UNIT ELTK 04a

Understanding the
principles of planning and
selection for the installation
of electrotechnical
equipment and
systems
An installation must be protected from overload or fault current and
users of an installation must be protected from the risk of electric
shock or fire. Selecting the correct cable types and sizes to meet the
installation’s requirements and environment is vital.
This unit will look at the different supply systems in use throughout
the UK and the relevant protective measures used.
This unit covers four learning outcomes:
■■ Understand the characteristics and applications of consumer
supply systems
■■ Understand the principles of internal and external earthing
arrangements for electrical installations
■■ Understand the principles for selecting cables and circuit
protection devices
■■ Understand the principles for selecting wiring systems, enclosures
and equipment.
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K1. Understand the characteristics
and applications of consumer supply
systems
In this unit, you will be introduced to the different supply systems
in use throughout the UK and the relevant protective measures
that we need to put in place. By connecting to earth all metalwork
not intended to carry current, a path is provided for leakage
current which can be detected and interrupted by fuses, circuit
breakers and residual current devices.
In terms of protection, the installation must be protected from
overload or fault current and users of an installation must be
protected from the risk of electric shock or fire.
As regards the installation, we need to select the correct cable
types and sizes to meet the installation requirements in line with
the environment that they will be installed in. We then control
and protect the installation as heavy currents that are not
disconnected generate heat that can damage equipment, distort
busbars, degrade insulation and possibly start a fire.

Characteristics and applications of
earthing arrangements and supply
systems
Chapter 31 of BS 7671, Regulation 312 deals with conductor
arrangement and system earthing and goes on to classify the types
of system earthing using a series of letters as shown in Table 4.01.
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First Letter (Relationship between supply and earth)
T

The supply is connected directly to earth (‘T’ coming from the Latin word terra, meaning earth) at one or more points

I

The supply is isolated from earth, or one point is connected to earth through a high impedance

Second Letter (Relationship between earth and the exposed-conductive parts of the installation)
N

Direct electrical connection of the exposed-conductive-parts to the earthed point of the supply system (Remember
that for a.c. systems, the earthed point of the supply system is normally the neutral point)

T

Direct electrical connection of exposed-conductive-parts to earth, independent of the earthing of any point of the
supply system

Subsequent letters (The arrangement of neutral and protective conductors)
C

The neutral and protective functions are combined in a single conductor (the PEN conductor)

S

The protective function provided by a conductor separate from the neutral conductor or from the earthed line (or, in
a.c. systems, earthed phase) conductor.

Table 4.01 Classifications of system earthing arrangements

The most common variations of these letter codes are shown as
follows:

TT system
For this system
●●

●●

The first letter T means that the supply is connected directly
to earth at the source (e.g. the generator or transformer at one
or more points).
The second letter T means that the exposed metalwork of the
installation is connected to the earth by a separate earth
electrode. The only connection between these two points is the
general mass of earth (e.g. soil etc.) as shown in Figure 4.01.

This system is used where the customer installation has not been
provided with an earth terminal by the electricity supply
company. Although it can also be provided as an underground
cable it is most commonly used in rural areas where there is often
an overhead supply.
A typical consumer’s intake position for a TT system is shown in
Figure 4.02, where the RCD is external to the consumer unit. On
more modern installations the RCD is included as part of the
consumer unit.
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consumer’s installation

supply authority
equipment
secondary
winding of
supply
transformer

consumer unit (CCU)

overhead line

line conductor

L
O
A
D

RCD

neutral conductor

customer’s
main earthing
terminal

distributor’s
earth electrode

return path through general mass of earth

earthing
conductor
customer’s
earth electrode

Figure 4.01 TT earthing system

TN-S system
Metal water and
gas pipes

Meter tails

RCD

For this system:
●●

RCBOs
●●

Main switch

Gas meter
●●

Overhead
supply
Incoming water and
gas services
Consumer’s
earth electrode

Figure 4.02 Typical consumer’s intake position for a TT system

 means that the supply
T
is connected directly to
earth at one or more
points.
N means that the
exposed metalwork of
the installation is
connected directly to the
earthing point of the
supply.
S means that separate
neutral and protective
conductors are being
used throughout the
system from the supply
transformer all the way
to the final circuit, to
provide the earth
connection as shown in
Figure 4.03.
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consumer’s installation
secondary winding of
supply transformer

supply authority
equipment

consumer unit (CCU)

load

line conductor
neutral conductor
protective conductor
main earthing
terminal

distributor’s
earth electrode
earthing conductor

Figure 4.03 TN-S earthing system

This is probably the most
common system in the
UK. The earth connection
is usually through the
sheath or armouring of the
supply cable and then by a
separate conductor within
the installation. As a
conductor is used
throughout the whole
system to provide a return
path for the earth-fault
current, the return path
should have a low value of
impedance.
A typical consumer’s intake
position for a TN-S system
is shown in Figure 4.04.

cpc

Meter tails

RCBOs

Main switch

16 mm2
Main earthing terminal (MET)

2

10 mm

Incoming water and
gas services

Figure 4.04 TN-S earthing system with metallic earth-return path
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TN-C-S system (PME)
For this system:
●●

●●

●●

●●

T means the supply is connected directly to earth at one or
more points.
N means the exposed metalwork of the installation is
connected directly to the earthing point of the supply.
C means that for some part of the system (generally in the
supply section) the functions of neutral conductor and earth
conductor are combined in a single common conductor.
S means that for some part of the system (generally in the
installation), the functions of neutral and earth are performed
by separate conductors.

This system is shown in Figure 4.05.

secondary winding of
supply transformer

underground single-core
concentric cable

consumer
unit (CCU)
supply authority
equipment

consumer’s
installation

load

line conductor
combined neutral and
earth (PEN) conductor

distributor’s earth electrodes

main earthing terminal

Figure 4.05 TN-C-S protective multiple earthing (PME) system

In a TN-C-S system, the supply uses a common conductor for
both the neutral and the earth. This combined conductor is
commonly known as the Protective Earthed Neutral (PEN) or
also sometimes as the Combined Neutral and Earth (CNE)
conductor.
The supply PEN is required to be earthed at several points, this
type of system is also known as Protective Multiple Earthing
(PME). As shown in Figure 4.05, this effectively means the
distribution system is TN-C and that the consumer’s installation
is TN-S; this combination therefore giving us a TN-C-S system.
A typical consumer’s intake position for a TN-C-S system is
shown in Figure 4.06.
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Protective Multiple Earthing (PME)
cpc or cpcs

As discussed on page 6, this
system of earthing is used on
TN-C-S systems; it is an
extremely reliable system and
is consequently becoming
more common as a
distribution system in the UK.
With the PME system, the
neutral of the incoming
supply is used as the earth
point and all cpcs connect all
metal work, in the
installation to be protected,
to the consumer’s earth
terminal.

RCBOs

Main switch
2

16 mm
MET

2

10 mm

2

10 mm

Consequently, all line-toearth-faults are converted
into line-to-neutral faults,
Figure 4.06 TN-C-S earthing-system
which ensures that a heavier
current will flow under fault
conditions and protective devices operate rapidly.

Incoming water and
gas services

However this increase in fault current may produce two hazards:
1. The increased fault current results in an enhanced fire risk
during the time the protective device takes to operate.
2. If the neutral conductor ever rose to a dangerous potential
relative to earth, then the resultant shock risk would extend to
all the protected metalwork on every installation that is
connected to this particular supply distribution network.
Because of these possible hazards, certain conditions are laid
down before a PME system is used. These include the following:
●●

●●

●●

●●

PME can only be installed by the supply company if the supply
system and the installations it will feed meet certain requirements.
The neutral conductor must be earthed at a number of points
along its length. It is this action that gives rise to the name
‘multiple’ earthing.
The neutral conductor must have no fuse or other link that
can break the neutral path.
Where PME conditions apply, the main equipotential bonding
conductor must be selected in accordance with the neutral
conductor of the supply and Table 54.8 of BS 7671.
7
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IT system
With the IT system, all exposed-conductive parts within the
consumer’s installation are connected to earth via an earth
electrode. The supply is then either connected to earth via a
deliberate impedance (about 1.5 kΩ) or is isolated from earth.
The consumer therefore provides their own connection to earth.
For this reason IT systems are not allowed in the public supply
system in the UK.
As the system calls for fault tracking and elimination, insulation
monitoring devices (IMD) are required. In many countries, the
unearthed neutral is used whenever continuity of service is
essential or when human life is at stake (e.g. hospitals). The
method can also be used where a supply for special purposes is
taken from a private generator.
Working life
While you are checking the specification with the consulting engineer you notice he
has specified the supply as TN-S. From the site supply intake you know the supply
earthing system is TN-C-S. What difference will this oversight make to:
1. The earthing arrangement?
2. The size of earthing and protective equipotential bonding conductors selected?

Supply systems
In 1988 the EU passed legislation to harmonise voltage levels
between phase and neutral conductors throughout Europe to
230 V, and the UK supply regulations were amended to reflect
this change. (Before this the European nominal voltage was
220 V and the UK voltage was 240 V.)
Effective from 1995, the 1988 agreement states a voltage
tolerance of 230 V +10% – 6%, which gives us an effective range
of 216 V – 253 V. This allows the European system to stay at
220 V and the UK to stay at 240 V, yet both are apparently
harmonised!
Due to these tolerances, suppliers of electricity have been able to
satisfy supply voltage regulations without altering their supply
voltages and in many parts of the UK you will find the nominal
supply voltage is still 240 V.
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Most equipment is designed to operate satisfactorily between
230 V and 240 V. However, if an item is designed to operate at
less than 240 V, and then used on a 240 V supply then this could
cause it to operate at a reduced efficiency, use more power or
operate at a higher temperature and subsequently reduce
operational life.
Example

As an example to illustrate this concept, consider a 3 kW fan heater which
had been specifically designed to operate at 230 V.
Applying Ohm’s Law we can say that if P = V ÷ I,
Then I = P ÷ V giving a current of 13 A.
However, if the fan heater is supplied with 240 V and we again apply Ohm’s
Law we can see that the power is increased:

Remember
Electricity generation and
distribution will be discussed
more thoroughly in Unit
ELTK 08 of this book.

P = V × I = 240 × 13 = 3.1 kW

Single-phase supply
In general, most domestic installations in the UK are provided
with a single-phase supply; the most modern ones being rated at
80 A where there is no electric heating or 100 A where there is.
This capacity is normally more than adequate to meet the lighting
and small power needs of a domestic or small commercial user.
Single-phase means that the premises are supplied by a 2 core
(1× line plus neutral) cable at 230 V.

Three-phase supply
Where commercial or industrial installations require a larger
capacity, it is normal for a three-phase supply to be provided.
Three-phase means 3 × line plus neutral and this would normally
be supplied at 400 V for premises of this type.
With a three-phase installation, when we have a balanced threephase load there is no current flowing in the neutral. This is why
three-phase motors have only three conductors to their supply
and all line conductors can be of the same cross-sectional area.
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Three-phase and neutral
That said, most supplies to commercial or industrial properties
will be three-phase and neutral. This allows for current flow in
the neutral, should the load be unbalanced, and also allows the
connection of single-phase loads (line and neutral).

Supply systems summary
With the arrangements of current-carrying conductors under
normal operating conditions taken into account in Chapter 31 of
BS 7671, we can summarise the most common systems as shown
in Table 4.02.
Three-phase and
neutral

400 V

4 wire

Commercial/industrial
installations

Single-phase and
neutral

230 V

2 wire

Domestic/light commercial
installations

Three-phase

400 V

3 wire

Motors

Table 4.02 Common supply systems

Provision for isolation and switching
With all electrical supplies it is important to have a means of
control. Chapter 53 of BS 7671 covers requirements for
protection, isolation, switching and control with Table 53.4
giving guidance on the selection of protective, isolation and
switching devices. Overcurrent and earth-fault protection will be
covered in detail on pages 26–44. This section will look at
isolation and switching.
BS 7671 makes the following definitions:
●●

●●
●●

Isolation – the ability to cut off, for safety reasons, all or part
of an installation from every source of electrical energy
Isolator – the device used to achieve isolation
Switches – mechanical devices capable of carrying, making
and breaking current under normal conditions.

Regulation 537.1.3 clearly states that every installation shall have
provision for disconnection from the supply. Regulation 537.1.4
requires that a main linked switch or linked circuit-breaker shall
be provided as near as practicable to the origin of every
installation as a means of switching the supply on load and as a
means of isolation.
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In a domestic or similar type of single-phase installation, such a
main switch intended for operation by ordinary persons must
interrupt both live conductors of the single-phase supply. This is
often done by the main switch in the consumer unit as shown in
Figures 4.02 to 4.06 (pages 4–7).

Switching for isolation

Remember

BS 7671 requires that every circuit shall be capable of being
isolated from both live conductors and that a suitable means shall
be provided to prevent the circuit from being accidentally
re-energised.

There is a clear process that
must be followed for safe
isolation which is covered fully
in Unit ELTK 01 in Book A.

With a consumer unit this is done by using a non-interchangeable
lock and key with the key held by the person carrying out the
work. For a fused connection unit, for example supplying a
wall-mounted heater, the fuses should be removed and kept by
the person doing the work.
Devices that may be used for isolation include BS 88 and
BS 1362 fuses, circuit breakers, RCDs, plugs and socket outlets,
lighting support couplers and fused connection units.

Switching for mechanical maintenance
The main requirement for mechanical maintenance is to provide
a means of switching off the supply where the work on electrically
powered equipment could involve a risk of injury.
The requirements are similar to that of isolation, but Regulation
537.3.2.1 requires that any switch provided in the supply circuit
for the purpose of switching off for mechanical maintenance must
be capable of carrying the full load current.

Emergency switching
BS 7671 defines emergency switching as being a single action that
removes any unexpected danger as quickly as possible from any
part of an installation where it is deemed necessary.
Where there is a risk of electric shock, such a device must be an
isolating device capable of breaking all live conductors. Devices
for emergency switching must therefore be capable of breaking
the full load current.

Safety tip
Devices should be hand
operated. An emergency push
button that disconnects supplies
via a contactor is permitted,
however, the release of an
emergency switch must not
re-energise the supply to that
part of the installation.
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Functional switching
This is defined as being the switching on or off of all or part of an
installation as part of normal operating procedures.
Consequently, (for example with light switches) such switches do
not necessarily disconnect all live conductors, but they must be
capable of handling the heaviest loads (Regulation 537.5.2.1).

