protection system.

7.1 Enclosure Materials

The typical materials used for electrical low-voltage enclosures are:

. Metal

. Glass Reinforced Polyester (GRP)
. Polycarbonate

. Polyester

Though more materials exist, it is vital that the appropriate enclosure is selected for the installation.

Where ferrous metallic enclosures are specified, consideration should be made to the mitigation of eddy
currents where single core cables are passing through the enclosure.

7.2 Ingress Protection

The requirement for basic protection of any systems, product or installation will require an understanding of the
International Protection codes. The general make up of this coding convention is summarised in figure 2 below
and as further described:

L 5 z
o o g g
el £ = S =
E g g £l
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— N g 5
< %)
P 4 5 A W

Figure 2 - IP code layout

First Numeral 0-6

Protection of persons and Resistance to solid objects
Second Numeral 0-8

Resistance to ingress of water

Additional Letter (Optional)

A: up to the guard/stop face of 50 mm sphere
B: up to the guard/stop face of test finger

C: up to the guard/stop face of 2.5 mm x 100 mm probe
D: up to the guard/stop face of 1.0 mm x 100 mm probe

Supplementary Letter (Optional)
For specific applications:
e H: High voltage equipment
e M: Moving or rotation equipment - (Tested whilst in motion)
e S: Moving or rotating equipment - (Tested whilst at rest)
e W: Weather conditions
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‘X’ Letter

The letter ‘X’ is used in place of the first or second numeral or both by equipment manufacturers to indicate that
tests are not applicable and have therefore not been conducted.

In specifications the letter ‘X’ is used in place of the first or second numeral to indicate that tests are not
required.

E.g.: IP4X provides protection against the 1mm probe, but has not been tested for ingress of water.

Where products are to be installed outside or in environments where high levels of moisture are present, the IP
rating should be maintained though all penetrations in the enclosure.

7.3 Pollution Degree

The pollution degree is the level of environmental conditions for which the assembly is intended to operate
within. Four categories are defined in the BS EN 61439-1 standard as follows:

e Pollution degree 1: No pollution or only dry, non-conductive pollution occurs. The pollution has no
influence.

e Pollution degree 2: Only non-conductive pollution occurs except that occasionally a temporary
conductivity caused by condensation is to be expected.

e Pollution degree 3: Conductive pollution occurs, or dry, non-conductive pollution occurs which is
expected to become conductive due to condensation.

e Pollution degree 4: Continuous conductivity occurs due to conductive dust, rain or other wet conditions.
Unless otherwise stated, ASSEMBLIES for industrial applications are generally for use in pollution degree 3

environments. However, other pollution degrees may be considered to apply, depending upon particular
applications or the micro-environment.
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8 Accessibility for Installation and Future Maintenance

All equipment will require access for installation, testing and maintenance, the following should be considered
when selecting or specifying LV switchgear.
8.1 Front Access or Rear Access

Panels and switchgear are often available as front or rear access, front access panels and switchgear are
designed to be installed and terminated from the front of the unit. This usually involves having cable ways and
routes between the units, therefore increasing the height and/or width of the unit. Front access panels can often
be mounted against a wall.

Rear access panels and switchgear will have an accessible area at the back of the panel or switchgear. This
increases the depth of the unit but often reduces the height/width.

The location and space around the unit will help to determine the appropriate selection.

8.2 Maintenance

Regularly LV switchgear and protective devices are installed in locations that do not allow suitable access for
maintenance and alterations. Consideration should be given to the end user and any maintenance personnel
who are likely to work on the system.

8.3 Thermal Imaging

Where the future use of thermal imaging is envisioned for non-invasive inspection, suitable provision in the
enclosure should be made.

8.4 Accessibility to Operating and Maintenance Gangways

Section 729 of BS 7671 specifies the requirements surrounding the operation and maintenance of switchgear
and controlgear in areas such as gangways, where access is restricted to skilled and instructed persons.
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9 Utilization Category

The term Utilization category (spelt with a 'z’ in the standard) of equipment defines the intended application and
is specified in the applicable BS EN 60947-3 standard. It helps to define the characteristics and switching
capability of the device i.e. if it can be switched on or off-load.