Firefighter’s switches
These are red switches for operation by firefighters and are
required in the low voltage circuits supplying exterior installations
and/or interior discharge lighting, where both operate in excess of
low voltage.
For interior installations they must be mounted in the main
entrance of the building and for exterior installations in a
conspicuous location, accessible to firefighters and no higher than
2.75 m above the ground.
Progress check
1

Explain the difference between the following supply earthing systems:
• TN-S
• TN-C-S
• TT

2

Briefly state where single- and three-phase supplies are utilised.

3

Identify the types of switching classified in BS 7671.
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K2. Understand the principles of
internal and external earthing
arrangements for electrical
installations
Remember

Key principles relating to earthing
and bonding
In measuring electrical supply, we reference potential against the
potential of the earth and the standard UK domestic supply has a
potential of 230 V.

You will hear the phrase
‘potential difference’ used when
discussing electricity. It may
therefore be wise to read this
section in conjunction with Unit
ELTK 08, which covers the
science and scientific concepts.

By this we mean the difference in potential between the supply
(230 V) and the general planet earth, which is taken as being at
zero potential (0 V). There must be a difference in potential for a
current to flow.
The earth is therefore an important part of the UK supply system,
as we make a connection between the two at the supply
transformer, where the neutral conductor is connected to the star
point of the transformer. This in turn is connected to earth using
an earth electrode or the metal sheath and armouring of a buried
cable. This effectively removes the chance of a ‘floating’ neutral
and locks it to zero potential, in other words 0 V.

Key term
‘Floating’ neutral – where the
star point of the transformer is
not connected to the general
mass of earth

Using the 230 V domestic situation as a basic reference point, we
have a 3 wire supply system where:
●●

●●

●●

one conductor (Line) is at a ‘high’ potential and ‘supplies’ the
property
one conductor (Neutral) is maintained at zero potential
because of its connection to the star point of the transformer
where it therefore acts as a ‘return’ conductor and thus gives
us our potential difference (230 V–0 V)
one conductor is directly connected to earth and not intended
to normally carry current.

If someone were to touch a live conductor then they would
complete the electrical circuit and a current would flow through
the person, the floor and through the actual earth back to the
supply transformer via one or more earth connections of the
transformer neutral. Should a fault occur, the current will always
head for earth, taking the easiest route it can find to get there.
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Example

If someone came into
contact with both an
un-earthed exposedconductive-part (e.g. steel
conduit or steel trunking)
which has become live under
fault conditions and an
earthed extraneousconductive-part (e.g. a metal
water pipe), then a serious
shock could result because
of the difference in potential
between the two pieces of
metalwork.

However, if we were to connect all such metalwork together and
then connect it to earth using our third conductor, it would all be
at 0 V.
This is the principle of bonding, and if the same fault situation
now occurred, all the connected metalwork would rise to the
same potential, and as there is no potential difference (because all
are at equal potential) then there will be no dangerous ‘shock’
current.
By this connection of an extraneous-conductive part or an
exposed-conductive part to earth using a protective conductor, we
are providing a path for the fault current, which can then be
detected and interrupted by protective devices such as fuses or
circuit-breakers. We can therefore say in terms of protection that
this path is called the earth-fault loop.
●●

●●

The purpose of ‘protective’ earthing is to limit the duration of
a fault (to allow a protective device to operate)
The purpose of ‘protective’ bonding is to limit the size of the
fault by equalising potential (this is also known as
equipotential bonding).

The earth-fault loop
Figure 4.07 shows the path taken by the fault current. We call
this the earth-fault loop, which, starting from the point of the
fault, comprises:
●●
●●

●●

●●

●●

the circuit protective conductor (cpc)
the consumer’s main earth terminal (MET) and earth
conductor
the return path (this may be via electrodes or the cable
armouring/sheath)
the earthed neutral of the supply transformer and then the
transformer winding (phase)
the line conductor.

In the event of a fault, the protective device needs to operate as
quickly as possible. Its ability to do this will be affected by the
size of the fault current. This, in turn, is affected by the value of
the combined resistances within the earth-fault loop. We
therefore need this value to be as low as possible.
As the loop includes the resistance of the conductors and
sheath in the loop plus the inductive effect of the transformer
windings, we call this total system value the earth-fault loop
impedance (ZS).
14
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We can calculate ZS by
either:
1. Direct
measurement using
an earth-fault loop
impedance tester
(see Unit ELTK 06
pages 114–118)

Supply generator/transformer

Star
point
(earthed
neutral)

Ze

R1
L

2. Calculation

Fault
N

We can calculate the
value of ZS with the
following formula:

R2

ZS = Ze + (R1 + R2)
Where:
●●

●●
●●

Supply

company
Ze is that part of the
circuit
loop impedance that
is external to the
Figure 4.07 Earth-fault loop path
consumer’s
installation (and
therefore depends on the earthing system used e.g. TN-C-S)
R1 is the resistance of the line conductor
R2 is the resistance of the circuit protective conductor.

Circuit cpc

Consumer’s
circuit

We can either obtain the values of R1 and R2 during the
continuity testing stage (see Unit ELTK 06) or by making
reference to Table 9A within the IET On Site Guide, which gives
values of resistance/metre (at 20°C) for conductors up to 50mm2.
Ze can be obtained by measurement, calculation or asking the
DNO (Distribution Network Operator), where typical maximum
values for Ze given by a DNO are shown in Table 4.03.
TN-C-S (PME)

0.35 Ω

TN-S

0.80 Ω

TT

21.00 Ω

Table 4.03 Typical maximum values for Ze given by a DNO
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Here is a typical ZS calculation.
Example

An instantaneous water heater is fed, through an area of ambient temperature 20°C, by a 10 m length of 6 mm2
PVC/PVC twin and earth cable, the cpc being 4 mm2.
The installation is supplied via a TN-C-S system and the DNO advise you that the value of Ze is 0.35 Ω. Your circuit
is protected by a 32 A Type B MCB.
Will your value of ZS be acceptable?
ZS = Ze + (R1 + R2)
We have been given the value of Ze as 0.35 Ω and using the values in Table 9A of the OSG, a 6 mm2 + 4 mm2 cpc
cable has an R1 + R2 value of 7.69 mΩ/m. We must therefore remember to convert mΩ to Ω by dividing by 1000
and also to multiply by the length of run.
 7.69

Therefore, R1 + R2 = 
×10 = 0.0769 Ω
1000

We must now consider the multiplier values of Table 9C of the OSG that must be applied to give conductor
resistance at maximum operating temperature. Our cable is 70°C thermoplastic with an incorporated cpc,
therefore the multiplier will be 1.20.
Therefore, our total value for R1 + R2 will be 0.0769 × 1.2 = 0.0923 Ω
If ZS = Ze + (R1 + R2)
Then ZS = 0.35 + 0.0923 = 0.442 Ω
We now compare our value of ZS with the appropriate tables in BS 7671 (Tables 41.2 and 41.3). For a circuit
breaker the table will be 41.3 and for a 32 A Type B MCB the maximum permitted value of ZS is 1.44 Ω.
The calculated value of ZS (0.442 Ω) is acceptable to meet required disconnection times.

Results of an unearthed appliance
We now know that by bonding together exposed-conductive parts
(e.g. conduit, trunking, equipment housings) and extraneousconductive parts (e.g. metallic gas and water pipes, radiators) and
then connecting them to earth, we can begin to offer protection
from shock, as the path formed will carry any leakage current
which can then be detected and interrupted by protective devices
such as fuses, circuit breakers and residual current devices.
This ability to detect and interrupt current is affected by the value
of the impedance within the earth-fault loop. If the value of the
earth-fault loop impedance is low enough then a fault current will
operate the protective device.
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The danger of
having unearthed
equipment is shown
in Figure 4.08.

fault to appliance casing
fuse

Current only flows
earthed
when there is a
neutral
difference in
consumer’s terminals
potential.
Therefore, as shown
in Figure 4.08,
should a fault occur
and the case of the
appliance become
Figure 4.08 Electric shock
live, then it has a
potential of 230 V.
If a person now
fault to appliance casing
touches the case
high current
blows fuse
and they are
distributors’
earth
standing on the
electrode
ground (the ground
consumer’s terminals
has a potential of
A
0 V) then they
return path through general mass of earth
complete the circuit
to earth. This
Figure 4.09 Good earth path
creates a potential
difference and the current will flow through the person to earth
giving them an electric shock.
Figure 4.09 shows that, when a low resistance earth path is in
place, it will allow a high current to flow, thus causing the
protective device to operate quickly, which isolates the circuit and
provides protection against electric shock.

Lightning protection
The protection of buildings and structures against lightning
involves connecting various conductive parts to earth, hence its
inclusion in this unit.
British Standard Code of Practice 326 (1965) and BS 6651
(1990) are the documents that cover the requirements for
lightning protection and this type of installation is very specialised
and is not something you would normally be involved with;
however, an appreciation of the main requirements is useful.

earth

good low
resistance
earth path

Working life

Your company is working on a
block of flats. The landlord asks
you what all the green and
yellow wires are in both the
bathroom areas of the flats and
the service intakes to electricity,
water and gas. The landlord
also asks you why they are all
different sizes and wonders if
this will be a problem.
1. How would you explain the
purpose of the cables?
2. What illustrations could be
used to make your
explanation easier?
3. How can you explain the size
differences in the cables?
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What are lightning storms?
There are millions of lightning storms in the world every year, yet
we are still unclear exactly how and when they form.

Did you know?
Thunder is the shockwave
radiating away from the strike
path.

Generally it is believed that cooled water carried by the wind
collides with ice crystals in the clouds, some of which form a slush.
The heavier slush becomes negatively charged and the remaining
ice crystals become slightly positively charged and rise to the top of
the cloud. This separation of charges increases until there is
sufficient potential difference to cause a lightning discharge.
Lightning rapidly heats the air in its immediate vicinity to about
20 000°C (about three times the temperature of the surface of the
Sun). The sudden heating effect and the expansion of heated air
causes a supersonic shock wave in the surrounding clear air. It is
this shock wave, once it decays to an acoustic wave, that we hear
as thunder.

Effects of lightning
The discharge current created when lightning strikes a lightning
conductor can be as high as 200 000 amps, which produces
electrical, mechanical and thermal effects.
●●

The electrical effects happen when the lightning conductor’s
potential with respect to earth becomes very high and there is
‘flash-over’ to other metalwork in the structure itself.
●● The mechanical effects are caused by air pressure
waves when the lightning first strikes or by the high
discharge currents flowing to earth, which can cause
large mechanical forces to be exerted on to the
conductor, its fixings and supports.
●● The thermal effects are caused by the rise in
temperature of the lightning conductor. When the
lightning strike happens, a high value of current
flows, but only for a short time and the effect on the
system is normally negligible.

Figure 4.10 Lightning storms can be both
dramatic and dangerous

A lightning protective system typically consists of a
network of conductors (copper or aluminium)
positioned along the roof and/or walls of a structure at
specified distances. These are bonded to other parts of
the structure such as radio and TV masts, and
ultimately connected to a common point discharging to
earth. The maximum resistance of this network of
conductors should not exceed 10 ohms.
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Key principles relating to the
protection of electrical systems
To understand the key principles of protection in electrical
systems, it is important that you know what you need protecting
from. BS 7671 Part 4 answers this by providing guidance on the
following:
●●
●●
●●
●●

Chapter 41 – Protection against electric shock
Chapter 42 – Protection against thermal effects
Chapter 43 – Protection against overcurrent
Chapter 44 – Protection against voltage disturbance and
electromagnetic disturbance.

Protection against electric shock
BS EN 61140 is a basic safety standard that applies to the
protection of persons and livestock. It states that the fundamental
rule of protection against electric shock is that hazardous-liveparts shall not be accessible, and that accessible conductive parts
shall not be hazardous-live, either in use without a fault, or in
single fault conditions.
To comply with this and to ensure protection against electric
shock, we could do something obvious such as insulating live
parts. This is good, but in the event of a fault there must be some
additional means of protection. BS 7671 Chapter 41 therefore
states that we must provide the following two levels of protection
for persons and livestock:
●●

●●

Basic protection – protection when in normal use, i.e.
without a fault
Fault protection – protection under fault conditions.

To meet these levels of protection, BS 7671 Regulation 410.3.2
defines what must be in a protective measure, namely it shall
consist of:
●●

●●

an appropriate combination of provision for basic protection
and an independent provision for fault protection or;
an enhanced protective provision (e.g. reinforced insulation)
that provides both basic and fault protection.

Before we consider these measures we should become familiar
with the following definitions:
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●●

●●

●●

Exposed-conductive part – these are the conductive parts of
an installation that can be touched and, although not normally
live, could become live under fault conditions. Examples of
these are metal casings of appliances such as kettles and ovens
or wiring enclosures such as steel conduit, trunking or tray
plates.
Extraneous-conductive part – these are the conductive
parts within a building that don’t form part of the electrical
installation, but they could become live under fault conditions.
Examples of these are copper water and gas pipes and metal
air conditioning system ductwork.
Live part – a conductor or conductive part that is meant to be
live in normal use. This includes a neutral conductor.

BS 7671 Regulation 410.3.3 then requires that in each part of an
installation, one or more protective measures shall be applied,
bearing in mind the external influences. Generally, the following
measures are permitted:
●●
●●
●●
●●

Automatic Disconnection of Supply (ADS)
Double or reinforced insulation
Electrical separation from one item of current using equipment
Extra Low Voltage (SELV and PELV).

In electrical installations Automatic Disconnection of Supply will
probably be the most commonly used protective measure as it
provides both basic and fault protection.
The requirements for basic and fault protection are given in the
respective regulations for each of the protective measures. The
following information is given as a guide, with the particular
section or regulation within BS 7671 shown in brackets.

Automatic Disconnection of Supply (ADS) (411)
Automatic Disconnection of Supply (ADS) is a protective
measure that provides both basic and fault protection as follows:
●●

●●

Basic protection is given by basic insulation of live parts
(416.1), barriers and enclosures (416.2) or, where appropriate,
by obstacles (417.2)or placing out of reach (417.3).
Fault protection is given by protective earthing (411.3.1.1),
protective equipotential bonding (411.3.1.2) and by
automatically disconnecting the supply in the event of a fault.

20
Installing Electrotechnical Systems and Equipment_Book B.indb 20

12/09/2011 10:55:41

Unit ELTK 04a

Be aware that protection
by obstacles and placing
out of reach is only
providing basic
protection and therefore
only to be used in
installations that are
under the control or
supervision of a skilled
person (417.1 and
410.3.5).

Protective
bonding
conductors

Circuit
protective
conductors

In terms of fault
Main
protection, ‘protective
earthing
terminal
earthing’ is where
exposed-conductive parts
are connected to the
Earthing
conductor
protective earthing
Incoming water and gas
terminal by means of the
services
Means of
circuit protective
earthing
conductors (cpc).
Protective equipotential
Figure 4.11 Circuit protective conductors (cpc) and their connection points
bonding is the
interconnection of
extraneous-conductive parts that are then connected to the
protective earth terminal by means of protective bonding
conductors. These conductors and their connection points are
shown in Figure 4.11.
In order that ADS can automatically disconnect the supply, there
needs to be a large enough earth fault current to operate the
protective device (e.g. fuse, circuit breaker, RCD) within the
times specified in Table 41.1 of BS 7671.
However, on a.c. systems for use by ordinary persons and for
general use, we must provide ‘additional protection’ (411.3.3) for
socket outlets with a rated current not exceeding 20 A. This
additional protection is afforded by the use of a 30 mA RCD that
must operate within 40 ms (415.1.1). The same applies to mobile
equipment with a current rating not exceeding 32 A for use
outdoors.
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However, there are exceptions to the socket requirement:
●●

●●

●●

socket outlets that are to be used under the supervision of a
skilled or instructed person
socket outlets labelled or identified as being only for use with a
particular piece of equipment, such as a fridge-freezer
minor works associated with existing socket outlet circuits not
provided with additional protection by means of an RCD
where the designer is satisfied that there would be no increased
risk from the installation of the addition or alteration. The
decision being recorded under part 2 of the Minor Works
Certificate or the comments section of the Electrical
Installation Certificate.

Double (supplementary) or reinforced
insulation (412)
These are protective measures where:
●●

●●

basic protection is given by basic insulation and fault
protection by supplementary insulation; or
both basic and fault protection are given by reinforced
insulation between live parts and accessible parts.

In other words the protection is achieved because the piece of
equipment has no exposed metal parts that a dangerous voltage
could appear on (Class II ). Although it is unlikely, where this
protective measure is to be the only protective measure (that is
the whole circuit consists entirely of equipment with double or
reinforced insulation) then the circuit must be under effective
supervision in normal use to make sure nothing can affect the
protection.
This means that it cannot be used in a circuit where the user
could change a piece of equipment without authorisation and
therefore cannot be used where socket outlets, light support
couplers or cable couplers would be used (412.1.3).

Electrical separation (413)
This is a protective measure where:
●●

●●

basic protection is given by basic insulation of live parts or by
barriers and enclosures (416); and
fault protection is given by simple separation of the separated
circuit from other circuits and earth.
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To comply with fault protection requirements, the voltage of the
separated circuit shall not exceed 500 V (413.3.2) and it is
recommended that such circuits are in separate wiring systems
(413.3.5) and no exposed-conductive part shall be connected to
either the protective conductor or exposed-conductive parts of
other circuits, or to earth (413.3.6).

Extra low voltage provided by SELV or PELV (414)
This is a protective measure consisting of either SELV or PELV,
where both basic and fault protection are given when:
●●

●●

the nominal voltage cannot exceed the upper limit of Band 1
voltage (414.1.1), i.e. 50 V a.c. or 120 V d.c.
the supply is taken from one of the sources listed in Regulation
414.3 and the conditions of Regulation 414.4 are fulfilled.

Regulation 414.3 states the following sources of supply may be
used:
●●
●●

●●
●●

●●

a safety isolating transformer
a source of current providing a degree of safety equivalent to
that of the safety isolating transformer (e.g. generator with
windings providing equivalent isolation)
an electro-chemical source (e.g. a battery)
a source independent of a higher voltage circuit (e.g. a dieseldriven generator)
certain electronic devices where it has been guaranteed that
even in the case of a fault, the voltage on the outgoing
terminals cannot exceed the values, or is immediately reduced
to values, specified in Regulation 414.1.1.

Additional protection (415)
In addition to the four protective measures covered, additional
protection may be specified. This is particularly so under certain
external influences and in some special locations. Two methods
are given:
●●

●●

residual current devices (RCD) operating at 30 mA within
40 ms (415.1.1)
supplementary equipotential bonding (415.2).

(Please note that an RCD is not recognised as the sole means of
protection and therefore you would still need to apply one of the four
protective measures (411 to 414). However, supplementary
equipotential bonding is considered as an addition to fault protection.)
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The various protective measures are summarised in Table 4.04.
Protective measures
Automatic disconnection of
supply (411)

Double or reinforced insulation
(412)

Electrical separation (413)

Extra low voltage
(414)

Basic

Fault

Basic

Fault

Basic

Fault

Basic

Gives basic
protection
by basic
insulation
of live parts
or by
barriers/
enclosures

Gives fault
protection by
protective
earthing,
protective
equipotential
bonding and
ADS in case of
fault

Gives basic
protection
by basic
insulation

Gives fault
protection by
supplementary
insulation

Provides
basic
protection
by one or
two
methods
in 416, i.e.
basic
insulation
of live
parts of
barriers/
enclosures

Provides
fault
protection
by simple
separation
of the
separated
circuit
from other
circuits
and earth

There is an additional
protection requirement by use
of an RCD with socket outlets
not exceeding 20 A

Gives basic and fault
protection by reinforced
insulation between live and
accessible parts

Fault

Gives basic and fault
protection by limiting
voltage to the upper
limit of Band 1 using a
supply such as an
isolating transformer
with circuits in
accordance with
Regulation 411

Table 4.04 Summary of protective measures

Basic protection
‘Basic protection’ is defined as providing protection against
electric shock under normal operation, in other words in faultfree conditions. This can be done by preventing persons or
livestock actually touching any live parts, for example by
insulating the live parts or by preventing any access to them by
using an enclosure or barrier.
At the start of this section it was stated that BS 7671 Regulation
410.3.2 requires:
●●

●●

an appropriate combination of provision for basic protection
and an independent provision for fault protection; or
an enhanced protective measure (for example reinforced
insulation) that provides both basic and fault protection.

This means that the protective measures previously described and
summarised in Table 4.04 are applicable.
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Protection against thermal effects
It is often reported in the news that the cause of a fire has been
attributed to an electrical installation or piece of electrical
equipment. Typically the causes of fire or heat could be:
●●
●●

●●
●●
●●
●●
●●

heat radiation, hot components or equipment
failure of equipment such as protective devices, thermostats,
seals and wiring systems
overcurrent
insulation faults
arcs and sparks
loose connections
external influences such as a lightning surge.

BS 7671 Chapter 42 requires us to provide protection for persons
and livestock against:
●●

●●
●●
●●

the effects of heat or thermal radiation from electrical
equipment
the ignition, combustion or degradation of materials
fire hazard spread from an electrical installation
safety services being cut off by failure of electrical equipment.

Protection against fire caused by electrical
equipment
Some fairly straightforward advice is given.
●●
●●

●●

●●

●●

●●

Comply with manufacturer’s instructions.
Select and erect equipment so that its normal temperature
cannot cause a fire.
If the equipment’s surface temperature could cause a fire then
mount it on a surface that can withstand the heat or inside
something that can withstand the temperature.
Make sure any equipment that causes a focusing of heat (e.g.
an electric fire), is far enough away from any object or building
element (e.g. curtains) to avoid them reaching a dangerous
temperature.
Take precautions when the equipment location also contains
flammable liquids.
Make sure any termination, connection or joint of a live
conductor is contained within an enclosure in accordance with
Regulation 526.5.
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Precautions where a particular risk of fire exists
The contents of this section are to be applied in addition to the
previous section where any of the conditions of external influence
covered in Regulations 422.2 to 422.6 apply:
●●
●●

●●
●●

●●

conditions for evacuation in an emergency
locations, such as flour mills, where there is an increased risk
from processed/stored materials
combustible construction materials
fire propagating structures (i.e. building shapes that could
facilitate the spread of fire)
installations of national, commercial or public significance (e.g.
monuments or museums).

Protection against burns
Regulation 423.1 states that the accessible parts of fixed electrical
equipment within arm’s reach should not exceed the temperatures
in Table 4.05.
Accessible part

Material of accessible surfaces

Maximum temperature (˚C)

A hand-held part

Metallic

55

Non-metallic

65

Metallic

70

Non-metallic

80

Metallic

80

Non-metallic

90

A part intended to be touched but not
hand-held

A part which need not be touched for
normal operation

Table 4.05 Surface temperatures of accessible parts of fixed electrical equipment
Safety tip
If the surface temperatures in
Table 4.05 are exceeded, for
even a short time, then guards
must be fitted to avoid contact.

Operating principles, application and
limitations of protective devices
BS 7671 Regulation 430.3 states that ‘... a protective device shall
be provided to break any overcurrent in a circuit conductor
before that current could cause danger due to thermal or
mechanical effects ...’. An overcurrent is simply a current that is
in excess of the rated value or of the current carrying capacity of a
conductor, and is the result of either an overload or a fault
current.
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An overload is then defined as an overcurrent occurring within a
circuit that is electrically sound. It is an otherwise healthy circuit
carrying more current than it was designed for.
This could be as the result of faulty equipment such as a stalled
motor or it may occur when too many pieces of equipment are
added to the circuit, such as when several 13 A plugs are
connected through an adaptor to a single 13 A socket outlet.
Fault current can be caused by either a short circuit or an
earth-fault. A short circuit is defined as when there is a fault of
negligible impedance between live conductors. An earth-fault
current is defined as being a fault of negligible impedance
between a line conductor and an exposed-conductive part or
protective conductor.

Did you know?

BS 7671 Regulation 431 goes on to give the requirements for the
protection of line conductors, stating that detection of
overcurrent should be provided for all line conductors and should
cause disconnection of the conductor in which the overcurrent is
detected, and not necessarily in other line conductors, unless
disconnecting one line conductor could cause danger.

An example of a time when
disconnection could be
dangerous is a electromagnetic
crane in a foundry. It would not
be wise to switch off the
magnet while carrying heavy
loads at height!

Regulation 431 also provides requirements for the protection of
neutral conductors. It states that as the neutral conductor in
standard single- and three-phase circuits will normally be the
same cross-sectional area as the line conductors, it is not
necessary to provide overcurrent detection and an associated
disconnecting device. Where there is a reduced neutral,
overcurrent detection will be required in line with the cable CSA.
Protective devices for overcurrent should then be installed at the
point where there is a reduction in the current-carrying capacity
of the circuit conductors caused by a change in CSA or perhaps
the method of installation. The protective devices that we use to
protect against overcurrent are designed to disconnect the supply
automatically, such as fuses or MCBs. This section will also look
at RCDs.

Residual current devices (RCD)
Residual current devices (RCDs) are a group of devices that
provide extra protection to people and livestock by reducing the
risk of electric shock. Although RCDs operate on small currents,
there are circumstances where the combination of operating
current and high earth-fault loop impedance could result in the
earthed metalwork rising to a dangerously high potential.
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The regulations draw attention to the fact that if the product of
operating current (A) and earth-fault loop impedance (Z) exceeds
50 V, the potential of the earthed metalwork will be more than
50 V above earth potential and hence dangerous. This situation
must not be allowed to occur.
trip coil

toroid

supply

test button
earth terminal
earth electrode
load

Figure 4.12 Fault detector coil

An RCD monitors the current flowing in a circuit by using a
toroid, which is essentially a small current transformer specially
designed to detect earth-fault currents with a winding taken to a
trip mechanism.
Remember
The live conductors of a circuit
include all line and neutral
conductors.

As shown in Figure 4.12, all live conductors will pass through the
toroid and the currents flowing in the live conductors of a healthy
circuit will balance and therefore no current will be induced in
the toroid.
Under normal safe working conditions, the current flowing in the
line conductor into the load will be the same as that returning via
the neutral conductor from the same load. When this happens,
the line and neutral conductors produce equal and opposing
magnetic fluxes in the toroid, meaning no voltage is induced in
the trip coil.
If more current flows in the phase side than the neutral side (or
less returns via the neutral because the current has ‘leaked’ to
earth within the installation) an out-of-balance flux will be
produced in the toroid which will induce a voltage in the fault
detector coil (this earth-fault path could be through a person in
contact with live parts as shown on page 17 or where basic
insulation has failed at an exposed-conductive part).
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The fault detector coil then energises the trip coil, which in turn
opens the double pole (DP) switch, using the residual current
produced by the induced voltage in the trip coil.
There are two types of residual current devices tripping
mechanisms – electromagnetic and electronic.

Electromagnetic RCDs
Electromagnetic devices use a very sensitive toroid designed to
operate the trip mechanism when it detects very small residual
currents. These devices generally require no reference earth lead
and are unaffected by temporary loss of supply, as the power to
trip the device is derived directly from the fault current.

Electronic RCDs
Electronic devices do not need such a sensitive toroid, as
electronic circuits within the device amplify the signal in order to
operate the trip mechanism. However, these devices often require
a safety earth reference lead to ensure that the device will
continue to operate in the event of the supply neutral being lost.
Without this the RCD would not work even though the phase
supply is still connected.
The power to trip the device is taken from both the fault current
and the mains supply, enabling the overall size of the devices to
be smaller. These devices should also be disconnected while
carrying out insulation resistance tests to prevent damage to the
device and to avoid incorrect test results.

Functional testing of RCDs
Functional testing of an RCD’s operation should be carried out
by operating the test button at regular intervals. Operating the
test button simulates a fault by creating an imbalance in the
detection coil.
Initial and periodic inspection and testing procedures additionally
require the RCD to be tested using the appropriate testing
instrument (see Unit ELTK 06 on page 120). RCDs are available
for single- and three-phase applications.

Practical application of RCDs (Regulation 531.2)
●●

●●

An RCD shall disconnect all line conductors of the circuit at
substantially the same time.
The residual operating current of the RCD shall comply with
Regulation 411 relative to the type of earthing system.
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●●

●●

●●

●●

●●

●●

The RCD shall be selected and circuits sub-divided so that any
normally occurring earth leakage (such as with some
computers) does not cause nuisance tripping of the RCD.
The use of a 30 mA RCD with a circuit having a protective
conductor is not deemed sufficient to afford fault protection.
An RCD must be positioned so that its operation is not
affected by the magnetic fields of other equipment.
Where an RCD is used for fault protection with, but separately
from, an overcurrent device, then it must be capable of
withstanding (without damage) any stresses likely to be
encountered in the event of a fault on the load side of the point
at which it is installed.
RCDs shall be selected and installed so that where required, if
two or more RCDs are connected in series and discrimination
is required to avoid danger, that discrimination is achieved.
Where an RCD can be operated by someone other than a
skilled or instructed person, it shall be selected and installed so
that its settings cannot be altered without using a tool and the
result of any alteration being clearly visible.