Table 4 below provides a short extract from table 3.2 of Guidance Note 2 by the IET summarising some of the
more applicable categories for LV switchboards.

The designation of utilization categories should also be accompanied by the suffix A or B according to whether
the device is intended for frequent or infrequent operation. The standard does not specify the definition of
frequent or infrequent, this is left up to the manufacturer.

Table 4 - Utilization Category (Extract from IET GN 2 table 3.2)

Nature of Categor Typical applications Relevant BS EN
current gory yp PP Product Standard
a.c. Connecting and disconnecting under no-load 60947-3
AC-20 o
conditions
Switching or resistive loads, including moderate
AC-21
overloads
Switching of mixed resistive and inductive loads,
AC-22 ; .
including moderate overloads
AC-23 Switching of motor loads or other highly

inductive loads

Typical guidance will be that for main LV switchboards, an AC-22 device will generally suffice, unless it is known
that there are likely to be heavy inductive loads present.
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10 Fault Rating

The fault rating of a low-voltage assembly is a consequence of the current experienced and the time which it
lasts. The rated short-time withstand current (lcw) is the r.m.s. of the short circuit current that can be carried

before damage occurs.

This data is generally available on the assembly, or by contacting the manufacturer.

Typically the peak withstand current (lpk) will also be displayed. The ka occurs at the inception of the 3 phase
fault but rapidly decays, as illustrated in figure3 below. As such, this is generally not regarded in the selection

process.
Current
Top envelope
d.c. component i, of the short-circuit current
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I} =initial symmetrical short-circuit current

Ip

= peak short-circuit current

f;, =steady-state short-circuit current

ig.. = d.c. component of short-circuit current

A = initial value of the d.c. component i,

Figure 3 - Short-circuit current of a far-from-generator short circuit with constant a.c. component (taken
from BS EN 60909-0: 2001 Short-circuit currents in three-phase a.c. systems)

BS EN 60947-2 specifies the following definitions when it comes to fault current levels expected at a

switchboard or circuit breaker:

|cu - ultimate short-circuit breaking capacity - a breaking capacity for which the prescribed conditions
according to a specified test sequence do not include the capability of the circuit- breaker to carry its

rated current continuously

|cs - service short-circuit breaking capacity - a breaking capacity for which the prescribed conditions
according to a specified test sequence include the capability of the circuit-breaker to carry its rated

current continuously
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|CW - rated short-time withstand current - The rated short-time withstand current of a circuit-breaker is
the value of short-time withstand current assigned

|cm - short-circuit breaking (or making) capacity - a breaking (or making) capacity for which the
prescribed conditions include a short circuit

10.1 Determining the Fault Current

The assembly should be capable of handling the maximum fault current expected. This can be determined from
enquiry to the supply authority (where the supply is given at LV) or from the transformer manufacturer (where
the LV supply is from a transformer).

Calculating the required capacity of transformer is based on the following equation:

Vaxlx3

kVA = —500

Where:

e kVA s the required capacity of a transformer
e Vs the line to line voltage

e | is the full load current

e +/3is due to the presence of 3 phase

Transposing this equation to calculate full load current, we get:

[ = 1000 x kVA
B Vx+V3

As an example for a 1000 kVA transformer:

1000x 1000

A15x1732 (4434

Once the full load current is obtained, the approximate prospective fault current at the LV switchgear can be
determined by:

Full load current

Fault current = , _
Per unit voltage impedance

If we assume a 1000 kVA transformer with 5% impedance, then the maximum approximate fault current in
amperes will be:

1443
0.05

Rounding up, therefore, a maximum fault current of 29 kA is present. This equation has not taken into account
any impedance within the cables, from the transformer terminals to the incomer, which will reduce the fault
current.

= 28,860

The foregoing equations are approximations with no consideration of loads, and therefore have some margin of
safety built into them, for additional information on these and other equations see BS EN 60909-0:2001; IEC
60909-0:2001 ‘Short-circuit currents in three-phase a.c. systems. Calculation of currents’; and PD CLC/TR
50480:2011 ‘Determination of cross-sectional area of conductors and selection of protective devices"’.
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10.2 Rated Short-time Withstand Current (Icw)
BS EN 60947-1 defines this as:

The rated short-time withstand current shall be equal to or higher than the prospective r.m.s. value of the short-
circuit current (|cp) at each point of connection to the supply.