Sensitivity rated residual
operating current

Level of protection

Applications

10 mA

Personnel

High-risk areas: schools, colleges, workshops, laboratories.
Areas where liquid spillage may occur

30 mA

Personnel

Domestic, commercial and industrial

100 mA

Personnel, fire

Only limited personnel protection
Excellent fire protection

300 mA

Fire

Commercial and industrial

Table 4.06 Overcurrent protection sensitivity

Fuses

BS 3036 Rewireable fuses
Early rewireable fuses had a very low short circuit capacity and
were very dangerous when operating under fault conditions. The
operating principle that a fuse element will melt, and therefore
break, when an overcurrent flows means that the melted copper
‘splashed’ around and could cause fires.
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Later rewireable fuses incorporated an asbestos pad to protect the
fuse holder, thus reducing the risk of fire from scattering hot
metal when rupturing.
The rewireable fuse consists of a fuse, holder, a fuse element and
a fuse carrier. The holder and carrier are made of porcelain or
Bakelite and the rating of the circuits for which this type of fuse is
designed have a colour code (see Table 4.07) marked on the fuse
holder.
5A

Figure 4.13 BS 3036 rewireable fuse

White

15 A

Blue

20 A

Yellow

30 A

Red

45 A

Green

Table 4.07 Colour codes for
fuse holders

This type of fuse was very popular in domestic installations. With
the exception of older installations, it is now not normally used
because it does have associated problems as shown in Table 4.08.
They are, however, still available from electrical wholesalers.
Disadvantages of rewireable fuses

Advantages of rewireable fuses

• Easily abused when the wrong size of fuse wire is fitted
• Fusing factor of around 1.8 – 2.0 means they cannot
be guaranteed to operate up to twice the rated current
is flowing. As a result cables protected by them must
have a larger current-carrying capacity.
• Precise conditions for operation cannot be easily
predicted
• Do not cope well with high short circuit currents
• Fuse wire can deteriorate over time
• Danger from hot metal scattering if the fuse carrier is
inserted into the base where the circuit is faulty

•
•
•
•
•

Low initial cost
Can easily see when the fuse has blown
Low element replacement cost
No mechanical moving parts
Easy storage of spare fuse wire

Table 4.08 Advantages and disadvantages of rewireable fuses

BS 1361/1362 Cartridge fuses
The cartridge fuse consists of a porcelain tube with metal end
caps to which the element is attached and the tube then filled
with granulated silica. The BS 1362 fuse is generally found in
domestic appliance plugs used with 13 A BS 1363 domestic
socket outlets.
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There are two common fuse ratings available, the 3 A,
which is for use with appliances up to 720 watts
(radios, table lamps, TVs) and the 13 A fuse which is
used for appliances rated over 720 watts (irons, kettles,
fan heaters, electric fires, washing machines).
There are other sizes of fuse, 1, 5, 7 and 10 A, but
these are not so easily available. The physically larger
BS 1361 fuse can be found in distribution boards and
at main intake positions.

Figure 4.14 BS 1361 and 1362 fuse
Disadvantages of cartridge fuses

Advantages of cartridge fuses

• They are more expensive to replace than rewireable fuses
• They can be replaced with an incorrect size fuse (plug
top type only)
• The cartridge can be shorted out with wire
• It is not possible to see if the fuse has blown
• They require a stock of spare fuses to be kept

•
•
•
•

They have no mechanical moving parts
The declared rating is accurate
The element doesn’t weaken with age
They have a small physical size and no external arcing,
which permits their use in plug tops and small fuse
carriers
• They have a low fusing factor – around 1.6–1.8
• They are easy to replace

Table 4.09 Advantages and disadvantages of cartridge fuses

BS 88 high breaking capacity (HBC) fuses
The HBC fuse (sometimes called an HRC fuse (high rupturing
capacity) is a more sophisticated variation of the cartridge fuse
and is normally found protecting motor circuits and
industrial installations. It consists of a porcelain body filled
with silica, a silver element and lug-type end caps. Another
feature is the indicating bead, which shows when the fuse
element has blown.
It is a reasonably fast-acting fuse and can discriminate
between a starting surge and an overload.
Figure 4.15 A sectional view of a typical
BS 88 HBC fuse

These types of fuses would be used when there is a
possibility of an abnormally high prospective short circuit
current.

Disadvantages of BS 88 fuses

Advantages of BS 88 fuses

• These are very expensive to replace
• Stocks of these spares are costly and take up space
• Care must be taken when replacing them to ensure that
the replacement fuse has the same rating and also the
same characteristics as the fuse being replaced

•
•
•
•

They have no mechanical moving parts
The element doesn’t weaken with age
Operation is very rapid under fault conditions
It is difficult to interchange the cartridge, since different
ratings are made to different physical sizes

Table 4.10 Advantages and disadvantages of BS 88 fuses
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Diazed and neozed fuses
Diazed (D type) fuse cartridges have a bottle-shaped ceramic
body with metal end caps. Neozed (DO type) fuses are similar
but, as shown in Figure 4.16, have a smaller more cylindrical
body. Both are located into a fuse base by means of a screw cap.
Fuse holders may then be secured by screws to a panel, attached
to bus bars, or mounted on DIN rails. A diazed system is shown
in Figure 4.18.

Figure 4.16 A neozed fuse

Figure 4.17 A diazed fuse

The cap at the smaller end of the diazed fuse has a diameter that
varies with the fuse rating: higher ratings have wider end caps.
The fixed part of each fuse holder normally has a colour-coded
ring that only allows a fuse of a certain diameter to be fitted and
so only the correctly rated fuse can be fitted.
The cap at the larger end has an indicator to show whether a fuse
has blown.
D- and DO-type fuses are used throughout Europe in domestic
and light commercial installations and also for the protection of
motors. In the course of your work you may come into contact
with either type of fuse.

Screw cap

Fuse head
Fuse body
Fuse tip
Adapter
screw
Fuse
base cover
Fuse base

Figure 4.18 A diazed system
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Remember
The types of fault in question
are usually overloads and short
circuits.

Miniature circuit-breakers (MCBs)
In essence, a circuit-breaker is a switch with contacts which
automatically open when a fault occurs, in order to break an
electrical circuit, this protects the attached equipment and wiring.
In many cases MCBs are a more flexible alternative to fuses; they
can be easily reset and do not need replacement if an electrical
overload or fault does occur.
Circuit-breaker contacts must carry the load current without
excessive heating. Once a fault is detected the contacts inside the
circuit-breaker must open to break the circuit and when a current
is interrupted, an arc is generated.

Figure 4.19 A miniature
circuit-breaker

This arc must be contained, cooled, and extinguished. Different
circuit-breakers use a vacuum, air, insulating gas, or oil as the
medium in which the arc forms, with MCBs traditionally using
arc division and air to extinguish the arc. Finally, once the fault
condition has been cleared, the contacts can again be closed to
restore power to the interrupted circuit.
Due to improved design and performance, the modern MCB now
forms an essential part of the majority of installations at the final
distribution level and there are several different types to consider.

Thermal tripping
The most basic is a simple thermal trip breaker that incorporates
a bi-metallic strip which carries the current of the circuit to be
protected.
The current heats the strip, which bends by an amount
commensurate with the current. Once overload conditions occur,
the bi-metallic strip bends further than usual and activates the
breaker’s trip mechanism.
Thermal breakers are simple and inexpensive, but they provide
only limited protection against short circuits. They should only be
used where overload protection is the most important
requirement and where short circuit currents will not exceed
1 000 A.

Thermal-magnetic (combined) tripping
Thermal-magnetic MCBs are more versatile and the most
frequently used. These have a similar thermal trip mechanism to
bi-metallic trips which provides effective protection against small
and moderate overloads. However, in addition, they have an
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electromagnetic mechanism that provides almost instantaneous
tripping for large overloads and short circuits.
The construction of a thermal-magnetic MCB is shown in
Figure 4.20.
A

Actuator lever – used to manually trip and reset the circuit breaker.
Also indicates the status of the circuit breaker (On or Off/tripped)

B

Actuator mechanism – forces the contacts together or apart

C

Contacts – Allow current when touching and break the current
when moved apart

D

Supply and load terminals

E

Bi-metallic strip (thermal operation)

C

F

Calibration screw – allows the manufacturer to precisely adjust the
trip current of the device after assembly

C

D

H

G

A

G

Solenoid (magnetic operation)

H

Arc divider / extinguisher

B

E
F

D

Figure 4.20 Structure of an MCB

This type of MCB can be designed to provide high breaking
capacities, and to have various types of trip characteristic. They
are ideal for applications where comprehensive protection is
required at a moderate price, and where high short circuit levels
may be encountered.
The current rating of an MCB is the maximum current that it
will carry continuously without tripping and MCBs should always
be chosen so that their current rating matches, as closely as
possible, the maximum load current of the circuit they are
protecting.

Trip characteristics
It would seem that an MCB that trips as quickly as possible
under fault conditions would be ideal and this is what is required
for short circuit faults.
For overload protection however, many items of equipment such
as fluorescent lights, transformers and motors, draw a high peak
current for a short period when they are switched on. An MCB
that reacts instantaneously would therefore trip every time such a
peak occurred, and would be unusable. Fortunately, the thermal
element in MCBs does not react instantaneously because the
bi-metallic strip takes time to heat up. It is therefore hardly
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affected by short-term current peaks. By changing the design of
the bi-metallic elements, MCB manufacturers can determine
what size of peak current a particular MCB will ignore, and for
what length of time.
This relationship between current and tripping time is usually
shown as a curve, known as the MCB trip characteristic. However,
to avoid the need for consumers working with the curves,
BS EN 60898 defines several types of standard characteristic, the
most important of which are Types B, C and D.
There is no Type A to avoid confusion with A for Amperes, but
you may comes across older MCBs classed as Types 1, 2, 3 and 4.
MCB type

Instantaneous trip current

Application

1
B

2.7 to 4 × In
3 to 5 × In

Domestic and commercial installations having little or not switching surge

2
C
3

4.0 to 7.0 × In
5 to 10 × In
7 × 10 In

General use in commercial/industrial installations, where the use of
fluorescent lighting, small motors etc. can produce switching surges that
would operate a Type 1 or Type B circuit-breaker. Type C or Type 3 may
be necessary in highly inductive circuits such as banks of fluorescent
lighting

4
D

10 to 50 × In
10 to 20 × In

Suitable for transformers, x-ray machines, industrial welding equipment
etc. where high in-rush currents may occur

Table 4.11 MCB selection

RCBO and MCBs
Earlier in this unit we discussed the residual current device
(RCD); a breaker that provides earth-fault protection. It
should be noted that a new type of MCB is now available that
incorporates earth-fault protection and they are called RCBOs
(Residual Current operated circuit-Breaker with integral
Overload protection).
Generally a combination of a thermal-magnetic Type B MCB
and integrated RCD, RCBOs enable both overcurrent
protection and earth-fault current protection to be provided by
a single unit.

Figure 4.21 An RCBO

The major advantage is that this allows earth-fault protection
to be restricted to a single circuit and therefore only the circuit
with the fault is interrupted. (In many circumstances a
distribution board will be protected by an RCD, in which case
all circuits would be disconnected in the event of a fault.)
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Disadvantages of MCBs

Advantages of MCBs

•
•
•
•

• They have factory-set operating characteristics which
cannot be altered
• They will maintain transient overloads and trip on
sustained overloads
• Easily identified when they have tripped
• The supply can be quickly restored

These have mechanical moving parts
They are expensive
They must be regularly tested
Ambient temperature can change performance

Table 4.12 Advantages and disadvantages of MCBs

Fuse characteristics
Fuse utilisation categories are used to define the particular
application or characteristic of a fuse and each fuse is marked
accordingly.

gG

Full range breaking
capability, general
applications

gM

Full range breaking
capability, motor
circuit protection
(dual rating)

aM

Partial range
breaking capability,
motor applications

aR/gR

Semiconductor
protection, fast
acting

gS

Semiconductor
protection
including cable
overload protection

Table 4.13 shows the utilisation categories identified for fuses.
These replace the previous fuse classes of Class P, Q1 (similar to
gG), Q2 and R (similar to aM).
These classes relate to the ‘fusing factor’. This shows the
operating speed of the fuse link, being the ratio between the
conventional fusing current and the rated current. The
conventional fusing current (If) is the lowest value of current that
will cause the device to operate within the ‘conventional time’
(1–4 hours dependent on the device rating). The rated current is
the number on the side of the fuse (e.g. 3 A or 13 A) and
represents the maximum value of current that the fuse may carry
continuously without deterioration under specified conditions.
As the protective device must carry this rated current, we can see
that the fusing factor will be a number greater than 1. The higher
this number, the less accurate and reliable the selected device will be.
Protective device

Fusing factor

BS 3036

1.8 – 2.0

BS 88

1.25 – 1.7

BS 1361

1.6 – 1.9

MCB

Up to 1.5

Table 4.13 Utilisation
categories for fuses

Table 4.14 Fusing factors for protective devices

It is worth noting that category gG fuses do have the ability to
protect motor circuits and when selected correctly can withstand

Figure 4.22 A category gG fuse
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motor starting surges and full load currents without deterioration
as well as offering short circuit protection to associated motor
starter components.
Category gM type fuse links have a dual rating which is
characterised by two current values. The first is the maximum
continuous current of the fuse and associated fuse holder; the
second indicates the equivalent electrical characteristic to which
the fuse conforms.
These two ratings are normally separated by the letter M which
defines the application. For example a 20M32 fuse link is
intended for use in the protection of motor circuits and has a
maximum continuous rating of 20 A but the electrical
characteristics of a 32 A rating. This means that the associated
equipment need only be rated at 20 A thereby providing
significant economies against 32 A equipment.

Breaking capacity
When looking at fuses, you will see a number followed by the
letters kA stamped onto the end cap of an HBC fuse or printed
onto the body of a BS 1361 fuse. This is known as the breaking
capacity of fuses and circuit-breakers.
When a short circuit occurs, the current may, for a fraction of a
second, reach hundreds or even thousands of amperes. The
effects of a short circuit current are thermal, which can cause
melting of conductors and insulation, fire or the alteration of the
properties of materials and mechanical parts where large magnetic
fields can build up, resulting in distortion of conductors and
breaking of supports and insulators.
Each protective device must therefore be able to safely break, or
make, such a current without damage to its surroundings by
arcing, overheating or the scattering of hot particles.
Did you know?
When making an enquiry to
the DNO, a design value of
16 kA could be expected for
single-phase 230 V supplies up
to 100 A.

Regulation 434.5 of BS 7671 requires that the breaking capacity
of every fault current protective device shall be no less than the
maximum prospective fault current (this includes both short
circuit and earth fault conditions) at the point at which it is
installed; this value of prospective fault current having been
established by measurement, calculation or enquiry.
Most manufacturers now offer ranges of MCBs with breaking
capacities of 10 kA – 15 kA and can be extended to 25 kA for
certain products. This higher breaking capacity can reduce costs
substantially in some applications, by allowing MCBs to be used
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where previously more costly moulded case breakers would have
been required.
The breaking capacities of MCBs are indicated by an ‘M’
number, e.g. M6. This means that the breaking capacity is 6 kA
or 6 000 A. The breaking capacity will be related to the
prospective short circuit current.

Time/current characteristics of overcurrent
protective devices
The time/current characteristic is essentially a curve showing the
operating time of a fuse in relation to the prospective fault current
under set conditions.
Appendix 3 of BS 7671 provides tables giving such time/current
characteristics for overcurrent protective devices and RCDs.
These tables take the form of graphs that have a horizontal axis
representing the prospective current in amps and a vertical axis
representing the time in seconds. Both scales are logarithmic by
which we mean that the scale increases by multiples of 10.
Using the table, we can illustrate this concept, as shown in Figure
4.23. In Figure 4.23 we can see that for a 10 A rated BS 88 fuse,
a fault current of 60 A will cause the device to operate in 0.1
seconds.
10000

Time/current characteristics for fuses in BS 88.2.2 and
BS 88.6

1000

Fuse
rating

Time in seconds

100

10

Current for time
0.1 sec

0.2 sec

0.4 sec

1 sec

5 sec

10 A

60 A

51 A

45 A

39 A

31 A

16 A

120 A

95 A

85 A

72 A

55 A

25 A

220 A

180 A

160 A

130 A

100 A

40 A

400 A

340 A

280 A

240 A

170 A

63 A

710 A

590 A

500 A

400 A

280 A

100 A

1400 A

1150 A

980 A

790 A

550 A

160 A

2400 A

2000 A

1700 A

1400 A

900 A

1

0.1

10A 16A 25A 40A 63A 100A 160A

0.01
1

60 A
10
100
1000
Prospective current, r.m.s. amperes

10 000

Figure 4.23 Time/current characteristics of overcurrent
protection devices
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Protection against overload current

Coordination between conductor and
overload device
Regulation 433.1 of BS 7671 requires every circuit to be designed
so that a small overload of a long duration is unlikely to happen.
Therefore, should an overload occur, the idea is that the
protective device operates and disconnects the circuit, protecting
the cable insulation, termination or equipment from any great rise
in conductor temperature.
To do this, the circuit has to be designed to coordinate the
current-carrying capacity, the load current and the characteristics
of the protective device. Regulation 433.1.1 therefore states that
the operating characteristics of a device protecting a conductor
against overload shall satisfy all of the following conditions.
(a) The rated current of the protective device (In) is not less than
the design current (Ib) of the circuit.
(b) The rated current of the protective device (ln) does not
exceed the lowest of the current-carrying capacities (IZ) of
any of the conductors of the circuit.
(c) The current (I2) causing effective operation of the protective
device does not exceed 1.45 times the lowest currentcarrying capacity (IZ) of any of the conductors in the circuit.
Where:
Ib

The design current for that circuit

IZ

The current-carrying capacity of the conductor

In

The rated current or current setting of the protective device

I2

The current ensuring effective disconnection by the protective device in the conventional time, i.e. 0.4 or 5 seconds.

We generally summarise this with the formula: Ib ≤ In ≤ IZ
However, for point (b), coordination will be met with the
following formula: I2 ≤ 1.45 × IZ

Specific issues for types of fuses
Where the protective device is either a general purpose type (gG)
fuse to BS 88, a fuse to BS 1361, a circuit-breaker to BS EN
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60898, a circuit-breaker to BS EN 60947-2 or an RCBO to BS
EN 61009-1, compliance with conditions (a) and (b) above will
also result in compliance with condition (c).
Where the protective device is a semi-enclosed fuse to BS 3036, this
type of device can have a fusing factor as high as 2. Consequently,
compliance with condition (c) above of Regulation 433.1.1 above is
met if the rated current (In) doesn’t exceed 0.725 × Iz.
We can show this term is established as follows:
I2 = 2 × In which in turn must be ≤ 1.45 × Iz. In other words
I2 = 2 In ≤ 1.45 Iz.
If I2 = 2 In then we can rewrite this as 2 In ≤ 1.45 Iz.
Therefore by transposition In ≤ 1.45 Iz or in other words
In ≤ 0.725 × Iz.

Protection against fault current
The operating characteristics for every fault current protective
device must satisfy the following conditions.
Regulation 434.5.1 of BS 7671 requires that the breaking capacity
of every fault current protective device shall be no less than the
maximum prospective fault current (pfc), and this includes both
short circuit and earth fault conditions at the point at which it is
installed; this value of prospective fault current having been
established by measurement, calculation or enquiry (434.1).
Remember that the further away from the intake position you are,
the more resistance will be experienced and therefore the value of
pfc will decrease. Some designers therefore simply check that the
breaking capacity of the lowest rated fuse in the installation
exceeds the pfc at the intake position.
Remember also that the cable must be able to carry the full amount
of current that can pass through the protective device before it
operates, not just the design current, and a fault occurring at any
point in a circuit must be interrupted before the fault current
causes the limiting temperature of any conductor to be exceeded.
Therefore, effectively giving the maximum disconnection time,
Regulation 434.5.2 states that the maximum permitted time in
which a fault current can raise live conductors from the highest
operating temperature to the limiting temperature is calculated
using the formula on page 42.
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t=

k 2S2
I2

Where:
t

The duration in seconds

S

The conductor CSA in mm2

I

The fault current in amperes

k

A value used to denote conductor insulation, resistivity and heat capacity

The values of k are given in Table 43.1 of BS 7671 and, as an
example, we traditionally take k as being 115 for a copper
conductor with 70°C thermoplastic (PVC) insulation.

Discrimination
In most installations there is usually a series of fuses and/or circuitbreakers between the incoming supply and the electrical outlets,
and the relative rating of the protective devices used will decrease
the nearer they are located to the current-using equipment.
Discrimination is the ability of protective devices to operate
selectively to ensure that, in the event of a fault, only the faulty
circuit is isolated from the system, therefore allowing healthy
circuits to remain in operation. So for example in a house, a fault
on an appliance should cause the fuse in the plug top connected
to the appliance to operate before the protective device in the
consumer unit.
Similarly, a fault on a lighting circuit should only result in the
MCB in the consumer unit for that circuit to trip; all other MCBs
in the consumer unit and the main DNO fuse should remain
intact and energised.
However, just because we have a 3 A fuse in the plug top and a
higher rated device in the consumer unit does not mean all is
well. We also need to consider the following points.

Discrimination between fuses
It is standard practice to find HRC fuse links in series with one
another to provide protection at different levels in an electrical
installation. Discrimination between fuse links can be checked by
ensuring that the time/current characteristics do not overlap at
any point.
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Discrimination between fuses and other
protective devices
Protective devices other than fuses, for example circuit-breakers,
are generally electro-mechanical devices that have operating times
longer than those of similar rated fuses, except at low values of
overcurrent.
Therefore to achieve discrimination, ensure that the tripping time
characteristic curves of the electro-mechanical device do not
intersect with the time/current characteristics of the fuse.
Remember that when using BS 7671 Appendix 3, you will see a
difference in appearance between the characteristics for a fuse and a
circuit-breaker, in that the circuit-breaker curves (see Figure 4.24
below) have a vertical section to them. You may have therefore
noticed that fuses have different values of current to achieve the
different disconnection times from 0.1 to 5s, whereas circuit-breakers
only have one value of current as represented by the vertical section.

Working life
Your site supervisor asks you to
explain how a protective device
may be used for protection
against both overcurrent and
fault current.
1. What is the difference
between these two currents?
2. How would the same device
offer protection against both
situations?

16 A
20 A
25 A
32 A
40 A
50 A
63 A
80 A
100 A
125 A

10000

10 A

6A

This is because circuit-breakers have both magnetic and thermal
components. The vertical part of the graph shows the operation
of the magnetic element dealing with short circuits (faults),
whereas the actual curved part is showing the thermal component
that deals with overloads. Figure 4.23 (page 39) showed the
disconnection time for fuses. Figure 4.24 shows the disconnection
time for circuit-breakers, using the information from the table.
Time/current characteristics for Type B circuit-breakers to
BS EN 60898 and the overcurrent characteristics of RCBOs
to BS EN 61009-1
Current for time, 0.1 sec to 5 secs

1000

Rating
Time, seconds

100

10

1

0.1

0.01
1

10
100
1000
Prospective current, r.m.s. amperes

10000

Figure 4.24 Disconnection time for circuit breakers

Current

6A

30 A

10 A

50 A

16 A

80 A

20 A

100 A

25 A

125 A

32 A

160 A

40 A

200 A

50 A

250 A

63 A

315 A

80 A

400 A

100 A

500 A

125 A

625 A
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Disconnection times
Regulation 411.3.2.1 requires that when a fault of negligible
impedance occurs between the line conductor and an exposedconductive part or a protective conductor in the circuit or
equipment, the protective device should operate in the required
time.
Table 41.1 of Regulation 411.3.2.2 applies to final circuits not
exceeding 32 A and requires a disconnection time of 0.4 seconds
on a final circuit supplied by a TN system at a nominal voltage of
230 V and 0.2 seconds for a TT system.
Should the final circuit be in excess of 32 A, Regulation 411.3.2.3
permits a disconnection time of 5 seconds where supplied by a
TN system at a nominal voltage of 230 V and Regulation
411.3.2.4 permits 1 second for a TT system.
Progress check
1

Describe the component parts of the earth-fault loop.

2

Explain the difference between an exposed-conductive part and a
extraneous-conductive part.

3

What are the requirements for additional protection for a socket outlet
rated at less than 20 A for use by ordinary persons.

4

In relation to protective devices explain the term discrimination.

44
Installing Electrotechnical Systems and Equipment_Book B.indb 44

12/09/2011 10:55:58

Unit ELTK 04a

K3. Understand the principles for
selecting cables and circuit
protection devices
Once the supply is ready and protective measures have been put
in place, with the correct isolation and switching requirements,
then an electrician is ready to select and install cables. There are
several important rules that must be followed when determining
the correct size of cable. This section will look at these rules.
To select cables there are some important symbols and definitions
that you need to be aware of. These are shown in Table 4.15.
IZ

The maximum current carrying capacity of the cable in the situation where it is installed

It

The value of current given in BS 7671 Appendix 4 for a single circuit of the relevant cable at an ambient temperature
of 30°C

Ib

The design current of the circuit, i.e. the current intended to be carried by the circuit in normal use

In

The rated current or current setting of the protective device

I2

The operating current (i.e. the fusing current or tripping current for the conventional operating time) of the device
protecting the circuit against overload

C?

A rating factor to be applied where the installation conditions differ from those shown in the tables of Appendix 4.
Shown as the letter C followed by a subscript letter, the various rating factors are identified as follows:
Ca

Ambient temperature

Cg

Grouping

Ci

Thermal insulation

Ct

Operating temperature of conductor

Cf

Semi-enclosed fuse to BS 3036

Cs

Thermal resistivity of soil

Cc

Buried circuits

Cd

Depth of buried circuit

Table 4.15 Symbols and definitions for cable selection
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How external influences affect the
choice of wiring system and enclosure
Appendix 5 of BS 7671 lists the ‘Classification of External
Influences’, where each condition of external influence is
designated with a code that comprises a group of two capital
letters and a number.
The first letter relates to the general category of the external
influence (for example the environment), the second letter then
relates to the circumstances or nature of that external influence
(for example the presence of water) and finally, the number
relates to the specific degree or level of that condition within each
external influence (for example splashes).
To explain this, let us look at the influences mentioned in the
above paragraph and use BS 7671 Table 5 to convert them into a
code.
Example
General category of influence

Environment

A

Nature of the influence

Water

D

Level of that influence

Splashes

3

The designated code for these conditions would be AD3.

Working in the opposite direction and covering each of the three
general categories of external influence, here are three further
codes and their explanations.
Example

AA4
A
AA
AA4

Environment
Environment – Ambient Temperature
Environment – Ambient Temperature – in the range −5°C to +40°C

BC1
B
BC
BC1

Utilisation
Utilisation – Contact with earth
Utilisation – Contact with earth – None

CA2
C
CA
CA1

Construction of buildings
Construction of buildings – Materials
Construction of buildings – Materials – Combustible
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Once you have decided on the type of cable suitable for the
environmental conditions, the following process is used to
establish the size of conductor to be used. The first stage to
consider is the design current.

Procedure for selecting a suitably
sized cable
Design current (Ib)
You will have to calculate this value. It is the normal resistive
load current designed to be carried by the circuit and the
following formulae apply to single- and three-phase supplies:
Single-phase supplies (Uo = 230 V)
Ib =

Power
U0

where Uo is the line voltage to earth (supply voltage).
Three-phase supplies (Uo = 400 V)
Ib =

Power
3 × U0

In a.c. circuits, the effects of either highly inductive or highly
capacitive loads can produce a poor power factor (PF) and you
will have to allow for this. To find the design current in such
cases you may need to use the following equations where PF is
the power factor of the circuit concerned:
Single-phase circuits:
Ib =

Power
U 0 × PF

Three-phase circuits:
Ib =

Power
3 × U 0 × PF

Rating of the protective device (In)
Once you have calculated the design current of the circuit (Ib),
the next stage is to work out the required current rating or setting
(In) of the protective device.
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Regulation 433.1.1 of BS 7671 states that current rating (In) of
the protective device must be no less than the design current (Ib)
of the circuit. The reason for this is that the protective device
must be able to pass enough current for the circuit to operate at
full load, but without the protective device operating and
disconnecting the circuit.

Remember
The table you use to select the
value of your protective device
will depend on the type of
equipment or circuit to be
supplied and the requirements
for disconnection times.

Protective devices are supplied with standard values, such as
13 A, 20 A etc. and these values can be either obtained from
manufacturers or found in BS 7671, Tables 41.2, 41.3 and 41.4
or in Appendix 3.
For example, if we had a load producing a design current of 39 A
and it is to be protected by a Type B circuit-breaker, using Table
41.3 we would choose a 40 A as our nominal rated device as this
would be the next largest size available (nominal in this context
means unadjusted).