Different values of |CW for different durations (e.g. 0,2 s; 1 s; 3 s) may be assigned to an LV assembly, or
switchboard with the time applied being depend on the use. If the low-voltage switchgear has adequate
protection (a main incoming circuit breaker) a 1 second time can be applied, whereas if the only protection is on
the primary side of the HV transformer (as might be the case in a DNO owned LV Feeder pillar) then a 3 second
time would be applicable.

To calculate this disconnection time, the fault level on the LV busbar needs to be calculated.

Further information on this can be obtained in ECA Application Guide AG 03/2016/1 - Earthing of Industrial /
Commercial Secondary HV / LV Substations and Main Earthing Systems.

11 Protective Devices

When selecting the appropriate protective device there are many to choose from. The following section of this
application guide specifies some relevant information in terms of low-voltage switch gear selection.

11.1 Characteristics of a Miniature Circuit Breaker

Miniature circuit breakers (or MCBs are they are often referred to) are possibly the most common form of
protective devices used in electrical installations. Their use and characteristics are well known and familiar to
most professionals.

11.2 Moulded Case Circuit Breakers (MCCBSs)

Moulded Case Circuit Breakers (MCCBSs) or circuit breakers are commonly used for sub-main distributing loads
in switchgear. The variety and sizes available mean that they can be used in many circumstances where other
forms of devices would be unsuitable. Advances in the intelligence of these devices enable building owners to
monitor loads remotely and manage energy use better.

Some useful terms associated with circuit breakers are below.

Rated operational voltage (Ue)

The voltage at which the circuit-breaker has been designed to operate under normal conditions.

Rated current (l))

This is the maximum current that the circuit breaker can maintain, at ambient temperature, without exceeding
the ratings of the current carry parts of the device.

Frame size rating

If the circuit breaker can be fitted with varying sizes and ratings of overcurrent units, the frame size rating is a
figure corresponding to the maximum current setting and physical size the unit can adequately accept. Typical
frame sizes of MCCBs are: 100; 125; 250; 400; 630; 800; 1000 and 1250 A. In many applications, with long sub-
main cables and therefore volt drop, it is common that the size of the sub-main cable cannot be easily
terminated to the device, if it were selected for overcurrent rating alone. An example might be a 200A rated
circuit with a 185 mm2 4 core sub-main cable. In this case it would be prudent to specify a 400 A frame size with
a 200 A trip unit.

Overload relay trip-current setting (lrth or |r)
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Circuit breakers are commonly equipped with removable parts, such as interchangeable overcurrent-trip relays.

The trip relays are often adjustable with the trip-current setting (Ir or Irth) setting a value above which, the circuit
breaker will rupture. Details on the amount of adjustment available can be found from the manufacturer.

Short-circuit relay trip-current setting (|m)

Short-circuit tripping relays (instantaneous or slightly time-delayed) are intended to trip the circuit-breaker
rapidly on the occurrence of high values of fault current. Smaller devices have fixed values where larger

devices can often have adjustable values of |p.

Rated short-circuit breaking capacity (l¢y or len)

The short-circuit current-breaking rating of a circuit breaker is the maximum value of current that the circuit

breaker is capable of breaking without being damaged. The rated value (lcy) for industrial CBs and (l¢p) for
domestic-type CBs is normally given in kA and is often referred to as the ultimate breaking capacity.

Category (A or B) and rated short-time withstand current (|CW)

There are two categories of LV industrial switchgear within BS EN 60947-2, section 4.4; A and B.
Category A

Circuit breakers with no intentional short-time delay

Category B

Circuit breakers that, in order to discriminate with other devices in series, can be selectively adjusted; i.e. with
an intentional short-time delay

Rated short-circuit making capacity (|Cm)

The rated short-circuit making capacity of a circuit-breaker is the value of short-circuit making capacity assigned
to that circuit-breaker by the manufacturer for the rated operational voltage, at rated frequency and at a
specified power factor for a.c., or time constant for d.c.