Installation and reference methods
Within Appendix 4 of BS 7671 there are two tables that should
be referred to: 4A1 and 4A2, shown here as Tables 4.16 and
4.17.
We need to use these tables because the method of installation
can affect the chosen cable’s ability to get rid of any heat
generated in normal operation and this in turn affects its current
carrying capacity.
It is not practical to calculate the current ratings for every single
installation method and many of these would have the same
rating. Therefore a range of current ratings have been calculated
covering all of the installation methods within Table 4A2 and
these are known as reference methods.
However, we should first look at Table 4A1 opposite to find out
whether the proposed installation method will be allowable for
the type of cable that needs to be installed.
As an example, we want to install a PVC/PVC (thermoplastic/
multicore) twin and earth cable, of a yet to be determined size, by
clipping it directly to a wall. Looking at Table 4.16 we can see
that this installation method is acceptable (shown by the red
circle).
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Conductors and cables

Installation methods
Without
fixings

Clipped
direct

Conduit
systems

Cable
trunking
systems*

Cable
ducting
systems

Cable
ladder,
cable
tray,
cable
brackets

On
insulators

Support
wire

Bare conductors

np

np

np

np

np

np

P

np

Non-sheathed cable

np

np

P1

P1 2

P1

np1

P

np

P

P

P

P

P

P

n/a

P

n/a

P

P

P

P

P

n/a

P

Sheathed
cables
(including
armoured
and mineral
insulated

Multicore
Singlecore

*	including skirting, trunking and flush floor trunking
	Non-sheathed cables which are used as protective conductors or protective bonding confuctors need not be laid in conduits or
ducts
2
	Non-sheathed cables are acceptable if the trunking system provides at least the degree of protection IP4X or IPXXD and if the
cover can only be removed by means of a tool of deliberate action
1

Table 4.16 BS 7671 Table 4A1 – Schedule of installation methods in relation to conductors and cables

Now that we know this, we have to use Table 4A2 (shown in
Table 4.17 on page 50) to establish the specific installation
method and resultant reference method that will govern the
current-carrying capacity of our cable.
As can be seen, the specific installation method for our example is
20 and this is classed as falling within reference method C (again
shown here with a red circle).

Rating factors (C)
Our next stage in the process is to understand the rating factors,
when they are required and how to apply them to the nominal
rating of our selected protective device (In). The available factors
from BS 7671 are shown in Table 4.18.
The rated current or current setting of the protective device (In)
must not be less than the design current (Ib) of the circuit, and
the rated current or current setting of the protective device (In)
must not exceed the lowest of the current-carrying capacities (IZ)
of any of the conductors of the circuit.
As stated earlier, we generally summarise this with the formula:
Ib ≤ In ≤ IZ
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Installation method
Number

Examples

Description

Reference method to be used to
determine the current carrying
capacity

15

Non-sheathed cables in conduit or
single-core or multicore cable in
architrave

A

16

Non-sheathed cables in conduitor or
single-core or multicore cable in
window frames

A

20

Single core or multicore cables fixed
on (chipped direct), or spaced less
than 0.3 × cable diameter from a
wooden or masonry wall

C

21

Single core or multicore cables fixed
directly under a wooden or masonry
ceiling

C
Higher than standard ambient
temperatures may occur with this
installation method.

22

Single-core or multicore cables
spaced from a ceiling

E, F or G
Higher than standard ambient
temperatures may occur with this
installation method.

Table 4.17 BS 7671 Table 4A2
Ca

Ambient temperature

Tables 4B1 and 4B2

Cg

Grouping

Tables 4C1 to 4C5

Ci

Thermal insulation

Regulation 523.9

Ct

Operating temperature of conductor

Cf

Semi-enclosed fuse to BS 3036

0.725 – Regulation 433.1.101

Cs

Thermal resistivity of soil

Table 4B3

Cc

Buried circuits

0.9 – where the cable installation method is ‘in a duct in the ground’
or ‘buried direct’. For cables installed above ground Cc = 1

Cd

Depth of buried circuit

n/a

Mineral insulated cable

0.9 – Table 4G1A

Table 4.18 Rating Factors (C)
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Where the overcurrent device is intended to afford protection
against overload, I2 must not exceed 1.45 × IZ and In must not
exceed IZ . However, where the overcurrent device is intended to
afford fault current protection only, In can be greater than IZ and
I2 can be greater than 1.45 × IZ.
The protective device must be selected for compliance with
Regulation 434.5.2.

Ambient temperature
Ambient temperature is the temperature of the environment
surrounding the cable, such as the temperature of the room or
building or ground in which the cable is installed. When a cable is
carrying a current it gives off heat. The hotter its surroundings
then the harder it is to get rid of that heat. If the temperature of
the surroundings is low then the cable can get rid of its heat more
easily and could carry more current. (This is also why we move
into the shade when we get hot on a summer’s day and why we fit
bigger fans on overclocked computers.)
The current-carrying capacities that are given in Appendix 4 of
BS 7671 for cables direct in ground or in ducts in the ground are
based on ambient temperature of 20°C. However, the abovementioned factor of 1.45 that is applied in Regulation 433.1.1,
when considering overload protection, assumes that the tabulated
current-carrying capacities are based on an ambient temperature
of 30°C.
To get the same degree of overload protection when cables are ‘in
a duct in the ground’ or ‘buried direct’, as compared with other
installation methods, a rating factor of 0.9 is now applied as a
multiplier to the tabled current-carrying capacity.
The ambient temperature cannot be ignored; as an ambient
temperature below 30°C (e.g. 25°C) will give a correction factor
that will allow your choice of cable to be improved. A lower
ambient temperature will allow the cable to dissipate heat more
easily and therefore you may be able to reduce the size of cable.
Should a cable pass through areas of different ambient
temperature then only apply a correction factor based on the
highest temperature.

Key term
Dissipate – get rid of through
dispersion or scattering

Grouping
For grouping, the concept is that when cables are installed so that
they are touching each other it is more difficult for them to
dissipate any heat generated in normal use.
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The rating factors within Appendix 4 of BS 7671 are based upon
groups of ‘similar and equally loaded cables’. However, where we
have groups of different sizes of sheathed/non-sheathed cable
installed in conduit, trunking or ducting systems, we can use the
following formula to calculate the group rating factor:
F=

1
n

Where F is the group rating factor and n is the number of circuits
in that group. Although not ideal, this formula can also be used
when these cables are installed on a tray.

Thermal insulation
We know that thermal insulation is used throughout the
construction industry. Like putting on an extra thick woolly coat
on a hot summer’s day, thermal insulation reduces the ability of
the cable to dissipate any heat being generated.
Consequently Regulation 523.9 of BS 7671 states that:
●●

●●

●●

For a cable installed in a thermally insulated wall or above a
thermally insulated ceiling, where the cable has one side in
contact with the thermally conductive surface, current-carrying
capacities are given in Appendix 4 of BS 7671.
For a single cable that is totally covered by thermal insulation
for more than 0.5 m and where no more precise information is
available, the current-carrying capacity shall be taken as half
the value of that same cable when clipped to a surface and
open (Reference Method C).
For a single cable that is totally covered by thermal insulation for
less than 0.5 m, the current-carrying capacity shall be reduced as
appropriate depending on the size of the cable, its length in the
insulation and the thermal properties of that insulation.
De-rating factors are therefore given in BS 7671 Table 52.2
(reproduced as Table 4.19) for conductor sizes up to 10 mm2.

Length in insulation (mm)

De-rating factor

50

0.88

100

0.78

200

0.63

400

0.51

Table 4.19 Cable rating (BS 7671 Table 52.2)
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Protective device
Regulation 433.1.100 states that where overload protection is
given by either a fuse to BS 88 or 1361, an MCB to BS EN
60898 or an RCBO to BS EN 61009, then the requirements for
coordination of conductor and protective device in Regulation
433.1.1 have been complied with and the rating factor (Cf) is
therefore given as 1.0.
However, if the protective device is a rewireable fuse to BS 3036,
due to potentially poor fuse performance we always use a rating
factor for Cf of 0.725.
As mentioned earlier, should we have a cable that is installed
either in a duct in the ground or is buried directly in the ground,
then we apply a rating factor for Cf of 0.9.
Therefore, if we had a situation where a cable buried directly in
the ground was protected by a BS 3036 fuse, both rating factors
would apply and our new rating would be:
Cf = 0.725 × 0.9

and therefore

Cf = 0.653

Application of rating factors
The purpose of applying these factors is to make sure that a cable
is large enough to carry the current without too much heat being
generated. If the cable’s ability to give off heat is reduced by
external conditions, then the only solution is to increase the size
of the cable.
Appendix 4 of BS 7671 requires us to ensure that the currentcarrying capacity of the cable (IZ) is no less than the circuit’s
design current (Ib). Equally, the rating of the fuse or circuitbreaker (In) must be at least as big as the circuit design current
(Ib). The reason for doing this is to make sure that the cable is not
overloaded and that the protective device does not operate
immediately the load is turned on.
Therefore, to find IZ we start by dividing the rated current of the
protective device (In) by the applicable factors that can de-rate the
cable. The result of this calculation is the true rated current of the
cable required, which we use to select our cable from the
appropriate table in Appendix 4 of BS 7671.
This value of current obtained from the tables in Appendix 4 of
BS 7671 is given the symbol It and it must be greater than the
value resulting from the above calculation (IZ).
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We therefore use the following formula to establish IZ:
Iz =

In
Ca × Ci × Cs × Cd × Cf × Cc

The best way to see this all in operation is with some worked
examples. Checks must also be made for voltage drop, shock
protection and thermal constraints and all these will be
considered as we proceed through the examples.
Example 1

A single-phase circuit has a design current of 30 A. It is to be wired in flat
two core 70°C PVC insulated and sheathed cable with cpc to BS 6004. It will
have copper conductors and the cable is enclosed in trunking with four other
similar cables. If the ambient temperature is 30°C and the circuit is to be
protected by a BS 3036 fuse, what should be the nominal current rating of
the fuse and the minimum CSA of the cable conductor?
In answering these types of questions, it is a good idea to construct a table
of information. This will help you understand and retain the process of cable
selection. It also makes cable selection easier to understand.
Installation Method number will be 6/7 (installed in trunking), therefore
Reference Method = B
As ambient temperature equals 30°C, then from Table 4B1 for 70° Celsius
thermoplastic, Ca = 1.0.
As grouped, then from Table 4C1, Cg = 0.6 (there are five circuits and
Reference Methods A to F apply).
Design current (Ib) was given as 30 A.
As the protective device rating (In) must be ≥ the rating of the design current
(Ib) we can say that:
In = 30 A.
But as the protective device is a BS 3036 fuse, a factor Cc equal to 0.725
must be applied
Iz =

In
30
=
= 69 A
Ca × Cg × Cc 1.0 × 0.6 × 0.725

We said that It must be ≥ Iz, therefore using Table 4D2A (column 4), we see
that a 16 mm2 conductor size has a tabulated current rating of 69 A.
Therefore the minimum conductor csa that can be used is 16 mm2.
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Checking voltage drop
Regulation 525.101 of BS 7671 states that ‘the voltage drop
between the origin of the installation (usually the supply
terminals) and a socket outlet (or the terminals of fixed current
using equipment) doesn’t exceed that stated in Appendix 12’.
Appendix 12 goes on to state that for low voltage installations
supplied from a public distribution system, then voltage drop
should be no greater than 3% of the supply voltage for lighting
circuits and no greater than 5% for other circuits. This means
that where the supply voltage is 230 V, a maximum voltage drop
of 6.9 V for lighting or 11.5 V for other circuits is allowed.
In unusual circumstances where the final circuit has a length in
excess of 100 m, BS 7671 now allows an increase in voltage drop
of 0.005% per metre of that circuit above 100 m, up to a
maximum value of 0.5%.
The voltage drops either because the resistance of the conductor
becomes greater as the length of the cable increases or the crosssectional area of the cable is reduced. This means that on long
cable runs, the cable cross-sectional area may have to be
increased, reducing the resistance allowing current to ‘flow’ more
easily and reducing the voltage drop across the circuit.
We can calculate the maximum allowed voltage drop like this:
1. For single-phase 230 volt lighting circuits:
3% = 230×

3
= 6.9 volts
100

2. For three-phase 400 volt systems:
5% = 400×

5
= 20 volts
100

Therefore, when carrying out circuit calculations it is worth
remembering we are allowed to have a minimum system voltage
as low as 223.1 V on lighting circuits and 218.5 V on other
circuits. It is better to keep the voltage drops as low as possible,
because low voltages can reduce the efficiency of the equipment
being supplied, thus lamps will not be as bright and heaters may
not give off full heat. The values for cable voltage drop are given
in the accompanying tables of current-carrying capacity in
Appendix 4 of the IET Wiring Regulations. The values are given
in millivolts per ampere per metre (mV/A/m).
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Use the formula below to calculate the actual voltage drop.
Ib ×L
1000
is the value given in the Regulation Tables.

Voltage drop ( VD) = mV/A/m ×
Where

mV/A/m

Ib
is the circuit’s design current.
L	is the length of cable in the circuit measured
in metres.
NB: As mV/A/m uses the prefix milli (thousandths) then you are
going to have to convert Ib and L into the common unit and you
do this by dividing them by 1000.
Note: In some areas of the country people prefer the following
equation for working out voltage drop.
Voltage drop (VD) = mV/A/m × Ib × L × 10–3
An example of this is shown opposite.

Shock protection
On pages 20–22 we looked at the protection measure Automatic
Disconnection of Supply (ADS). With this measure, all
metalwork including extraneous-conductive parts and exposedconductive parts are connected to earth. Therefore, should an
earth-fault occur, we need the protective device to work quickly.
The current must then be large enough to operate the device
within given times and the earth-fault loop impedance must be
low enough to allow this to happen.
BS 7671 Regulation 411.3.2.1 states that a protective device shall
automatically interrupt the supply to the line conductor (of a
circuit or of equipment) in the event of a fault of negligible
impedance between the line conductor and an exposedconductive part or protective conductor in the circuit or
equipment, within the times given in Table 41.1 of BS 7671 (see
Table 4.20).
From this table we can see that for a 230 V final circuit (e.g.
lighting, socket outlets, cooker circuits etc.) on a TN system the
disconnection time is 0.4 seconds, but on a TT system is 0.2
seconds. Only for distribution circuits (i.e. a circuit supplying a
DB or switchgear) is a time on TN of 5.0 seconds acceptable.
To achieve these times, the value of earth-fault loop impedance
(Zs) should not be larger than the values given in Tables 41.2,
41.3 and 41.4 of BS 7671.
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Example 2

To reinforce understanding, this is the same question as in Example 1, but this time you are also required to work
out the voltage drop for the cable and consider its effect.
A single-phase circuit has a design current of 30 A. It is to be wired in flat two core 70°C PVC insulated and
sheathed cables with cpc to BS 6004. It will have copper conductors and the cable is enclosed in trunking with
four other similar cables. If the ambient temperature is 30°C, the circuit is to be protected by a BS 3036 fuse and
the circuit length is 27 m, what should be the nominal current rating of the fuse (In) and the minimum CSA of the
cable conductor?
Installation Method number will be 6/7 (installed in trunking) therefore Reference Method = B
As ambient temperature = 30°C then, from Table 4B1, for 70°C thermoplastic: Ca = 1.0
As grouped, then from Table 4C1, Cg = 0.6 (there are five circuits and Reference Methods A to F applies)
Design current (Ib) was given as 30 A.
As the protective device rating (In) must be ≥ the rating of the design current (Ib) we can say that In = 30 A.
But as the protective device is a BS 3036 fuse, the factor Cc = 0.725 must be applied
Iz =

In
30
=
= 69 A
Ca × Cg × Cc 1.0 × 0.6 × 0.725

We said that It must be ≥ Iz, therefore using Table 4D2A (column 4), we see that a 16 mm2 conductor size has a
tabulated current rating of 69 A and is therefore acceptable in this respect. We must now check the voltage drop
for this cable.
From Table 4D2B (column 3) we see that the voltage drop is given as 2.8 mV/A/m. We need to work in common
units, so we must divide Ib and L by 1000.
Voltage drop = mV / A / m ×

(30 × 27)
Iz × L
= 2 .8 ×
= 2.27 V
1000
1000

BS 7671 states that for other than a lighting circuit, voltage drop must not exceed 5% of the supply voltage,
which in this case would be 5% of 230 V or 11.5 V. As the actual voltage drop of our proposed cable was
calculated to be 2.27 V, this means that the minimum CSA of the cable conductor will be 16 mm2.

System

50 V < Uo < 120 V
seconds

120 V < Uo < 230 V
seconds

230 V < Uo < 400 V
seconds

Uo < 400 V seconds

a.c.

d.c.

a.c.

d.c.

a.c.

d.c.

a.c.

d.c.

TN

0.8

NOTE 1

0.4

5

0.2

0.4

0.1

0.1

TT

0.3

NOTE 1

0.2

0.4

0.07

0.2

0.04

0.1

Table 4.20 Maximum disconnection times (Table 41.1 BS 7671)
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You need to do a calculation to check that the circuit protective
device will operate within the required time.
You do this by checking that the actual Zs is lower than the
maximum Zs given in the relevant table, for the protective device
you have chosen.
Maximum Zs can also be found from IET Wiring Regulations or
manufacturers’ data. Use the following formula to calculate the
actual Zs:

length 
Actual Zs = Ze + {R1 + Rz }×(mf )×


1000 
Where:
●● Z = the external impedance on the supply authority’s side of
e
the earth-fault loop. You can get this value from the supply
authority. Typical maximum values are: TN-C-S (PME)
system 0.35 ohms, TN-S (cable sheath) 0.8 ohms, TT system
21 ohms.
●● R + R = the resistance of the phase conductor plus the cpc
1
2
resistance. You can find values of resistance/metre for R1 + R2
for various combinations of phase and cpc conductors up to
and including 50 mm2 in Table G1 of the Unite Guide to
Good Electrical Practice.
●● Table 4.21 gives you multipliers (mf) to apply to the values
given in Table G1 to calculate the resistance under fault
conditions. If the conductor temperature rises, resistance in
the conductors will increase. This table is based on the type of
insulation used and whether the cpc isn’t incorporated in a
cable or bunched with cables (54.2), or is incorporated as a
core in a cable or bunched with cables (54.3).
Insulation material
Conductor installed
as

70°
thermoplastic
(pvc)

85°
thermosetting
(rubber)

90°
thermosetting

54.2 (not
incorporated)

1.04

1.04

1.04

54.3 (incorporated)

1.20

1.26

1.28

Table 4.21 Multipliers to be applied to Table G1 of Unite Guide
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Example 3

Again this is the same question that was used in Examples 1 and 2, but this time you are also required to work
out the requirement for shock protection and consider its effect.
A single-phase circuit supplying a domestic cooker has a design current of 30 A and is to be wired in flat two
core 70°C PVC insulated and sheathed cables with cpc to BS 6004. It will have copper conductors and the cable
is enclosed in trunking with four other similar cables. If the ambient temperature is 30°C, the circuit is to be
protected by a BS 3036 fuse and the circuit length is 27 m, what should be the nominal current rating of the
fuse (In) and the minimum CSA of the cable conductor? You are informed that Ze is 0.8 Ω.
Installation Method number will be 6/7 (installed in trunking) therefore Reference Method = B.
As ambient temperature = 30°C then, from Table 4B1, for 70°C thermoplastic: Ca = 1.0
As grouped, then from Table 4C1, Cg = 0.6 (there are five circuits and Reference Methods A to F applies)
Design current (Ib) was given as 30 A.
As the protective device rating (In) must be ≥ the rating of the design current (Ib) we can say that
In = 30 A.
But as the protective device is a BS 3036 fuse, the factor Cc = 0.725 must be applied.
Iz =

In
30
=
= 69 A
Ca × Cg × Cc 1.0 × 0.6 × 0.725

We said that It must be ≥ Iz, therefore using Table 4D2A (column 4), we see that a 16 mm2 conductor size has a
tabulated current rating of 69 A and is therefore acceptable in this respect. We must now check the voltage drop
for this cable.
From Table 4D2B (column 3) we see that the voltage drop is given as 2.8 mV/A/m. We need to work in common
units, so we must divide Ib and L by 1000.
Voltage drop = mV / A / m ×

(30 × 27)
Iz × L
= 2 .8 ×
= 2.27 V
1000
1000

BS 7671 states that for other than a lighting circuit, voltage drop must not exceed 5% of the supply voltage,
which in this case would be 5% of 230 V or 11.5 V. As the actual voltage drop of our proposed cable was
calculated to be 2.27 V, this is acceptable. We must now check for shock protection.
From Table 41.2, the maximum permitted Zs for our 30 A BS 3036 fuse is 1.09 Ω and from Table G1 of the Unite
guide, for a 16 mm2 with 6 mm2 cpc, the Resistance/m (R1 + R2/m) is given as 4.23 mΩ/m.
Additionally we need the multiplier for a grouped cable, which from Table 4.21 on page 58 is 1.2. We also need
to convert length from m to mm by dividing by 1000.Therefore:


length 
27 
Zs = Ze + [R1 + R2 ]× mf ×
 = 0.8 [ 4.23]×1.2×
 = 0.937 Ω



1000
1000 
As actual Zs (0.937 Ω) is less than the permitted value (1.09 Ω), this means that 16 mm2 cable with 6 mm2 cpc is
the minimum CSA of the cable conductor.
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This information, together with the length of the circuit, can now
be applied to the formula. Then you can check to see that the
actual Zs is less than the maximum Zs given in the appropriate
tables.
When you have done this, you can prove that the protective
device will disconnect the circuit in the time that is specified in
the appropriate table. In other words, if the actual Zs is less than
the maximum Zs then we have compliance for shock protection.

Thermal constraints
Now that you have chosen the type and size of cable to suit the
conditions of the installation, we must look at ‘thermal
constraints’. This is a check to make sure that the size of the cpc,
‘the earth conductor’, complies with the IET Wiring Regulations.
If there is a fault on the circuit, which could be a short circuit, or
earth-fault, a fault current of hundreds or thousands of amperes
could flow. Imagine that this is a 1 mm2 or 2.5 mm2 cable; if this
large amount of current was allowed to flow for a short period of
time, i.e. a few seconds, the cable would melt and a fire could
start.
We need to check that the cpc will be large enough to be able to
carry this fault current without causing any heat/fire damage. The
formula that is used to check this situation is the adiabatic
equation. The cpc will only need to carry the fault current for a
short period of time, until the protective device operates.
Regulation 543.1.1 states that ‘The cross-sectional area of every
protective conductor shall be calculated in accordance with
Regulation 543.1.3 (adiabatic equation) or selected in accordance
with Regulation 543.1.4 (Table 54.7)’. You will see that
Regulation 543.1.4 asks that reference should be made to Table
54.7. This table shows that, for cables 16 mm2 and below with the
cpc made from the same material as the line conductor, the cpc
should be the same size as the line conductor. A line conductor
between 16 mm2 and 35 mm2 requires a cpc to be 16 mm2. A line
conductor above 35 mm2 requires a cpc to be at least half the crosssectional area.
Multicore cables have cpcs smaller than their respective line
conductors, except for 1 mm2, which has the same-sized cpc.
Regulation 543.1.2 of BS 7671, gives two options, calculation or
selection. If we were to apply option (ii) of this Regulation then
selection would make these cables contravene the Regulations.
Clearly, it is not intended that composite cables should have their
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cpcs increased in accordance with the table and therefore
calculation by the adiabatic equation required in option (i) of the
same Regulation should be applied.
Working life
You have been asked by your employer to investigate an ‘earthing’ problem that has
been reported by a customer. The customer concerned has just moved into a large
80-year-old house and plans to work from home as a computer software designer.
The house has large gardens, a separate garage, three outside security lights, a
gas-fired central-heating system and the customer will be working from one of the
bedrooms on his computers.
The customer has reported that he is getting intermittent RCD trips on the main
consumer unit that seem to occur only at night, and only when it has been raining.
Rain during the day does not cause the same problems. There is also a circuit out to
the garage that has its own RCD and this does not trip.
What do you think could be causing the problem?

The adiabatic equation referred to in the introduction enables a
designer to check the suitability of the cpc in a composite cable. If
the cable does not incorporate a cpc, a cpc installed as a separate
conductor may also be checked.
The equation is as follows:
I 2f × t
S=
k
Where:
●●
●●
●●
●●

S = the cross-sectional area of the cpc in mm2
If = the value of the fault current in amperes
t = the operating time of the disconnecting device in seconds
k = a factor that takes into account resistivity, temperature
coefficient and heat capacity.

In order to apply the adiabatic equation, we first need to calculate
the value of I (fault current) from the following equation:
If =

U0
Zs

Where:
●●
●●

Uo is the nominal supply line voltage to earth
Zs is the earth-fault loop impedance.
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If you are using method (i) from Reg 543.1.2 and applying the
adiabatic equation, you must find out the time/current
characteristics of the protective device. A selection of time/current
characteristics for standard overcurrent protective devices is given
in Appendix 3 of IET Wiring Regulations. You can get the time
(t) for disconnection to the corresponding earth-fault current
from these graphs.
If you look at the time/current curve you will find that the scales
on both the time (seconds) scale and the prospective current
(amperes) scale are logarithmic and the value of each subdivision
depends on the major division boundaries into which it falls.
For example, on the current scale, all the subdivisions between 10
and 100 are in quantities of 10, while the subdivisions between
100 and 1000 are in quantities of 100 and so on. This also occurs
with the time scale, subdivisions between 0.01 and 0.1 being in
hundredths and the subdivisions between 0.1 and 1 being in
tenths, etc.
As an example, if you look at the graph shown in Figure 4.25 you
will see that for a BS 88 fuse with a rating of 32 A, a fault current
of 200 A will cause the fuse to clear the fault in 0.6 seconds.
In addition to this graph, the IET has produced a small table
showing some of the more common sizes of protective devices
and the fault currents for a given disconnection time.
Next, you need to select the k factor using Tables 54.2 to 54.6.
The values in these tables are based on the initial and final
temperatures shown in each table. This is where you may need to
refer to the cable’s operating temperature shown in the cable
tables.
Now you must substitute the values for I, t and k into the
adiabatic equation. This will give you the minimum crosssectional area for the cpc. If your calculation produces a
non-standard size, you must use the next largest standard size.
From a designer’s point of view, it is advantageous to use the
calculation method as this may lead to savings in the size of cpc.
Now try the example on page 64 to give you a complete
understanding of cable selection. The example is similar to those
used in Cable Selection Examples 1, 2 and 3, but this time you
also need to complete calculations for thermal constraints.
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260 A

220 A

170 A

125 A

50 A

540 A

450 A

380 A

310 A

220 A

80 A
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890 A

740 A

580 A

400 A
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1800 A

1500 A

1300 A

1050 A

690 A

200 A

3000 A

2500 A

2200 A

1700 A

1200 A

Figure 4.25 Time/current characteristics graph and table

Diversity
In this section we will look at Maximum Demand and Diversity
as considered in BS 7671 Chapter 31. The current demand for a
final circuit is determined by adding up the current demands of
all points of utilisation and equipment in the circuit and, where
appropriate, making an allowance for diversity. Diversity makes
allowances on the basis that not all of the load or connected items
will be in use at the same time.
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Example 4

To reinforce understanding, this is the same question that was used in Examples 1, 2 and 3, but this time we will
only concern ourselves with the calculations relevant to thermal constraints. You are also required to work out
the requirement for shock protection and consider its effect.
A single-phase circuit supplying a domestic cooker has a design current of 30 A and is to be wired in flat two
core 70°C PVC insulated and sheathed cables with cpc to BS 6004. It will have copper conductors and the cable
is enclosed in trunking with four other similar cables. If the ambient temperature is 30°C, the circuit is to be
protected by a BS 3036 fuse and the circuit length is 27 m, what should be the nominal current rating of the
fuse (In) and the minimum CSA of the cable conductor?
You are informed that Ze is 0.8 Ω.
From our previous calculations in Example 3, we know that In = 30 A and that 16 mm2 cable with 6 mm2 cpc is
the minimum CSA of the cable conductor.
For thermal constraints, we need to know the fault current before we can apply the adiabatic equation. We find
this by:
If =

U0
230
=
= 245.5 A
0.937
Zs

We also need to know the value of t and the value of k. Therefore from Table 3.2A within Appendix 3 of
BS 7671 we can see that our fault current of 245.5 A will operate the device in a time of 0.3 second. We
therefore state t as being 0.3 second.
From Table 54.3 we can see that the value of k will be 115, as the cable is under 300 mm2.
Now using the adiabatic equation:
S=

I2f × t
K

=

245.52 × 0.3
18081.08 134.5
=
=
= 1.17 mm2
115
115
115

As 1.17 mm2 is less than our 6 mm2 cpc, our choice of cable remains as a cable with 16 mm2 conductors and a
6 mm2 cpc to ensure compliance with thermal constraints.