In a.c. systems this instantaneous peak value is related to Icu (the rated breaking current) by the factor k,
which is dependant on the power factor (cos ¢) of the short-circuit current loop

Rated service short-circuit breaking capacity (|Cs)

The rated breaking capacity (ultimate breaking capacity) offers the maximum level of fault current the device
can safely handle, though in reality the chances of these extreme faults occurring are quite slim. More likely the
fault that occurs will be much lower than the maximum ultimate breaking capacity.

|cs is the value of rated short-circuit breaking capacity assigned to the device by the manufacturer as a
percentage of l¢y. lcs shall be at least equal to 25 % of |.
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11.3 Adjustable MCCBs

Many MCCBs have a variety of adjustments and settings that can be applied, to assist in providing protective
device ‘selectivity’ throughout the installation and a typical MCCB is illustrated in figure 4 below:

A
«—1—p Long-time current
Long-time delay
t(s)
Short-time I I
current Short-time
A delay
Y -« Instantaneous
I (A) >
Ir Im li Icu
Figure 4 - Tripping current ranges of low voltage MCCBs
Ir Overload (thermal or long-delay) relay trip-current setting
Im Short-circuit (magnetic or short-delay) relay trip-current setting
li Short-circuit instantaneous relay trip-current setting
Icu Breaking capacity

Moulded case circuit breakers are often found in installations where the maximum prospective short-circuit
currents are potentially very large. Many manufacturers now produce MCCBs with capacities in excess of 100
KA.

Where the downstream protective device is a fuse, many adjustable circuit breakers will need to have an 1%t
on/off function (sometimes referred to as in/out).

12t ‘On’, results in an inverse-time delay characteristic that most closely parallels time/current characteristics of
fuses.

2t ‘Off’, results in a constant delay characteristic that coordinates best with thermal-magnetic and electronic trip
circuit breakers.
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11.4 Air Circuit Breakers (ACBs)

Air Circuit Breakers (ACBs) are often used at the origin of larger installations due to their rating and ability to
withstand high levels of faults.

One consideration when selecting ACBs is the option of fixed or withdrawable type. Fixed ACBs are generally
less expensive than the withdrawable variety but offer additional challenges when it comes to maintenance and
safe isolation. A withdrawable ACB will not require isolation of the upstream protective device as there is no
need to access terminals or connections.

The withdrawable ACB will often require much more space within the low-voltage switchgear and in front of it
and may require additional control or auxiliary wiring.

With either type, adequate working space should be provided and manufacturers’ dimensions and
recommendations closely followed and adhered to.

11.5 Protection Modules

Where protection of offered by an ACB, this is usually incorporated in a separate protection module. These
modules are usually plugged into the ACB and eliminate the need for external protection systems.

11.6 Motor Protection Circuit Breakers (MPCB)

As their name implies, these circuit breakers are specifically designed for protection of motors, compressors and
other such motive power loads.

Similar to a typical MCCB, these devices offer additional protection against motor overload and phase loss in
balanced 3 phase systems.

11.7 Contactors

Contactors are solenoid operated switching devices, usually remotely operated, that are designed to undertake
repeated cycles of operation.

BS EN 60947-4-1:2010+A1:2012 (Contactors and motor-starters - Electromechanical contactors and motor-
starters) gives specific information about these devices.

11.8 Fuses

There are primarily two classes of low-voltage cartridge fuses, domestic and industrial applications. In domestic
(or small scale commercial installations) the typical classification is the gG type, whereas in industrial
installations, gM or aM are more often seen.

The first letter indicates the breaking range where:

g full-range breaking-capacity fuse-link
a partial-range breaking-capacity fuse-link
The second letter indicates the utilisation category. For example, a gG indicates fuse-links with a full-range

breaking capacity for general purpose where a gM indicates fuse-links with a full-range breaking capacity for the
protection of motor circuits.

Typically people refer to these as ‘BS 88 fuses’ or ‘HRC fuses’, though this standard is now withdrawn and has
been replaced with the BS HD 60269 series of documents for low voltage fuses.
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11.9 Earth Fault Protection

Earth fault protection is offered in two main ways, these are discussed in the following section.
11.9.1 Restricted Earth Fault Protection (REF)

The windings of many Delta / Star (D/Y) HV / LV transformers have their secondary (the LV side) protected
against earth fault by restricted earth fault protection (REF).

Under normal operation the sum of currents in the current transformers (CTs) to the neutral current transformer
(NCT) will equal 0 A. Should an earth fault exist, an amount of current will bypass the CT, showing a difference,
measuring this imbalance shows a fault exists and it can then be easily cleared. The fault detection zone is
confined to the area between the CTs, hence the term ‘restricted’ and this is illustrated in figure 5 below:

Fan
VL

Prany
VL
T
L TV

&
Figure 5 - Restricted earth fault relay protection schematic

As the isolation has to be undertaken by the HV device, before specifying REF protection it is essential to
ensure that the HV protective device and circuit breaker on the primary side of the transformer is capable of
remote tripping.

11.9.2 Unrestricted Earth Fault Protection

This method of protection is usually seen downstream of the incoming devices and is often an option on
MCCBs.

It can be difficult to coordinate the protection and to achieve electrical discrimination as the setting on the circuit
breaker is usually a percentage of the nominal current. If the setting of a 2000 A device was put to 20 % (400
A) and the downstream fuse was rated at 1000 A, then an earth fault in excess of 400 A will operate the
upstream circuit breaker.
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12 Back-up Protection

Typically installations and low voltage switchgear are designed to accommodate the fault currents at that given
point in a particular location, however in some cases the fault current will be higher than the kA rating of the
device(s).

One method to rectify this is to change the device to something more appropriate; i.e. by increasing the kA
rating.

Another option is to consider the use of back-up protection. The principle behind back-up protection, or
‘cascading’ as it is sometimes called, is that the upstream device protects the downstream device by limiting the
value of short-circuit energy let-through to a value that the downstream device can adequately cope with. An
adequately designed system based on back-up protection can save time, space and money by reducing the
possible fault currents seen at low-voltage switchgear further in the installation.

Back-up protection is best performed with manufacturer-supplied data; the easiest way to do this is using the
same manufacturer throughout an installation and obtaining their data for individual devices. This allows the
designer to select downstream devices with lower ratings than the initial calculations suggest, with lower ratings
often resulting in less expensive devices.

Regulation 536.1 of BS 7671 makes reference to back-up protection.
13 Discrimination

Electrical discrimination should be afforded between all protective devices. BS 7671 section 536 does not
specify the level at which discrimination should be set, merely that it should be present. The following section
offers guidance on how discrimination can be best achieved.

13.1 Fuses

One method of achieving discrimination when fuses are employed is using the 2:1 rule whereby the upstream
device is 2 times higher rated or more than the downstream device, as can be seen in Figure 6:

800 A 400 A | 63 A

Figure 1 - Electrical discrimination

Coordinating fuses is a relatively simple process as long as a figure for pre-arcing and total operating I’t is
available. The pre-arcing value is related to the amount of energy needed to make the fuse element melt, the
total operating value is the total energy needed to rupture the device.

Essentially discrimination shall be achieved if the pre-arcing value of the upstream device exceeds the total
operating value of the downstream device.

The example shown in Figure 7 below suggests that discrimination cannot be achieved between a 100 A and an
80 A fuse but is achieved between a 125 A and an 80 A device.

These figures are purely indicative and accurate information should be sought from the device manufacturer.

It is important to stress that discrimination is different from back-up protection and the two must not be
confused.
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Total operating I

I Pre-arcing It

Fuse rating in Amps~-
30 63 80 100 125

Figure 7 - Example pre-arcing and total operating I°t values of fuses

13.2 Circuit Breakers

Unlike fuses, discrimination between circuit breakers is often harder to achieve. Use of software to model the
device characteristics is advised (providing the technical details are up to date). If the installation is using the
same protective device manufacturer throughout, this information should be readily available from the
manufacturer. Figure 8 shows two different moulded case circuit breakers achieving discrimination in the
computer software ‘design genie’, this is an electrical design software package that can be purchased from via
ECA.

The 2:1 ratio should be suitable for the thermal tripping mechanism but it does not apply to the electromagnetic
instantaneous trip mechanism.