Remember
The three main advantages of
applying diversity are:
1. Reduced size of sub-main
cables
2. Reduced sizes of isolation
controls and protective
devices
3. Overall cost

In most cases main or sub-main cables will supply a number and/
or variety of final circuits. Use of the various loads must now be
considered, otherwise if all the loads are totalled, a larger cable
than necessary will be selected at considerable extra cost.
Therefore a method of assessing the load must be used.
Section 3 of the Unite Guide to Good Electrical Practice contains
such a method, which allows diversity to be applied depending
upon the type of load and installation premises. The individual
circuit/load figures are added together to determine the total
‘Assumed Current Demand’ for the installation. This value can
then be used as the starting point to determine the rating of a
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suitable protective device and the size of cable, considering any
influencing factors in a similar manner to that applied to final
circuits.
Please also remember that the calculation of maximum demand is
not an exact science and a suitably qualified electrical engineer
may use other methods of calculating maximum demand.
Example 5

A 230 V domestic installation consists of the following loads:
15 × filament lighting points
6 × fluorescent lighting points, each rated at 40 watts
4 × fluorescent lighting points each rated at 85 watts
3 × ring final circuits supplying 13 A socket outlets
1 × radial circuit protected by a 20 A device supplying 13 A sockets for the adjoining garage
1 × 3 kW immersion heater with thermostatic control
1 × 13.6 kW cooker with a 13 A socket outlet incorporated in the control unit.
Determine the maximum current demand for determining the size of the sub-main cable required to feed this
domestic installation? The circuit protection is by the use of BS 1361 fuses.
Answer
Lighting
Tungsten light points (See page 40 of the Unite Guide to Good Electrical Practice)
15 × 100 W minimum

1500

Fluorescent light points (See page 40 and note of the Unite Guide to Good Electrical Practice)
6 × 40 W with multiplier of 1.8 (40 × 1.8 = 72)
4 × 85 W with multiplier of 1.8 (85 × 1.8 = 153)
Total

432
612
2544 W

Using Item 1 of the table on page 41 of the Unite Guide to Good Electrical Practice, we can apply diversity as
being 66% of the total current demand. Therefore:
66% of 2544 = 1679 W and since I =

P
1679
this gives us
= 7 .3 A
V
230

Power (Item 9 on page 41 of the Unite Guide to Good Electrical Practice)
3 ring final circuits
1 × ring at 100% rating (30 A)
2 × ring at 40% rating (40% of 30 A)

30 A
24 A

20 A radial circuit (see item 9 on page 41 of the Unite Guide to Good Electrical Practice)
1 × radial at 40% rating (40% of 20 A)

8A
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Example 5 continued

3 kW immersion heater (See Item 6 on page 41 of the Unite Guide to Good Electrical Practice)
3 kW heater with no diversity I =

3000
P
which gives us 13 A
=
230
V

13.6 kW Cooker with socket outlet (See item 3 on page 41 of the Unite Guide to Good Electrical Practice)
The first 10 A, plus 30% of the remainder of the overall rated current, plus 5 A for the socket.
I=

P
136000
giving
which gives us a total rated curr ent of 59 A
V
230

59 A – 10 A = 49 A and therefore 30% of 49 A = 14.7 A
The allowable total cooker rating is therefore 10 A + 14.7 A + 5 A = 29.7 A
Our total assumed current demand is therefore:
7.3 + 30 + 24 + 8 + 13 + 29.7 giving a total of 112 A

Working life
An additional circuit is to be added to the installation your company is completing.
The cable leaves the distribution board in a bunch. Along the run the cable passes
through thermal insulation for 1.5 m before termination in an ambient temperature
higher than anticipated. Draft a brief explanation to the site supervisor covering:
1. How these conditions affect cables in service.
2. How the conditions are accounted for when selecting suitable cables.
3. How could these effects on the cable to be selected be avoided.

Determining the size of conduit and
trunking as appropriate to the size and
number of cables to be installed
The number of cables that can be drawn into or laid in any
enclosure of a wiring system must be such that no damage can
occur to the cables or the enclosure during installation.
Therefore, the size of conduit used to enclose the cables needs to
be calculated and this is done by using a ‘factor’ system to
compare the number of cables against the overall CSA of the
conduit.
The minimum conduit size will be a one that has a higher factor
than that of the cables.
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The tables shown are applicable to both plastic and metal conduit
and use information found in Section 5 of the Unite Guide to
Good Electrical Practice. These tables only give guidance to the
maximum number of cables that should be drawn in and the
electrical effects of grouping are not taken into account.
Therefore, as the number of circuits increases, the current
carrying capacity of the cables will decrease and therefore cable
sizes would have to be increased, with a consequent increase in
cost of cable and conduit. It may therefore be more economical
to divide the circuits concerned between two or more enclosures.
Tables 4.22 and 4.23 are for use with short, straight runs of up to 3 m.
Type of conductor

Conductor CSA mm2

Solid

Stranded

Cable factor

1

22

1.5

27

2.5

39

1.5

31

2.5

43

4

58

6

88

10

146

16

202

25

385

Table 4.22 Cable factors for use in short (up to 3 m) straight runs
16

290

20

460

25

800

32

1400

38

1900

50

3500

63

5600

Table 4.23 Conduit factors for use in short (up to 3 m) straight runs
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Here is an example of how to use these tables.
Example 6

If 10 × 2.5 mm2 cables with stranded copper conductors were to be installed
in a 2 m straight length of conduit, their cable factor will be 10 × 43 = 430.
You would need to select a conduit with a factor greater than 430.
From the conduit factor table, you can see that 16 mm conduit is too small
(290) but that 20 mm conduit has a factor of 460, so this is what you would
install.

This method is acceptable when using short, straight runs.
However, when longer runs are involved, or the run has bends in
it, you will need to use other tables.
Remember
One double set equates to one
90 degree bend.

Cable and conduit factors for runs over 3 m or
with bends
Tables 4.24 and 4.25 apply to cable and conduit runs over 3 m or
with bends. However, conduit runs in excess of 10 m or with
more than 4 bends should be divided into separate sections and
then have the table values applied to each of those sections.
Tables with factors for conduit sizes larger than 32 mm aren’t
available. Therefore these are calculated by multiplying the
32 mm factor as follows:
●●
●●
●●

for 38 mm conduit (1.4 × 32 mm term)
for 50 mm conduit (2.6 × 32 mm term)
for 63 mm conduit (4.2 × 32 mm term).
1

16

1.5

22

2.5

30

4

43

6

58

10

105

16

145

25

217

Solid or stranded cables

Table 4.24 Cable factors for use in long (over 3 m) straight runs, or runs of any
length with bends
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171

167

162

158

154

150

5

6

7

8

9

10

442

452

463

475

487

500

507

783

800

818

837

857

878

889

120

125

130

136

143

150

154

25

196

204

213

222

233

244

250

256

263

270

278

286

294

303

358

373

388

404

422

442

452

463

475

487

500

514

528

543

One bend

20

643

667

692

720

750

783

800

818

837

857

878

900

923

947

32

86

91

97

103

111

120

125

130

136

143

150

158

167

177

16

25

141

149

159

169

182

196

204

213

222

233

244

256

270

286

260

275

292

311

333

358

373

388

404

422

442

463

487

514

Two bends

20

474

500

529

563

600

643

667

692

720

750

783

818

857

900

32

Conduit diameter (mm)
16

25

141

149

159

169

182

196

213

233

256

260

275

292

311

333

358

388

422

463

Three bends

20

474

500

529

563

600

643

692

750

818

32

Divide into 2 or more parts
with draw in boxes

86

91

97

103

111

120

130

143

158

Table 4.25 Conduit factors for use in long (over 3 m) straight runs, or runs of any length with bends

244

250

256

263

270

278

282

158

174

900

4.5

514

177

4

286

162

911

179

3.5

521

167

3
290

171

177

2.5

2

Covered by short straight
run tables

16

182

32

1.5

Straight

20

188

16

1

Length
in mm
25

141

159

182

213

260

292

333

388

Four bends

20

474

529

600

692

32

Divide into 2 or more parts
with draw in boxes

86

97

111

130

16
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Example 7

A lighting circuit in a school requires 12 × 1.5 mm2 cables inside a conduit of
8 m with two right angled bends.
From the cable factor table, you can see the cable has a factor of
264 (12 × 22).
From the conduit factor table, you can see that 20 mm is too small (159) to
handle this, but a 25 mm conduit will be acceptable, with a factor of 292.

The number of cables that can be drawn into or laid in any
enclosure of a wiring system must be such that no damage can
occur to the cables or the enclosure during installation.
Therefore, the size of trunking used to enclose the cables also
needs to be calculated and this is done by using a ‘factor’ system
in similar way to conduit.
Tables 4.26 and 4.27 are applicable to both plastic and metal
trunking and use information found in Section 5 of the Unite
Guide to Good Electrical Practice. These tables only give
guidance to the maximum number of cables that should be
drawn in.
Type of
conductor

Conductor
CSA mm2

Thermoplastic
cable factor

Thermosetting
cable factor

1.5

8.0

8.6

2.5

11.9

11.9

1.5

8.6

9.6

2.5

12.6

13.9

4

16.6

18.1

6

21.2

22.9

10

35.3

36.3

16

47.8

50.3

25

73.9

75.4

SOLID

STRANDED

Table 4.26 Cable factors for trunking
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Dimensions of trunking
mm × mm

Term

Dimensions of trunking
mm × mm

Term

50 × 38

767

200 × 100

8 572

50 × 50

1 037

200 × 150

13 001

75 × 25

738

200 × 200

17 429

75 × 38

1 146

225 × 38

3 474

75 × 50

1 555

225 × 50

4 671

75 × 75

2 371

225 × 75

7 167

100 × 25

993

225 × 100

9 662

100 × 38

1 542

225 × 150

14 652

100 × 50

2 091

225 × 200

19 643

100 × 75

3 189

225 × 225

22 138

100 × 100

4 252

300 × 38

4 648

150 × 38

2 999

300 × 50

6 251

150 × 50

3 091

300 × 75

9 590

150 × 75

4 743

300 × 100

12 929

150 × 100

6 394

300 × 150

19 607

150 × 150

9 697

300 × 200

26 285

200 × 38

3 082

300 × 225

29 624

200 × 50

4 145

300 × 300

39 428

200 × 75

6 359

Table 4.27 Trunking factors
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Example 8

The following XLPE insulated, stranded copper conductor cables are to be
installed in trunking: 25 × 1.5 mm2,
20 × 2.5 mm2, 6 × 4.0 mm2, 2 × 10 mm2 and 2 × 16 mm2.
This gives you factor values of 240 (25 × 9.6), 278 (20 × 13.9), 108.6 (6 ×
18.1), 73.8 (2 × 36.9) and
100.6 (2 × 50.3), which gives you a total ‘term’ value of 801.
If you now look at the trunking factors table, you can see that the best
option is a 50 mm × 50 mm trunking, which has a term capacity of 1037.
Progress check
1

What is the purpose of applying rating factors to cables during the design
stage?

2

What is meant by the term voltage drop and how does this occur in
electrical installations? What is the maximum voltage drop allowed for a
single-phase lighting circuit?

3

What is meant by the term diversity and why is this not allowed for
heating circuits?

K4. Understand the principles for
selecting wiring systems, enclosures
and equipment
The construction, application, advantages and disadvantages of
the most common cable types are covered in Unit ELTK 04 in
Book A of this series.
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Getting ready for assessment
All installations need to be protected from any overload or fault current. Learning how to do this is a vital part of
being able to carry out installation safely. In order to know the correct cable types and sizes to meet installation
requirements, you will also need to revise your knowledge from Units ELTK 04 and 05. This unit will help you to apply
that knowledge with the correct protective measures to use for the different supply systems you will encounter in
your professional career.
For this unit you will need to be familiar with:
• characteristics and applications of consumer supply systems
• principles of internal and external earthing arrangements for electrical installations for buildings, structures and
the environment
• principles for selecting cables and circuit protection devices
• principles and procedures for selecting wiring systems, equipment and enclosures
For each learning outcome, there are several skills you will need to acquire, so you must make sure you are familiar
with the assessment criteria for each outcome. For example, for Learning Outcome 3 you will need to be able to
explain how external influences can affect the choice of wiring systems and enclosures and state the current ratings
for different circuit protection devices. You will also need to specify the procedure for selecting appropriate
overcurrent protection devices and state what is meant by diversity factors, explaining how a circuit’s maximum
demand is established after diversity factors are applied. You will need to be able to specify the procedure for
selecting a suitably sized cable following a range of factors and determine the size of conduit or trunking needed for
the size and number of cables to be installed.
It is important to read each question carefully and take your time. Try to complete both progress checks and multiple
choice questions, without assistance, to see how much you have understood. Refer to the relevant pages in the book
for subsequent checks. Always use correct terminology as used in BS 7671. There are some simple tips to follow
when writing answers to exam questions:
• Explain briefly – usually a sentence or two to cover the topic. The word to note is ‘briefly’ meaning do not
ramble on. Keep to the point.
• Identify – refer to reference material, showing which the correct answers are.
• List – a simple bullet list is all that is required. An example could include listing the installation tests required in
the correct order.
• Describe – a reasonably detailed explanation to cover the subject in the question.
This unit has a large number of practical skills in it, and you will need to be sure that you have carried out sufficient
practice and that you feel you are capable of passing any practical assessment. It is best to have a plan of action and
a method statement to help you work. It is also wise to check your work at regular intervals. This will help to ensure
that you are working correctly and help you to avoid any problems developing as you work. Remember, don’t rush
the job as speed will come with practice and it is important that you get the quality of workmanship right.
Good luck!
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CHECK YOUR KNOWLEDGE
1. The supply earthing system which has a combined
neutral and earth in part of the system is designated
as what?
a) TT
b) IT
c) TN-S
d) TN-C-S
2. Why are three-phase supplies usually provided?
a) Client requests it
b) A large capacity is required
c) Site engineer thinks it is a good idea
d) Wiring is easier on three-phase systems
3. Which of the following would not be regarded as an
extraneous-conductive part?
a) Gas service pipe
b) Water service pipe
c) Metallic trunking
d) Metal radiator
4. What is the formula used to calculate earth-loop
impedance?
a) ZS = Ze + (R1 + R2)
b) Ze = ZS + (R1 + R2)
c) ZS = Ze – (R1 + R2)
d) ZS = Ze + (R1 – R2)
5. What is an RCD used to provide?
a) Overload protection
b) Short circuit protection
c) Thermal protection
d) Additional protection

6. What gives the rated current of a protective device?
a) Ib
b) Iz
c) In
d) I2
7. The maximum permitted time a fault current can be
allowed, before permanent damage is done to cable
insulation is given in the formula
t=

k 2S2
I2

What does S represent in this formula?
a) Time in seconds
b) Fault current
c) Conductor CSA
d) Factor for insulation, resistivity and heat capacity
8. The coordination of protective device rating, design
current of a circuit and the current-carrying capacity
of conductors is given by which formula?
a) In ≤ Ib ≤ IZ
b) Ib ≤ In ≤ IZ
c) Iz ≤ Ib ≤ In
d) In ≤ Iz ≤ Ib
9. Diversity would not be applied to which of the
following circuits?
a) Cooker
b) Immersion heater
c) Ring
d) Lighting
10. What is the calculated full load current of an 8.5 kW
single-phase shower unit?
a) 35.4 A
b) 36.9 A
c) 40 A
d) 45 A
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