One way to ensure discrimination is to plot the characteristics of the two devices (or more) on a sheet of log-log
graph paper to see how much discrimination is offered.
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Figure 8 - Two different moulded case circuit breakers modelled in ‘designgenie’ to obtain a
discrimination analysis

13.3

Discrimination Between HV and LV

Discrimination between the HV and LV switchgear is not always essential, especially if the transformer is
feeding an individual installation, as tripping the HV device will not necessarily cause any additional issues with
the LV system. It may be worth considering discrimination for the following reasons:

It can help determine the location of the fault

It can prevent unnecessary tripping of the HV circuit (useful where the client does not have access to
the substation)

HV switchgear is often built to ENATS 41-26 and is often only rated for 5 fault disconnections, therefore
each fault will reduce the life of the HV switch by 20 percent

Even should the client have access and control over the HV switchgear, it is often much more
convenient to restore low-voltage devices
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14 Switches

14.1 3 Pole Versus 4 pole Switching

Generally both incoming and outgoing devices within the LV switchboard shall comprise 3 pole switching with a
removable neutral link, though there are some exceptions to this, such as:

e OnTT and IT systems the isolation device at the origin of the installation is required to be 4 pole. This
device will usually be the incoming device at the LV switchboard

e Where stand-by generators are installed, the Distribution Network Operator (DNO) may require 4 pole
isolation. This is particularly the case when the supply transformer serves more than one user

On installations where a stand-by generator and a UPS system are installed, considerations need to be given to
ensure that the installation’s neutral remains referenced to earth when both the generator incomer and mains
incomer are open. This situation will occur immediately after mains failure / opening of the mains incomer, and
will continue during the time the generator is running up to speed until the generator incomer closes.

The consequences of the neutral becoming unreferenced, are that the voltage across each line and at the
neutral point to earth will be determined by the load currents in each phase.

On unbalanced systems this will cause at least one of the phases to develop a higher voltage than if referenced
to earth. In extreme cases this can approach the line voltage (i.e. 400 volts).

Use of 3 pole switching to one or more of the incomers, change-over contacts or bus switch can overcome the
problem.

14.2 Bus Switches

Bus switches, or bus couplers, are often used where an installation has an inherent risk of loss of supply or
where such a loss will be critical to the installation. In this case separate, two or more bus bars can be
connected together to provide additional security against power loss.

ACBs are the common method of connected bus switches and can be provided with or without protection. Were
no protection is provided; this is generally termed ‘non-auto’ operation.
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15 Power Factor Correction (PFC) Equipment

Implementation of power factor correction (PFC) can have significant cost benefits on clients’ installations.
Power factor issues occur when the voltage and current sine wave are out of phase, most likely due to the use
of inductive equipment.

The most common method to correct this imbalance is to employ the use of capacitors, often in the low-voltage
switchgear. This can often reduce wasted space and reduce cabling costs.

However, on low-voltage switchgear with close coupled transformers, when capacitors are switched, the
capacitor(s) and transformer(s) reactance’s can cause resonance to occur, leading to overvoltages. These
overvoltages can cause tremendous harm to capacitors and even cause them to fail, emitting dense smoke
which can induce a flashover.

The preferred method, on packaged substations, to protect against this is to locate any PFC equipment away
from the switchboard.

Two ways that can be adopted to minimise this are:
1 - Place impedance between the capacitors and the transformers.

Where the transformer is remote from the switchboard and / or the PFC unit is external from the switchboard,
the transformer tails and / or the PFC cable add additional impedance.

2 - Use a pre-insert resistor to capacitor contactors.

These can be attached to contactors specifically designed for capacitor switching. At the time of switching, a
resistor is placed in series with the load, and is then removed, reducing in-rush current.
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16 Lightning Protection Systems (LPS) and Surge
Protection Devices (SPD)

Many installations require the additional of LPSs and SPDs, these can be incorporated into the low-voltage
switchgear to protect the building, the assembly and in many cases, to be connected to the main earth terminal.

16.1 LPS

Lighting protection systems should be designed and installed in accordance with the BS EN 62305 2011 -
Protection against lightning, series of sta